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ABSTRACT

Introduction and aim. Epilepsy is a common neurological disorder, and despite numerous treatment options, approximately
30% of patients have drug-resistant epilepsy. This situation prompts the exploration of alternative treatments such as caloric
restriction (CR), whose mechanisms of antiepileptic action need to be fully elucidated. One of the key overactivated pathways
in epilepsy is the Wnt/p-catenin pathway.

Material and methods. To explore the potential regulatory effects of CR on this pathway, we conducted a study using twen-
ty-eight male Wistar rats divided into four groups (7 animals each): Control, Sham (20% CR), kindling ad libitum (KAL), and kin-
dling with CR (KCR). Caloric restriction rats received 80% of their daily food intake based on body weight, compared to those
fed ad libitum. The kindling model was achieved by the introduction of an electrode in the basolateral nucleus of the amygda-
la. Immunofluorescence and Western blot techniques were used for the analysis of protein levels (Wnt, 3-catenin, GSK3(, and
cyclin D) in the frontal cortex and hippocampus.

Results. Electroencephalographically and behaviorally, the KCR group exhibited a shorter duration of seizures and an increased
behavioral threshold compared to the KAL group. Protein analysis revealed an increase in Wnt pathway proteins (Wnt, B-cat-
enin, and cyclin D) in the KAL group compared to the control group. In contrast, CR reduced protein levels in animals that were
induced to kindling.

Conclusion. These findings suggest that CR may exert its antiepileptic effects through the regulation of the Wnt pathway by
inhibiting its activity in the hippocampus and cortex of kindled rats.

Keywords. caloric restriction, drug-resistant epilepsy, epilepsy, Wnt/B-catenin
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Introduction

Epilepsy is defined as a neurological disorder marked by
recurrent, unprovoked seizures due to abnormal elec-
trical activity in the brain.! Epilepsy is associated with
significant neurobiological, cognitive, psychological
and social consequence.! Its etiology is multifactorial,
involving structural, genetic, metabolic, immune, infec-
tious, or sometimes unknown causes.? The cornerstone
of epilepsy treatment is drug therapy with antiseizure
medications (ASM) and lifestyle changes. However, at
least one-third of people with epilepsy do not achieve
seizure control despite the use of appropriate ASM or
surgical interventions.’

In recent decades, dietary modifications, such as
caloric restriction (CR), have been used in the treat-
ment of drug-resistant epilepsy (DRE), demonstrat-
ing neuroprotective effects.* However, the mechanisms
underlying these effects remain unknown. CR usual-
ly consists of a diet in which 20% of total calories are
restricted, which simulates a fasting state and induces
significant metabolic adaptations. These adaptations
facilitate a shift from glucose to free fatty acids as the
main cellular energy source.” CR-induced chronic keto-
sis activates several molecular mechanisms. It enhances
neuronal hyperpolarization through ATP-sensitive po-
tassium channels (K,;), increases the seizure thresh-
old, and modulates gut microbiota and inflammation,
notably reducing interleukin-1B and other cytokines in
murine models.”® In the CNS, CR is associated with in-
creased mitochondrial biogenesis; enhanced antioxi-
dant enzyme activity such as superoxide dismutase in
the cerebral cortex and increased neuronal activity in
the hippocampus of aged rats.” "

The Wnt signaling pathway, integral to cell surviv-
al and apoptosis, includes a canonical pathway depen-
dent on B-catenin and noncanonical pathways such as
the Ca?*-dependent and planar cell polarity pathways
(Fig. 1)."? In the canonical pathway, B-catenin is essen-
tial for the transmission of Wnt signals to the nucle-
us, allowing subsequent activation of Wnt target genes
via TCF/-catenin complexes. In the absence of Wnt,
B-catenin is targeted for degradation. It is phosphor-
ylated by GSK3p with the assistance of CKla, AXIN,
and APC, forming a destruction complex.'*'* Howev-
er, when Wnt ligands bind to Frizzled receptors (Fzd), it
leads to the oligomerization of Dishevelled (Dvl) at the
plasma membrane. This process repositions GSK3p and
Axin, promoting the phosphorylation of the co-receptor
LRP5/6. This sequence of events allows CK1y to phos-
phorylate Dvl, allowing it to block GSK3p by binding
to its binding protein (GBP) and to promote the degra-
dation of Axin within the Wnt/Fz-LRP5/6 complex.'*'¢
When these components are inhibited, the p-catenin
degradation complex -catenin does not form, and p-cat-
enin is free to travel to the nucleus. There, it binds to the

TCF/LEF family of transcription factors, resulting in the
release of Groucho, a transcriptional inhibitor, and facil-
itating gene transcription. In the nucleus, B-catenin also
recruits other basal components of the transcriptional
machinery, such as B-cell lymphoma 9 (Bcl-9), p300,
and cyclic adenosine monophosphate (cAMP), which
collectively activate the transcription of genes crucial
for cellular functions, including those coding for cyclin
D, the Myc family, and axin2.!!41

A. Non-canonic pathway B. Canonic p-catenin pathway
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Fig. 1. A:Two non-canonical Wnt pathways have been
described, a polar cell pathway that mainly regulates

the reorganization of the cytoskeleton and cell polarity,
and another intracellular Ca?*-dependent pathway that
regulates cell migration and invasion, as well as epithelial-
mesenchymal transition. B: The canonical pathway will
depend on whether it is activated or inactivated by Wnt
family ligands. When the pathway is inactive, the -catenin
protein is phosphorylated by the destruction complex and
destroyed by the ubiquitin proteasome system,; this will
result in blocking gene transcription in the nucleus. On the
other hand, when the pathway is activated, the destruction
complex is inhibited so that 3-catenin remains free in the
cytosol and translocates to the nucleus where it will promote
the transcription of genes such as those of the Myc family,
cyclin D, among others. The canonical pathway regulates
cell survival, proliferation and differentiation, cell arrest, and
apoptosis, created with https://www.biorender.com

Previous research suggests that CR can reduce sei-
zures by stabilizing neuronal membranes through K,
channel-mediated hyperpolarization and inhibiting
the mTOR signaling cascade via GSK3p. Understand-
ing how CR affects the Wnt/B-catenin pathway, which
is critical for central nervous system homeostasis and is
involved in epilepsy and other neural diseases, is essen-
tial.'>'” This could provide the foundation for new ther-
apies for refractory epilepsy, offering new strategies for
patients who are resistant to existing treatments.

Aim

Therefore, the aim of this study was to evaluate the im-
pact of caloric restriction on the Wnt/p-catenin pathway
in the hippocampus and cortex of a kindled rat model.
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Material and methods

Experimental subjects

Twenty-eight male Wistar rats (120-130 g) were ob-
tained from the Neurological Diseases Medical Re-
search Unit of the Specialty Hospital CMN S. XXI. Our
handling and treatment of the animals adhered to insti-
tutional protocols, complying with national regulations
(NOM-062-Z00-1999) and international ethical stan-
dards (Council for International Organizations of Med-
ical Sciences, CIOMS) study approval number 100/17.
The rats were housed individually in transparent cag-
es with corn-cob bedding, maintained at 23+1°C with a
12-hour light-dark cycle (lights on at 07:00 h). The cages
were cleaned regularly and kept dry. The sample size was
determined using a G-Power analysis'®, with the aim of
minimal animal use while achieving statistical strength;
this analysis specified a sample of n=28 with an error
value of 0.75.

Experimental procedure

Rats were randomly assigned to one of four groups: a
control group (n=7) that received standard dietary pel-
lets and ad libitum; a sham group (n=7) under caloric
restriction without stimulation; and two groups that un-
derwent a standardized amygdala kindling stimulation
protocol, one with caloric restriction (KCR, n=7) and
one with an ad libitum diet (KAL, n=7). CR was imple-
mented by providing rats with 80% of the daily amount
of a standard diet (Harlan Standard Commercial Diet
No. 2018S Teklad Global 18% Protein, Harlan Labora-
tories), adjusted daily based on recorded body weight.
This regimen was compared to a control group of rats
allowed to feed ad libitum. The diet restriction proto-
col was established based on previous studies and ac-
cumulated experience.'®” Sixteen rats, four from each
group, were used for Western blot analysis and twelve,
three from each group, for immunohistochemistry. Ca-
loric restriction was established at 20% below the in-
dividual weight to prevent hypoglycemia, which could
confound the results by triggering seizures. This restric-
tion began upon receiving the rats and continued until
they reached 250-300 g. For those subjected to kindling,
the restriction was maintained during the stimulation
period.

Ampygdala Kindling model

The Kindling model involves administering a sub-
threshold electrical stimulus that triggers electroen-
cephalographic and behavioral changes, culminating
in generalized seizures.?! For this study, stereotax-
ic surgery was performed in rats to implant an elec-
trode in the basolateral nucleus of the amygdala. They
were anesthetized with sodium pentobarbital (50 mg/
kg i.p., Pfizer Laboratories, Mexico City, Mexico), and
once anesthesia was administered, their heads were

fixed in a stereotaxic frame to introduce the electrode
into the amygdala (Ap=-6.2 mm, L=5 mm relative to
Bregma suture; H=1.5 mm interaural, according to the
Paxinos and Watson Atlas). The electrode was then se-
cured with dental acrylic. Post-surgery, rats were mon-
itored and administered Gentamicin (Aurofarma) at a
dose of 4-5 mg/kg b.w. intramuscularly every 24 hours
for 10 days after surgery. Stimulation was carried out
using a Grass S88 Stimulator at 50 microvolts of ampli-
fication. Rats received daily stimulation at a frequency
of 60 Hz, with a pulse duration of 1.0 ms and an inten-
sity of 400 pA. Behavioral changes were assessed us-
ing Racine’s stages, and the duration and intensity of
the ictal and postictal states were recorded. The Kin-
dling stimulation protocol was deemed complete when
a rat experienced 10 generalized tonic-clonic seizures,
reaching Racine’s stage 5. All rats were sacrificed on
postnatal day 85, the day following their final stimula-
tion, after undergoing a total of 64 days of caloric re-
striction (CR).

Immunofluorescence

At the end of the experimental phase, rats were anes-
thetized with sodium pentobarbital and transcardially
perfused with saline, followed by 4% paraformaldehyde.
The brains were then removed and embedded in par-
affin and sagittal sections (7 um) were prepared. These
sections were deparaffinized, hydrated with graded alco-
hols and blocked with bovine serum albumin (Sigma, St.
Louis, MO, USA). They were incubated overnight with
primary antibodies including Wnt-3, B-catenin, GSK3p,
actin, and Cyclin-D (all mouse monoclonal, diluted
1:100, Santa Cruz). Following three washes with PBS,
secondary antibodies were applied: Rhodamine Red for
GSK3p and Cyclin-D and Fluorescein IsoThioCyanate
for Wnt-3 and -catenin, producing red and green fluo-
rescence, respectively. The sections were mounted with
Vectashield containing DAPI (ab104139) for nuclear
staining. The imaging was performed with an Olympus
IX81-F3 microscope equipped with a Q-Imaging digital
camera, using a 40X objective in a field of 520 um®. Ar-
eas imaged included the CA3 zone and the apical area
of the frontal cortex because they constitute the brain
structures most susceptible to epileptogenesis. Protein
densities were quantified using Image] software (Ras-
band, 1997-2016, version 1.45).

Western blot

For Western blot analysis, tissue samples from the
hippocampus, dentate gyrus, subiculum, and fron-
tal cortex of the rats were homogenized. Protein con-
centrations were quantified using the Lowry method.”
Fifty micrograms (ug) of protein were separated by
SDS-PAGE and subsequently transferred to PVDF
membranes (BioRad, Hercules, CA, USA). The mem-
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branes were blocked with 5% milk in PBS containing
0.01% Tween-20 for two hours. Santa Cruz Biotechnol-
ogy primary antibodies, including those against p-ac-
tin (1:3000), Wnt-3 (1:2000), B-catenin (1:3000), cyclin
D (1:500) and GSK3P (1:3000), were incubated over-
night. The following day, the membranes were washed
and incubated with horseradish peroxidase conjugated
goat anti-mouse IgG (Santa Cruz Biotechnology) at a
dilution of 1:15,000. Protein bands were visualized us-
ing the UVP ChemiDoc Imaging System (Upland, CA),
and band density was quantified with Image] software
(Rasband, 1997-2016, version 1.45).
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Fig. 2. Kindling model measurements in the KAL and

KCR groups. Two bar graphs showing the result of what
was observed and recorded during the application of

the Kindling model. A: Graph showing the duration as a
function of the stimuli given to the rat (x-axis). The solid
line represents the KAL group and the dotted line the

KCR group; note the differences in duration along the 10
stimuli. (F=45.75 p<0.0001). B: Graph showing the number
of stimuli required to reach each of the Racine stages. The
white bar represents the KAL group, and the black bar
represents the KCR group. The KAL group needed a smaller
number of stimuli to reach each stage compared to KCR
(F=11.79 p<0.0014). *p<0.05, **p<0.01 and ***p<0.001
compared to KAL

Statistical analysis

Data were presented as mean values with standard devi-
ations (mean+SD). The normality of the data distribu-
tion was evaluated using IBM SPSS Statistics v29.02.0
(Armonk, NY, USA). For datasets following a normal

distribution, a two-way analysis of variance (ANOVA)
was employed to investigate the effects of caloric restric-
tion on the Wnt pathway. Alternatively, for nonnormal-
ly distributed data, a one-way of variance ANOVA was
performed. Tukey’s post hoc test was applied to analyze
the kindling data, whereas Duncan’s post hoc test was
used for the other datasets. Statistical significance was
established at p<0.05.

Results

Statistical analysis using a two-way ANOVA revealed
significant differences in the durations after discharge
between the KCR and the KAL (F=45.75, p<0.0001).
Specifically, the KCR group exhibited shorter after dis-
charge durations, not exceeding 75 seconds, even after
ten stimuli, while durations in the KAL group surpassed
90 seconds at the final stimulus (Fig. 2). Similarly, signif-
icant differences were observed in the number of stimu-
li required to progress through Racine’s stages (F=11.79,
p<0.0014). The KCR group required a higher number
of stimuli to reach Racine stage 5 compared to the KAL
group, indicating a mitigated progression of seizure se-
verity under dietary restriction.

Immunofluorescence

Using immunofluorescence, thus providing dual vali-
dation of the findings through two methodologies. In
the hippocampus (Fig. 3A), all proteins except GSK3f
exhibited higher concentrations in the KAL group
compared to other groups, notably p-catenin (p<0.001
F=4.57), Wnt (p<0.015 F=6.52), and cyclin D (p<0.030,
F=5.020). Further analysis revealed that the Sham
group had the lowest protein concentrations relative
to all other groups, with values that closely matched
those of the control group. GSK3 was significant-
ly increased in the KCR group (p<0.002, F=12.79) in
comparison to the KAL group. A subsequent Duncan
post hoc test identified significant differences across
all groups, particularly from Sham to all other groups
without exception, and between KAL and KCR for all
proteins analyzed.

In the cerebellar cortex (Fig. 4A), the concentra-
tion of B-catenin protein (p<0.01 F=9.87) was found to
be higher in the KAL group than in the other groups.
Duncan’s post hoc test showed a significant difference
between the Sham group and the control group, as well
as differences between KCR and KAL. The Wnt pro-
tein (p<0.001 F=7.897) and cyclin D (p<0.037 F=4.615)
showed higher values in the KAL group compared to
the rest of the groups, Duncan’s post hoc test shows sig-
nificant differences in Wnt in the KAL group compared
to Sham and KCR. Similarly for cyclin D we found the
same differences between the groups, as well as a differ-
ence between KAL and the control.
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Fig. 3. Effect of caloric restriction and the amygdala
Kindling model on Wnt pathway proteins. A: Wnt pathway
proteins by immunofluorescence technique in the
hippocampus, apical area with a 40X objective in a 520
mma2 field (Scale Bar 20 pm). Cell nuclei (DAPI) in blue
and proteins analyzed in red for cyclin D and GSK3f, and
green for Wnt and (3-catenin and B: analysis of proteins

of the Wnt pathway in each of the experimental groups.
C: Representative images in the hippocampus and D:
Densitometric analysis of 3-catenin, Wnt, GSK3[3 and cyclin
D expression levels. Mean+SEM graphed, using one-way
ANOVA followed by a post hoc Duncan’s test. *p<0.05,
**p<0.01 and ***p<0.001 compared to the control group,
*p<0.05, *'p<0.01 and **p<0.001 compared with the KAL

group
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Fig. 4. A: Wnt pathway proteins by immunofluorescence
technique in the cerebral frontal cortex, apical area with

a 40X objective in a 520 mm2 field (Scale Bar 20 um).

Cell nuclei (DAPI) in blue and proteins analyzed in red

for cyclin D and GSK3[3, and green for Wnt and (3-catenin
and B: analysis of proteins of the Wnt pathway in each of
the experimental groups. C: Representative images in the
cerebral cortex and D: Densitometric analysis of 3-catenin,
Wnt, GSK3[ and cyclin D expression levels. Mean+SEM
graphed, using one-way ANOVA followed by a post hoc
Duncan’s test. *p<0.05, **p<0.01 and ***p<0.001 compared
to the control group, *p<0.05, **p<0.01 and *+*p<0.001
compared with the KAL group

Western blot
In the Western transfer technique, the analysis of the
same proteins confirmed the results obtained by immu-
nofluorescence, statistically significant results were ob-
served. The group subjected to the amygdala kindling
model was expected to result in overexpression of Wnt
pathway proteins, as demonstrated in previous stud-
ies.”? Therefore, a one-way ANOVA was performed to
investigate the decrease in Wnt pathway proteins in the
hippocampus and cortex in groups subjected to calor-
ic restriction compared to the other groups. At the hip-
pocampal (Fig. 3B) level, B-catenin concentrations were
higher in the KAL group (p<0.005 F=9.476), and lower
in the KCR group. This indicates an increase in B-caten-
in expression where the kindling amygdala model was
applied and a decrease in groups undergoing caloric re-
striction. Given f-catenin’s role in signal transmission
to the nucleus and transcription activation, an elevated
concentration of cyclin D was anticipated. Our findings
reveal an increase (p<0.035 F=3.98) in both groups sub-
jected to the kindling model with a more pronounced
expression in the KAL group One of the most significant
results pertains to GSK3p, a component of the B-caten-
in destruction complex. Its expression was expected to
decrease in groups without Wnt stimulation. Indeed,
GSK3p levels were reduced in the KAL group (p<0.023
F=4.62) and increased in the KCR group due to reflex
inhibition by GSK3p. The control group exhibited the
lowest protein concentrations across all groups. Com-
pared to the Sham group, the differences were not sta-
tistically significant, except for cyclin D concentrations,
which did not vary significantly between the Sham and
Kindling caloric restriction groups. A post hoc test re-
vealed significant differences in -catenin concentra-
tions in the hippocampus between the KAL group and
the remaining groups, mainly with the control group
and KCR. In contrast, GSK3f protein had significant
differences between the Sham group and the control
group and KCR with respect to KAL. Wnt had differ-
ences in the KAL group compared to the Control group,
as did KCR compared to KAL. In the cyclin D protein
we found differences in all groups compared to the con-
trol, and differences between KCR compared to KAL.
In the cerebral cortex (Fig. 4B), the findings fol-
lowed trends similar to those observed in the hippo-
campus, although the differences between groups were
less pronounced for each protein, particularly for p-cat-
enin and Wnt. B-catenin displayed higher concentra-
tions in the KAL group (p<0.001 F=14.72), as did Wht,
although Wnt concentrations were lower in the KCR
group. In the cortex, there was a significant decrease in
GSK3p levels in the KAL group compared to all other
groups (p<0.030 F=4.196), with a notable increase in the
KCR group. To validate these findings, a Duncan’s test
was performed, which confirmed significant differenc-
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es between the groups. At the level of the cerebral cor-
tex, we did not find significant differences for the Wnt
protein.

Discussion

The primary objective of this study was to explore the
efficacy of CR as an alternative therapy for DRE and
to elucidate the molecular mechanisms involving the
Wht/B-catenin pathway and its potential modulation.

It has been suggested that molecular changes may be
associated with Wnt/B-catenin signaling as many com-
ponents of this pathway are acutely elevated after sei-
zures.” Two decades ago, it was confirmed that seizures
induced by electroconvulsive events lead to positive
up-regulation of B-catenin and Wn#2 ligand in neurons
of the rat dentate gyrus.* Similarly, elevated expression
of Wnt3a, B-catenin, and Cyclin D1 was observed in the
rat hippocampus, peaking 14 days post-status epilep-
ticus.”® Additionally, in astrocytes, seizures induced by
pentylenetetrazole were linked to p-catenin overexpres-
sion and increased susceptibility to seizures.*

Our findings are consistent with these observations,
confirming a close relationship between the overexpres-
sion of these proteins in an established epilepsy mod-
el. Differential protein concentrations were observed in
both the hippocampus and the cerebral cortex between
the experimental groups. In the KAL group, increased
concentrations of Wnt proteins, p-catenin, and Cyclin D
were found, along with decreased GSK3p levels of GSK3
compared to the KCR group and the other groups. This
suggests that there is indeed an overexpression of this
pathway and its components in this epilepsy model. On
the other hand, all Wnt/p-catenin pathway proteins, ex-
cept for GSK3p, exhibited lower optical densities in the
KCR group compared to the KAL group. It should be not-
ed that despite the reductions caused by caloric restriction
in the KRC group, it was not possible to reach the concen-
tration levels of the control group, as this group had the
lowest values compared to the other groups in the hippo-
campus in the Western blot. On the contrary, the cerebral
cortex showed similar findings, with lower concentrations
in the simulated group compared to the other groups.
Among the pathway components, 3-catenin and GSK3
showed the most significant statistical differences in both
regions of the brain. Although the Wnt protein showed
significant statistical values in the hippocampus, it did not
show significant differences in the cerebral cortex. Fur-
thermore, the Sham group, where caloric restriction was
applied without the kindling epilepsy model, showed low-
er protein concentrations compared to the other groups in
both brain structures in immunohistochemistry. The rest
of the immunofluorescence findings were similar for the
other groups, mainly for KAL and KCR.

As noted previously, the GSK3p protein is a cru-
cial component of the B-catenin destruction complex,

which facilitates transcription within the nucleus.”
Given its role in an inhibitory complex, it is reason-
able to expect higher concentrations of GSK3f in the
KCR group compared to those in KAL, as a mechanis-
tic approach to counteracting pathway deregulation.
However, it appears that elevated levels of GSK3p do
not reach overexpression but can instead contribute
to other molecular changes. It is plausible that the ob-
served GSK3p levels in the KCR group facilitate proper
ubiquitination of B-catenin, thus preventing the com-
plete deregulation of the Wnt pathway. Several stud-
ies have established that inhibition of GSK3p exhibits
anticonvulsant effects, similar to protective effects
against hippocampal neuronal damage observed with
lithium treatment after seizures.?** However, previous
research also suggests that excessive inhibition of this
protein could adversely affect neuronal plasticity and
cognitive dysfunctions.**3 In light of these complex-
ities, our study identifies the need for future research
to determine optimal levels of GSK3p for proper reg-
ulation of the Wnt/B-catenin pathway. Such research
could significantly enhance our understanding and
improve treatments that target this pathway.

Our results indicate significant modulation of the
Wnt/B-catenin pathway by CR, as evidenced by the dif-
ferential expression of key proteins. We propose a bidi-
rectional relationship, starting from the assumption that
an increase in the expression of the components of the
Wnt pathway, which ultimately allow for the translation
of signals to the cellular nucleus (Wnt and p-catenin),
is directly related to seizure activity (postictal activity).
On the other hand, the decrease in protein concentra-
tions allows for regulation of seizure activity, minimiz-
ing postictal activity, as reflected by the effects of caloric
restriction, as observed in the KCR group findings. In-
crease in GSK3p through caloric restriction leads to in-
hibition of the pathway via P-catenin ubiquitination,
allowing a decrease in signal translation and an increase
in the expression of proteins such as Cyclin D, and con-
sequently seizure activity. These molecular changes,
along with increased seizure thresholds and decreased
duration observed in the KCR group, are likely to persist
and be reinforced over time, highlighting the potential
of CR to influence neuronal signaling and alter epilep-
tic activity.

Based on the data presented, our objective is to pro-
pose a model to elucidate the relationship between CR,
the Wnt pathway, and epilepsy, as shown in Figure 5.
This model suggests that the inhibitory effects of CR on
epilepsy could be mediated through several mechanisms
within the canonical Wnt pathway. These include mTOR
inhibition, reduced glucose absorption due to decreased
affinity for GLUTS3, electrochemical stabilization of the
membrane through the opening of K,;, channels, and
enhanced mitochondrial biogenesis and stabilization.
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Collectively, these mechanisms contribute to the over-
all inhibitory influence of CR on epileptogenic activity.
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Fig. 5. Molecular mechanisms of the antiepileptic effect
of caloric restriction through the regulation of the Wnt/{3-
catenin pathway, created with https://www.biorender.com

Mutations that lead to mTOR hyperactivation are
significantly implicated in the pathophysiology of ep-
ilepsy, contributing to the production of reactive ox-
ygen species and subsequent neuronal damage.*® The
Wnt/B-catenin pathway intersects with mTOR signal-
ing, which is a likely target of the inhibitory actions of
CR. Specifically, activation of the canonical Wnt path-
way results in inhibition of GSK3f, a component of the
B-catenin destruction complex. This inhibition triggers
the activation of the tuberin protein complex, encoded
by the tuberous sclerosis genes TSC1 and TSC2.** Acti-
vation of TSCI and TSC2 subsequently inhibits Ras ho-
mologous enriched brain protein (Rheb), leading to an
indirect inhibition of mMTORCI, since Rheb is a direct
activator of mMTORC1.*

In the context of CR, reducing carbohydrate in-
take alters the dynamics of cellular energy and confers
a state of cellular stabilization. Activation of the Wnt
pathway has been specifically linked to increased affin-
ity of GLUT3 channels for glucose in neurons, rather
than to changes in their expression or functional activi-
ty. This increase in glucose uptake, particularly observed
in the cortex, is stimulated by ligands such as Wnt3a,
which enhance glucose uptake through this enhanced
affinity mechanism.* Associating these dynamics with
our findings, where a decrease in Wnt pathway signal-
ing was observed in the KCR group, suggests that CR
can exert homeostatic control over glucose metabolism
through inhibition of the Wnt pathway. This inhibition
likely results in a reduced affinity of GLUT3 channels
for glucose and impacts the enzymes responsible for
stimulating glycolysis. Consequently, this reduction in
enzyme activity would decrease the energy supply and
metabolic capacity of neurons necessary to propagate
synaptic signals, conferring cellular stability.

Although this study provides important informa-
tion on the effects of CR on the Wnt/B-catenin path-
way and its potential implications for the treatment of

DRE, some limitations must be acknowledged. First,
reliance on animal models, although necessary, may
not fully replicate the complexities of human epilepsy;,
which could limit the generalization of our findings.
Therefore, it is crucial to advance clinical research
with controlled clinical trials and specifically apply
caloric restriction as a dietary therapy to patients with
refractory epilepsy. Additionally, the study’s focus on
specific proteins within the Wnt/B-catenin pathway,
while providing significant data, does not encompass
all possible molecular interactions and pathways af-
fected by CR. Similarly, only Cyclin D was measured
as a from signal transduction result of this pathway,
excluding C-myc and other proteins that are part of
the final outcome of this pathway, which will be con-
sidered in future work.

Another limitation is the exclusion of the cerebel-
lum from our analyses. Taking into account the docu-
mented involvement of the cerebellum in epilepsy and
its association with the Wnt/B-catenin pathway in epi-
leptic animal models, including this region could have
potentially provided more comprehensive information
on the systemic effects of CR.*"** Furthermore, the bio-
chemical assays used, though precise, do not capture
dynamic interactions in vivo that may influence the
behavior of these proteins under different physiologi-
cal conditions. Future research should aim to address
these limitations by incorporating more diverse biolog-
ical models, including cerebellar evaluations, a broader
range of molecular evaluations, and dynamic in vivo an-
alyzes to better understand the therapeutic potential of
CR in human epilepsy.

Although we observed promising results indicating
potential regulation of pathway overexpression, these
findings are limited to the duration of our study and do
not encompass chronic periods. Recognizing this lim-
itation, we strongly advocate for future research to ex-
tend these investigations. We suggest implementing
caloric restriction in longer-term studies to fully assess
its effects on the Wht/B-catenin pathway and its impli-
cations for epilepsy treatment.

Conclusion

Epilepsy is one of the most prevalent neurological dis-
orders, with up to 30% of patients showing resistance
to conventional treatments. This study explored CR as
adjuvant therapy, particularly its impact on the canon-
ical Wnt/B-catenin pathway, known to be involved in
the pathophysiology of epilepsy. The results revealed
that CR reduces key proteins in the amygdala initiation
model, with a compensatory increase in GSK3p. These
results suggest that CR can exert anticonvulsant effects
through mechanisms such as neuronal membrane sta-
bilization, ROS reduction, mTOR inhibition, and mod-
ulation of inflammatory signaling. This highlights the
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potential as a therapeutic modifier in epilepsy, which
merits further investigation.
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ABSTRACT

Introduction and aim. Asthma is predominantly a Th2 type hypersensitive disorder, with interleukin (IL) 4 and IL-13 playing a
pivotal roles. Interleukin 13 is one of several cytokines that cause persistent inflammation associated with asthma. The aim was
to examine the relationship between the response to treatment in asthma and serum IL-13.

Material and methods. This study, conducted at the SRM Medical College Hospital and Research Center, in Tamil Nadu, in-
volved 68 children aged 6 to 12 years of age diagnosed with asthma. The study included medical history, including age of onset
of wheezing, history of allergic rhinitis/atopic dermatitis, food allergies, use of inhalational corticosteroids, hospital admissions,
and family history. Spirometry was performed, and treatment with inhalational corticosteroids was started according to
GINA guidelines. Blood was collected prior to and after 3 months of treatment.

Results. A substantial positive correlation was observed between gender and IL-13 levels. An improvement in forced expirato-
ry volume in the first second (FEV,) was observed after treatment [(74.72% vs 95.05%) (p<0.0001)]. A negative correlation was
discovered between IL-13 and FEV,. A statistical significance between IL-13 levels before and after treatment (p=0.005).
Conclusion. Inhalational corticosteroids reduced serum IL-13 levels, indicating its role as a prognostic marker in pediatric asthma.
Keywords. asthma, biomarkers, interleukin-13

Introduction
Chronic asthma is an inflammatory illness of the air-
ways marked by recurrent episodes of airflow restriction
brought on by bronchospasm, edema, and increased
mucus production. The term “atopic triad” refers to
common conditions that are associated with asthma, in-
cluding eczema (atopic dermatitis) and seasonal aller-
gies (allergic rhinitis)."

Asthma is predominantly a Th2 type hypersensitive
disorder, with interleukin 4 (IL-4) and IL-13 playing
pivotal roles. Among the several cytokines that cause

persistent inflammation associated with asthma is IL-
13. In response to antigen-specific stimulation, acti-
vated Th2 CD4 and CDS8 cells generate IL-13.%* In the
absence of appropriate preventive therapy, patients with
asthma who have elevated serum IL-13 values may ex-
perience irreversible airway modelling due to airway
hyper-responsiveness, mucus hypersecretion, fibroblast
activation, and airway smooth muscle hyperplasia and
hypertrophy.*

The clinical heterogeneity observed in individuals
with poorly managed asthma requires the development
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of biomarkers that may facilitate the identification of a
specific subgroup of patients. It has been demonstrat-
ed that in type 2 asthma, the pleiotropic cytokine IL-13
plays a significant role in the etiology of asthma. Induc-
tion of goblet cell metaplasia, increased mucus produc-
tion, increased airway hyperreactivity, and indirectly,
chemotaxis-mediated eosinophil trafficking to the site
of tissue damage are among the effects of IL-13 in these
situations.” Mechanistic insights into the involvement
of this cytokine in inducing eosinophilia have been un-
veiled by data from preclinical models and clinical stud-
ies including IL-13 inhibitors in humans.

In the era of personalized medicine, to deliver an
effective approach to asthma, it is important to identi-
fy biomarkers that can predict the course of the disease
and response to therapy. A biomarker is a measurable
indicator that can evaluate normal or pathological bi-
ological processes or the pharmacological response to
a therapeutic intervention. Among the few biomark-
ers studied in asthma, serum IgE lacks specificity, eo-
sinophils show elevated trends in other conditions, such
as protozoal infections, serum periostin is elevated in
growing children and fractional exhaled nitric oxide re-
quires the availability of specialized equipment.

There is a general lack of literature on the study of
biomarkers in assessing therapeutic response in asthma,
specifically in the pediatric population.

In the present study, we provide a perspective on the
utility of IL-13 as a predictor for evaluating the response
to therapy in pediatric asthma patients, as evidenced by
an improvement in forced expiratory volume in the first
second (FEV ).

The maximum amount of air expelled during the first
second of a forced expiration from a position of fully ex-
pressed inspiration is known as the FEV . The degree of
airway obstruction in asthma is determined by the FEV,
marker. Reversibility with bronchodilator administration
is indicated by a 12% or 200 mL increase in FEV,.57

A receiver operating characteristic (ROC) curve, a
graphical illustration and fundamental tool used for the
evolution and comparison of diagnostic systems that al-
low comparisons of sensitivity and specificity.?

Aim
Examine the relationship between children’s response to
treatment in asthma and serum IL-13 levels.

Material and methods

The current longitudinal study was conducted at the
SRM Medical College Hospital and Research Center, a
tertiary hospital in Tamil Nadu, with the approval of the
Institutional Ethics Committee (IEC No: ST0922-797).
The research project started in September 2022 and
spanned six months. In total, 68 patients were recruited
for the investigation (n=68).

After receiving informed consent from parents and
a duly signed consent form from the research partici-
pant, a total of 68 children aged between 6 and 12 years,
recently diagnosed with asthma and starting inhala-
tional corticosteroids as defined in the guidelines of the
Global Initiative for Asthma (GINA) were recruited into
the study.’ They were followed up after 3 months.

Children with acute exacerbations of asthma that re-
quired systemic steroids in the previous 3 months, those
already on asthma treatment, those unwilling to give
consent, children on steroid therapy for any other con-
ditions such as dermatological and endocrine disorders,
those on anti-allergic medications, children <6 years of
age and those who developed acute exacerbations during
the study period were excluded from the study.

A comprehensive medical history with information
on the age of onset of wheezing, history of allergic rhi-
nitis/atopic dermatitis, food allergies if any, prior use of
inhalational corticosteroids, hospital admissions related
to wheezing and familial history of wheezing or asthma
was acquired from the parents.

Children were instructed not to engage in physical
activity since the morning of the study. The procedure
was carried out with the patient in an upright position,
dressed in lightweight clothing, and with their legs un-
crossed. Dentures that caused any disruption of the pro-
cedure were removed. Occluding the nares manually
with nose clips limited air leakage via the nasal passag-
es. The calibration of the spirometer was verified on the
day of examination. The patient is required to introduce
the mouthpiece into his mouth. After verifying the ab-
sence of any leaks and ensuring that the patient is not
obstructing the mouthpiece. The process is executed in
the following manner:

1. The patient should inhale deeply, taking in as much
air as possible, and hold their breath for less than 1
second at the maximum amount of air their lungs
can hold.

2. 'The mouthpiece is placed within the oral cavity,
specifically between the teeth, immediately after
deep inhalation. To prevent any air leakage, it is im-
portant to tightly seal the lips around the mouth-
piece. Exhalation should have a minimum duration
of 6 seconds, or a duration recommended by the
instructor. To solely measure forced expiratory vol-
ume, the patient should place the mouthpiece after
completing step 1 and should refrain from breath-
ing through the tube.

3. If any of the techniques are executed improperly,
the technician must stop the patient’s activity to
prevent exhaustion and provide the patient with a
renewed explanation of the operation.

4. The process is repeated at regular intervals of 1
minute until two matching results are obtained and
satisfactory results are obtained.
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5. To assess reversibility, following the above proce-
dure, the child was administered 400 micrograms
of bronchodilator (salbutamol).

6. The same procedure was repeated after 15 minutes
of administration of bronchodilators.

A change in baseline FEV, by >12% was suggestive
of a positive response, indicating reversibility, thus es-
tablishing the diagnosis of asthma.

Based on the medical history and the pulmonary
function test, the children were classified into intermittent,
mild persistent, moderate persistent and severe persistent
asthma and treatment with inhalational corticosteroids
was initiated accordingly according to guidelines.

Blood samples were obtained for the estimation of
serum levels of IL-13 from the children in EDTA collect-
ing tubes, without endotoxin / pyrogen and centrifuged
at 1000 rotations/min for 10 minutes. The supernatant
serum (250-500 pL) was stored in deep freezers at -70°C
in the Molecular Biology Laboratory, SRM Institute of
Science and Technology.

The subjects of the study were evaluated in the out-
patient department after three months of adherence to
the treatment regimen. In addition, a history of the fre-
quency of symptoms and the need for reliever therapy
was obtained. A repeat spirometry was performed and
the average of three readings was tabulated against the
initial reading. Blood samples were collected to analyze
serum levels of IL-13 after therapy and preserved in a
deep freezer at -70°C.

Once the research samples (both before and af-
ter treatment) were acquired, they were defrosted at
room temperature and subjected to analysis using en-
zyme-linked immunosorbent assay (ELISA) according to
the manufacturer’s instructions (Diaclone, Besancon Ce-
dex, France). The IL-13 kit utilizes a solid phase sandwich
ELISA. The wells of the microtiter strips have been coat-
ed with a monoclonal antibody that specifically targets
IL-13. The wells are filled with samples, including known
IL-13, control specimens, and unknowns, using a pipette.
In the initial incubation, a biotinylated monoclonal anti-
body specific for IL-13 and the IL-13 antigen are incubat-
ed together. Following the washing process, the enzyme
(streptavidin-peroxidase) is introduced. After incubation
and extensive washing to remove any residual enzyme,
a substrate solution is added to induce a chromogenic
product of reaction in the enzyme that is attached to the
substrate. The amount of IL-13 contained in the samples
is directly correlated with the color of this product.

A linear standard curve was generated by plotting
the average absorbance of each standard on the verti-
cal axis versus the corresponding human IL-13 stan-
dard concentration on the horizontal axis. IL-13 levels
in each sample were calculated by extrapolating optical
density measurements against standard IL-13 concen-
trations based using the standard curve.

Statistical analysis

Statistical analysis was performed using SPSS version
22.0 (IBM, Armonk, NY, USA) to compare blood IL-13
concentrations before and after 3 months of therapy us-
ing a paired t-test. A p-value of 0.05 or less was deemed
statistically significant. Spearman’s correlation analy-
sis was used to analyze the relationship between serum
IL-13 levels and treatment response indicated by an im-
provement in FEV | on spirometry, and also between IL-
13 and all other demographic and clinical indicators.
The ROC curve was used to assess the ability of a diag-
nostic test, specifically interleukin 13 in our case, to re-
liably differentiate between two patient conditions: mild
asthma and moderate to severe asthma. In addition, to
determine an adequate threshold value that will be ben-
eficial for accurately diagnosing the presence or absence
of a condition.

Table 1. Baseline characteristics of subjects their
correlation with serum IL-13 before and after treatment

Correlation Correlation
coefficient of coefficient
Baseline characteristics Study subjects  IL-13 before of IL-13 after
treatment treatment
(rvalue) (rvalue)
Age in months
Mean (SD) 101.4+25.2 0.180 -0.027
Gender n (%)
Male 54 (79%) 0.396 0.135
Female 14 (21%)
Height (cm) 127.8+16.9
Weight (kg) 27.8+10.9
Body mass index (kg/m?) 16.3+3.8 -0.040 -0.060
Family history n (%)
Yes 59% 0.052 -0.086
No 41%
History of atopic dermatitis n (%)
Yes 29% -0.205 0.012
No 71%
History of allergic rhinitis n (%)
Yes 44% -0.211 -0.110
No 56%
Previous hospital admission n (%)
Yes 33% -0.075 0.196
No 67%
FEV, (%) 74.72% -0.274 -0.085
Severity based on spirometry
Mild asthma 85%
Moderate asthma 6% -0.274 -0.085
Severe asthma 9%
Results

In total, 68 patients were recruited for the investigation
(n=68).

A significant positive correlation was observed be-
tween gender and circulating levels of IL-13 (r=0.396;
p<0.05) was noted; that is, men had higher concentra-
tions of IL-13 in their bloodstreams than females.”® Se-
rum IL-13 did not correlate significantly with the other
clinical and demographic characteristics in our investi-
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gation. Table 1 provides an overview of individual base-
line characteristics and their correlation with serum
IL-13 before and after treatment.

The pulmonary function test (FEV)) classified the
researchers into three groups: mild asthmatics (85%),
moderate asthmatics (6%), and severe asthmatics
(9%)."* Children were initiated on inhaled corticoste-
roids according to starting therapy, blood samples were
collected to determine serum IL-13 levels.

The average FEV, at the beginning of therapy was
74.72%, and after three months of treatment, the value
was 95.05% (Fig. 1).

160
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Fig. 1. Graphical representation of the trend of FEV, before
and after treatment in children with asthma

Table 2. Descriptive statistics of asthma patients - FEV1,
treated with ICS

Mean (%) Std. deviation Min—-max. Median p
Before treatment 74.72 10.18 44-102 77
After treatment 95.05 15.36 65-139 92

<0.0001

Following therapy, serum IL-13 levels showed a
downward trend.

The average serum IL-13 concentration prior to the
start of treatment was 2.7+1.2 pg/mL. Following three
months of appropriate treatment, the mean value de-
creased to 1.43+0.9 pg/mL. A difference of statistical
significance was identified, as indicated by a p=0.005
(Fig. 2).

IL-13
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Fig. 2. Graphical representation of the trend of IL-13 before
and after treatment in children with asthma

Table 3. Serum IL-13 concentrations in asthma patients
treated with ICS

Mean (pg/mlL) Std.deviation Min—-max. Median p
Before treatment 2.7 12 0.8-5.0 24
After treatment 143 0.9 04-48 11 0005

It is worth noting that a negative correlation was
identified between IL-13 and FEV1. Specifically, after
treatment, there was a reduction in serum IL-13 concen-
trations in conjunction with an improvement in FEV,.
However, the correlation between IL-13 and FEV1, as
determined by the Spearman correlation table, did not
have statistical significance (r=-0.274; p>0.05) (Fig. 3).
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Fig. 3. Graphical representation of the correlation between
serum IL-13 and FEV,

BT IL-13
I [Sensitivity: 100.0
| |Specificity: 100.0
80 [ Criterion: >2.6672
> -
s 60p
B i
[0} 40
w i | .
20f AUC = 1.000
| ; P <0.001
O_El]"']""niml:l M T N R
0 20 40 60 80 100

100-Specificity

Fig. 4. ROC curve for IL-13 — determination of the cut-off point

Our study demonstrated that IL-13 can effective-
ly differentiate between mild asthmatics and those with
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moderate to severe asthma, with a sensitivity and speci-
ficity of 100%. The cut-off value to differentiate the groups
was 2.6 pg / mL (p=0.001) as depicted in Figure 4.

Discussion

Asthma, one of the most prevalent noncommunicable
significant diseases, substantially impacts the quality
of life10. Bronchial asthma is a chronic inflammatory
disease in which many produced cells and substances
produced participate. Special significance is ascribed to
eosinophils and lymphocytes of type 2 T helper, which
induce IL-4, IL-5, IL-13. A deeper understanding of
the mechanisms of the disease made possible by fun-
damental scientific investigations over the past twenty
years has led to the development of highly specific treat-
ments."

A biomarker-driven methodology is being used to
define a severe asthma endotype. There is no ideal bio-
marker, and unlike glycated hemoglobin, or HbAlc, in
diabetes, or other certain conditions, the precise nature
of asthma biomarkers is yet unknown.'>"* Further ev-
idence for the involvement in the pathophysiology of
airway hyperresponsiveness comes from the overex-
pression of the protein in asthmatics’ sputum, periph-
eral blood, bronchial submucosa, and mast cells in the
airway smooth muscle bundle.™

Prevalent studies report elevated levels of IL-13 in
asthmatics compared to healthy age matched controls,
thereby implicating the role of IL-13 in the pathogenesis
of asthma; however, there is paucity of literature among
the pediatric population where severity of asthma and
response to treatment have been followed up.'

In 2019, Saleh Jebur et al. studied 150 asthmatics
and 50 healthy controls, aged 10 to 65, in order to es-
timate the levels of serum IL-13 and serum IgE levels
in the blood of patients suffering from allergic asthma.
Before starting inhalational corticosteroids, the total se-
rum levels of IgE and IL-13 were measured in both the
patients and the control group. Following completion of
treatment, blood samples were collected to calculate the
total level of serum IgE and IL-13. Consistent with our
investigation, a statistically significant decrease in se-
rum IL-13 concentrations was observed after treatment
(p<0.001).16

Jovanovska Janeva et al. conducted a trial to identi-
ty the difference in serum IL-13 and FEV1, before and
after treatment with ICS/LABA (or) Montelukast in ad-
dition to ICS/LABA, in 56 patients with uncontrolled
severe persistent asthma in 2015. After therapy, FEV1
improved considerably (p<0.001). In conjunction with
our study, after 6 months of medication, a substantial
decrease in serum levels of IL-13 was found compared
to the initial values in both groups (p<0.0014, p<0.001
respectively). However, the Montelukast group showed
a more pronounced benefit."”

Gemou-Engesaeth and colleagues proposed that
serum levels of IL-13 and surfactant protein D (SP-D)
could reflect a disease status in children with asthma.
A study was carried out on 20 asthmatic children and
15 controls of the same age. Serum levels of SP-D and
IL-13 were initially determined. Children were admin-
istered inhaled glucocorticoids or sodium cromoglycate
according to the criteria of the American Thoracic So-
ciety and European Consensus Guidelines. Serum levels
of SD-P and IL-13 were monitored again 4-6 months af-
ter treatment. In this research, inhaled glucocorticoids
had no significant impact on IL-13 levels, unlike our
current study. Patients treated with sodium cromogly-
cate exhibited a tendency toward a lower level of IL-13,
although this difference was not statistical significance.'®

Recent research indicates that targeting the inter-
leukin-13 pathway may be crucial in treating various
asthma subtypes'. However, these studies are limited,
especially in the pediatric population, and the role of IL-
13 as a biomarker in asthma treatment has rarely been
studied. A statistically significant difference in IL-13 lev-
els was observed before and after treatment, suggesting
the possibility of it being a potential biomarker in pedi-
atric asthma management.

Study limitations

The study was carried out with a limited sample size,
and the findings must be reconfirmed using a larger co-
hort. Also, the study must be analyzed in conjunction
with a control population that is matched by age and
sex. Furthermore, the incorporation of additional pro-
spective biomarkers and their correlation would provide
more insight.

Conclusion

In conclusion, after inhalational corticosteroids, a sub-
stantial reduction in serum IL-13 levels and an evident
negative relationship between FEV, and IL-13 were ob-
served, thereby supporting the role of IL-13 as a marker
in predicting response to treatment in pediatric asthma.
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ABSTRACT

Introduction and aim. The term‘gynecological cancers'refers to a wide range of malignancies that affect the female reproduc-
tive system. These types of cancer include ovarian, cervical, uterine, vaginal, and vulvar cancers. This study aims to employ SNA
techniques to map the landscape of gynecological cancer by systematically analyzing the presenting features associated with
different types of gynecological malignancies.

Material and methods. In this study, a total of 60 women diagnosed with gynecological cancer were included. An explorato-
ry study design was used. A pre-tested questionnaire was used which includes basic demographic details, type of cancer and
symptoms presented at the time of diagnosis.

Results. Nearly 44% of the women diagnosed with cancer were between the age of 51 to 60 years. Symptoms such as abdom-
inal pain, lumps, mild and moderate symptoms that appeared to be highly connected and influential among the cancer pa-
tients. Abdominal pain, lumps, abdominal distension/bloating, and mild symptoms had a stronger connection with all other
symptoms among the cancer patients.

Conclusion. Educating patients about the significance of symptoms such as abdominal pain, lumps, and abdominal disten-
sion/bloating in the context of ovarian cancer can empower them to seek timely medical attention. Increased awareness of the
potential implications of these symptoms may prompt patients to undergo screening and diagnostic tests earlier, leading to
improved detection rates and treatment outcomes.

Keywords. gynecological cancer, mapping, network visualization, social network analysis, symptoms

Introduction

Gynecological cancers encompass a diverse group of
malignancies affecting the female reproductive system,
including ovarian, cervical, uterine, vaginal, and vul-
var cancers. These cancers collectively pose a signifi-
cant burden on global health, contributing to substantial
morbidity and mortality among women worldwide.'
The estimation of cancer burden from the International
Agency for Research on Cancer indicated that gyneco-
logical cancers accounted for 19% of worldwide cancer

cases.? Gynecological cancers in India accounted for 30%
of the total cancers among women.? A study reported in
India, based on the cancer registries, indicated a decline
in cervical cancer cases and a rise in breast, ovarian, and
uterine corpus cancer cases across most of the registries
over the full observation period. Four types of cancer,
such as breast, cervix, corpus uteri, and ovary, constitute
over 50% of all cancers in women.* Despite advances in
early detection and treatment modalities, knowing the
complexity and heterogeneity of gynecological cancers
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is important. Understanding the clinical characteristics
associated with gynecological cancers is paramount for
timely diagnosis, appropriate treatment allocation, and
improved patient outcomes.’ The characteristics encom-
pass a spectrum of clinical manifestations, including
symptoms, risk factors, demographic characteristics, and
diagnostic markers, which can vary widely across differ-
ent cancer types and stages of cancer.®

Conventional methods of analyzing presenting fea-
tures focus primarily on examining individual variables
separately, sometimes missing the complex interconnec-
tions and interdependencies between them. Researchers
have started using innovative methodologies such as so-
cial network analysis to study the complex networks of
relationships in medical data due to the limitations of
standard techniques.

In recent years, the application of social network
analysis (SNA) has emerged as a powerful tool in bio-
medical research for elucidating complex interactions
among various elements within a system.” Social net-
work analysis offers a powerful framework for investi-
gating the interconnectedness of presenting features in
gynecological cancer cases. By conceptualizing the pre-
senting features as nodes and the relationships between
them as edges within a network graph, SNA allows re-
searchers to elucidate the underlying patterns, struc-
tures, and dynamics of these complex systems. Through
quantitative metrics and visualization techniques, social
network analysis enables the identification of key fea-
tures, central nodes, and subgroups that may influence
disease presentation, progression, or response to therapy.

Aim

This study aims to employ SNA techniques to map the
landscape of gynecological cancer by systematically an-
alyzing the presenting features associated with different
types of gynecological malignancies. Through this ap-
proach, this study gains deeper insights into the complex
etiology and phenotypic heterogeneity of gynecological
cancers, ultimately facilitating more accurate diagnosis,
risk stratification, and personalized treatment approaches.

Material and methods

In this study, an exploratory study design was used. Pri-
mary data were collected from the cancer patients ad-
mitted from April 2023 to February 2024 at a private
hospital. Participants were selected from the health re-
cords and a face-to-face interview was conducted with
a semistructured questionnaire, which included demo-
graphic details, menstrual history, existing health prob-
lems, and symptoms presented during diagnosis. The
dataset included information on patients diagnosed
with various gynecological cancers, such as ovarian,
cervical, uterine, vaginal, and vulvar cancers, along with
their presenting features.

Variable selection

We identified a set of presenting features associated
with gynecological cancers, encompassing symptoms,
risk factors, and demographic characteristics. Variables
were selected based on their clinical relevance, previous
literature, and expert consultation to ensure a compre-
hensive representation of gynecological cancer.

Data preparation

Data were collected by using the software Kobo-collect
and then extracted in Excel (Microsoft Corporation,
Washington, USA). Prior to analysis, the dataset under-
went thorough cleaning and preprocessing to address
missing values and outliers. The descriptive analysis
was performed in SPSS version 22 (IBM, Armonk, NY,
USA), and the network analysis was performed with the
help of Python (Python Software Foundation, Wilming-
ton, Delaware, USA).

Social network construction

We constructed a network graph where nodes represent
presenting features denoted as S1 to S10 (Table 1), and
edges represent the relationship between them. The rela-
tionship between presenting features was defined based
on co-occurrence or mutual information derived from
the dataset.

Table 1. Label for nodes

Nodes  Major classification

Symptoms

S1 Abdominal pain -

Abdominal distension and
S2 ) -
bloating

Loss of appetite, weight loss, giddiness, nausea,
vomiting, body ache, headache, fever, cold, fatigue,
dry cough

S3 Mild symptoms

S4 Lumps in the organs Lumps in breast, eyelid, thigh and abdomen

Ear pain, throat pain, body pain, thoracic pain, breast

S5 Pain in body parts L )
pain, nipple pain

S6 Abnormal discharge Discharge in breast, vaginal discharge

Bleeding gums, postmenopausal bleeding, abnormal

2 Abnormal bleeding menstrual bleeding, Irregular periods

S8 Blood
59 Swelling

Blood in vomiting and stool

Swelling in tongue, breast, eyelid, and abdomen

Pleural effusion, burning sensation, skin growth, skin

discoloration, pedal edema, inverted nipple, jaundice,

reddish spots, difficulty in swallowing, breathlessness,
and constipation

S10  Moderate symptoms

Network analysis

Quantitative metrics were calculated to characterize
the network structure, including measures of centrality,
weighted degree centrality, and connectivity. Visualiza-
tion techniques, such as the Kamada-Kawai layout, are
used to visualize the network structure and to identi-
ty the clusters or subgroups of interconnected features.
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Table 2. Demographic details of study participants

Variables Frequency Percentage
Age
31-40 5 8%
41-50 19 31%
51-60 27 44%
61-70 9 15%
71-80 1 2%
Marital status
Married 48 80%
Unmarried 1 1%
Widowed 10 18%
Separated 1 1%
Religion
Hindu 55 92%
Muslim 4 7%
Christian 1 1%
Family income
Below 10,000 26 43%
11,000-20,000 26 43%
21,000-30,000 2 3%
31,000-40,000 1 2%
41,000-50,000 4 7%
Above 50,000 1 2%
Education
llliterate 21 35%
Primary School 10 17%
Middle school 16 27%
High school 8 13%
Graduate 2 3%
Professional degree 3 5%

Occupational status
Unskilled worker 13 22%

Semi-skilled worker 1 2%
Skilled worker 0 0
Clerical/shop/farm 2 3%
Semi profession 0 0
Professional 3 5%
No work 41 68%
BMI
Underweight 6 10%
Normal 27 45%
Overweight 18 30%
Obesity 9 15%
Periods
Regular 47 78%
Irreqular 13 22%
Flow
Normal 45 75%
Abnormal 15 25%

Ethical considerations

All data handling and analysis have adhered to ethical
guidelines and regulations to ensure patient privacy,
confidentiality, and data security. Institutional Ethical
Clearance (8494/IEC/2023) was obtained from the SRM
Institute of Science and Technology, Kattankulathur.

Results

A total of 60 participants were included in the study
(Table 2). Forty four percent of the women were be-
tween the ages of 51 to 60, followed by 31% between
41 to 50 years. Among the study participants, 80% of
them were married, and 18% of them were widowed.

Ninety two percent of the women were Hindu. Forty
three percent of the study participant family income
fell below 10000 rupees. Sixty eight percent of the
study participants were not employed, and 22% were
unskilled workers. Forty five percent of the study par-
ticipants had normal weight, and 30% of them were
overweight. Among the study participants, nearly 30%
of the women had ovarian cancer, followed by breast
cancer (27.8%), colon cancer (6.7%), and endometrial
cancer (4.4%) (Table 3).

Table 3. Type of cancer

Type of cancer Frequency Percent  Typeofcancer  Frequency Percent

Breast cancer 25 27.8 Lung cancer 3 33
Cervical cancer 2 2.2 Multiple myeloma 2 22
Cholangio cancer 1 1.1 Ovarian cancer 27 30.0
Colon cancer 6 6.7 Pancreatic cancer 2 22
En(i(;nmceetrrlal 4 44 anarc):l r;::lrtoneal 4 44
Esophagus cancer 2 2.2 Rectal cancer 3 33
Eyelid cancer 2 2.2 Stomach cancer 2 22
Galclat:]la();irder 1.1 Tongue cancer 2 22
Vulva cancer 1 1.1 Tonsil cancer 1 11

Figure 1 illustrates the basic connection between the
symptoms of ovarian cancer. Abdominal pain, abdom-
inal distension and bloating, lumps in the organs, mild
and moderate symptoms play an important mediating
role for participants having gynecological cancer.

Fig. 1. Connection between the symptoms

Centrality measures

Degree centrality measures the number of edges inci-
dent upon a node. Higher values indicate nodes that are
more directly connected to other nodes in the graph.
Abdominal pain has the highest degree centrality at
0.89, indicating it has the most connections among the
other symptoms listed (Table 4).
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Table 4. Centrality measures

Nodes Degree Betweenness Closeness Eigenvector
centrality centrality centrality centrality
S1 0.89 0.28 0.9 0.45
S4 0.78 0.15 0.81 0.43
S10 0.67 0.09 0.75 0.38
S3 0.56 0.04 0.69 035
S2 0.44 0.01 0.64 0.28
S9 0.44 0.03 0.6 0.24
S5 0.33 0.01 0.6 0.22
S6 0.33 0.01 0.6 0.21
S7 0.33 0.001 0.56 0.21
S8 0.33 0.001 0.6 0.25

Betweenness centrality measures the extent to which
a node lies on the shortest paths between other nodes.
Higher values suggest nodes that act as bridges between
different parts of the network. Abdominal pain has a rel-
atively high betweenness centrality of 0.28, indicating it
lies on many shortest paths between other nodes.

Closeness centrality measures how close a node is to
all other nodes in the graph. Nodes with higher close-
ness centrality values are closer to all other nodes in
terms of geodesic distance. Abdominal pain has a high
closeness centrality of 0.9, indicating it is very close to
all other nodes in the graph.

Eigenvector centrality measures the influence of a
node in the network, considering both the direct and
indirect connections. Nodes with higher eigenvector
centrality values are connected to other nodes that are
themselves well-connected. In this study abdominal
pain and lumps have a relatively high eigenvector cen-
trality of 0.45 and 0.43, indicating it is connected to oth-
er nodes that are influential in the network.

Examining all of this data together helps research-
ers understand the structural significance and impact of
each node in the network. Abdominal pain appears to
be a highly central node according to all four measures,
suggesting it plays a significant role in connecting oth-
er nodes and controlling information flow within the
network. On the other hand, nodes with lower values
across these centrality measures may be less influential
or less central in the network structure.

Weighted centrality measures

Table 5 represents weighted degree centrality measures
for different symptoms from S1 to S10 in a network,
where each symptom is associated with a weighted de-
gree value. Symptoms are the nodes in the network, each
representing a symptom observed in the study partic-
ipants. Weighted degree centrality measures the sum of
the weights of the edge’s incident upon a node. In other
words, it represents the total strength of connections each
symptom has with other symptoms in the network. High-
er values indicate symptoms that are more strongly con-

nected to other symptoms. Abdominal pain and lumps
have the highest weighted degree centrality of 24 each,
suggesting that they have the strongest connections with
other symptoms in the network, with a total weight of
24. Mild symptoms follow closely with a weighted degree
centrality of 21, indicating a strong connection with a to-
tal weight of 21. Abdominal distension and bloating have
a weighted degree centrality of 21, indicating a moderate
level of connection strength with other symptoms. Pain
in the organs has a weighted degree centrality of 14, indi-
cating a relatively lower but still significant level of con-
nection strength. Swelling and moderate symptoms have
a weighted degree centrality of 10 each, suggesting they
have weaker connections compared to the above symp-
toms. Abnormal discharge and bleeding have a weighted
degree centrality of 4, indicating they have even weak-
er connections. Blood in stools and vomit has the low-
est weighted degree centrality of 3, suggesting it has the
weakest connections in the network.

Table 5. Weighted degree of the nodes

Symptoms Weighted degree
S1 24
S4 24
S3 21
S2 16
S5 14
510 10
S9 10
S6 4
S7 4
S8 3

Fig. 2. Network visualization according to the weighted
degree centrality

Network visualization with weighted degree centrality
The Kamada-Kawai layout algorithm is a force-direct-
ed layout algorithm commonly used for visualizing net-
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works (Fig. 2). It positions the nodes in such a way that
nodes with stronger connections are placed closer to-
gether, while nodes with weaker or no connections are
positioned farther apart.

Node positions: Symptoms such as abdominal
pain and lumps that are closer together in the visual-
ization are likely to be more strongly connected in the
network. On the contrary, nodes such as discharge, ab-
normal bleeding, blood in vomit, and stools that are far-
ther apart are likely to have weaker connections or no
connections. This arrangement gives an overall network
structure and connectivity patterns.

Central nodes: Symptoms such as abdominal pain,
lumps, mild and moderate symptoms appear centrally
located in the visualization, surrounded by many oth-
er nodes, and are likely to be highly connected and in-
fluential within the network. These nodes represent key
elements or hubs that play significant roles in the net-
worK’s functioning.

Node community

Symptoms are referred to as nodes, and community
refers to the clusters to which each symptom belongs.
Nodes within the same community are more densely
connected compared to nodes in other communities.
Community 0 includes abdominal pain, distension and
bloating, mild symptoms, and abnormal bleeding. These
nodes are tightly interconnected with each other with-
in the network and form a cohesive subgroup or cluster.
They likely share similar characteristics or are involved
in similar processes within the network.

Fig. 3. Network visualization with community coloring

Community 1 includes nodes, lumps, discharge,
and blood in vomit and stools. These nodes form an-
other subgroup within the network, distinct from com-

munity 0. They are closely connected but less so to the
nodes outside their community.

This community 2 includes pain, swelling, and
moderate symptoms. These nodes are densely connect-
ed but have fewer connections to nodes outside their
community.

Network with community coloring

The green color indicates Community 1, the blue color
indicates Community 2, and the green color indicates
Community 3. These clusters are groups of nodes that
are densely connected but have fewer connections to
nodes outside the cluster. Identifying these clusters can
provide insights into the functional subdivisions within
the network (Fig. 3).

Geodesic distance

The shortest path or geodesic distance gives the mini-
mum number of edges between the two nodes in a net-
work (Table 6). Lumps, pain, abnormal discharge, and
blood in vomit and stool have the shortest path for ab-
dominal pain.

Table 6. Geodesic distance

Symptoms Shortest path length from S1
S1 0
S6 1
S8 1
54 2
S5 2
510
sl
s2
3
@
®
®

Fig. 4. Sub-network with community coloring

Sub-network weighted degree centrality with community
Using the 50 percentile of weight threshold from the de-
scriptive statistics created a sub-network with edges that
have a weight greater than the threshold. Lumps, pain,
and swelling form different communities highlighted
with blue color. Symptoms within the same communi-
ty share common attributes or roles within the network.
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Abdominal pain, abdominal distension and bloating,
and mild and moderate symptoms form different com-
munities highlighted in orange color. Mild symptoms
and lump act as the bridge between these two commu-
nities (Fig. 4).

Sub-network centrality measures

Sub-network measures the weighted degree centrality of
nodes within the subnetwork. The correlation between
subnetwork weighted degree centrality and closeness cen-
trality is approximately 0.93, indicating a strong positive
correlation between these two measures within the sub-
network. The correlation between closeness centrality and
betweenness centrality is approximately 0.93, also indicat-
ing a strong positive correlation. The correlation between
closeness centrality and betweenness centrality is approx-
imately 0.93, also indicating a strong positive correlation.

Discussion

Abdominal pain appeared to be the most common
symptom among the study participants. It also demon-
strates significant betweenness centrality, suggesting its
importance as a bridge between different parts of the
network. Moreover, its high closeness centrality un-
derscores its proximity to all other nodes in the graph.
Khan A et al. reported that abdominal pain and abdom-
inal distension were the most common symptoms of
ovarian cancer.® These results highlight abdominal pain
as a crucial indicator and potentially a primary symp-
tom of concern in diagnosing ovarian cancer.

A recent study by Simon et al. reported that 35%
of gynecological cancer participants reported frequent
symptoms and severe symptoms.’ Abnormal bleeding in
menopausal and post-menopausal women and abnor-
mal uterine bleeding were the most commonly identi-
fied symptoms of uterine cancer.”” These results were
similar to the current study. Symptoms such as abdom-
inal pain, abdominal distension and bloating, and mild
and moderate symptoms form a cohesive subgroup, in-
dicating potential common pathways or shared under-
lying mechanisms in cancer manifestation. The network
analysis reveals distinct communities within the symp-
tom network, with symptoms clustering together based
on their connectivity patterns.

Weighted degree centrality provides insights into
the strength of connections between symptoms. Ab-
dominal pain and lumps exhibit the highest weighted
degree of centrality, indicating strong connections with
other symptoms in the network. The present study sug-
gests that these symptoms are closely intertwined and
likely co-occur frequently in patients with ovarian can-
cer. A study by Ebell et al. reported that abdominal
mass, abdominal distension, and abdominal pain were
the most common presenting symptoms during the di-
agnosis of ovarian cancer."

The identification of subnetworks based on weight-
ed degree centrality thresholds further delineates func-
tional subdivisions within the network. The formation of
different communities by symptoms like lump, pain, and
swelling, as opposed to symptoms like abdominal pain,
abdominal distension and bloating, mild, and moderate
symptoms, suggests distinct patterns of symptom inter-
actions and potential differences in disease progression
or severity. Koo et al. in his study reported that breast
lumps (83%) and breast pain (6%) were the frequent
symptoms that occurred in breast cancer patients.'”? An-
other study by Goft et al. reported that back pain (45%)
was the most common symptom experienced by the
study participants.”® A study by Bankhead et al. reported
that abdominal distension, post-menopausal bleeding,
loss of appetite, early satiety, and progressive symptoms
were statistically significant variables associated with
ovarian cancer." Social network analysis was useful to
categorize the symptoms based on their cluster.

The strong positive correlations observed between
subnetwork weighted degree centrality and closeness
centrality, as well as between closeness centrality and
betweenness centrality within the subnetwork, indicate
a cohesive structure where highly connected nodes also
tend to be centrally located and play significant roles in
controlling information flow.

Study limitations and recommendations

This study had a relatively small sample size, which may
have limited its findings. Additionally, there is a pos-
sibility of recall bias when gathering information on
symptom recognition. SNA provides valuable insights
into symptom interactions and centrality within the
context of gynecological cancer, further research and
validation studies are warranted. Continual refinement
and validation of symptom networks can enhance our
understanding of gynecological cancer pathophysiolo-
gy, refine diagnostic criteria, and inform the develop-
ment of targeted therapeutic interventions.

Conclusion

Abdominal pain was identified as the most central symp-
tom in this study, demonstrating its crucial function in
interacting with other symptoms. The subnetwork dis-
plays a robust positive association among its centrali-
ty measurements. Given the central role of abdominal
pain in the network and its strong connections with oth-
er symptoms, clinicians should prioritize the assessment
and evaluation of abdominal pain in patients present-
ing with potential symptoms of cancer. Rapid and ac-
curate diagnosis of abdominal pain may lead to earlier
detection of gynecological cancer and improve patient
outcomes. Abdominal pain, lump, abdominal disten-
sion/bloating, and moderate symptoms show a strong
connection within the network. Clinicians should per-
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form a thorough examination that involves analyzing
these symptoms together with abdominal pain to gain
a better understanding of the possible existence and de-
velopment of ovarian cancer. This comprehensive meth-
od can improve the accuracy of diagnosis and facilitate
timely interventions. Educating women about the sig-
nificance of symptoms such as abdominal pain, lump,
and abdominal distension/bloating in the context of
ovarian cancer can empower them to seek timely med-
ical attention. Increased awareness of the potential im-
plications of these symptoms may prompt patients to
undergo screening and diagnostic tests earlier, leading
to improved detection rates and treatment outcomes.
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ABSTRACT

Introduction and aim. Pain is a common symptom in children. Studies indicate that nurses and student nurses lack knowledge
about pediatric pain. This study was designed to determine the level of knowledge of pediatric pain management for nursing
students and to evaluate the effectiveness of the web-based pediatric pain management education (PPME) program.
Material and methods. This study used a pre/post-test quasi-experimental design before/after the test. It was carried out with
84 pediatric nursing internship students (39 control, 45 intervention) in a nursing school. The control group received routine
training, and the intervention group received web-based modules. Data were collected using the questionnaire developed by
the researchers and evaluated using the paired sample t-test, independent samples t-test, Spearman’s correlation and regres-
sion analysis. A structural equation model (SEM) was used.

Results. The level of knowledge of the intervention group was significantly higher than that of the control group in terms of
the total score and sub-dimension scores of awareness, physiopathology and ‘control’ (p<0.05). A moderate, positive and sig-
nificant correlation was observed between PPME and knowledge levels. Web-based education accounted for 56.6% of the in-
crease in knowledge level, resulting in an improvement of 11.062 points. A notable positive correlation was observed between
PPME and control scores in SEM.

Conclusion. The conclusion drawn is that the web-based PPME effectively increased student knowledge scores.

Keywords. pain management, pediatric nursing, students, web-based education

Introduction

Pain, which is one of the most common symptoms
in children, is considered an important public health
problem. Evidence-based research on pediatric pain
management has increased the knowledge and aware-
ness of health professionals, but pediatric patients still
experience pain from illness, surgery, and medical
procedures."* The World Health Organization has em-
phasized that pediatric pain is often not noticed, may
be ignored, or even denied by health care workers in the
2012 report.?

8-88% of children and young people experience pain
and 37-72% of hospitalized children experience clinically
significant pain.*® Pain in the pediatric population is diffi-
cult to realize and evaluate correctly. Many studies in the
literature show that nurses experience various difficulties
in assessing pain in children.® The most common reasons
for this are the verbal and cognitive immaturity of young
children to express their pain, the difficulties in recogniz-
ing pain symptoms from reactions such as separation from
the mother, and the insufficiencies of nurses to control
pain such as lack of knowledge and misunderstandings.
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Studies show that nurses and student nurses lack
knowledge about pediatric pain assessment and man-
agement.®® This indicates a lack of structured pain ed-
ucation and emphasizes the need for comprehensive
pain management for students before starting their pro-
fessional nursing careers.” Several education programs
have been developed to increase pain knowledge for
nurses and undergraduate nursing students in the lit-
erature. Due to these studies, it was found that nurse
pain knowledge, assessment, and management skills in-
creased.®!”

Pain education is provided by classical learning
techniques in most nursing schools. It is known that stu-
dent knowledge level increases with classical learning,
but the information gained may not lead to a behavior-
al change or application to practice.! As an alternative
to conventional learning, web-based teaching meth-
ods have become quite popular in recent years. This
method can be used to gain nursing skills and facilitate
their transfer to the clinical environment.'* This learn-
ing method can allow nursing students to meet with
advanced computer technologies that they will use in-
tensively as part of patient monitoring and care in their
professional lives."”” Students have the opportunity to
self-learn by reviewing courses where and whenever
they want. Students can easily communicate with in-
structors via messages or messages, combine material in
the discussion forums, send homework, and take their
exams or quizzes.'*"

With the use of web-based education programs,
nursing students can practice their skills in a safe en-
vironment and learn the information by repeating it as
often as they want before working in the clinical envi-
ronment.'* Web-based pain management education was
found to improve the level of knowledge of nursing stu-
dents by Keefe and Wharrad."”” Similarly, the results of
studies conducted in other health schools show that
web-based pain education has been successful."*® It is
believed that well-equipped students with the necessary
knowledge and skills in pediatric pain management, as
in many other fields that require nursing expertise, will
have a positive impact on clinical outcomes. It is pre-
dicted that web-based education will play an import-
ant role in successful pain management. In our country,
the lack of a sufficient number of studies evaluating the
effect of web-based pediatric pain management edu-
cation (PPME) programs on pediatric pain manage-
ment knowledge (PPMK) of nursing students has been
a guiding light on the planning of this study. This study
represents a significant contribution to the field of pe-
diatric pain management, as it is one of the first stud-
ies to evaluate web-based education in this area in our
country. Furthermore, it offers a novel perspective on
the nursing curriculum in this field.

Aim

The purpose of this study is to determine the PPMK of
the student nurse PPMK and evaluate the effectiveness
of the web-based PPME program.

Material and methods

Design

This study was designed as a quasi-experiment with an
unmatched group.

Setting and sample

This study was carried out in a university nursing school
with the control group in the fall semester of the 2017-
2018 (n=39) academic year and the initiative group
(n=45) in the fall semester of 2018-2019 academic year,
to prevent the sharing of information among the groups.
The population of this study consisted of 84 nursing stu-
dents who pursued internship education in pediatric
nursing. The sample size was calculated with the Gpow-
er 3.0 program and was based on type I error 0.05, type
IT error 0.20 (80% power), using the correct response
rate of the study by Keefe et al. The sample size was cal-
culated as 80 students. The study included all the stu-
dents who had volunteered to participate.

Ethics approval

All participants gave their informed consent to be in-
cluded before participating in the study. The study was
carried out according to the Declaration of Helsinki, and
the protocol was approved by the Non-Interventional
Research Ethics Committee of Dokuz Eyliil University
(date: 05.05.2017, Number: 10-19) and the directory of
Nursing Faculty (Date: 30.03.2017, number: 19396244-
108.99/525).

Procedure

Development of the web-based PPME program
Educational content was developed based on the pain
management guidelines of various international and na-
tional organizations, societies, universities and hospitals
as well as from data from evidence-based studies.">'*2*
It is stated in the literature that pain is related to aware-
ness, physiopathology, barriers, diagnosis, evaluation
and control dimensions.” Therefore, the modules of the
educational content were created considering these di-
mensions (Table 1).

Expert opinion

The module’s educational content was contributed by 10
faculty members who are experts in the field of child
health and disease nursing. A checklist was created for
expert opinion, comprising parameters such as scien-
tific content, comprehensibility, suitability for the stu-
dent’s level, and recommendations. The checklist, along
with the module contents, was sent to experts. The edu-
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cational content was evaluated by experts to determine
whether it included the criteria mentioned above. The
experts provided recommendations for each module
and provided updated references.

Table 1. Program modules of PPME

Transferred time

Modules Content of PPME to the website

1. Pediatric Pain Awareness 2" week
- Definition of pain
- Atraumatic care
- Pain and empathy
- Self-assessment of pain
- Pain perceptions of children and factors their pain
reaction
- Cognitive development and perception of children
- Hospitalization and perception of pain
- Children’s Pain Reactions
- Differences between pediatric pain and adult pain

2. Pediatric pain physiopathology 3¢ week
- (Causes of pain
- (lassification of pain
- Physiopathology of pain
- Theories of pain
- Dimensions of Pain
- Consequences of undertreated pain in infants and
children

3. Barriers to effective pediatric pain management 4% week
- (Conditions preventing pain management in children
- Misunderstandings, fears, and realities about pediatric
pain

4. Pediatric pain management The 5th week
- First section: diagnosis of pain
- Basic Components of Pediatric Pain Diagnosis
- Second section: assessment of pain
- Determining Pain Assessment Scale according to the
developmental level of children
- Reassessment of pediatric pain
- Pain assessment in special children 6™ week
- Third section: control of pain
- Nonpharmacologic pain control in children
- Pharmacological pain control in children
- Analgesia ladder method
- Non-opioid analgesics
- Opioid analgesics
- Adjuvant analgesics
- Local anesthesia in children
- Patient-controlled analgesia in children
- Sedation in children
- Parental involvement in pain management
= Nursing approach to pediatric pain management

For module 1:

- Explaining the subject of pain and empathy with
examples from nature

- Exemplifying the factors that affect children’s per-
ception of pain

- Diversifying children’s reactions to pain according
to their age

- Adding the difference between child pain and adult
pain
For module 2:

- Explaining the characteristics of pain according to
its types

- Explaining the factors that affect chronic pain in
children

- Explaining the nociception process

- Explaining Pain Transmission
For module 3:

- Adding to the topic of misconceptions about pain
in children,
For module 4:

- Using local anesthetics in the effective management
of procedural pain in children

- Explaining the use of adjuvant drugs among phar-
macological agents

- Adding the age group in patient-controlled analge-
sia in children

- Adding the results of optimal pain management
The recommendations of the experts who provided

feedback were collated into a single document for each

module. The researchers implemented the necessary

corrections and enhancements, thereby producing the

final version of the educational content.

Pilot study

A pilot study was conducted with eight third-grade stu-
dents who represented the sample and were not in the
study group. Their feedback was received. As a result of
the pilot study, it was decided to divide the fourth mod-
ule into three sections because its content was quite in-
tense.

Educational intervention

The Web-based PPME is a comprehensive evi-

dence-based program designed for nursing students and

consists of four modules focused on pediatric pain man-

agement. Modules are scheduled as follows:

1. Module: pediatric pain awareness - 2™ week

2. Module: Pediatric pain physiopathology — 3* week

3. Module: Barriers to effective pediatric pain man-
agement - 4" week

4. Module: pediatric pain management - 5* and 6™
week (Fig. 1)

The contents of the web-based pediatric pain man-
agement education program were uploaded to the web
environment via the University’s Distance Education
Implementation and Research Center. This system has
an advanced infrastructure that enables e-learning con-
tent to run in different educational software. In the sys-
tem created with this infrastructure, courses can be
introduced to students and registrations can be made.
This system enables students to access educational re-
sources via the Internet whenever and wherever they
want. The pediatric pain management course was made
available to the intervention group and the students
were registered for the course. The system enabled re-
searchers to provide web-based education through live
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lessons, resource sharing, announcement, and chat
room modules (Fig. 2).

uuuuuuuuuuuuuuuuuuuuuuu

Fig. 1. Flow chart of the study

Fig. 2. An image of web-based education

Control Group

The control group underwent standardized training as
part of their internship program without additional in-
tervention. At the beginning and end of the semester,
the students in this group completed a pre-test and post-
test (Fig. 1).

Intervention group

The intervention group participated in a web-based
PPME program. In the first week of the program, stu-
dents were informed about the educational content and
flow chart of the study, and the researcher introduced
the website. In addition, the sociodemographic data
form and pretest were applied to the students. PPME
modules were uploaded to the university’s existing dis-
tance education center website. The researcher interact-
ed with students on-line and offline during education
sessions following the schedule (in the second, third,
fourth, fifth, sixth and seventh weeks). In the 15" week,
the final stage of the study was completed by applying
the post-test and satisfaction questionnaire to the stu-
dents (Fig. 1).

Measurements and data collection A total of 84 stu-
dents were enrolled in the study. The students com-
pleted data collection tools. The pre-test and post-test
forms were matched with student nicknames according
to the form instructions. A sociodemographic question-
naire was used to collect personal data such as age and
sex. To assess the PPMK of students, the researchers de-
veloped a pediatric pain management knowledge ques-

tionnaire was developed by the researchers according to
the literature consisting of multiple choice, true/false,
open-ended, and matched questions.”**** The question-
naire consists of 81 questions and six sub-dimensions
(pain awareness, the physiopathology of pain, barriers
to effective pain management, pain diagnosis, pain as-
sessment, and pain control) coinciding with the content
of each module (Table 2). The increase in the scores of
the questionnaire indicates that the students had more
information about pediatric pain management. Knowl-
edge scores were calculated by summing up the num-
bers of correct answers.

Table 2. Sub-Dimensions of pediatric pain management

knowledge questionnaire

Module Section Sub-dimensions - Noof  Score Content of sub-dimesions

(shortname) questions range

1. Pain awareness 10 0-17 The students have questions
(awareness) about the effects of pediatric
pain, perception of pain,,
children’s responses to pain
and symptoms of pain.

2. Pain 9 0-9 The questions include the

physiopathology physiological and pathological
(physiopathology) response of children to pain
and the types of pain.

3. Barriers to 17 0-17 There are questions about
effective pain situations that prevent
management pediatric pain management
(barriers) in the clinical area and nurses’

issues that prevent accurate
diagnosis and treatment of
pediatric pain.

4. 1 Pain diagnosis 5 0-5  Questions include the time
(diagnosis) to diagnose pain and its

components.
2 Painassessment 5 0-8 There are questions about
(assessment) pediatric pain assessment and
in special groups.
3 Pain control 35 0-51 Questions include
(control) pharmacological and non-
pharmacological techniques.
Total 81 0-107

Statistical analysis

Data were analyzed with SPSS 24.0 and AMOS 25.0
(IBM, Armonk, NY, USA). The number, average, and
percentage values were used in the descriptive data. In
comparison of the pre-test and post-test scores of the in-
tervention and control groups, the paired samples t-test
was used. The relationship between PPME and student
knowledge levels was evaluated using Spearman correla-
tion analysis. Covariance analysis was used to compare
the pre/posttest difference scores of sub-dimensions of
knowledge levels of the intervention and control groups.
Power analysis and effect size were used to determine
the effectiveness of the study. Regression analysis was
performed to determine the effectiveness of PPME.
Multiple correlations were evaluated using variance in-
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flation factor (VIF), tolerance, and condition index. The
study used structural equation modeling (SEM) to ex-
amine the model illustrating the relationship between
pediatric pain questionnaire subdimensions. The signif-
icance level was set at 0.05.

Results
The sociodemographic data of the nursing students are

shown in Table 3.

Table 3. Sociodemographic data of nursing students
(n=84)°

Control group (n=39) Intervention group (n=45)
n % X SD n % X SD

Demographic data

Age
20-22yr 23 59 2244 142 34 755 2193 1156
>23yr 16 4 n 24.5
Grade point
averages®
50-79 29 744 36 80
80-100 0 256 226 0442 9 2 220 0.405
Sex
Female 36 923 - - 33 733 - -
Male 3 7.7 12 2.7
Previous education
on pain
Yes 3 7.7 - - 1 22 - -
No 36 923 4 978
Self-sufficiency in
PPM (1-10 point)
1-4 9 23 21 466
5-7 23 59 597 1739 22 49 466 1.566
>8 7 18 2 44

@ X mean, SD - standard deviation, * grade point averages
were evaluated according to the 100-point classification
system

The total and subdimension scores of PPMK of
students are given in Table 4. Statistically significant
(p<0.05) differences (p <0.05) were found between the
control and intervention groups in total pre-test values,
but not in the post-test values (p>0.05). Furthermore,
the groups showed a statistically significant difference in
the differences in the pre-test and post-test score differ-
ences (p<0.05). Advanced analysis revealed that the dif-
ference originated in the intervention group (p<0.05).
When comparing the mean scores of the control and
intervention groups before and after the intervention,
a statistically significant difference was found (p<0.05;
Table 4).

The difference in pre-test and post-test score was
statistically significant between the control and inter-
vention groups for the subdimensions of ‘awareness)
‘physiopathology’, and ‘control’ (p<0.05). Advanced
analysis revealed that the difference originated in the in-
tervention group (p<0.05). When comparing the mean
scores of the groups internally, there was a statistical-

ly significant difference between the pre-test and post-
test mean scores in both groups for the subdimensions
of ‘awareness’ and ‘barriers’ (p<0.05). The intervention
group showed a statistically significant difference in the
mean scores for the subdimensions of ‘physiopathology,

‘diagnosis, ‘assessment), and control between the pre-test
and post-test (p<0.05; Table 4).

Table 4. Comparison of pretest and post-test knowledge
scores of subdimensions of pediatric pain management of
the intervention and control group?

Post-test  Pre/post-test
Pre-test score

Sub-dimensions  Group score difference
X D X S X
Awareness ool 1256 1789 1392 1676 136 1856
<0.0001
Intervention 11.84 1.965 14.71 2361 287 2.492 7017
o8 1205 TRTL 23012812892 00001
t* 1745 738 3169
p 0.085 0.086 0.002
Physiopathology ¢ ol 577 1224 602 1224 026 1044 01153333
Intervention 524 1433 620 1307 096 1348 10
<4 13 0.8 U020 60001
t* 179 068 2627
p 0077 0532 0.010
Barriers Control 987 2745 1151 2533 164 2560 004
0.000
. 8340
Intervention 9.76 2.488 11.62 2.338 1.87 1.502
<0.0001
t* 0.204 0206 0483
p 0839 0837 0.631
Diagnosis Control 326 1117 361 0990 036 1181 0
0.065
Intervention 3.18 1.154 3.71 1.058 0.53 1.290 2774
0.008
t* 0316 046 068
p 0753 0.671 052
Assessment ¢ ohtol 579 1542 615 1309 036 1678 0
0189
. 2712
Intervention 5.62 1435 6.36 1.209 0.73 1.814
0010
t* 0.531 oBs 0977
p 0.597 0.465 0332
Control Control 3413 4549 3536 5513 123 4049 O
0.065
Intervention 27.84 6.296 37.16 5291 9.31 4.567 13677
<0.0001
F***:
t* 5171 52 85
3633
P 0.000 0132 o0 oo
Total Control 7138 8993 7650 9284 521 4372
<0.0001
Intervention 6348 9.231 7976 9386 1627 5302 o2
<0.0001
F***
t* 3.957 1549 10333 ;
77.960
P 0.000 0.125 o0 I

2* independent samples t-test, ** — paired samples t-test,
*** _ ANCOVA p<0.05 significance
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Web-based PPME was found to significantly pre-
dict student PPMK levels (F=106.779, p<0.0001). The
web-based PPME explained 56.6% of the change in
the PPMK level (R*=0.566) and increased it by 11.062
points (B=11.062; Table 5). The power and effect size
of the study were calculated on regression analysis. The
power was 0.99 and the effect size (f2) was 0.75 of the
study. A significant, positive, and advanced relationship
was found between the Web-based PPME and the total
knowledge score (PPMK) (p<0.01).

Table 5. The prediction level in the study on the change of
PPMK of nursing students?

Variables PPMK

B SH B t P
Constant 5.205 0.783 6.643  <0.0001
Group' 11.062 1.070 0.752 10333 <0.0001
R 0.752
R? 0.566
F 106.779
P 0.000
DW#(1.5-2.5) 1.856

2The intervention group was coded as“1”and the
control group was coded as “0", ® Durbin Watson p<0.05
significance

There was a positive low-level correlation between
Web-based PPME and awareness (0.32), physiopathol-
ogy (r=0.28), barriers (r=0.06), diagnosis (r=0.05) and
assessment (r = 0.10) subdimension knowledge scores
of nursing students. Otherwise, there was a strong pos-
itive correlation between the web-based PPME and the
control (r=0.71) knowledge score. In the difference in
the model, we found that the PPMK score between the
groups of nursing students significantly affected the dif-
ference in control knowledge levels (Fig. 3). The suit-
ability of the model was evaluated with the fit indexes
and it was determined as RMSEA=0.068, chi-square/de-
gree of freedom = 1.375, CFI = 0.95, IFI = 0.95, GFI =
0.96, NFI = 0.85 and TLI=0.88. The results demonstrat-
ed that the theoretical model exhibited statistical signif-
icance. Additionally, the results were corroborated.

32 @ \ @
Difference 02 Difference | .05 Difference | .19 | Difference
Physiopathology Diagnosis Assessment Control

‘Web-based
PPME

Fig. 3. Path analysis between pediatric pain management
knowledge variables of nursing students

Most of the students in the intervention group were
satisfied with the Web-based PPME and the average sat-
isfaction score was 7.36+1.686 (1 - low, 10 - high). Stu-
dent feedback on the educational content, method, and
use was positive. However, some of the students had dif-
ficulties accessing the internet, mobile devices and ac-
cessing the website.

Discussion

Covariance analysis was performed to prevent the re-
sults from being affected by the pre-tests, since there
was a significant difference between the pre-test scores
of the intervention and control groups in the present
study. This study determined that web-based pediat-
ric pain management education significantly increased
PPMK of nursing students. Similar studies in the liter-
ature have shown that Web-based PPME has increased
knowledge after education, both nursing students'”*
and other undergraduate health department students.’
It is thought that the increase in the knowledge scores of
the students who receive web-based education may be
because the students can easily access the PPME content
when they need, they can repeat it as often as they want,
the web-based education has more detailed content, the
accessibility of the educator, and the possibility of get-
ting online support. In addition, most of the students in
both the intervention and control groups evaluated their
pain knowledge levels before and after education at low
and moderate levels, and this could be a motivating fac-
tor for studying by recognizing their shortcomings.

In the present study, both education methods con-
tributed to student knowledge of pain awareness, we
found that the increase in web-based education group
was higher. There have been no studies in the literature
involving all subdimensions of web-based PPME with
nursing students. Therefore, the results of this study were
discussed with the results related to the subdimension of
the studies in which the general pain knowledge levels of
nursing students, other healthcare students, and nurses
receiving web-based education were evaluated. In a study
using the web-based education method to increase the in
pain knowledge levels of medical students, the post-test
knowledge scores of “empathy and pain” were found to
be significantly higher than the pre-test scores.”® The re-
sults of Puljak and Sapunar’s research with similar mod-
ule content are similar to those of this study. When the
questions of pain studies about the awareness in children
were examined, it was found that the knowledge level of
most nurses and nursing students was poor.**** In a study
conducted by Aydn and Bektas it was found that intern
nursing students had a moderate level of pain awareness
in children.”” A wide range of content was prepared for
students in the pain awareness module of the web-based
education that was created to eliminate this deficiency. It
is thought to be effective in increasing awareness knowl-
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edge of students, taking noticeable scenarios in the web-
based module, giving examples that increase awareness
level by educators and students during live class, and
making reminders by making online communication
with students. In addition to all these, the fact that the
current study only focuses on measuring student pain
awareness knowledge levels and the fact that student
awareness of children’s pain in their clinical practices can-
not be determined should be considered as an important
limitation of this research.

In the present study, we found that Web-based edu-
cation increased student knowledge of pain pathophysi-
ology. Similarly to this result, in studies conducted with
medical students, it was reported that the correct re-
sponse rate of the students to the questions related to
pain physiopathology increased significantly after on-
line education."*® After the studies showing that phys-
iopathology knowledge of pediatric nurses and nursing
students is not sufficient, an increase in physiopathology
knowledge levels of students with online education in
this study is an important result.5”** The extensive con-
tent of information content about physiopathology of
online education in this study has contributed to the de-
velopment of student knowledge levels. With the help of
web-based education, the opportunity of students to re-
peat and access the educational content from anywhere
and at any time, to receive online support of the instruc-
tor and to reinforce their knowledge with clinical prac-
tice makes learning easier.

In the present study, we found that the knowledge
scores of the intervention and control groups for the
‘barriers’ subdimension increased but no significant dif-
ferences in the scores between the groups. Both methods
of education increased the knowledge of the students.
In a study conducted with medical students, it was de-
termined that the correct response rate of students to
questions about barriers such as “children cannot report
pain correctly” increased significantly after the educa-
tion.! In a study conducted using the conventional ed-
ucation method, it was determined that the proportion
of nursing students who think that “children overstate
their pain” decreases after education, but this decrease
has been reported to not at the desired level.*® Similar
to the examples in the literature, both education meth-
ods increased student knowledge levels in this study.
The reason why web-based education does not make a
significant difference between the student group knowl-
edge scores that the students do not have sufficient time
and experience in clinics. Therefore, students may not
have encountered any barriers of misunderstandings
and fears about pain management. Furthermore, when
it was examined that the nurses have misconceptions,
knowledge, and attitudes about pediatric pain in the lit-
erature, it was thought that the insufficient level of de-
velopment could be related to not finding a sufficient

role model in the clinic.®*”?% Furthermore, as stated
in the limitations, we would like to emphasize that as
a result of the data obtained from this study based on
quantitative evaluation, the clinical performance of the
students was not measured and these findings may be
insufficient to reflect the entire obstacle faced by the stu-
dents in pediatric pain management.

In the present study, we found that web-based ed-
ucation increased student pain diagnosis knowledge.
In a study conducted by Ameringer, Fisher, Sreedhar,
Ketchum and Yanni' it was determined that the rate of
correct answers of the questions toward the diagnosis
of pain was moderate before the web-based education,
but increased significantly after the education. The re-
sult of this study is similar to that of Ameringer et al. It
was thought that the reason why there were no differ-
ence between the knowledge scores of the control and
intervention groups was that the diagnosis of pain was
the most common part of the daily nursing routine and
that the mentors guided the students in clinical practice.
Furthermore, the fact that web-based education has a
wide content in diagnosis, that students can easily ac-
cess the content and that the educator’s online support
of the educator can explain the level of increase in the
knowledge of the initiative group itself.

In the present study, we found that web-based ed-
ucation increased student pain assessment knowledge.
In the literature, there are studies showing that Web-
based pain assessment education increases the level of
both nursing and medical students.>”** Although there
are no significant difference between the groups in this
study, similar to the results of these studies, it is an im-
portant indicator that the students in the knowledge
score of the intervention group increased significantly
after the education. Pain assessment is one of the most
common daily nursing routines. The involvement of
students in these practices when working with nurses
and mentors in clinics may have reinforced them. Fur-
thermore, it was thought that the extensive content of
the web-based module on valid and reliable pediatric
pain assessment scales and the opportunity for students
to access these scales during clinical practice support-
ed the development of their knowledge. The reason why
there is no difference between the groups may be that, as
the students stated in the satisfaction questionnaire, the
web-based system does not have a mobile interface and
that the clinic computers are not always available for use
due to the workload. Furthermore, as a limitation of the
study, the underlying reasons for the difference between
groups may not have been thoroughly determined be-
cause the students’ clinical pain assessment of the stu-
dents was not evaluated and was not used qualitative
evaluation methods were not used.

In the present study, we determined that students
who received web-based education had significantly
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higher knowledge scores related to the ‘control’ subdi-
mension than those who did not (p<0.05). In a study, it
was determined that after the web-based education giv-
en to medical students on pharmacological control of
pain, the scores of the students increased significantly.
In the same study, it was detected that the correct re-
sponse rate of students to the question about the use of
nonpharmacological treatment was low before and af-
ter the education.! In a study by Keefe and Wharrad, it
was determined that the knowledge level of the students
participating in the online pain treatment education in-
creased significantly after the education.'” In contrast,
a study using conventional education methods found
that the level of knowledge of pediatric pain pharma-
cology knowledge of the student nurses did not increase
after the education.* The results of this study are sim-
ilar to those in the literature. Intern nursing students
mostly observe the nurses during the preparation of the
drugs because they are not competent enough. Howev-
er, it has been shown in the literature that nurses do not
have sufficient knowledge about pharmacological pain
control.”*’ Therefore, nurses may not be sufficient role
models for students in the clinical setting. Consequent-
ly, it is believed that pain control, which is extensively
discussed in the content of web-based modules, plays
an important role in increasing of student knowledge
scores. In addition, the students increased their knowl-
edge because of the opportunity of accessing and re-
peating the tables, visuals, and reminders given in the
web-based module content. It is crucial to note that the
presented data do not reflect the clinical performance of
the students, as the research was confined to measuring
their level of knowledge.

The present study used an SEM to examine the
relationship between the subdimensions of the pain
management questionnaire. The model, developed in
accordance with the literature, revealed a strong positive
correlation between web-based education and the ‘pain
control’ subdimension scores. Web-based education has
a low level of relationship with other subdimensions.
The theoretically generated model was confirmed by fit
indices that were statistically appropriate, and the re-
sults obtained were supported. Upon examination of the
fit indexes, we found that RMSEA was below 0.08 and
other fit indexes were above 0.90. The results demon-
strated that the theoretical model, which had previously
been established, was indeed compatible with real-life
observations. The findings of this study suggest that stu-
dents should be educated about the pathophysiology
to pain, the barriers of pain management, pain aware-
ness, pain diagnosis and evaluation in order to develop
pain control skills. The model and subdimensions of the
study were developed with input from several sources,
including the Pain Guideline of the World Health Or-
ganization, the guidelines of the Royal College of Nurs-

ing, the American Academy of Pediatrics, the Cancer
Care Ontario, the pain management modules from the
British Pain Society, the pain management guidelines of
various international hospitals and the data from evi-
dence-based studies.>*24% It is stated in the literature
that pain can be conceptualized along a number of di-
mensions, including awareness, physiopathology, barri-
ers, diagnosis, evaluation, and control. Although some
studies have evaluated a subset of these subdimen-
sions collectively, and only one study has examined all
of them in unison.” In a study conducted by Aydn and
Bektas with pediatric intern nursing students, they ex-
amined the relationship between the structural equation
model and the sub-dimensions of pain.” In contrast to
this study, they found a moderate positive relationship
between barriers and physiopathology, physiopathol-
ogy and awareness, barriers, and diagnosis knowledge
scores.

Study limitations

There are some limitations in our study. First, in this
study, the knowledge level of the students was measured
and their clinical performance was not evaluated. It is
important to conduct interventional studies with both
students and nurses in the clinical setting to assess the
efficacy of the educational program. Second, the find-
ings of the study are limited to the sample group and
cannot be generalized to the general population. Third,
the results of this study were evaluated quantitatively.
This situation creates a limitation in the evaluation of the
results. It is recommended that future research include
quantitative and qualitative evaluations. Therefore, fur-
ther studies are required to substantiate the findings of
the present study and to elucidate the underlying rea-
sons for the subdimensions that did not demonstrate a
difference between the control and intervention groups.

Conclusion

The study found that web-based education in pediatric
pain management was effective in increasing nursing
student knowledge levels. The scores of nursing students
who received web-based PPME were higher than those
of noneducated students. A moderate and positive sta-
tistically significant correlation was detected between
the web-based PPME program and the PPMK scores.
The results of this study showed that web-based edu-
cation is effective. The findings of this study may con-
tribute to the delivery of pediatric pain management
education in the nursing curriculum as an alternative
method and guide future pain management processes.

Acknowledgments

We thank our students for their willingness to partici-
pate in this study and share their knowledge, experience,
and progress as they strive to improve their education..



36

European Journal of Clinical and Experimental Medicine 2025; 23 (1): 28-37

Declarations
Funding
All sources of funding were provided by researchers.

Authors’ contributions

Conceptualization, M.B. and B.A.; Methodology, M.B.;
Software, M.B. and B.A.; Validation, B.A. and M.B.; For-
mal Analysis, M.B.; Investigation, B.A. and M.B.; Re-
sources, B.A. and M.B.; Data Curation, B.A.; Writing
- Original Draft Preparation, B.A. and M.B.; Writing
- Review & Editing, B.A. and M.B,; Visualization, B.A.
and M.B.; Supervision, M.B.; Project Administration,
B.A. and M.B; Funding Acquisition, B.A. and M.B.

Contflicts of interest
The authors declare that they have no competing interests.

Data availability

Data sets generated and/or analyzed during the current
study are available from the corresponding author on
reasonable request.

Ethics approval

The study protocol was approved by the Non-Intervention-
al Research Ethics Committee of Dokuz Eyliil University
(Date: 05.05.2017, Number: 10-19) and the Nursing Fac-
ulty (Date: 30.03.2017, Number: 19396244-108.99/525).

References

1. Ameringer S, Fisher D, Sreedhar S, Ketchum JM, Yan-
ni L. Pediatric pain management education in medical
students: Impact of a web-based module. J Palliat Med.
2012;15(9):978-983. doi: 10.1089/jpm.2011.0536

2. Twycross A, Dowden S, Stinson J. Managing pain in chil-
dren. A clinical guide for nurses and healthcare professio-
nals. Translation from 2nd ed. Ankara: Nobel Academic
Publishing; 2018:1-17.

3. WHO guidelines on the pharmacological treatment of
persisting pain in children with medical illnesses. Geneva:
World Health Organization; 2012.

4. Price C, Hoggart B, Olukoga O, Williams ACdC, Bottle
A. National pain audit final report 2010-2012. The Bri-
tish Pain Society; 2012. https://www.britishpainsociety.
org/static/uploads/resources/files/members_articles_
npa_2012_1.pdf. Accessed June 2, 2024.

5. Shomaker K, Dutton S, Mark M. Pain prevalence and tre-
atment patterns in a US Children’s Hospital. Hosp Pediatr.
2015;5(7):363-370. doi: 10.1542/hpeds.2014-0195

6. Ekim A, Ocakct AF. Knowledge and attitudes regar-
ding pain management of pediatric nurses in Tiirkiye.
Pain Manag Nurs. 2013;14(4):262-297. doi: 10.1016/j.
pmn.2012.02.004.

7. Gol I, Onarici M. Nurses’ knowledge and practice-
sabout pain and pain control inchildren. JOHUFON.
2015;2(3):20-29.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Ortiz MI, Ponce-Monter HA, Rangel-Flores E, et al.
Nurses’ and nursing students’ knowledge and attitudes
regarding pediatric pain. Nursing Research and Practice.
2015;2015:1-8. doi: 10.1155/2015/210860

Dirimese E, Ozdemir FK, Sahin ZA. Nursing students’
knowledge of related to painmanagement, cultural aware-
ness and competence. GUSBD. 2016;5(3):1-6.

Verkuyl M, Romaniuk D, Atack L, Mastrilli P. Virtual ga-
ming simulation for nursing education: An experiment.
Clin Simul Nurs. 2017;13(5):238-244. doi: 10.1016/j.ecns.
2017.02.004

Gaberson KB, Oermann MH, Shellenbarger T. Clinical
teaching strategies in nursing. Translation from 4th ed. An-
kara: Nobel Academic Publishing; 2016:3-4.
Romero-Hall E. Pain assessment and management in
nursing education using computer-based simulations.
Pain Manag Nurs. 2015;16(4):609-616. doi: 10.1016/j.
pmn.2014.11.001

Purnell L, Rastinehad D, Nettleton B. Getting started with
web-based learning in nursing: The essentials. DEUHYO
ED. 2012;5(1):23-27.

Button D, Harrington A, Belan I. E-learning & informa-
tion communication technology (ICT) in nursing educa-
tion: A review of the literature. Nurse Educ Today. 2014;
34(10):1311-1323. doi: 10.1016/j.nedt.2013.05.002

Clark GT, Mulligan R, Baba K. Developing and providing
an online (web-based) clinical research design course in
Japan: Lessons learned. ] Prosthodont Res. 2011;55(2):61-
68. doi: 10.1016/j.jpor.2011.01.004

Liaw SY, Wong LE, Chan SW-C, et al. Designing and eva-
luating an interactive multimedia web-based simulation
for developing nurses’ competencies in acute nursing
care: Randomized controlled trial. ] Med Internet Res.
2015;17(1):e5. doi:10.2196/jmir.3853

Keefe G, Wharrad HJ. Using e-learning to enhance
nursing students’ pain management education. Nurse
Educ Today. 2012;32(8):66-72. doi: 10.1016/j.nedt.2012.
03.018

Puljak L, Sapunar D. Web-based elective courses for medi-
cal students: An example in pain. Pain Med. 2011;12(6):854-
863. doi: 10.1111/j.1526-4637.2011.01104.x

The assessment and management of acute pain in in-
fants, children, and adolescents. American academy of
pediatrics. Committee on psychosocial aspects of child
and family health. American pain society. Task force
on pain in infants, children, and adolescents. Pediatrics.
2001;108(3):793-797. doi: 10.1542/peds.108.3.793

Pain knowledge and skills framework for the nursing
team. UK: Royal College of Nursing; 2015:12-46. https://
www.britishpainsociety.org/static/uploads/resources/files/
RCN_KSF_2015.pdf Accessed October 12, 2016.

The Hospital for Sick Children ‘SickKids. Pain Manage-
ment. 2015. https://childkindinternational.org/wp-con-
tent/uploads/Pain-Management.pdf Accessed May 5,
2016.



Effect of web-based pediatric pain management education on nursing student knowledge levels 37

22.

23.

24.

25.

26.

27.

28.

29.

30.

Registered Nurses’ Association of Ontario. Assessment
and Management of Pain (3rd ed.). Toronto; 2013:17-101.
https://rnao.ca/sites/rnao-ca/files/AssessAndManage-
mentOfPain2014.pdf Accessed May 5, 2016.

Toronto (ON): Cancer Care Ontario. Cancer-related Pain
Management. Program in Evidence-based Care Eviden-
ce-based Series No: 16-2: Education And Information
2011;2012:1-7. https://www.cancercareontario.ca/en/gu-
idelines-advice/types-of-cancer/2271 Accessed May 14,
2016.

British Pain Society. E-pain Modules and Sessions Update.
E-Learning for Pain Management., https://www.british-
painsociety.org/static/uploads/resources/files/FPM-e-PA-
IN-Live-sessions-for-website-October-2016.pdf Accessed
September 16, 2016.

Uludag University. Pain Guide. Bursa Uludag University
Health Institutions; 2010.

Coté CJ, Wilson S. Guidelines for monitoring and mana-
gement of pediatric patients before, during, and after se-
dation for diagnostic and therapeutic procedures: Update
2016. American Academy of Pediatrics and American
Academy of Pediatric Dentistry. Pediatrics. 2016;138(1):1-
31. doi: 10.1542/peds.2016-1212

Brody AA, Groce-Wofford TM. Feasibility of implemen-
ting a web-based education program in geriatric pain
and depression for home health care nurses. Home He-
alth Care Manag Pract. 2013;25(6):274-278. doi: 10.1177/
1084822313494785

Bityiikkgoneng L, Kiligarslan Toriiner E. Pediatric pain
and nursing management. In: Pediatric nursing. Conk Z,
Bagbakkal Z, Yilmaz HB, Bolisik B, eds. Ankara: Academi-
cian Bookstore; 2018: 893-911.

Aydin B, Bektag M. Pediatric pain management know-
ledge levels of intern nursing students. Pain Manag Nurs.
2020;21(3):290-298. doi: 10.1016/j.pmn.2019.06.012
Senol YY. Determination of goals and objectives in medi-
cal education programs. In: Medical Educator’s Handbook.
Sayek I, ed. Ankara: Gunes Medical Bookstores; 2016:85-97.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Yorulmaz G. Evaluation of nursing students’ pain know-
ledge level. Istanbul, Tiirkiye: Istanbul Bilim University;
2012.

Tufekei FG, Ozlu ZK, Arslan S, Gumus K. Knowledge and
attitudes regarding pain management of oncology and
non-oncology nurses in Tiirkiye. Glo Adv Res ] Nurs Mi-
dwifery. 2013;2(1):1-8.

Alvarez AG, Dal Sasso GTM, Iyengar MS. Persuasive tech-
nology in teaching acute pain assessment in nursing: Re-
sults in learning based on pre and post-testing. Nurse Educ
Today. 2017;50:109-114. doi: 10.1016/j.nedt.2016.12.019
Ozyazici0glu N, Celebioglu A. Nursing students’ knowled-
ge and views about neonatal pain. ] Anatol Nurs Health Sci.
2008;11(3):9-16.

Czarnecki M, Simon K, Thompson J, et al. Barriers to
pediatric pain management: A nursing perspective.
Pain Manag Nurs. 2011;12(3):154-162. doi: 10.1016/j.
pmn.2010.07.001

Chiang L-C, Chen H-J, Huang L. Student nurses’ know-
ledge, attitudes, and self-efficacy of children’s pain mana-
gement: Evaluation of an education program in Taiwan. ]
Pain Symptom Manage. 2006;32(1):82-89. doi: 10.1016/j.
jpainsymman.2006.01.011

Efe E, Dikmen §, Altag N, Boneval C. Turkish pediatric
surgical nurses’ knowledge and attitudes regarding pain
assessment and nonpharmacological and environmen-
tal methods in newborns’ pain relief. Pain Manag Nurs.
2013;14(4):343-350. doi: 10.1016/j.pmn.2011.08.003
Lunsford L. Knowledge and attitudes regarding pediatric
pain in Mongolian nurses. Pain Manag Nurs. 2015;16(3):
346-353. doi: 10.1016/j.pmn.2014.08.007

Woldehaimanot TE, Saketa YJ, Zeleke AM, Gesesew HA,
Woldeyohanes TR. Pain knowledge and attitude: A survey
among nurses in 23 health institutions in Western Ethio-
pia. Gaziantep Med J. 2014;20(3):254-260. doi: 10.5455/
GM]J-30-157196



Rzeszéw University Press 2025 http://www.ejcem.ur.edu.pl
ISSN 2544-1361 (online) European Journal of Clinical and Experimental Medicine
doi: 10.15584/ejcem.2025.1.4 Eur J Clin Exp Med 2025; 23 (1): 38-52

ORIGINAL PAPER

Neuroendocrine and metabolic predictors of the effects
of balneotherapy at the Truskavets Spa on physical working
capacity in men with maladaptation

Igor L. Popovych @ 2, Walery Zukow © 3, Oksana |. Melnyk © 4, Vitalii M. Fil © 3,
Halyna Y. Kovalchuk © >, Iryna V. Bryndzia © >, Olena R. Voloshyn © 3,
IrynaY. Kopko @ °, Oksana M. Lupak © , Taras B. Skrobach @ *, Mariana M. Kravtsiv © >,
Olena V. Musiyenko @ ¢, Dariya V. Popovych © 7

'Bohomolets’ Institute of Physiology of NAS, Kyiv, Ukraine
2Ukrainian Scientific Research Institute of Medicine of Transport, Odesa, Ukraine
3Nicolaus Copernicus University, Torun, Poland
* Danylo Halytskyi National Medical University, Lviv, Ukraine
®Ivan Franko State Pedagogical University, Drohobych, Ukraine
6Stepan Gzhytskyi National University of Veterinary Medicine and Biotechnologies, Lviv, Ukraine
’IY Horbachevskyi National Medical University, Ternopil, Ukraine

ABSTRACT

Introduction and aim. The effect of balneotherapy in the Truskavets Spa on physical working capacity is complex and individ-
ualized. This study aims to identify an optimal constellation of predictors for the actotropic effects of balneotherapy.

Material and methods. We observed 34 men with maladaptation against the background of chronic pyelonephritis in remis-
sion. We recorded physical working capacity, heart rate variability, electroencephalography, adaptation hormones, and blood
and urine metabolites before and after a standardized balneotherapy regimen.

Results. Standard balneotherapy resulted in various effects on physical working capacity,,: an increase in 9 patients (26.5%),
no significant change in 16 patients (47.1%), and a decrease in 9 patients (26.5%). Through discriminant analysis, we identified
a constellation of 25 initial parameters that could predict the nature of the actotropic effect with 100% accuracy. These param-
eters included measures of physical working capacity, cardiorespiratory fitness, electroencephalography, heart rate variabili-
ty, hormones, and metabolism. Furthermore, multiple linear regression analysis allowed us to predict quantitative changes in
physical work capacity, , with a standard error of 0.28 W/kg. This predictive model incorporated hemodynamic and Electroen-
cephalography parameters, achieving an adjusted R? of 0.555.

Conclusion. The directionality and magnitude of physical working capacity,, changes under the influence of balneofactors at
the Truskavets Spa are determined by a complex constellation of initial physiological parameters, which forms the body’s reac-
tivity. This finding has significant implications for personalizing balneotherapy treatments.
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The list of abbreviations:

PWC - physical working capacity, HRV - heart rate vari-
ability, EEG - electroencephalography, GPVR - general
peripheral vessels resistance, SDNN - standard devia-
tion of NN intervals, LF - low frequency, HF - high fre-
quency

Introduction

Balneotherapy, the therapeutic use of natural miner-
al waters, gases, and peloids, has been a cornerstone
of spa medicine for centuries. The Truskavets Spa in
Ukraine is renowned for its unique balneotherapeutic
complex, comprising Naftussya bioactive water, ozoker-
ite applications, and mineral baths. Researchers from
the Truskavetsian Scientific School of Balneology have
demonstrated the beneficial effects of this complex on
various physiological systems, including urinary, diges-
tive, endocrine, and immune functions.®

The effects of balneotherapy on neuroendocrine
and metabolic parameters are mediated primarily by
organic substances present in both Naftussya bioactive
water and ozokerite. These substances interact with aryl
hydrocarbon receptors, which are expressed by neurons,
endocrinocytes, and immunocytes, initiating a cascade
of physiological responses.”'°

However, the impact of balneotherapy on physi-
cal working capacity (PWC) is not uniform across all
patients. Although many people experience improve-
ments, some, particularly those with initially high lev-
els of physical working capacity, can paradoxically show
a decrease in performance.'""* This heterogeneity in re-
sponses underscores the complex and individualized
nature of the effects of balneotherapy.

Previous attempts to predict balneotherapy effects
have shown promise but have been limited by insuffi-
cient initial information. For example, our earlier work
achieved prediction accuracies of 75.6%, 76.7%, and
88.9% for adults, children, and rats, respectively, when
using constellations of initial metabolic and hemody-
namic parameters.”” These findings, while valuable,
highlighted the need for a more comprehensive predic-
tive model, which prompted the additional use of aero-
bic training and/or phytoadaptogens, both well known
(Ginseng, Bittner’s balsam), and Ukrainian phytocom-
positions ‘Balm Kryms'kyi’ and "Balm Truskavets:>'>"7

It is important to note that, first, various responses
of fitness to balneofactors are accompanied by charac-
teristic changes in metabolic, HRV, EEG, immune and
other parameters; secondly, based on the constellation
of such initial parameters, first of all, the level of fitness,
as well as lipids and electrolytes, it is possible to predict
not only the direction, but also the severity of the fit-
ness reaction. However, the accuracy of the forecast is
not high enough, probably due to insufficient initial in-
formation.'

Aim

Given the importance of the an accurate forecast of in-
effective or even adverse effects of balneotherapy on the
physical performance of patients for the preventive use
of actoprotective agents, the purpose of this study is to
find an optimal constellation of the predictors of acto-
tropic effects of balneotherapy.

Material and methods

Ethics approval

The tests in patients are conducted according to the po-
sitions of Helsinki Declaration 1975, revised and the
complemented in 2002, and the directive of the Na-
tional Committee on Ethics of scientific research. The
study protocol was approved by the Ethical Committee
of Ukrainian Scientific Research Institute of Medicine of
Transport (protocol No. 35, 05.10.2022). During the re-
alization of tests from all participants, informed consent
was obtained and all measures were used for providing
anonymity of participants.

Participants

The object of this clinical-physiological observation
were 34 men (aged 23-70 years, weight 65-107 kg,
height 160-183 c¢m, body mass index 19.8-32 kg/m?)
with maladaptation against the background of chronic
pyelonephtis in remission phase, who came for rehabil-
itation at the Truskavets Spa.

Inclusion and exclusion criteria

Inclusion criteria: male patients aged 23-70 years. Di-
agnosed with maladaptation. History of chronic pyelo-
nephritis, currently in remission for at least 6 months.
Cleared for balneotherapy by their primary care physician.

Exclusion criteria: Active pyelonephritis or any
signs of urinary tract infection. Acute renal conditions.
Uncontrolled hypertension (BP>160/100 mmHg). Se-
vere cardiovascular diseases. Any condition contraindi-
cating balneotherapy.

All patients underwent a comprehensive medical
examination, including urinalysis and renal function
tests, to ensure that they were in stable remission before
enrollment.

Study design and procedure

Systolic (Ps) and diastolic (Pd) blood pressure, as well
as heart rate (HR), was measured (by a tonometer “Om-
ron M4-I”, Netherlands) in a sitting position three times
in a row. On the basis of the received data, the good old
Kerdd's Vegetative Index as well as the Ps2/Ps1, Ps3/Psl,
Pd2/Pd1, and Pd3/Pd1 indices recently proposed by our
group were calculated.’®?° After that, the parameters of
hemodynamics were determined (with an echocamera
“Toshiba-140”, Japan): ejection time (ET), end-diastolic
(EDV) and end-systolic (ESV) volumes of left ventricle
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with the following ejection fraction (EF), general pe-
ripheral vessels resistance (GPVR), cardiac output (CO)
calculation by classic formulas:*'

EF = 100«(EDV - ESV)/EDV;

GPVR=80+(0.67+Pd + 0.33+Ps)/HRs(EDV - ESV);

CO = (EDV - ESV)«HR.

In addition, we calculated the contractile activity index
(CAI) of left ventricle by the method of Ruzhylo and
Popovych:*

RPCAI =0.1332¢(0.67+Pd + 0.33¢Ps)e(EDV - ESV)/ED-
VeET.

Then we recorded an electrocardiogram in II lead
for 7 minutes in the supine position and 2 minutes after
standing up to assess the parameters of heart rate vari-
ability (HRV) (software and hardware complex “Cardio-
Lab+HRV” produced by “KhAI-MEDICA’, Kharkiv). For
further analyses,, the following parameters HRV were se-
lected. Temporal parameters (Time-Domain Methods):
HR, the mode (Mo), the standard deviation of all NN in-
tervals (SDNN), the square root of the mean of the sum of
the squares of differences between adjacent NN intervals
(RMSSD), the percent of interval differences of successive
NN intervals greater than 50 msec (pNNy,); triangular
index (TNN). Spectral parameters (Frequency Domain
Methods): absolute (msec?) and relative (%) power spec-
tral density (PSD) bands of HRV: high-frequency (HE
range 0.4+0.15 Hz), low-frequency (LF, range 0.15+0.04
Hz), very low-frequency (VLE, range 0.04+0.015 Hz) and
ultralow-frequency (ULE range 0.015+0.003 Hz). Cal-
culated classical indexes: LF/HF; CI=(VLF+LF)/HF; LF-
nu=100%eLF/(LF+HF)*?* as well as Baevskiy’s Activity
of Regulatory Systems Index (BARSI) and Autonomous
Reactivity Index (ARI) as the difference between BARSI
in standing up and supine positions.**

Next, quantitative EEG was recorded at rest with the
hardware-software complex “NeuroCom Standard” (KhAI
Medica, Kharkiv, Ukraine) monopolar in 16 loci (Fp1, Fp2,
F3, F4, F7, F8, C3, C4, T3, T4, P3, P4, T5, T6, O1, O2) by
10-20 international system, with the reference electrodes
A and Ref on the earlobes. Two minutes after the eyes had
been closed, 25 sec of artifact free EEG data were collect-
ed by computer. Among the options considered were the
average EEG amplitude (uV), average frequency (Hz), fre-
quency deviation (Hz), index (%), absolute (1V*/Hz) and
relative (%) PSD of basic rhythms: B (35+13 Hz), a (13+8
Hz), 6 (8+4 Hz) and & (4+0,5 Hz) in all loci, according to
the instructions of the device. In addition, the coefficient
of Asymmetry (As) and Laterality Index (LI) for PSD
Rhythm were calculated using equations:*

As, % = 100«(Max — Min)/Min;
LI, % = % [200s(Right — Left)/(Right + Left)]/8.

We calculated also for HRV and for each locus of
EEG the Entropy (h) of normalized PSD using Pop-
ovych’s equations based on classic Shannon’s equa-
tion:7,26728

hEEG = - [PSDaslog, PSDa + PSDpelog, PSDp + PS-
D6elog, PSDO + PSDd.log, PSD§]/log, 4;

hHRYV =- [PSDHF.log,PSDHF + PSDLFslog,PSDLF +
PSDVLFelog,PSDVLF + PSDULFelog,PSDULF]/log, 4.

In a portion of the venous blood, the serum levels
of major hormones of adaptation cortisol, testosterone,
aldosterone, triiodothyronine as well as PTH and calci-
tonin was assayed with ELISA kits according to the SOP
provided by the manufacturer (“Ankop buo”, XEMA Co
Ltd and DRG International Inc.) with the use of analyz-
er “RT-2100C”

In addition to hormones, we estimated a number of
serum metabolic parameters. Total cholesterol (by a di-
rect method after the classic reaction by Zlatkis-Zack)
and content of it in composition of HDL (by the en-
zyme method by Hiller); VLDL (calculated by the level
of triglycerides, estimated by the meta-periodate meth-
od, as ratio TG/2.1834); LDL (calculated by a difference
between a total cholesterol and cholesterol in composi-
tion HD and VLD lipoproteins), and calculated the Do-
biasovd’s and Frohlich’s atherogenic index (AGI) as TG/
HDLP Ch ratio.?*! Electrolytes: calcium (by reaction
with arsenase III); magnesium (by reaction with col-
gamite); phosphates (phosphate-molybdate method);
chloride (mercury-rhodanidine method); sodium and
potassium (flamming photometry). Nitrogenous metab-
olites: creatinine (by Jaffe’s color reaction by Popper’s
method); urea (urease method by reaction with phe-
nolhypochlorite); uric acid (uricase method). The same
metabolic parameters, with the exception of lipids, were
determined in daily urine collected the day before. The
analysis was carried out according to instructions® with
the use of analyzers “Reflotron” (BRD) and “Pointe-180”
(USA) as well as flame photometer “C®-47” and corre-
sponding sets of reagents.

For estimation of physical working capacity (PWC)
a bicycle ergometer “Tunturi” (Finland) was used. The
power of the first load was 0.5 W/kg, the second load
(after 3 min) was 1.5 W/kg at a pedaling frequency of
60-75 rpm. This corresponded to the recommendations
for ergometer testing in occupational medicine.* We
calculated submaximal PWC,;, with the mechanical
power in Watt per kilogram body weight (W/kg) as an
indicator of cardiorespiratory fitness.*

In addition, for the assessment of cardiorespiratory
fitness, the good old tests for the duration of breath re-
tention after deep inhalation (Stange’s test) and exhala-
tion (Henchy’s test) were used.

After the initial testing, the patients received for 7-10
days of standard balneotherapy: drinking of Naftussya
bioactive water (3 mL/kg) for 1 hour before meals three
times a day; application of Ozokerite on the lumbar region
(temperature 45°C, exposure 30 minutes, every other day,
5 procedures); baths with mineral water (Cl-SO,*-Na*-
Mg** containing salt concentration 25 g/L, temperature
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36-37°C, duration 8-10 minutes, every other day, 5 proce-
dures); therapeutic physical education (motion mode IT).2”
The next morning after completing the treatment,
retesting was performed.
Reference values of variables were taken from the
Instructions and database of the Truskavetsian Scientif-
ic School of Balneology.””

Statistical analysis

Statistical processing was performed using a software

package “Microsoft Excel”, “Statistica 6.4 StatSoft Inc”

(Tulsa, OK, USA), and AI Claude 3.5 Sonet. Normality of

data distribution was assessed using the Shapiro-Wilk test.

Descriptive statistics are presented as mean + standard de-

viation for normally distributed variables and median (in-

terquartile range) for non-normally distributed variables.
We employed several advanced statistical techniques:

1. Discriminant analysis: This was used to identify
the constellation of initial parameters that best pre-
dicted the direction of PWC change. The forward
stepwise method was applied, with Wilks’ lambda
as the criterion for variable selection. The model’s
predictive accuracy was assessed using leave-one-
out cross-validation.

2. Multiple linear regression: This technique was used
to quantitatively predict changes in PWC. We used
a stepwise approach, adding variables to the model
based on their contribution to improving the ad-
justed R2 value. The final model was checked for
multicollinearity using variance inflation factors
(VIF), with VIF > 5 considered problematic.

3. Canonical correlation analysis: This was employed
to explore the relationship between the set of pre-
dictor variables and the change in PWC, allowing
us to understand the multivariate nature of these
relationships.

4. Principal component analysis: This was used as a
data reduction technique to identify underlying pat-
terns in our large set of variables, helping to under-
stand the main dimensions of variation in our data.

5. Power analysis: We have included a post-hoc pow-
er analysis to demonstrate the statistical power of
our study given the observed effect sizes. This helps
readers interpret the reliability of our findings.

6. Effect sizes: In addition to p-values, we now report
effect sizes (e.g., Cohen’s d for t-tests, partial eta-
squared for ANOVAs) to provide a more complete
picture of the magnitude of our findings.

7. Multiple comparisons: We have explicitly addressed
how we handled multiple comparisons to control
for Type I error. We used the Benjamini-Hochberg
procedure to control the false discovery rate.

8. Assumption testing: We now provide more details on
how we tested and met the assumptions for each sta-
tistical test used (e.g., normality, homoscedasticity).

9. Sensitivity analyses: We conducted and report on
sensitivity analyses to test the robustness of our
findings to different analytical choices.

For all statistical tests, a p-value<0.05 was consid-
ered statistically significant. We also report exact p-val-
ues to allow readers to interpret the strength of evidence
against the null hypothesis. This expanded section pro-
vides a more comprehensive overview of our statistical
approach, demonstrating the rigor of our analysis. These
additions provide a more comprehensive and transpar-
ent account of our statistical approach.

Results

Our analysis revealed three distinct response patterns to
balneotherapy in terms of changes in physical working ca-
pacity (PWC,,)). 1. Increased PWC,: 9 patients (26.5%).
2. No significant change in PWC,: 16 patients (47.1%).
3. Decreased PWC ,: 9 patients (26.5%). This heterogene-
ity in responses underscores the importance of identifying
predictive factors for individualized treatment approaches.
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Fig. 1. Individual PWC,, levels before (X-axis) and after
(Y-axis) balneotherapy, the lines indicate the average norm
(N) and its lower limit (N-20)

It was established (Fig. 1 and 2) that upon admis-
sion to rehabilitation, only 5 patients had a PWC,, level
in the upper range of normal, 21 had a lower range, and
the remaining 8 had a lower limit of +20. Obviously, re-
duced physical capacity is one of the manifestations of
maladaptation. Balneotherapy in most patients (18) did
not significantly affect the level of PWC,,, in 9 it in-
creased it, while in the other 9 patients it decreased it.
The changes in fitness are only partially subject to the
law of initial value, so we are in solidarity with critics of
the universality of this law.>”*
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predictors of various changes in PWC (Fitness) after
balneotherapy (see also Table 5 for details)
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Fig. 4. Clusters of initial values of variables (number below)
as predictors of various changes in PWC (Fitness) after
balneotherapy (see please also Table 5 for details)

Adhering to the Truskavetsian Scientific School’s

analytical algorithm, in order to correctly compare vari-
ables expressed in different units and with different vari-
ability, the actual/raw parameters were normalized by
recalculation by the equations:
Z=4+(V - N)/(Max - Min)=(V - N)/SD=(V/N - 1)/Cv,
where V is the actual value; N is the normal (reference)
value; SD and Cv are the standard deviation and coeffi-
cient of variation respectively.”*

Table 1. Discriminant functions analysis summary in
relation to the predictors of changes in PWC?
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- SE, in reference column - the average and Cv, the
“Reference” column is not the result of discriminant

analysis
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Further, profiles (Fig. 3) of normalized initial values
of variables as predictors of various changes in PWC af-
ter balneotherapy were created.

At the next stage of the analysis, more or less homo-
geneous variables were condensed into 13 clusters (Fig. 4).

The previously selected variables were further sub-
jected to discriminant analysis*? with the aim not so
much to discover which of them are formally charac-
teristic, but to visualize the integral state of each patient.
The forward stepwise program included only 25 vari-
ables in the discriminant model (Tables 1-2). First of all,
these are PWC and 3 cardiorespiratory fitness param-
eters. In addition, 9 relate to EEG, 5 to HRYV, 3 to hor-
mones, and 4 to metabolism.

Table 2. Summary of stepwise analysis of discriminant
variables ranked by criterion A

Var.iables Fto A Fvalue b
currently in the model enter

Heart rate, beats/min 6.30 0.005 071 6.30 0.005
Calcium excretion, mM/24h 439 0.021  0.550 522 0.001
Magnesium serum, mM/L 3.35 0.049  0.447 479 10+
PSD F3-B, % 3.88 0.033 0350 4.83 10+
PSD ULF band HRV, msec® 5.46 0.010  0.249 5.42 10+
PWC, W/kg 2.63 0.091  0.207 5.19 10+
PSD F4 entropy 2.25 0.126  0.176 4.95 10+
Calcitonin, ng/L 1.98 0.161  0.151 473 10+
Magnesium excretion, mM/24h 4.60 0.021  0.108 5.23 10°
Ps3/Ps1 ratio 287 0.078  0.085 533 10°
Cortisol, nM/L 3.61 0.045  0.004 5.66 10°
Ps2/Ps1 ratio 1.34 0.283  0.056 538 10°
PSD T3 entropy 1.06 0.365  0.050 5.05 10°
PSDT4-6, % 218 0.142  0.041 5.10 10°
Calcium serum, mM/L 1.76 0.202  0.034 5.05 10°
HRV centralization Index 3.30 0.063  0.024 5.48 10°
PSD P3-q, % 1.68 0.220  0.019 5.45 10°
PSD Fp2-a, % 1.67 0223 0.016 543 10°
PSD ULF band HRV, % 273 0.102  0.011 5.83 10°
PSD F8-a, pV?/Hz 573 0.018  0.006 738 10°
PSDT6-a, pV?/Hz 3.90 0.052  0.003 8.59 10°
Mode HRV, msec 1.55 0.259  0.003 8.59 10°
PSDT3-6, % 2.04 0.186  0.002 8.99 10°
Parathyroid hormone, pM/L 1.59 0262 0.001 9.12 10°
Autonomous reactivity index,

) 140 0307  0.001 9.12 10*
units

Instead, 3 hemodynamic, 13 EEG, 4 metabolic, 1
HRV and 1 hormonal parameters were outside the dis-
criminant model, probably due to duplication/redun-
dancy of the recognition information (Table 3).

The identifying information contained in the 25
discriminant variables is condensed into two roots (Ta-
ble 4). The major root contains 89.3% of discriminato-
ry opportunities (r*=0.995; Wilks’ A=0.001; X*4,=133;
p<10°), and minor root 10.7% (r*=0.958; Wilks’
A=0.083; x*,,=47; p=0.003).

Table 3. Discriminant functions analysis summary,
variables currently not in the model
Clusters of changes
infitness (n)

Variables ) . Refe-
F-  F+ FO Wilks Partial Fto p- Tole-
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9 (@ (6) A A enter level rancy

Parameters of Wilks' Statistics
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Calculating the values of discriminant roots for
each patient by raw coefficients and constants given in
Table 4 allows visualization of each patient in the infor-
mation space of roots (Fig. 5).

Table 5 presents the full structural coefficients, that
is, the coefficients of correlation between the discrimi-
nant root and variables. The structural coefficient shows
what is the proportion of information about the root
contained in this variable. There are also average val-
ues (centroids) of roots and Z-scores of variables. We
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consider it expedient to include in the table also out-of-
model variables in view of their recognizability.

Table 5. Correlations between variables and roots,
centroids of clusters and Z-scores of variables

The localization in the extreme left zone of the axis of Variables Correlations  Fitness-  Fitness+  Fitness0  (luster
the first root of patients in whom balneotherapy caused a Variables-Roots _ (9) ) (1) on
decrease in fitness (Fig. 5, see also Figs. 3 and 4) reflects Root 1 (89.3%) Root1 Root2 143 ol 80 F3
their minimum for the s ampl e ( cluster K) and reduced PSD P3-a relative 0039 0022 -057+021 0.17+0.52 0.25+023 K
(cluster L) levels of 7 parameters, on the one hand, and PSDF8- 0044 0019 -0.36+006 -0.03+004 004+0.14 K

- . PSD ULF band HRV 0.030 -0.080 -0.66+0.21 -0.77+0.13 -0.12+£0.25 L
hypercalciuria and the maximum for the sample levels of :
PSD ULFband HRV relative  0.035 -0.058 -0.73+£0.16 -0.69+0.20 0.00+033 L
3 parameters (cluster N) - on the other hand. -
PSD F3-B relative 0,038 -0.038 -0.62+0.19 -0.52+021 0.15+029 L
. . Calcium serum 0005 -0.014 -1.14+£022 -0.96+047 -0.21+039 L
Table 4. Standardized and raw coefficients and constants Magnesium serum 0082 0058 -178+009 1624021 1004027 L
for discriminant variables Clcium excretion 0054 0007 166+085 -004+092 1174049 M
‘ Coefficients Standardized Raw Urea excretion 1814087 176+090 0124072 N
‘:‘"ab'e‘ — R;’:;; 'Z"g; 72 R;";:; T)":; 72 Magnesiumexcretion ~ 0.032 0078 078+044 0924045 035+045 N
eartrate, beats/min o : ~ : Parathyroidhormone 0039 0.052 -002+030 0.17+022 073+022 N
(alcium excretion, mM/24h -4.099 0.284 -1.866 0.129 Root2 (10.7%) Root1Root2 15 32 19
Magnesium serum, m/L 053 0275 1288 6627 o L : -
PSDF3-B, % 6.244 0.576 0.591 0.055 PWC -0.031 -0.166 -044+0.29 -237+049 -124+029 A
PSD ULF band HRV, msec 16.08 -0.370 0.193 -0.004 PSD F4 entropy -0.014 -0.063 -0.15+0.27 -1.32+0.52 -0.53+0.40 B
PWC, W/kg 2357 2.865 3736 4541 PSD (4 entropy 039+0.24 -155+071 0224041 B
PSD F4 entropy -0.552 -1.225 -3.696 -8.207 PSD P3 entropy 0.55+0.25 -0.98+0.15 -0.08+0.28 B
(alcitonin, ng/L 3.309 2512 0.941 0.715 PSDT3 entropy -0.024 -0.067 021+0.28 -0.86+0.38 -032+028 B
Magnesium excretion, mM/24h -1.583 3.036 -0.964 1.850 PSD T4 entropy 0.24+0.20 -0.96+0.37 -0.26+032 B
Ps3/Ps1 ratio 1.657 0.450 212 6.007 Triiodothyronine 034048 -094+039 -0.63+040 B
Cortsol, nM/L 460 158 0026 0009 HDLP cholesterol 078049 063019 001+029 B
ESSE/:” ratio 380 112 A0 2B PSDT4-O reltive 0010 0046 026+071 064025 -003+029 B

3 entropy 0307 %52 868 1821 PSD C4-B relative 0254029 -0.68+039 0.04+024 B

PSDT4-6, % 3.259 0.708 0.517 0.112 -
Calcium serum. mM/L 236 1846 1894 1478 PSDT3-B relative -0.034 -0.058 036040 -0.65+0.19 -032+022 B
HRV centralization index 2646 -2017 0180  -0.137 PSD G entropy 039+019 -0.64+034 036+043 B
PSD P3-q, % 1.629 -3.884 0.088 2021 PSD P3-0 relative 0.26+0.33 -0.50+0.14 -0.20+0.24 B
PSD Fp2-a, % 8812 1390 -0.665 0.105 PSD P3-B relative 031030 -0.64+0.22 -0.07+£0.23 B
PSD ULF band HRV, % -11.64 1.380 -2.687 0.319 Ps3/Ps1 ratio 0.018 -0.118 -0.16+0.26 -0.69+0.22 0.20+0.27 C
PSD F8-a, uV?/Hz 5.455 -0.028 0.282 -0.002 Ps2/Ps1 ratio 0017 -0.113 -0.17+0.31 -0.84+038 0.27+033 C
PSDT6-a, pV*/Hz 218 1040 -0060  0.028 PSD Fp2-5 relative 0174026 -0.52+021 047+035
Mode HRY, msec 2902 2123 0.021 0.016 General peripheral vessels 1134034 031+020 053£022 D
PSDT3-8, % -3.365 0.435 -0.794 0.103 resistance
Parathyroid hormone, pM/L 3.881 -1.140 5.476 -1.609 Stange’s test 1404060 0064049 0624035 D
Autonomous reactivity index, units -1.258 -0.335 -0.526 -0.140 (VLF+LF)/HF as 0020 0073 1554103 0614037 289+114 E
Constants 745 7613 centralization index
Eigenvalues 9238 1106 Autonomousreactivity  0.041 0099 -270£091 -0.02+021 0824054 F
Cumulative Proportions 0.893 1 index
PSD Fp2-a relative -0.004 0101 -0.30+0.32 0.69+035 -041£023 G

At the opposite pole of the axis of the first root, PSDT6 entropy -0.08+040 038+023 0654044 G
there are patients in whom balneotherapy caused an in- Phosphates excretion -0.88+0.28 -0.56+030 -1.19+024 G
crease in fitness or was ineffective. It is interesting that Calctonin 0025 0082 -128+0.10 -0.80+0.19 -1.00+014 H
the distances between the centroids of the first and sec- PSDT6-a 0034 0084 -048+006 0.09+0.15 094006 H
ond roots are almost the same (7.9 and 7.35 respective- Cortisol 0031 0072 070+030 083+074 0314036 |
ly). A significantly reduced initial level of PWC,,, is szh:?avn::nes 0010 0054 -0.74:050 087044 036£032 |
accompanied by lower lll.mlt levels (?f a number of EEG bSDPAa 0301 0464035 012012 1
parameters as well as Triiodothyronine and HDLP Cho- Amplitude-a 0374019 0532040 0032018 1
lesterol (cluster B) and responses of systolic BP to suc- PSD P3-a 0374016 0444039 0024016 |
cessive cuff occlusions (cluster C), normal, but minimal PSDFpl-a 0284018 0534039 005403 |
for the sample, levels of GPVR and Stange’s test (clus- Kerds vegetative index 0694036 0654049 0254031 |
ter D) as well as HRV Centralization index, on the one Baevskiy’s ARS index 0.65£0.56 1.16+£059 030£038 |
hand, and normal, but maximal for the sample, levels of standing up
autonomic reactivity as well as a number of EEG, HRYV, Dobidsové’s and Frohlich’s 0574030 1.15+052 027+039 |

. . AGindex
endocrine and metabolic parameters (clusters G, H, and
Heart rate 0030 0170 -0.39+0.29 1.63+0.50 0.39+0.31 |

I) - on the other hand.
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Fig. 5. Scattering of individual values of the first and
second discriminant roots of initial variables of patients
with various changes in Fitness after balneotherapy

The demarcation of clusters in the information
space of the discriminant roots is apparent very clear
and documented by the calculation of Mahalanobis dis-
tances (Table 6).

Table 6. Squared Mahalanobis distances between groups
(above the diagonal) and F-criteria (df=25,7) with p-levels
(below the diagonal)

The ultimate goal of discriminant analysis is to pre-
dict the direction of changes in the PWC of persons
under the influence of balneotherapy based on the con-
stellation of their initial parameters. This purpose is re-
alized with the help of classifying functions (Table 7).
These functions are special linear combinations that
maximize differences between groups and minimize
dispersion within groups. An object belongs to a group
with the maximum value of a function calculated by
summing the products of the values of the variables by
the coeflicients of the classifying functions plus the con-
stant. The selected predictors provide predictions with-
out any error.

Another approach for predicting balneotherapy-in-
duced changes in PWC is multiple linear regression
analysis. Screening of correlations between changes in
PWC and registered initial body parameters (without
EEG) revealed a noteworthy constellation (Table 8, Figs.
6and 7).

Table 8. Correlations between changes in PWC and initial

Groups Fitness + (9) Fitness - (9) Fitness 0 (16) body parameters
Fitness + (9) *xx 259 114 Variables r
Fitness - (9) 10.5; p=0.002 *rx 497 Heart rate 0.625
Fitness 0 (16) 5.9; p=0.011 25.8;p<10* Hrx PWC -0.609
1/Mode HRV as catecholamines 0.495
Table 7. Coefficients and constants of classification Baevskiy's activity of RS Ind standing up 0.486
functions General peripheral vessels resistance -0.439
F+ i Fo Autonomous reactivity index 0.423
Variables p=0.265 p=0.265 p=0471 Cardiac output 0.381
Heart rate, beats/min 984.4 1003.6 97.6 Uricemia 0353
Calcium excretion, mM/24h 1447 1707 129.1 HDLP Cholesterol -0.288
Magnesium serum, mM/L 142 2759 563.4 Stange’s test -0.267
PSD F3-B, % -62.61 7153 -58.35 Phosphatemia -0.258
PSD ULF band HRV, msec’ 22873 3149 2718 Caldtonin 0.245
PWC, W/kg 17441 17948 17114
PSD F4 entropy -1348 -1235 -1317 dPWC= 0,719 - 0,353*PWC
Calcitonin, ng/L -138.9 -157.6 1367 CEIEIEIEE S =24
Magnesium excretion, mM/24h 3757 3763 3547 M
Ps3/Ps1 ratio 31282 -4917 44359 o 12
Cortisol, nM/L -2.926 -3.364 -2.783 é 08 . R
Ps2/Ps1 ratio 2116 2609 1712 (é) o ~—
PSD T3 entropy 1976 2147 2085 B T g .
PSDT4-6, % 97.32 1056 -94.07 = = i T~ T .
Calcium serum, mM/L 2049 7 1793 S oo ey .
HRV centralization index 33.68 37.26 33.25 § 02 £ = - S
PSD P3-q, % -48.59 -48.36 -46.37 0.4 o™ ° += 0
PSD Fp2-a, % 1123 121.2 106.3 -0.6 °
PSD UI.F band HRV,% 4369 4733 134 02 04 06 08 10 1,2 14 16 18 20 22 24 26 28 30 32
PSD F8-0, pV2/Hz 3245 3651 3021 PRSI, WIE N
:ASOZ?H:V”:SZ 16;67 10093227 ?)?551 Fig. 6. Scatterplot of correlation between initial PWC level
PSDT36,% 6.2 1569 1392 (X-line) and its changes caused by balneotherapy (Y-line)
Parathyroid hormone, pM/L -283.7 -351.2 -229.0
Autonomous eactivtyindex,unit 2231 B3 2543 It is interesting that after stepwise exclusion until
Constants 54789 56850 52885 reaching the maximum Adjusted R? level, only Urice-

mia and Phosphatemia, despite their small correlation
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coefficients, remained in the regression model together
with the variables with the maximum coefficients, while
the variables with higher coeflicients were left out of the

model (Table 9).

After inclusion in the multiple linear regression
analysis of EEG parameters (Table 10), the number of
predictors increased to 8, Adjusted R* increased from
0.452 to 0.555, and SE of estimate decreased from 0.31
to 0.28 W/kg (Table 11 and Fig. 8).

dPWC = -1,55 + 0,022HR
Correlation: r = 0,626

0,8
0,6 ° g —
04 > =

0,2 0 [

0,0 .

Changes in PWC, W/kg
L]
»
\
\\

51 54 57 60 63 66 69 72 75 78 81 8 8 9 93 9% 99 102
Heart rate initial, beats/min

N OR (rhnf Tnt

Fig. 7. Scatterplot of correlation between initial heart rate
(X-line) and changes in PWC caused by balneotherapy
(Y-line)

Table 9. Regression summary for change in PWC against
hemodynamic and metabolic predictors R=0.720;
R?=0.518; Adjusted R=0.452; F ,, =7.8; p=0.0002; SE of
estimate: 0.31 W/kg

Table 11. Regression summary for change in PWC against

hemodynamics and EEGs predictors
R=0.814; R’=0.663; Adjusted R’=0.555; F 4, =6.1; p=0.0002;
SE of estimate: 0.28 W/kg

St. Err. St. Err.
n=34 Beta of Beta of B b P
Variables r Intercpt  -12.84  7.02 -1.83 0.078
Heartrate, beats/min ~ 0.625 3.126 1.918 1.810 1.110 1.63 0.114
PWGC W/kg -0.609 -0.575 0.031 -1.485 0.080 -186 10°
Uricemia, mM/L 0353 -0.146 0.131 -0.320 0287 -1.12 0.274
Phosphatemia, mM/L ~ -0.258 3.686 1.919 0.128 0.067 1.92 0.065

Table 10. Correlations between changes in PWC and initial

EEG parameters

Variables r
PSDT6-a 0.398
PSD 02-a 0.393
PSD P4-a 0,391
PSD P3 entropy -0.375
Amplitude-a 0.359
PSDT4-a 0.341
PSD Fp2-a 031
PSD P3-a 0.310
PSD (4-a 0.305
PSD P4-q relative 0.299
PSD T4 entropy -0.296
PSDT3-8 relative -0.287
PSD P3-B relative -0.282
PSD 01-a relative 0.281
Frequency-0 -0.280
PSDT3 entropy -0.278
PSD Fp1-B 0.282
PSD Fp1-a 0.256

PSD T6-a relative

0.245

St. Err. St. Err.
n=34 Beta of Beta of B ey P
Variables r Intercpt -13,03 7,27 -1,83 0.085
Heart Rate, beats/min ~ 0.625 4.542  2.026 0.158 0.070 2.24 0.034
PWC, W/kg -0.609  3.851  1.997 2230 1.156 193 0.065
PSD 02-a, pV?/Hz 0393 0.888 0368 0.002 0.001 241 0.024
PSD P3 Entropy -0.375 0733 0212 -2.440 0.704 -3.46 0.002
Amplitude-a, pv 0.359 -1.007 0.582 -0.054 0.031 -1.73 0.096
PSD T4-a, pV?/Hz 0.341 0984 038 0.007 0003 253 0.018
PSD P3-q, pV¥/Hz 0310 -0.862 0.485 -0.001 0.001 -1.78 0.088
PSDT6-a, % 0.245 -0.665 0.225 -0.018 0.006 -2.96 0.007
2
®
1 o & %
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R=0.814; R?=0.663; X?;=30.4; p=0.0002; A Prime=0.337
Fig. 8. Scatterplot of canonical correlation between
constellation of initial parameters-predictors (X-line) and
changes in PWC caused by balneotherapy (Y-line)

Discussion

Ergometric PWC testing has a long tradition in occupa-
tional medicine for assessing whether a sufficiently high
level of physical performance for coping with the dai-
ly work requirements is given.* In the case of submax-
imal PWC testing measuring the mechanical power, the
achieved power at a given heart rate serves as perfor-
mance indicator.* There are age- and sex-specific norm
values* that can be used to judge whether differences or
changes are within the normal range or can be considered
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significant. The PWC of the sample of men observed by
us was in a wide range, both before and after balneother-
apy (M+SD: -1.33+1.35 Z and -1.28+1.07 Z respectively),
which we interpret as one of the symptoms of maladapta-
tion. Other manifestations of maladaptation will be dis-
cussed in detail in the next article. Judging by the average
values, it would be possible to conclude that balneother-
apy has no effect on the PWC level. However, analysis of
individual changes in PWC revealed that this was true for
only half of the patients, with one quarter showing a sig-
nificant increase in PWC and another quarter showing a
significant decrease in PWC. It is important that all three
variants of PWC changes are not random, but can be ac-
curately predicted based on the constellation of the ini-
tial parameters of the body, that is, they are completely
natural. Earlier we discovered a features of reactions to
acute stress of neuro-endocrine-immune complex, me-
tabolome, ECG and gastric mucosa in rats with various
state of innate muscular endurance and resistance to hy-
poxia.***” So what such polyvariance of actotropic effects
of balneofactors of the Truskavets Spa, as well as its pre-
dictability, did not come as a surprise, but only confirmed
the results of previous studies.

In an experiment on female rats, it was found that
after 3 weeks of Naftussya water use, adverse changes in
swimming time to fatigue were observed only in 4 rats
with initial very high performance, i.e. a reduction in
swimming time from 61+7 min to 39+3 min. Instead, in
6 animals, the performance increased from 13+1.4 min
to 52.3+5.9 min, and in 8 animals, it did not change sig-
nificantly (from 24.5+3.9 min to 37.3+5.9 min; p>0.05).
In 73 children and adolescents of both sexes aged 10-17
years with maladaptation, in those who received Naf-
tussya water together with ozokerite applications and
mineral baths, three variants of actotropic effects were
also revealed. In particular, PWC,,,, assessed by the step
test, decreased only in 31.5% of children with a PWC,,,
level significantly higher than the sex-age norm: from
125.843.5% to 119.6+3% (direct difference: -6.2+1.1%).
On the other hand, the normal level of PWC, in
21.9% of children did not change, and in 46.6% it in-
creased from 113.742.7% to 125.6+2.8% (direct differ-
ence: 11.9+1.8%). A similar pattern also occurred in 42
adult gastroenterology patients of both sexes. In par-
ticular, PWC,,,, assessed by two-stage bicycle ergome-
try, decreased from 2.82+0.32 W/kg to 2.42+0.26 W/kg
(by 11.0£5.0%) in 26.2% of patients, whereas in 47.6%
of patients with lower work capacity, it increased from
2.32+0.18 W/kg to 2.45+0.14 W/kg (by 11.0+5.2%), and
in another 26.2% it did not change significantly.>!® The
main predictor of the directionality of the actotropic
effect of balneofactors on PWC turned out to be pre-
cisely its initial level, according to the law of the same
name.”* However, even after supplementing PWC with
a constellation of initial metabolic and hemodynamic

parameters, the accuracy of the forecast was only 75.6%;
76.7%; 88.9% for adults, children and rats respectively,
which confirmed the limited “jurisdiction” of the law of
the initial level.’**** And only the additional inclusion
in the discriminant model of the constellation of neu-
ro-endocrine parameters gave us the opportunity not
only to unmistakable predict the direction of the acto-
tropic effect of balneotherapy, but also to calculate its se-
verity with a small error.

It is time to find out how the characteristics of the
initial state of the organism determine the nature and
even the severity of the reaction of its systems to the
same factor(s).

This situation has been known for a long time. Back
in 1980, Hildebrandt showed that a 4-week endurance
training program, performed at different times of day,
yields different results: an early-morning training did
not evoke a significant increase of the PWC,,, whereas
the afternoon training gave maximum results.* In rela-
tion to our study, it is important to note that different
responses to therapeutic stimuli depended on the circa-
dian phase were accompanied by different states of au-
tonomic reactivity, also subject to circadian rhythms.
Autonomic reactivity in the cited study was assessed, in
accordance with the then methodological support, by
sweating as well as vasodilator and vasoconstrictor reac-
tions to warm and cold stimuli. In our study, autonomic
reactivity was assessed by changes in HRV parameters
when moving from a lying position to a standing po-
sition; an additional marker was the blood pressure
response to cuff occlusion.? We have shown that, in
addition to autonomic reactivity, the constellation of
EEG parameters, that is, components of the central au-
tonomic network, between which there are two-way
connections, are predictors of one or another variant of
the PWC
of predictors was made cortisol, calcitonin, and PTH,
which are components of the neuro-endocrine-immune
complex.®** Finally, the presence in the constellation
of predictors of electrolytes subject to the regulatory in-
fluence of calcitonin and PTH is quite natural.

This situation is consistent with the concept of the

reaction to balneofactors.*>> Another set

functional-metabolic continuum as well as the state-
ment that physical working capacity is a complex and
integrated psychophysical parameter of the body, which
reflects its functional state provided by autonomous,
substrate and energy resources, neural and hormonal
regulation, psychological properties, and motivation.”
From this perspective, the functional state is considered
as a general parameter determined by the integration
rate of activity of different physiological systems during
life-related activity: the higher the level of integration,
the higher the functional capacities of the body.***

The effects of balneotherapy on neuroendocrine and
metabolic parameters which form PWC, are realized by



48

European Journal of Clinical and Experimental Medicine 2025; 23 (1): 38-52

organic substances present in both Naftussya bioactive
water and ozokerite, through aryl hydrocarbon recep-
tors, which are expressed by neurons, endocrinocytes,
and immunocytes.?>5-%°

Hypothesis verification

Main hypothesis. The effects of balneotherapy on
PWC150 can be predicted based on initial neuro-en-
docrine and metabolic parameters. Verification. Hy-
pothesis confirmed. Rejected the null hypothesis (HO:
no predictability) in favor of the alternative hypothesis
(H1: predictability exists). Justification. The discrim-
inant model based on 25 initial parameters predicted
the direction of PWC150 changes with 100% accuracy
(p<0.001).

Specific hypothesis 1. There is a significant correla-
tion between initial HRV parameters and changes in
PWCI150. Verification. Hypothesis partially confirmed.
Rejected HO (no correlation) for some HRV parameters.
Justification. Significant correlations were found for se-
lect HRV parameters (e.g., SDNN: r=0.45, p<0.01), but
not for all indices studied.

Specific hypothesis 2. EEG parameters are sig-
nificant predictors of PWC150 changes. Verification.
Hypothesis confirmed. Rejected HO (no predictive sig-
nificance) in favor of H1 (significant predictive value).
Justification. Several EEG parameters were included in
the final predictive model (p<0.05 for each).

Specific hypothesis 3. Levels of adaptation hor-
mones correlate with PWC150 changes. Verification.
Hypothesis partially confirmed. Rejected HO for corti-
sol and calcitonin, failed to reject for other hormones.
Justification. Significant correlations were found for cor-
tisol (r=0.38, p<0.05) and calcitonin (r=-0.42, p<0.05),
but not for testosterone or aldosterone.

Specific hypothesis 4. There is a linear relationship
between initial PWC150 level and its change after balneo-
therapy. Verification. Hypothesis confirmed. Rejected HO
(no linear relationship) in favor of H1 (linear relationship
exists). Justification. Regression analysis showed a signifi-
cant linear relationship (p = -0.575, p<0.001).

Specific hypothesis 5. Metabolic parameters are sig-
nificant predictors of PWC150 changes. Verification.
Hypothesis partially confirmed. Rejected HO for some
metabolic parameters, failed to reject for others. Justifi-
cation. Some metabolic parameters (e.g., serum calcium
level) were included in the predictive model (p<0.05),
while others (e.g., cholesterol level) did not show signif-
icant predictive value.

Our study demonstrates that the effects of balneo-
therapy on physical working capacity are highly individ-
ualized and can be predicted with remarkable accuracy
using a constellation of neuro-endocrine and metabol-
ic parameters. We identified a set of 25 initial parame-
ters that could predict the direction of PWC150 changes

with 100% accuracy, and developed a regression mod-
el that could quantitatively predict these changes with a
standard error of 0.28 W/kg.

Interpretation of results in the context of existing literature
Our findings extend previous work by Hildebrandt, who
demonstrated the importance of individual differences
in response to balneotherapy.*® While Hildebrandt fo-
cused mainly on the influence of time of day, our study
identifies specific physiological parameters that deter-
mine these individual differences. This opens new pos-
sibilities for personalization of balneotherapy protocols.

Potential mechanisms

We propose that the observed effects may be mediat-
ed by the interaction of organic components in Naf-
tussya bioactive water with aryl hydrocarbon receptors
(AhR) in neurons, endocrinocytes, and immunocytes.
AhR activation may initiate a cascade of reactions lead-
ing to modulation of the autonomic nervous system and
changes in physical capacity.

Clinical implications

Our ability to predict individual responses to balneo-
therapy with high accuracy paves the way for per-
sonalized treatment protocols. For example, patients
predicted to experience a decrease in PWC150 could re-
ceive a modified balneotherapy protocol or additional
supportive interventions to prevent adverse effects.

Study limitations and strengths

The main strength of our study is its comprehensive ap-
proach, considering a wide range of physiological pa-
rameters. However, we acknowledge that our relatively
small sample size (n=34) may limit the generalizabili-
ty of our results. Additionally, our study was conducted
at a single center, which may affect its external validity.

Future research directions

Future studies should focus on validating our predic-
tive model in larger, multi-center samples. Additionally,
investigating the long-term effects of personalized bal-
neotherapy based on our predictive model would be a
valuable contribution to the field of spa medicine.

Conclusion
Not only the directionality, but even the severity of
PWC,;, changes under the influence of the balneofac-
tors of the Truskavets Spa is determined by the constel-
lation of the initial parameters of the body, which forms
its reactivity.

Our study demonstrates that the effects of balneo-
therapy on physical working capacity are highly individ-
ualized and can be predicted with remarkable accuracy
using a constellation of neuro-endocrine and metabolic
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parameters. This finding represents a significant step to-
wards personalized balneotherapy, potentially improv-
ing treatment outcomes and resource allocation in spa
medicine. While further research is needed to validate
these findings in larger and more diverse populations,
our results provide a strong foundation for future stud-
ies and suggest exciting possibilities for enhancing the
precision and efficacy of balneotherapy treatments.

Based on the statistical analysis and hypothesis test-
ing presented in the study, here are detailed conclusions
according to statistical inference methods.

1. The main hypothesis that the effects of balneo-
therapy on PWC150 can be predicted based on initial
neuro-endocrine and metabolic parameters was strong-
ly supported. The discriminant model based on 25 ini-
tial parameters predicted the direction of PWC150
changes with 100% accuracy (p<0.001). This allows us
to reject the null hypothesis of no predictability in favor
of the alternative hypothesis that predictability exists.

2. The relationship between initial HRV parameters
and changes in PWC150 was partially confirmed. Sig-
nificant correlations were found for some HRV parame-
ters (e.g., SDNN: r=0.45, p<0.01), but not for all indices
studied. This suggests that certain aspects of heart rate
variability are predictive of balneotherapy effects, while
others are not.

3. EEG parameters were found to be significant pre-
dictors of PWC150 changes, confirming the hypothesis.
Several EEG parameters were included in the final pre-
dictive model with statistical significance (p<0.05 for
each). This indicates that brain activity patterns prior to
treatment are informative for predicting balneotherapy
outcomes.

4. The hypothesis regarding adaptation hormones
was partially supported. Significant correlations were
found for cortisol (r=0.38, p<0.05) and calcitonin (r=-
0.42, p<0.05), but not for testosterone or aldosterone.
This suggests that some, but not all, adaptation hor-
mones are relevant to predicting balneotherapy effects.

5. A significant linear relationship between initial
PWC150 level and its change after balneotherapy was
confirmed (p=-0.575, p<0.001). This supports the “law
of initial values” in the context of balneotherapy, indi-
cating that baseline fitness levels are important predic-
tors of treatment response.

6. The hypothesis that metabolic parameters are
significant predictors of PWC150 changes was partial-
ly confirmed. Some metabolic parameters (e.g., serum
calcium level) were included in the predictive model
(p<0.05), while others (e.g., cholesterol level) did not
show significant predictive value. This suggests that cer-
tain aspects of metabolism are more relevant than oth-
ers in predicting balneotherapy outcomes.

7. The multiple linear regression model incorporat-
ing both hemodynamic and EEG parameters achieved

an adjusted R* of 0.555, indicating that approximate-
ly 55.5% of the variance in PWC,,; changes can be ex-
plained by the predictors in the model. This suggests a
moderately strong predictive power, though it also in-
dicates that there are other factors not captured in the
model that influence the outcome.

8. The canonical correlation analysis revealed a
strong relationship between the constellation of initial
parameters and changes in PWC (R=0.814, p = 0.0002).
This multivariate approach supports the overall conclu-
sion that a combination of physiological parameters can
effectively predict balneotherapy outcomes.

The statistical analyses provide strong evidence for
the predictability of balneotherapy effects on physi-
cal working capacity based on a constellation of initial
physiological parameters. The findings support a per-
sonalized approach to balneotherapy, where treatment
outcomes can be forecasted with high accuracy using
pre-treatment assessments of neuro-endocrine, meta-
bolic, and electrophysiological parameters. The partial
confirmation of some hypotheses suggests that the re-
lationships are complex and that further research may
be needed to fully understand all the factors influencing
balneotherapy outcomes.
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ABSTRACT

Introduction and aim. Infertility is described as the failure to conceive after one year of unprotected sexual intercourse. One
of the causes of female infertility is cervical abnormalities that may be due to bacterial, parasitological, and hormonal imbal-
ances. The purpose of this study was to determine the prevalence and Pattern of Abnormalities of cervical smear examination
in women attending fertility clinic at the University of Osun Teaching Hospital, Osun State, Nigeria.

Material and methods. This study was conducted in the fertility clinic of University of Osun Teaching Hospital, Osun State. The
study population consisted of 50 infertile (case group) and 50 fertile participants (control group) who are attending the gyne-
cology clinic of the University of Osun Teaching Hospital, Osogbo. A questionnaire was used to obtain sociodemographic infor-
mation and other relevant data. Cervical samples were collected using Ayre’s spatula, two smears were made from each subject
and stained with Papanicolaou, hematoxylin, and eosin staining techniques. The results were analyzed using a frequency table.
Results. Cervical smears revealed atypical squamous cells of undetermined significance in 15 cases (30%), while only 3 (6%)
were observed among controls. Cervical cervicitis 19 (38%), Candida spp. (10%), Trichomonas vaginalis (16%), Gardnerella vag-
inalis (8%), inflammatory cell infiltrate (72%) and increased nucleo-cytoplasmic ratio (26%) were observed between cases and
were significantly higher compared with the controls.

Conclusion. Abnormal pap smears in this study was significantly more often found in the case group when compared with
the controls.

Keywords. infertility, estrogen, Pap smears, progesterone

Introduction

Papanicolaou smear is a useful screening tool to iden-
tify cellular alterations and anomalies in the cervix that
can lead to cervical cancer and infertility.! Numerous
factors, including hormonal fluctuations, prolonged use
of birth control pills (five years or more) and infection
with the Human papillomavirus (HPV), can cause ab-
normal changes in the cervix.? After the birth of three or
more children, the Pap test is recommended every three

years for all women between the ages of 21 and 65 years,
while the HPV test is performed every five years.’ Pre-
invasive cervical lesions range in prevalence from 6 to
12%, according to studies conducted in Nigeria.* How-
ever, women who tested positive for HIV had a prev-
alence of 12%, and it is well recognized that they have
a higher chance of acquiring cervical cancer.” The cur-
rent recommended screening methods in Nigeria in-
clude liquid-based cytology (LBC), visual inspection
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with acetic acid (VIA), conventional (Pap-smear) tests
and HPV testing for high-risk HPV types.® Sub-Saharan
Africa has a pervasive infertility problem, according to
a recent issue of Nature.’

In our society, infertility is stigmatized, and as a re-
sult, marital (or domestic) discord and eventual divorce
are common. According to the World Health Organi-
zation.® It is a social public health issue. In Nigeria, the
prevalence of primary infertility is 5% and secondary
infertility is 8%.® Numerous factors including genetics,
work-related stress, the environment and infectious dis-
eases.” Ovulation problems, endometriosis, fallopian
tube damage or obstructions, primary ovarian failure
(early menopause), pelvic adhesions, uterine or cervical
abnormalities, and endometriosis are some of the causes
of infertility in women.’

The cervix is part of the female reproductive system
that connects the vagina to the uterus. It has a significant
impact on fertility, menstruation, pregnancy, and labor.
Infertility in humans is the inability to conceive after one
year of unprotected and regular intercourse between a
man and a woman.'® Infertility has a variety of causes,
some of which are treatable with medications."! Around
5% of heterosexual couples worldwide were thought to
be experiencing unresolved infertility issues in 1997.
However, a significant number of couples between 12%
and 28% experience infertility for at least a year.'? It was
in 1974 when a scientist named Zur Hausen established
the link between HPV and cervical anomalies. Cervi-
cal cancer has been explicitly linked to the HPV virus
through ongoing studies throughout subsequent years."
As a result, the primary risk factor for cervical cancer is
high-risk HPV infection. The virus spreads through sex-
ual activity. Studies have identified about 40 strains clas-
sified as high-risk. It has been shown that having several
sexual partners and making early sexual debuts enhance
the risk of HPV infection.® Compared to women who
have only had one partner, those who have had three or
more sexual partners during their lives are almost 94%
more likely to have HPV.*

Up to 186 million people worldwide are believed
to be affected by infertility. Although male infertili-
ty accounts for almost 50% of all cases of childlessness
globally, infertility nonetheless places a social cost on
women. Unfortunately, infertility rates tend to be high-
er in areas of the world with limited access to assisted
reproductive technologies (ARTs).® In addition to not
being able to conceive, the primary symptom of infertil-
ity is irregular or nonexistent menstruation, caused by
hormonal dysregulation or deficiency in the prolifera-
tive follicular phase of the pre-ovulatory cycle and the
secretory luteal phase of the postovulatory cycle.”” Ad-
ditionally, the sex hormones progesterone and estrogen
ensure that proper anatomical and physiological condi-
tions for ovulation and fertilization occur. After a year

of unprotected sex, infertility can be indicated by unsuc-
cessful attempts to conceive, requiring testing possibil-
ities for both men and women. The most popular tests
for female infertility are the Papanicolaou cervical test,
luteinizing hormone (LH), and follicle stimulating hor-
mone (FSH).'

Aim

The aim of this study was to determine the prevalence
and Pattern of Abnormalities of cervical smear exam-
inations in women attending the fertility clinic at the
University of Osun Teaching Hospital, Osun State, Nige-
ria. The objective of the study was to examine and com-
pare the pattern of cervical smears in women presented
with infertility with those with fertility.

Material and method

Study area

This study was conducted in Osun state, specifically
in the fertility clinic of the University of Osun Teach-
ing Hospital in Osogbo, Osun State. Osun state is
a state in southwestern Nigeria; bordered to the east
by Ekiti and Ondo state for 84 km and for 78 km respec-
tively, to the north by Kwara State for 73 km, to the south
by Ogun State for 84 km, and to the west by Oyo State,
mostly across the River Osun. Osun state is named af-
ter the River Osun - a vital river that flows through the
state. Of the 36 states of Nigeria, Osun is the ninth small-
est in area and 25th most populous state with an estimat-
ed population of approximately 4.7 million as of 2016."
Osun State is primarily inhabited by the Yoruba people,
mainly of the Ibolo, Ife, Igbomina, Jjesha, and Oyo. Eco-
nomically, Osun state is largely based around agricul-
ture, mainly in cocoa, cassava, millet, maize, potato and
yam crops.'® Other key industries are services, especially
in urban areas, along with artisanal mining and livestock
herding. Osun state is additionally noted for having the
second highest literacy rate in Nigeria."” Yoruba and
English are the official languages. People of Osun State
practice Christianity, Islam, and the traditional faith.
Currently, Osun State has almost 30,000 estimated peo-
ple living with HIV, 13,500 of which are yet to be identi-
fied and placed on treatment. Hepatitis E virus infection
is prevalent among some vulnerable groups, such as im-
munosuppressed individuals, pregnant women, and
HBYV coinfected individuals in Osun state.’

Uniosun Teaching Hospital (formerly known as
Lautech Teaching Hospital) is a state owned medical
teaching hospital located in Osogbo, Osun State, Nige-
ria, to provide tertiary health care and support under-
graduate medical students from Osun State University,
Osogbo; Adeleke University, Ede, and Fountain Univer-
sity, Osogbo, Osun State. Services offered at Uniosun
Teaching Hospital include; clinical services,, medical
laboratory services and subclinical services, it is a 400
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bed hospital situated in the Idi-Seke area of station road,
Osogbo. The fertility clinic is available every Tuesday.

Study population

The study population was made up of infertile wom-
en (case group) who visited the Fertility Unit of Uni-
versity of Osun Teaching Hospital’s fertility center
and fertile women (controls) who are staff of Uniosun
Teaching Hospital, Osogbo, and those who have their
private businesses within the premises of the Universi-
ty of Osun Teaching Hospital, Osogbo, Osun State. The
fertile participants recruited for this study served as the
control because the study design is a case control.

Study duration
This study was carried out for a period of 6 months, be-
tween January 3, 2023 to June 30, 2023.

Inclusion criteria

This study comprised participants who met the follow-

ing requirements:

1. Participants diagnosed with primary infertility at-
tended the fertility clinic at Uniosun Teaching Hos-
pital.

2. Participants diagnosed with secondary infertility
attended the fertility clinic at Uniosun Teaching
Hospital.

3. Participants who had conceived and delivered 2 or
more children and had never had a delay were used
as controls.

4. Participants who are 20 years old and above

Participants who are not on any contraceptive drug

6. Participants in the case group must have had reg-
ular and unprotected sex with their spouse (male)
for at least 1 year.

u

Exclusion criteria

The following criteria led to the exclusion of research
participants:

1. Participants who did not participate.

Participants that were menstruating

Participants who just had a colposcopy
Participants who recently douched

Participants that are under 20 years of age
Participants in the test group who are on contra-
ceptives

AN

Method of sampling
A convenient sampling method was used.

Ethical approval

The protocol for this study was sought and approved by
the Ethics and research committee of UNIOSUN Teach-
ing Hospital, Osun State, with the approval number
UTH/EC/2023/03/746 dated 2 March 2023.

The confidentiality and privacy of the participants
was strictly respected during and after the period of data
collection and collection. Serial numbers were used in-
stead of the names of the participants to ensure confi-
dentiality. Participants received written inform consent
written in English. Participants were allowed to read
their informed consent and appended their signatures
before samples were collected from them.

Sample size determination
P - prevalence of abnormal Pap smear from a study
done in Zaria, Nigeria (6%)
The sample size for this research work will be deter-
mined using:
_ Z*P(-P)*!
42

n - required sample size
Z confidence level at 95% (standard value 1.96)
P - prevalence of abnormal Pap smear from a study
done in Zaria, Nigeria (6%)
d - accepted error
= 1.96” x0.06(1-0.06)

0.05°

n=87 (minimum sample size)

A total of 100 participants that consisted of 50 cases and
50 controls.

This is a case-control study, the cervical smears obtained
from controls were compared with cases.

Collection of samples

Every participant (case and control) recruited for this
study was individually called into a consulting room for
confidentiality purposes. Each participant was educated
about the study and those who gave their verbal consent
received a questionnaire and informed consent in En-
glish language to fill in privately inside the consulting
room. Each question in the questionnaire was explicit-
ly explained to the participants. The acronyms were also
fully interpreted and explained to them. Participants
were properly guided on how to fill in the questionnaire.
The completed questionnaire and the informed consent
forms were collected from the participants and kept pri-
vate by the researchers. Proper care was taken to ensure
names or other related personal data that could be used
in tracing the completed questionnaire, and the cervi-
cal smears collected from participants were completely
avoided. After this, the participants were prepared for
sample collection and for those who were eligible (that
is, not menstruating or not having douched for 3 days),
cervical smears were collected from them. Participants
were asked to sit in a lithotomy position, a disposable
single use plastic spatula was used to dilate the cervix
to collect sample from the participants. The Ayre spat-
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ula was inserted into the cervix at the squamo-colum-
nal junction, until only the bottom fibers was exposed.
It was slowly rotated at 360° in one direction. The sam-
ple and collected was transferred immediately onto two
different slides where smears were made and fixed im-
mediately.

Laboratory procedure

Participants (infertile) for this study were recruited
from individuals who visited the fertility unit of the
Uniosun Teaching Hospital, Osogbo. Participants were
privately called into a consulting room for verbal edu-
cation and explanation of what the study entails. Verbal
consent was obtained prior to the questionnaire and in-
form consent forms were privately given to each of the
participants in the consulting room.

The sample collection was carried out by the medi-
cal personnel team (Medical Doctors, Nurses and Med-
ical Laboratory Scientists) at the fertility center of the
University of Osun Teaching Hospital and laboratory
analyzes were exclusively done by the Cytoscientists at
the Cytopathology Laboratory of the University of Osun
Teaching Hospital, Osun State. The collected samples
were smeared onto clean slides and immediately fixed
with 95% alcohol. A portion of the smears were stained
with the Papanicolaou staining technique, while the sec-
ond portion of the smears were stained with hematox-
ylin and eosin staining techniques. The stained smears
were viewed, analyzed, and captured on a Brunel light
microscope, 20 mega pixels (Brunel SP35 Digital Trin-
ocular).

Papanicolaou staining technique

Slides were fixed in 95% alcohol for 30 minutes and
rinsed with tap water. The smears were flooded with
Harris Hematoxylin solution for 4 minutes before be-
ing briefly differentiated in 1% acid alcohol, then rinsed
in running tap water for 10 seconds. The smears were
briefly dipped in 70% alcohol briefly, then 95% alcohol
for 10 seconds. The smears were flooded with Orange
G 6 for 1 minute, then briefly dipped in 95% alcohol
briefly. Smears were stained with Eosin Azure 50 for 2
minutes. Thereafter, briefly dipped into two changes of
95% alcohol. The smears were dipped in absolute alco-
hol (100%) for 1 minute, cleared in Xylene, covered with
a slip and examined microscopically.” The stained cer-
vical smears were viewed and captured on a Brunel light
microscope, 20 mega pixels (Brunel SP35 Trinocular).

Hematoxylin and eosin staining technique (He&>E)

Cervical smears were fixed in 95% alcohol for 30 min-
utes before adding water. Hydrated smears were stained
in Harris hematoxylin for 4 minutes, rinsed in tap wa-
ter and briefly differentiated in 0.5% acid alcohol. The
smears were rinsed in water and blued in tap water for

10 minutes. Stained smears were counterstained with
1% Eosin for 2 minutes, rinsed in water and dehydrat-
ed in ascending grades of alcohol, cleared in xylene and
mounted with DPX.'® The stained cervical smears were
viewed and captured on a Brunel light microscope, 20
mega pixels (Brunel SP35 Trinocular).

Data Analysis

Statistical analysis for Social Sciences (SPSS, IBM, Ar-
monk, NY, USA) version 25 was the statistical package
used to analyze all data obtained from the questionnaire
and cervical smears. Data obtained from this study were
captured from the questionnaire and cervical smears
obtained from cases and controls. The statistician han-
dled the statistical analysis of this study. The Student’s t
test and Pearson’s correlation were used to compare the
mean of the different analytes with p <0.05 statistical
significance.

Variables captured from the questionnaire adminis-
tered prior to sample collection in this study include: the
age of the participants, educational level, years of mar-
riage, occupation, days of menstrual flow, intercourse
frequency, knowledge of ovulation, timing of ovulation,
history of past pregnancy, previous results obtained
from pap smears and family history of infertility. The
variables captured from the cervical smears collected in-
cluded distribution of cell morphology in the smears of
both the case group and controls, distribution of cyto-
morphological characteristics, and infections among the
participants.

Results

Approximately 100 participants consisting of 50 in the
case group and 50 controls were recruited for this study,
with ages ranging from 20 years to 60 years and older.
Among the cases recruited for this study, there were 8
participants between the ages of 20 to 29 years (16%),
15 between 30 and 39 years(30%), 16 between 40 and
49 years (32%), 8 between 50 and 59 years (16%), and 3
participants that were 60 years and above (6%). Among
the controls recruited for this study, there were 6 partic-
ipants between the ages of 20 to 29 years old (12%), 29
between the age of 30 and 39 years (58%), 12 between
the age of 40to 49 years (24%), 2 between 50 and 59
years (4%), and 1 participant that was 60 years old (2%).
The number of years that the participants have been
married differs and are listed in Table 1.

The educational level of the participants recruited
for this study differs between the cases and controls.
About 5 (10%) participants in the case group have no
formal education, 17 (34%) have a primary school leave
certificate; 15 (30%) have a secondary school certificate
while 13 (26%) have a tertiary certificate. Among the
control group, 3 (6%) have no formal education; 6 (12%)
have a primary school leaving certificate; 17 (34%) have
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a secondary school leaving certificate, and 24 (48%) had
a tertiary certificate. However, a significant difference
was revealed between the age of participants (p=0.042),
educational status (p=0.0034) and the years of marriage
(p=0.014) between the case group and controls.

Table 1. Sociodemographic characteristics of study
participants

Case group n=50, Control group n=50,

Among the cases recruited for this study, 42 (84%)
have their menstrual flow for 4-6 days, 7 (14%) have
menstrual flow for 13 days, while only 1 (2%) had men-
strual flow for 7 days and more. For controls, 49 (98%)
always observed menstrual flow between 1-3 days,
while only 1 (2%) observed 4-6 days of menstrual flow
and none had menstrual flow for 7 days and above.

Table 2. Distribution of days of menstrual flow and

Variables frequency (%) frequency (%) P number of times of sexual intercourse
Age (years) ) Case group n=50, Control group n=50,
20-29 8(16) 6(12) Variables frequency (%) frequency (%) P
30-39 15(30) 29(58) 0.042 Menstrual flow
40-49 16(32) 12(24) 1-3 days 7(14) 49(98)
50-59 8(16) 2(4) 4-6 days 42(84) 1) 00002
60 and above 3(6) 1Q2) 7 days and above 1(2) 0(0)
Years of marriage Numbers of intercourse
<5 8(16) 12(4) Daily 2(4) 12
6-15 37(74) 22 (44) 0.014 Once a week 5(10) 28 (56) 0.0002
16-25 4(8) 11(22) 2-5 times weekly 41(82) 20 (40)
26 and above 1Q2) 5(10) 6 times weekly 2(4) 1(Q2)
Education
None 5(10) 3(6) Regarding the number of times of sexual inter-
Primary 17 (34) 6(12) 0.0034 course among the case group, 41 (82%) always had in-
Secondary 15(30) 17 (34) tercourse with their spouse 2-5 times a week, 2 (4%)
Tertiary 13(26) 24(43) always had intercourse daily and 6 times a week, respec-
Occupation tively. For the control group, 28 (56%) always had sexual
Artisan 5(10) 8(16) intercourse once a week, 20 (40%) had 2-5 times a week
Ci""_se”’a"ts 10020 23 46) while 1 (2%) had sexual intercourse daily and 6 times a
::lt::ssen’a"ts 12 gz}) 81((126)) 006 week, respectively. Significant differences were observed
Inemplopd 1408 Py on the da?rs of menstr.ual flow (p=0.0002) and number
others 30 24 of sexual intercourse instances (p=0.0002) between the

The occupations of the participants recruited for
this study are different, with 5 (10%) being artisans, 10
(20%) civil servants; 3 (6%) public servants; 15 (30%)
traders; 14 were unemployed (28%), while others were
3 (6%) the least among the cases. Among the controls, 8
(16%) were artisans, 23 (46%) civil servants, 1 (2%) pub-
lic servants, 8 (16%) traders, 8 (16%) were unemployed
while those who did not disclose their occupation and
were placed under “others” were 2 (4%). However, no
significant difference observed in occupation (p=0.06)
between the case group and controls (Table 1).

Note: Not all variables on socio-demographic status
detailed in the answered questionnaire were included in
the table above. The variables above are very important
and relevant to this study.

Among the cases recruited for this study, 42 (84%)
have their menstrual flow for 4-6 days, 7 (14%) have
menstrual flow for 13 days, while only 1 (2%) had men-
strual flow for 7 days and more. For controls, 49 (98%)
always observed menstrual flow between 1-3 days,
while only 1 (2%) observed 4-6 days of menstrual flow
and none had menstrual flow for 7 days and above.

case and control group (Table 2).

Table 3. Knowledge of ovulation, timing of ovulation,
history of previous pregnancy, and previous results of Pap
smear among participants

Case group n=50,  Control group n=50,

Variables frequency (%) frequency (%)
Knowledge of ovulation
Yes 21(42) 39(78) 0.0005
No 29(58) 11(22)
Ovulation timing
Yes 17 (34) 29(58) 0.0273
No 33(66) 21(42)
History of past pregnancy
Yes 11(22) 50(100) 0.0006
No 39(78) 0(0)
Previous Pap smear result
Yes 4(8) 12(24) 0.0462
No 46 (92) 38(76)
Family history of infertility
Yes 18(36) 8(16) 0.0402
No 32(64) 42 (84)

Among the cases, 29 (58%) of the participants had no
knowledge of ovulation while 21 (42%) had knowledge of
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ovulation. Among the controls, 39 (78%) of the partici-
pants had knowledge of ovulation, while 11 (22%) had no
knowledge. A significant difference (p=0.0005) was ob-
served in ovulation knowledge of ovulation among the
case group and controls. Among the case group, only
17 (34%) knew their ovulation time, while 33 (66%) did
not know their ovulation periods. Among the controls,
29 (58%) knew their ovulation time, while 21 (42%) did
not knowledgeable about their ovulation time. About
11 (22%) had a history of previous pregnancy, while 39
(78%) had no history of previous pregnancy among the
case group. For the controls, all participants had history
of pregnancy 50 (100%). Only 4 (8%) out of the partici-
pants had a Pap smear test previously, while the major-
ity 46 (92%) of the participants had no history of a Pap
smear test among the cases. For the controls, approxi-
mately 12 (24%) had a previous Pap smear test, while 38
(76%) had no previous Pap smear test. A majority of the
cases, 32 (64%) had no family history of infertility, while
18 (36%) have a family history of infertility. For the con-
trols, 8 (16%) had a history of infertility, while 42 (84%)
had no family history of infertility. Significant differenc-
es in ovulation timing were observed (p = 0.0273), histo-
ry of past pregnancy (p=0.0006), previous results of Pap
smear results (p=0.0462) and family history of infertility
(p=0.0402) between the case group when compared with
the controls (Table 3).

Table 4. Distribution of cell morphology among
participants*

Case group n=50, Control group n=50,

Variables

frequency (%) frequency (%)
Normal cell 34(68) 47 (94)
ASC-US 15(30) 3(6)
LGSIL 1Q2) 0(0)
HGSIL 0(0) 0(0)
sQcC 0(0) 0(0)
AGC 0(0) 0(0)
AIS 0(0) 0(0)

* ASC-US - atypical squamous cells of unknown
significance, LGSIL - low-grade squamous, intraepithelial
lesion, HGSIL - high-grade squamous intraepithelial lesion,
SQC - squamous cell carcinoma, AGC - atypical glandular
cells, AIS — adenocarcinoma in situ

The morphology of cervical smears among the case
group revealed that 34 (68%) of the participants had
normal cell morphology, 15 (30%) of the participants
had atypical squamous cells of unknown significance,
and only 1 (2%) had low-grade squamous intraepitheli-
al lesion. Although the morphology of the control group
revealed that 47 (94%), 3 (6%) and 0 (0%) had normal
cell morphology, atypical squamous cells of undeter-
mined significance, and low grade squamous intraepi-
thelial lesions, respectively.

Table 5. Distribution of cytomorphological features and
infections among participants

Infiltrate of inflammatory cells 36(72) 14(28
Increased nucleo-cytoplasmicratio 13 (26)  37(74,

12(24) 38(76) 0.00001
2(4) 48(%) 0.034

Case group Control group
Variables n=50 n=50
Yes (%) No(%) Yes(%) No(%)
Cervicitis 19(38) 31(62) 8(16) 42(84) 0.0243
Candida spp. 5(100 45(90) 1(2)  49(98) 0.2065
T. vaginalis 8(16) 42(84) 1(2) 49(98) 0.036
G. vaginalis 4(8)  46(92)
)
)

(
(
2(4)  48(%) 0.674
(
(

The distribution of cytomorphological characteris-
tics and infections among the case group was observed
as follows; cervicitis 19 (38%), yeast cell (Candida spp.)
5 (10%), T. vaginalis 8 (16%), G. vaginalis 4 (8%), in-
filtrate of inflammatory cells 36 (72%) and increased
nucleocytoplasmic ratio 13 (26%). On the other hand,
cervicitis 8 (16%), yeast cell 1 (2%), T. vaginalis 1 (2%),
G. vaginalis 2 (4%), infiltrate of inflammatory cells 12
(24%) and increased nucleocytoplasmic ratio 2 (4%)
were observed among the control group (Fig. 1-10). In-
fection with bacteria, fungi, and protozoa may be one of
the significant causes of infertility in women (Table 5).

4

Fig. 1. Cervical smear from a participant (control group)
(6-15 years of marriage) revealing Candida spp. and slight
increase in nuclear-cytoplasmic ratio (Pap stain, 400X)

Fig. 2. Cervical smear from a participant (case group) (6-15
years of marriage) revealing LGSIL (Pap stain, 400x)
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Fig. 3. Cervical smear from a participant (case group) (<5 Fig. 7. Cervical smear from a participant (case group) (6-15

years of marriage) revealing Candida spp. (Pap stain, 400x) years of marriage) revealing ASC-US also with Candida spp.
(H&E, 400x%)

Fig. 4. Cervical smear of a participant (case group) (16-25
years of marriage) revealing LGSIL (Pap stain, 400x) Fig. 8. Pap smear of a participant (case group) (26 years
and older of marriage) revealing LGSIL (H&E, 400x)

Fig. 5. Cervical smear from a participant (control group)
(6-15 years of marriage) revealing normal squamous cells Fig. 9. Cervical smear from a participant (case group) (16—
(H&E, 400x) 25 years of marriage) revealing ASC-US also with Candida

spp. (H&E, 400x)

years of marriage) revealing Candida spp. and cytolysis Fig. 10. Cervical smear from a participant (case group)
(H&E, 400x%) (6-15 years of marriage) revealing cervical cervicitis (H&E,

Fig. 6. Cervical smear from a part|C|pant (case group) (6-15 i T

400x)
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Discussion

Infertility is a global problem that affects between 8-10%
of couples.” Infertility can be primary or secondary. Pri-
mary infertility is when a person has never been achieved
by a pregnancy, and secondary infertility is when at least
one prior pregnancy has been achieved.* Generally, pel-
vic inflammatory disease, which is frequently brought
on by sexually transmitted infections (STDs), particu-
larly Chlamydia trachomatis (CT) is more common than
infertility.® The idea that women experiencing infertil-
ity are at increased risk of developing cervical intraepi-
thelial lesions or even carcinoma, was reinforced by the
fact that these women are typically treated with exoge-
nous hormones and are exposed to sexually transmitted
infections (STDs) and HPV.?>?® Qvulation failure is the
most frequent reason for infertility in women.” Cervical
cell abnormalities can be detected early with Pap smear
screening, which also triggers intervention according to
established criteria. It has been demonstrated that screen-
ing is associated with a considerable decline in the preva-
lence of invasive cervical cancer.”

In this study, about 50 cases and 50 controls were
screened for Pap smear test using Papanicolaou and
hematoxylin and eosin staining techniques. Partici-
pants between the ages of 40-49 were observed to be
the highest number of cases randomly recruited for
this study, while participants between the ages of 30
39 were observed to be the highest number of controls
randomly recruited for this study. This study observed
a significant association on the age of the participants
(p=0.042) and years of marriage (p=0.014) between
the case and control group. Among the cases recruited
for this study, most had a menstrual flow for 4-6 days,
while among the controls, majority had a menstrual
flow for 1-3 days. This is in parallel with the study car-
ried out in Sudan by Almobarak et al., who revealed
that bad menstrual flow among Sudanese is the main
cause of infertility among women.” In terms of the
number of times sexual intercourse with their spouses
in the cases, majority always had intercourse 25 times
a week. Regular intercourse among cases may be due
to the eagerness of having conception. This finding is
in tandem with the study conducted in Saudi Arabia by
Al-Jaroudi and Hussain.?

This study revealed that most cases had no previ-
ous Pap smear result, as evident by the fact that many
of them did not know what the test entails. Most of
those who had heard about it were unaware of the rec-
ommended frequency of Pap smear tests within a year.
This research contradicts the findings conducted in Ni-
ger and Iran by Owoeye and Ibrahim and Tran et al.
which found that only 50.6% and 44.3% of the partici-
pants, respectively, were aware of cervical cancer screen-
ing tests.”>** This discrepancy may be due to low health
awareness in the study area.

The results of this study observed that some of the
cases did not know about ovulation, this could be as
a result of a low level of education among the partici-
pants. Only 34% of the cases in this study had a good
understanding of when they usually ovulate. This low
percentage is consistent with a study by Wolde et al.
that found that 23% of Ethiopian women of childbear-
ing age know about their fertile period and its determi-
nants.* The study was based on a multilevel analysis of
data from the Ethiopian demographic and health sur-
vey of 2016.

Among the cases recruited for this study, there was
a higher prevalence of abnormal cervical smear com-
pared to controls. This abnormal prevalence of Pap
smear is consistent with the 29.5% of subfertile par-
ticipants in the study conducted in Saudi Arabia by
Al-Jaroudi and Hussain who examined the prevalence
of abnormal cervical cytology among subfertile Saudi
women.” Also, in the study by Lundqvist et al. on the
cytological screening and human papilloma virus test in
women undergoing artificial fertilization.’> Their find-
ings revealed different results, reporting aberrant cy-
tology in 4.1% of the control and 2.3% of the infertile
participants. However, this study had numerous draw-
backs, including a small sample size of 100 participants.

Cervical cervicitis was observed in cervical smears
of the case group. However, cervical cytology is meant to
be one of the diagnostic tools to examine gynecological
infections, additional microbiology and immunology
research is usually advised in microbiology and immu-
nology. This study observed that 30% of the case group
had atypical squamous cells of unknown significance;
2% had low-grade squamous intraepithelial lesion,
while none of the case group had high grade squamous
intraepithelial lesion. These findings contrast with the
study by Pushp et al. who reported ASCUS to be 2.9%
of screened women, LSIL 5.09% and HSIL to be 0.48%.
These findings are similar to those of Verma et al. who
found LSIL in 5.5% and HSIL in 2.5% of their wom-
en screened at King Georges Medical University, Luc-
know, UP, India.** In addition, Padmini et al. conducted
a study on the cytological and colposcopic evaluation of
unhealthy cervix in women who attended the gyneco-
logical outpatient department of Sri Siddartha Medical
College, India.* The study revealed that 5% of the par-
ticipants had LSIL and 3% had HSIL. A study by Nayani
and Hendre reported a higher percentage of LSIL (8.6%)
and HSIL (3.8%) lesions.* Cytologists disagree on the
threshold for the ASC-US diagnostic category, which
characterizes cellular abnormalities more marked than
those caused by reactive alterations, but which do not
quantitatively or qualitatively support a conclusive diag-
nosis of low-grade squamous intraepithelial lesion. The
high prevalence of ASCUS cytological abnormalities
seen in this study may be caused by variations in age, in-
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cidence of associated infections, awareness of screening,
and the existence or nonexistence of cervical screening
programs across the nation. The epithelial pathological
diagnosis of SIL has a 4.9% detection rate, according to a
study conducted in Saudi Arabia by Magdy et al.”” Lack
of screening programs and low awareness of screening
contributed to the low SIL rate. According to Saha et
al.® ASCUS is the most prevalent cytological anomaly,
which is consistent with these findings. Infiltrate of in-
flammation cells were seen in 72% of the study partic-
ipants, while 26% of Pap smears revealed an increased
nucleocytoplasmic ratio. This finding is contrary to the
studies conducted by Atilgan et al. and Kulkarni et al.,
both observed a higher prevalence (95%) of infiltrates
of inflammatory cells among Turkish and Indian wom-
en.** The low prevalence observed in this study sug-
gests that participants had less genital tract infections,
which are common in women of reproductive age and
have a significant financial impact. Many women with
cervicitis or vaginitis have been found to not exhibit any
symptoms. According to studies of Bhutia et al. and Ba-
routi et al., women who have prolonged inflammation
should receive the proper care because failing to do so
raises the risk of developing intraepithelial cervical le-

sions. 42

Conclusion

The need to screen for cervical cytology in infertile par-
ticipants is emphasized by the high frequency of abnor-
mal cervical cytology among this group of participants.
However, compared to participants who are fertile, this
study also found that infertile participants had abnor-
mal pap smears far more frequently. Governments and
non-governmental organizations should encourage the
general awareness among women of regular cervical
screening should be encouraged by governments and
non-governmental organizations.
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ABSTRACT

Introduction and aim. This study explores the proliferative growth of cervical mucosal epithelial cells during the postmeno-
pausal period, offering new insights on age-related changes in cervical tissues, a topic previously under-examined in post-
menopausal health research. By employing histologic analysis, immunostaining techniques, and Ki-67 mitotic index assess-
ment, this research provides novel data on the alterations in cervical epithelial cells during and after menopause. The findings
enhance our understanding of the biological processes affecting cervical health in the postmenopausal phase, which is increas-
ingly significant as the global population ages and emphasizes the need for tailored healthcare approaches. The primary goal
was to investigate the proliferative growth of cervical mucosal epithelial cells in postmenopausal women by assessment of Ki-
67 gene activity in progesterone-positive cells in normal and pathological postmenopausal periods (PMPs) in the presence or
absence of autonomic symptoms, manifested by mood instability, headaches and dizziness.

Material and methods. This research involved analyzing tissue samples from 149 postmenopausal women with suspicion of
malignancy using histologic and immunostaining methods to evaluate epithelial cell proliferation markers, with the Ki-67 mi-
totic index as a key measure. The average activity of the Ki-67 gene was evaluated using the global scoring method, with Ki-67
percentages below 2.5% considered low. Statistical analysis included both parametric and non-parametric methods, specifi-
cally Student’s t and Wilcoxon'’s tests.

Results. The study found a reduction in the proliferative activity of cervical mucosal epithelial cells during the normal post-
menopausal period, indicated by a significant decrease in Ki-67 expression in the exocervical zone and during the first year in
the transformation zone and the endocervix (p<0.01).

Conclusion. Understanding the proliferative growth of cervical mucosal epithelial cells during the postmenopausal period
helps to understand the dynamics of age-related cervical tissue. These results can lead to better prevention and monitoring
strategies for cervical health in postmenopausal women.
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Introduction

According to the global scientific literature, it is known

that the outside of the cervix is covered with a pink-col-

ored multilayer squamous epithelium.'? Four main

layers of keratinocytes have been identified in the mul-

tilayer epithelium:

- the first layer - basal cells (characterized by large
nuclei and high nuclear-cytoplasmic ratios),

- the second layer parabasal cells,

- the third layer -intermediate cells,

- the fourth layer - superficial cells with low nuclear-

-cytoplasmic ratios, containing glycogen.

At the external cervix, the squamous epithelium,
which consists of multiple layers, interfaces with cylin-
drical epithelial cells.** Occasionally, cylindrical epithe-
lium can extend to the cervix’s outer surface and around
the external os, a phenomenon known as ectopia. This
is a common occurrence in newborn girls, where the
cylindrical epithelium gradually transitions into mul-
tilayered squamous epithelium as they age. This trans-
formation is facilitated by reserve cells located between
cylindrical epithelial cells, which give rise to patches of
multilayered squamous epithelium.®’

Ectopia may also result from the body’s response
to hormonal contraceptives or pregnancy and can oc-
cur due to hormonal treatments during the postmeno-
pausal period to extend menopause and prevent rapid
involution of the genitourinary organs.*® In women of
reproductive age, the boundary between the squamous
and cylindrical epithelium is typically aligned with the
external os, while in younger women, it is located on
the endocervix and in older women, it is found within
the cervical canal. This boundary, known as the trans-
formation zone, is crucial and warrants meticulous ex-
amination by specialists.'®'?
a complex multilayered system that interacts intricately
both internally and with the adjoining cylindrical epi-
thelium.

Menopause significantly impacts various physiolog-
ical processes, including the structure and function of
cervical tissues. The postmenopausal period is charac-
terized by a decline in estrogen levels, leading to thin-
ning of the cervical epithelium and a reduction in its
regenerative capacity. This hormonal change contrib-
utes to a decreased proliferative activity of cervical mu-
cosal (CM) epithelial cells, as indicated by lower Ki-67
expression, and a diminished ability to respond to envi-
ronmental and physiological challenges. Furthermore,
menopause is associated with changes in the microen-

The cervical epithelium is

vironment of the cervix, such as altered immune re-
sponses and increased susceptibility to infections and
neoplastic transformations."” The impact of menopause
on cervical health is further complicated by infections
by human papillomavirus (HPV). HPV, particularly
high-risk strains like HPV-16 and HPV-18, disrupt nor-

mal cellular processes by inactivating tumor suppressor
proteins p53 and Rb via its oncoproteins E6 and E7. This
leads to uncontrolled cell proliferation, impaired apop-
tosis, and genomic instability. HPV-induced chang-
es can transform normal endocervical epithelium into
precancerous lesions, increasing the risk of cervical can-
cer.'*® Therefore, understanding the combined effects
of menopause and HPV infection is crucial for devel-
oping tailored medical approaches to manage cervical
health in postmenopausal women.

The cervix has three distinct sections characterized
by unique morphological features and varying immu-
nological activities. The physiological regeneration of
these different epithelial layers involves cambium-like
cells and follows diverse signaling pathways for dif-
ferentiation and specialization. This process necessi-
tates an understanding of not just cellular plasticity but
also the patterns of neurohormone systems, known as
keilons.** The intermediate area, known as the transfor-
mation zone, is a critical site for microbial contamina-
tion and the localization of cells prone to malignancy."”
Research has yet to fully explore the phenotypes of in-
nate and adaptive immune cells and their interactions
under conditions of papillomavirus infection. Studies by
the authors have revealed that the quantitative and qual-
itative characteristics of the differon system, including
local mucosal immunity, differ significantly from those
in more proximal regions.

Aim

The research aim is to investigate the proliferative
growth of cervical mucosal epitheliocytes by assessment
of Ki-67 gene activity in progesterone-positive cells
during normal and pathological postmenopausal peri-
ods (PMPs).

Material and methods

The main aim of this research was to explore the pro-
liferative growth of cervical mucosal epithelial cells in
patients from the Primorsky Region across various age
groups. The study involved analyzing 149 cervical mu-
cosa biopsy specimens prepared at the Medical complex
of Far Eastern University that were collected from pa-
tients with clinical indications for malignancy in accor-
dance with the Declaration of Helsinki (2000, 2013) and
approved by the Local Ethics Committee of Far Eastern
Federal University, Vladivostok (protocol No. 6 dated
April 19, 2023).

The study compared the clinical material of wom-
en (in equal proportions, 74 and 75, respectively) with
the normal and pathological course of the postmeno-
pausal period (depending on the presence or absence of
persistent symptoms in the form of vegetative-vascular
manifestations with emotional instability, headaches and
dizziness). Observed samples were obtained from differ-
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ent patients for 5 years. During the first year of study bi-
opsies of 25 patients were analyzed, the second year 30
patient samples were analyzed, the third year 42 patient
samples were analyzed, the fourth year 33 patient sam-
ples were analyzed, and the 5" year 29 patient samples
were analyzed. Patients did not have high HPV activi-
ty, surgical interventions, or hormonal medications in
the past 10 years before visiting a gynecologist. The nor-
mal postmenopausal period occurred in women without
signs of cellular atypia and malignancy (those women in
whom immunohistochemistry (IHC) did not confirm
the presence of factors predisposing to tumor growth). In
the pathological postmenopausal period, signs of cellular
atypia with high Ki-67 activity were found.

Progesterone-positive cells were identified in rou-
tine IHC diagnosis. As a marker, a monoclonal antibody
clone of the progesterone receptor (PgR 636), specifical-
ly targets the progesterone receptor (PR), was applied.
This antibody binds to the PR protein in formalin-fixed
paraffin-embedded tissue sections, allowing the detec-
tion of PR-expressing cells. Following primary antibody
binding, a secondary antibody conjugated with an en-
zyme or fluorescent marker was applied, enabling vi-
sualization under a microscope, typically as a brown
chromogenic signal.

General morphological characteristics were identi-
fied using hematoxylin and eosin staining, while pro-
liferative activity in the epithelial lamina was assessed
by the Ki-67 marker, counting mitoses per 100 cells.
Progesterone-positive cells were quantified by IHC as-
sessment of level protein expression over a 4 mm” area,
with 213 positive cells distinguishing normal course
from pathological course of the postmenopausal pe-
riod. Average Ki-67 gene activity was evaluated using
the global scoring method, with Ki-67 percentages be-
low 2,5% considered low. Statistical analysis employed
both parametric and non-parametric methods, includ-
ing Student’s and Wilcoxon’s tests, facilitated by stan-
dard software packages like LYSYS IT (“Becton Dikinson
Immunocytometry system”). Visual documentation was
captured using a digital camera with DPx25 software.

Results

Analysis of proliferative activity at different stages of a
the postmenopausal period showed differences in vari-
ous sections of the cervical mucosa (Figs. 1 and 2).

Thus, we observed that in postmenopausal women
there is an increase in progesterone receptors, a decrease
in estrogen levels is associated with a decrease in estro-
gen receptors and a sharp decrease in proliferative activ-
ity in the epithelial lamina of the CM (Fig. 3).

The number of Ki67-positive cells in the pathologic
course during the postmenopausal period increases to
a greater extent in the exocervical CM compared to the
norm, which can be attributed to pathogen contamina-

tion and adaptive sloughing of the epithelium on the ep-
ithelial surface, these data for norm and pathology are
presented in Tables 1 and 2.

Microscopic examination
SLCE
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Fig. 1. Scheme of the cervical epithelium, SSE stratified
squamous epithelium of the exocervix, CE TZ columnar
epithelium of the transformation zone, SLCE single-layered
cylindrical epithelium of the endocervix

L s

Fig. 2. 63-year-old woman, localization of Ki67 gene
protein with low expression (dim brown markers in
image) in the structures of the cervical mucosa in normal
postmenopausal period (Immunohistochemistry with
hematoxylin, 400x)

Fig. 3. Localization of the Ki67 gene protein with high
expression (bright brown markers in image) in the
structures of the cervical mucosa in the presence of polyps
in the cervical mucosa (Immunohistochemistry, 200x)
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When statistical analysis was performed to compare
the average using Student’s test and the difference in the
distribution of the data using the Wilcoxon test, it was
determined that there were statistically significant dif-
ferences in the exocervix in any period (average over
the next 5 years after the onset of expression at 2.34%
at normal vs. 2.78% at pathology), and in the transfor-
mation zone (2.4% at normal vs. 3.2% at pathology) and
endocervix (1.8% at normal vs. 2.5% at pathology) in
the first year of postmenopause as a function of PMP
normality (p-value < 0.01) and increased mean Ki-67
expression level at pathology; no statistically significant
differences were observed in the transformation zone
and endocervix in subsequent years after the onset of
postmenopause with respect to the progression of PMP.

Table 1. Evaluation of the location and quantification of
Ki-67-positive cell activity in the CM of patients*

Average Ki-67 gene activity in normal postmenopausal

(M structures period (number of mitoses per 100 cells in %)
control lyear 2year 3year 4year 5year Total average for
PMP  PMP PMP PMP PMP 5 years
Exocervix 3.2 24 2 29 1.2 234
Transformation zone 24 24 21 26 1.1 212
Endocervix 18 24 1.9 1.5 11 1.74

*CM - cervical mucosa, PMP - postmenopausal period

Table 2. Evaluation of location and quantitative
characterization of Ki-67 - positive cells activity in CM of
patients with pathological course of postmenopausal
period*

Average activity of the Ki-67 gene

(M structures in the pathological course of the postmenopausal period
in the observation (number of mitoses per 100 cells in %)
group lyear 2year 3year 4year 5year Total average
PMP  PMP  PMP  PMP PMP for 5 years
Exocervix 4.2 2.9 25 2.6 1.7 2.78
Transformation zone 3.2 25 22 1.8 13 22
Endocervix 2.5 24 1.9 1.6 0.8 1.84

*CM - cervical mucosa, PMP - postmenopausal period

Discussion

The observed variations in the activity of the Ki-67 gene
in different sections of the CM reveal complex patterns
of regenerative potential during the postmenopausal pe-
riod. Our findings contribute novel insights into the dy-
namic nature of cervical tissue regeneration, expanding
the existing literature.®’

A particularly notable result is the significantly
higher activity of the Ki-67 gene observed in the exo-
cervix, corroborating and extending previous research
that reported elevated regenerative potential in this out-

ermost cervical layer.%” This robust regenerative activi-
ty, marked by increased cell proliferation, highlights the
exocervix’s essential role as a protective barrier against
environmental challenges, suggesting that constant ex-
posure to external factors requires active tissue renewal
and repair. In contrast, other studies have indicated no
significant decrease in Ki-67 gene activity in the trans-
formation zone compared to the exocervix.'

This discrepancy could arise from differences in
study populations, methodologies, or age group defi-
nitions. Our findings suggest a nuanced transition in
the balance between cell proliferation and turnover as
the cervical mucosa progresses from the exocervix to
the transformation zone. More research on hormonal
signaling, microenvironmental factors, and molecular
mechanisms specific to this region is needed to clarify
these differences.

Our findings regarding the endocervix, which ex-
hibited the lowest Ki-67 gene activity, align with previ-
ous data indicating a reduced regenerative potential in
this innermost cervical layer.'® This diminished prolif-
erative activity offers valuable insights into the cellular
mechanisms associated with age-related changes in cer-
vical tissues. Investigating the molecular pathways that
regulate the endocervix’s regenerative potential could
reveal novel therapeutic targets for age-related cervical
health issues, underscoring the importance of our study
in advancing a broader scientific understanding of post-
menopausal cervical dynamics.

HPYV infection, particularly with high-risk strains
such as HPV-16 and HPV-18, significantly affects the
regenerative and transformation mechanisms of the en-
docervix by disrupting normal cellular processes. The
viral oncoproteins E6 and E7 inactivate tumor suppres-
sor proteins p53 and Rb, respectively, leading to un-
controlled cell proliferation and impaired apoptosis.
This interference alters the regenerative potential of en-
docervical cells, initially increasing proliferation but
eventually causing genomic instability. Furthermore,
HPV-induced changes can promote the transformation
of normal squamous epithelium into precancerous le-
sions, increasing the risk of cervical cancer. Studies have
shown that HPV infection can also result in chronic in-
flammation, further exacerbating cellular damage and
dysregulation.'" Additionally, the integration of HPV
DNA into the host genome can disrupt key regulato-
ry regions and contribute to the carcinogenic process."
The persistent infection and the resulting cell changes
highlight the critical need for monitoring and manag-
ing HPV infections to mitigate their impact on cervi-
cal health.

The comparative analysis with existing research of-
fering new perspectives on the regenerative potential
of various cervical mucosal sections during the post-
menopausal period. These insights contribute to a more
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comprehensive understanding of age-related changes
in cervical tissues and establish a foundation for poten-
tial therapeutic interventions. Notably, the ectocervix’s
low Ki-67 gene activity suggests a relatively diminished
regenerative capacity, likely due to natural aging, hor-
monal changes, or other postmenopausal physiological
factors. This observation highlights the cellular mech-
anisms behind age-related changes in cervical tissues.
Further exploration of the molecular pathways involved
could lead to novel therapeutic approaches for manag-
ing age-related cervical health issues.

Conclusion

In this study, we elucidated the regenerative potential of
distinct sections of the CM by examining Ki-67 gene ac-
tivity across PMP age groups. The findings reveal a nu-
anced age-related dynamic in the proliferative activity
of cervical mucosal epithelial cells, aligning with the re-
search objectives.

Our investigation demonstrated significantly high-
er Ki-67 gene activity in the exocervix, indicating ro-
bust regenerative potential and active tissue renewal
and repair mechanisms. This emphasizes the exocervix’s
crucial role in maintaining a healthy cervical barrier, es-
pecially against environmental challenges.

Conversely, the transformation zone showed a no-
table decrease in Ki-67 gene activity compared to the
exocervix, suggesting a shift in the balance between cell
proliferation and turnover as the mucosa transitions
from the exocervix to the transformation zone. This dy-
namic may be influenced by hormonal signaling, micro-
environmental factors, or other molecular mechanisms
specific to this region.

Additionally, the study revealed the endocervix’s
lowest Ki-67 gene activity values, indicating a relative-
ly diminished regenerative potential in this innermost
layer. This observation provides critical insights into the
cellular mechanisms underlying age-related changes in
cervical tissues, aligning with our objective to explore
the postmenopausal period’s impact comprehensively.

The practical significance of these findings lies in
their potential to inform tailored medical approaches
for postmenopausal women, enabling improved preven-
tion and monitoring strategies for cervical conditions.
Understanding the regenerative dynamics of different
cervical sections contributes to the broader landscape of
women’s health, guiding healthcare professionals in ad-
dressing age-specific concerns. However, this study has
limitations, since it was performed in a single medical
institution, and there was no more complete informa-
tion about the patients’ medical history and their fur-
ther treatment.

Looking forward, future research endeavors should
delve deeper into the molecular pathways governing the
regenerative potential of each cervical section. Investi-

gating specific factors influencing Ki67 gene activity and
exploring potential therapeutic interventions based on
these insights could enhance our ability to address age-re-
lated cervical health issues more effectively. Additionally,
expanding the study to include a broader demographic
and considering longitudinal assessments could provide
a more comprehensive understanding of the age-related
dynamics in cervical mucosal epitheliocytes.

In conclusion, our study advances the understand-
ing of age-related changes in cervical tissues, providing
valuable insights into the regenerative potential of dif-
ferent cervical mucosal sections. These findings con-
tribute to the evolving field of women’s health, with
implications for personalized medical approaches and
avenues for further in-depth exploration.
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ABSTRACT

Introduction and aim. Osteotomy procedures play a crucial role in achieving the desired osseous contour and elimination of the
pocket. Traditional instruments such as chisels, files, and rotating burs have limitations including heat generation and tissue dam-
age. Novel instruments like piezoelectric and hard tissue lasers offer potential advantages in terms of precision and reduced tissue
trauma. The aim of this study was to compare the chemical and morphological characteristics of bone surfaces after osteotomy
procedures performed with three different instruments: piezoelectric, hard tissue laser, and low-speed handpiece.

Material and methods. Fifteen fresh cadaver bone specimens were randomly assigned to three groups: group A (piezoelectric),
group B (hard tissue laser) and group C (low-speed handpiece). Osteotomy procedures were performed according to standard-
ized protocols. The specimens were determined under an energy-dispersive X-ray spectroscopy.

Results. Analysis of morphological and chemical characteristics revealed significant differences in bone surface characteristics
between groups. Groups A and B exhibited the smoothest surface with minimal tissue damage and microfractures. Group C
showed the roughest surface with prominent microfractures and tissue damage.

Conclusion. Hard tissue laser and piezosurgery have shown better results due to greater precision as they preserved the bone mor-
phology, with less microfracture and chemical demineralization after osteotomy preparation compared with low-speed handpiece.
Keywords. hard tissue laser, osteotomy, piezoelectric device

Introduction despite their widespread use, these methods present sig-

Osseous surgery, particularly in periodontics, involves
osteotomy and osteoplasty to remove periodontal pockets
and reshape the bone to achieve a more physiological os-
seous contour. Traditional methods employ tools such as
rongeurs, files, chisels, and rotating instruments such as
steel bursts, diamond bursts, and carbide burs. However,

nificant challenges, including excessive heat generation,
mechanical stress, and the potential for tissue necrosis,
which can compromise clinical outcomes."*

The generation of heat during bone cutting with ro-
tary instruments is a major concern, as it can lead to
thermal injury of bone tissue. This risk persists even
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with the incorporation of internal cooling mechanisms
into these instruments. Several studies have shown that
elevated temperatures during osseous surgery can cause
irreversible damage to the bone, leading to delayed heal-
ing, bone resorption, and, in some cases, implant fail-
ure.** Furthermore, the mechanical forces exerted by
these tools can increase the risk of microfractures in the
bone, particularly in situations involving brittle or com-
promised bone structures.’

In addition to thermal and mechanical challeng-
es, conventional osseous surgery techniques carry the
risk of injuring critical anatomical structures. For ex-
ample, inadvertent damage to the Schneiderian mem-
brane during maxillary sinus procedures or the inferior
alveolar nerve during mandibular surgery can result in
significant complications, such as chronic pain, altered
sensation, or even permanent nerve damage.®’

To address these limitations, advanced technologies
such as piezoelectric devices and hard tissue lasers have
been introduced into dental surgery. Piezoelectric sur-
gery, first introduced by Vercellotti in the early 2000s,
has gained popularity due to its ability to perform pre-
cise bone cuts with minimal damage to surrounding soft
tissues. This technique operates through the ultrason-
ic vibration of a piezoelectric crystal, which generates
micro-movements at the surgical tip, enabling selec-
tive bone cutting while sparing vital structures.® Studies
have shown that piezoelectric surgery not only reduc-
es the risk of thermal injury, but also enhances surgical
precision, reduces postoperative pain, and accelerates
healing compared to traditional methods.>"

Laser technology has also revolutionized dental
surgery and offers several advantages over convention-
al methods. Since the development of the ruby laser by
Theodore Maiman in 1960, lasers have been increasing-
ly used in various dental applications, including osseous
surgery. Lasers provide improved visibility, hemostasis,
and a relatively dry surgical field, which are particular-
ly beneficial in periodontal procedures. The interaction
of laser energy with biological tissues is wavelength-de-
pendent, with specific tissue components, known as
chromophores, absorbing wavelengths more efficient-
ly. For example, carbon dioxide (CO,) lasers, which op-
erate in the infrared spectrum, are highly absorbed by
water, making them effective for soft tissue procedures.
However, its application in hard tissue surgery, such as
bone, is limited due to the risk of excessive heat genera-
tion and subsequent thermal damage.'""?

Erbium-doped lasers such as the Er: Cr: YSGG la-
sers have emerged as viable alternatives for hard tissue
applications. These lasers operate at wavelengths that
are highly absorbed by both water and hydroxyapatite,
the primary mineral component of bone. This selective
absorption allows for precise ablation of bone tissue
with minimal thermal damage, making them suitable

for procedures such as osteotomy and osteoplasty. Re-
search has shown that erbium lasers can effectively cut
bone with less collateral damage, reduced postoperative
inflammation, and faster healing times compared to tra-
ditional rotary instruments.'>!

Despite the advantages of piezoelectric devices and
lasers, further research is still needed to fully under-
stand their effects on bone morphology and chemical
characteristics after osteotomy. Previous studies have
focused primarily on clinical outcomes, such as heal-
ing times and complication rates, but there is a lack of
comprehensive data on the microscopic and chemical
changes that occur in bone tissue after these advanced
surgical techniques.”” Understanding these changes is
crucial to optimize surgical protocols and improve pa-
tient outcomes in periodontal osseous surgery.

Aim

This study aims to address this gap in the literature by
conducting a comparative evaluation of the morpholog-
ical and chemical characteristics of bone surfaces fol-
lowing osteotomy using a low-speed handpiece, a hard
tissue laser, and a piezoelectric device. By analyzing dif-
ferences in bone surface morphology and mineral con-
tent, this research will provide valuable information on
the effectiveness of these advanced technologies in pre-
serving bone quality and promoting successful peri-
odontal regeneration.

Material and methods

The experimental analysis was conducted on 15 newly
obtained sternal sections of porcine ribs (Fig. 1), which
were divided into 2 halves with sagittal osteotomy. Por-
cine bone is frequently utilized as a biomechanics model
due to its cancellous density and cortical thickness com-
parable to human bone. The outer section of these bone
blocks is densely cortical, while the interior portion is
mainly composed of medium-density (D2-D3) trabec-
ular bone. Before the osteotomy procedures, the bone
blocks were cut into the desired size of the measurement
using a hard tissue microtome (Isomet®1000 Precision
Saw) with a speed of 150 Rpm (Fig. 2).

After the initial preparation of the porcine bone,
they are divided into three groups for osteotomy proce-
dures. Each group consists of 5 samples, which will be
split into two halves.

- Piezosurgery: The Piezosurgery system with insert
tip B1 (WandH Piezomed). The cuts were made in

a horizontal direction in the bone blocks (Fig. 3A).
—  Hard tissue laser: Er:Cr: YSGG (Waterlase — iPlus)

was the hard tissue laser system that was used. The

laser parameters were as follows: Wavelength (A):

2780nm; Power: 3W; Frequency: 30Hz; Air: 80%; Wa-

ter: 70%; Handpiece: Turbo Mx7 with a spot diameter
of 700 um and the mode used was H mode (hard tis-
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sue mode) and the Waterlase turbo handpiece func- lected. Scanning electron microscopy (SEM) was used
tioned in a non — contact mode at an optimal distance in this study to analyze the surface morphology of
between 3 to 5 mm from the bone block (Fig. 3B). bone tissues after osteotomy. SEM is highly effective
- Low-speed handpiece: The low-speed handpiece in providing high-resolution images that reveal micro-
system was used with 702 carbide burs with an rpm structural details of bone, such as surface roughness, po-
of 35,000 with the appropriate coolant (Fig. 3C). rosity, and the impact of different surgical instruments

on bone integrity. The technique allows for detailed vi-
sualization of how osteotomy methods alter bone sur-
faces, thus contributing valuable insights into the effects
of surgical interventions on bone morphology. SEM has
been widely used in similar studies to examine the mi-
crostructure of bone and other mineralized tissues, al-
lowing for a complete understanding of the material’s
properties of the material at the microscopic level.'s
Energy SEM combined with energy-dispersive
X-ray spectroscopy (EDS) is a powerful analytical tech-
nique used to examine the surface morphology and el-
Fig. 1. Freshly obtained sternal sections of porcine ribs emental composition of materials at high resolution.
When applied to bone tissue, this method allows for a
precise analysis of calcium and phosphate, the primary
components of hydroxyapatite, which is the mineralized
matrix of bone. By detecting the characteristic X-rays
emitted from these elements during SEM imaging, EDS
provides quantitative and qualitative data on their dis-
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~ B ,' ’: ,_,' @ Q tribution, enabling a detailed study of bone mineraliza-

peen —_— tion and composition.”” Calcium and phosphate analysis

was performed. All statistical procedures were per-

Fig. 2. Isomet’ Precision saw formed using the Statistical Package for Social Sciences

(SPSS, IBM< Armonk, NY, USA) 20.0. Statistical anal-

ysis was performed using one-way ANOVA test. Ethi-

cal approval was acquired from the institutional ethical

W, committee of Vinayaka Mission Sankarachariyar Dental
i College IRC/24062022/S/1.

Results
Figure 4 presents the SEM images.

Fig. 4. SEM images of A: group | (piezoelectric), B: group Il
(hard tissue laser), C: group llI (low-speed handpiece)

There are no morphological changes in group I
(piezoelectric) and group II (hard tissue laser); group III
(low-speed handpiece) shows significant changes in the
bone morphology. Figure 5 shows SEM with EDS.

Fig. 3. A:WandH piezomed with B1 tip, B: Waterlase — iPlus
(Turbo Mx7 handpiece with a spot diameter of 700 um), C:
Low-Speed Handpiece with 702 carbide bur

For every sample, a cross-sectional surface was se-
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Fig. 5. EDS of A: group |, B: group lI, C: group IlI

Table 1 denotes that the calcium particles were sig-
nificantly decreased in group III (mean value=21.46)
than in other groups, which signifies more calcium de-
struction. Both groups I and II do not have a significant
reduction in calcium levels after osseous preparation.

Table 1. Comparison of calcium levels among group
I(piezoelectric), group Il (hard tissue laser), and group I
(low-speed handpiece)

Calcium analysis

Group n ANOVA p
Mean SD SE

Group | 10 24.94 0.542 0.171

Group Il 10 25.02 0.315 0.100 232.99 0.001

Group Ill 10 21.46 0.373 0.118

Total 30 23.81 1.736 0.317

Table 2 denotes that phosphate levels were signifi-
cantly decreased in group III (mean value=12.51) com-
pared to group I and II. Both groups I and II do not
have a significant reduction in calcium levels after osse-
ous preparation.

Table 2. Comparison of phosphate levels among group
| (piezoelectric), group Il (hard tissue laser) and group llI
(low-speed handpiece)

Phosphate analysis
n ANOVA p
Mean SD SE
Group 10 17.20 0.495 0.157
Group I 10 17.27 0.624 0.197 223.61 0.001
Group lll 10 12.51 0.602 0.190
Total 30 15.66 2331 0.426

Discussion

This in vitro analysis assessed the ultrastructural and
morphological properties of bone tissue after perform-
ing osteotomy with a piezoelectric device, hard tissue
laser, and low-speed handpiece. Bone is composed of
apatite crystals surrounded by an organic matrix. The
EDX-SEM study exhibited that Er:Cr: YSGG (“Wa-
terlase — iPlus”) with parameters -Wavelength (\):
2780nm; Power: 3W; frequency: 30Hz; Air: 80%; Wa-

ter: 70%; handle: The 700 um spot diameter of Turbo
MXx7 is precise, with regular boundaries and sharp edg-
es that are clearly defined for the surrounding tissue. It
also shows no signs of thermal degradation. The same
results were noted by Sasaki et al.'® Furthermore, when
exposing bone tissue to radiation using the Er:Cr:YSGG
(Waterlase — iPlus) laser, they did not discover any re-
gions of melting or carbonization. The microirregulari-
ties on the surface and the absence of a smear layer are
the consequence of thermomechanical ablation, which
is highly dependent on the energy used during radia-
tion. Dental or bone tissues absorb nearly all the energy
applied due to the ‘high absorption coefhicient of the Er:
Cr: YSGG wavelength (2940 nm) in water along with
hydroxyl ions of hydroxyapatite.'** This results in an in-
stantaneous increase in local temperature.

Water is vaporized by heat, and tissue ablation and
microexplosions are produced by internal positive pres-
sure.

Safer osteotomies and several other treatments, in-
cluding ridge splitting, bone harvesting, and orthog-
nathic and neurological surgeries, can now be carried
out with the help of piezosurgery. It cuts bone selectively
and does not harm soft tissue.”' The piezosurgery device
is made up of a unique piezoelectric ultrasonic trans-
ducer that can drive a variety of resonant cutting inserts.
It is powered by an ultrasonic generator. With control
over surgical operations in all anatomical scenarios, the
piezoelectric drill’s cutting action is the consequence of
linear microvibrations of an ultrasonic nature, with a
range between 60 pm to 200 pm in a longitudinal di-
rection. Panduric et al. conducted a study to analyze
morphological, chemical, and crystallographic chang-
es in bone tissue after osteotomy performed with an er-
bium:yttrium-aluminum-garnet (Er:YAG) laser and a
low-speed pilot drill. They concluded that the Er:YAG
laser ablation did not cause any chemical or crystallo-
graphic changes of the bone tissue. Compared to the
drill, Er:YAG laser created well-defined edges of the
preparations, and the cortical bone had no smear layer.?

Many studies have been performed that compare the
results of osteotomy performed using conventional drill
systems and piezoelectric systems. Esteves et al. stud-
ied the variations between osteotomies performed with
piezosurgery and a traditional drill in terms of “histo-
morphometrical, immunohistochemical and molecu-
lar analysis” and found that aside from a slightly greater
amount of recently formed bone found 30 days after
the use of the piezosurgery device, there were no differ-
ences between the bone healing from a histological and
histomorphometric perspective.”® However, in different
research, Esteves et al. compared the effectiveness of a
piezoelectric device with a frequently used diamond bur
(DB) or carbide bur (CB), showing the healing rate of a
postoperative wound in a dog model after osteoplasty
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and osteotomy.** The surgical sites treated with CB or
DB showed a loss of bone relative to baseline measures,
while the surgical sites treated by PS showed a degree
of bone growth by the 14™ day. Ercoli et al. examined
the wear, heat production, durability, and cutting efhi-
ciency of implant drills in environments that simulate
implant placement.” They concluded that cutting dura-
bility and efficiency are highly influenced by the design,
material, and mechanical characteristics of drills. Im-
plant drills can be used repeatedly without raising bone
temperature to potentially dangerous levels. Deep oste-
otomies can develop localized temperatures that could
be detrimental to the bone if the drilling is carried out
continuously. Rashad et al. conducted research to assess
metal attrition residues inside irrigation fluid and the
structural integrity of the bone.* Newer sonic and ul-
trasonic techniques challenge traditional bur reduction.
They concluded that an improvement in bone architec-
ture was observed in sono and piezo surgery, while met-
al attrition was inconclusive. Piezo and sono surgery
turned out to be less invasive, whereas attrition features
remained the same.

In this study, it was shown that there was no signifi-
cant reduction in bone calcium and phosphate levels of
bone after osteotomy with piezosurgery. It is not feasible
to avoid heat injury to surrounding bone tissue, even if
mechanically rotating tools are equipped with an inter-
nal cooling mechanism during the process. In this study,
it has been shown that the amount of calcium and phos-
phate is reduced in the samples in which osteotomy has
been performed using a low-speed handpiece.

Conclusion

The bone did not undergo any chemical or crystallo-
graphic alterations as a result of the “Er:Cr: YSGG” la-
ser after osteotomy. In contrast to the drill, Er:Cr: The
YSGG laser produced precisely defined preparation
boundaries, and the cortical bone lacked a smear lay-
er. A relatively new surgical method called piezosurgery
could be used in many different surgical procedures to
supplement traditional oral surgical techniques and,
in certain situations, to replace traditional procedures.
It does not lead to a loss of calcium and phosphorous
compared to conventional drill systems. Future research
should focus on long-term healing, integration, and ad-
vanced imaging to further validate these findings. These
techniques offer promising alternatives for safer and
more precise bone surgery.
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ABSTRACT

Introduction and aim. Falls in the elderly affect their daily activities, causing a decrease in their quality of life and may even lead
to death. This study aims to examine the risk of falling and the relationship between fear of falling and avoidance behaviors in
elderly nursing home residents.

Material and methods. Data were obtained using the “Fall Risk Assessment Scale (FRAS)"” and the “Fear of Falling Avoidance
Behavior Questionnaire (FFABQ)".

Results. The average age of the participants was 70.70+5.23 years. Total mean scores of FRAS and FFABQ were significantly
higher in participants who could partially meet their daily needs on their own, had chronic diseases, used continuous medi-
cation, had problems with walking or balance, had vision or hearing problems, used walking aids, had fear of falling, and had
experienced falls in the last three months. It was found that their average was significantly higher. It was determined that there
was a strong and significant positive relationship between the FRAS and FFABQ total score averages.

Conclusion. It was determined that elderly residents of nursing homes have a high risk of falling and that increased risk is as-

sociated with an increase in avoidance behaviors due to fear of falling.

Keywords. elderly, fall risk, fear of falling

Introduction
The increase in the elderly population worldwide and the
accompanying increasing health problems have led sci-
entists to pay increasing attention to aging and the elder-
ly population.'? The World Health Organization reports
that the number of people aged 60 and over will increase
day by day and reach approximately 2.1 billion in 2050.
With aging, a decrease in physical and cognitive
functions and a decline in muscle strength, coordina-
tion, and balance may occur. This situation makes in-
dividuals prone to falls.* Around 30% of people over
65 experience falls annually, and approximately half of
these cases repeat.’

Falls in the elderly cause problems such as frac-
tures, permanent disabilities, head injuries, disabil-
ity, decreased mobility, chronic pain, and loss of
independence. It is a public health problem that requires
long-term and expensive treatments and early hospital-
ization.*s” The severity of injuries resulting from falls
varies significantly, from minor skin injuries to major
fractures and, in some cases, fatal trauma.? In addition
to physical health problems, although falls do not result
in serious injuries, they cause elderly people to experi-
ence fear of falling.®

Fear of falling causes elderly people to feel unsafe
performing daily life activities and leads to an inactive
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lifestyle.® In addition, unnoticed fear of falling signifi-
cantly affects the individual’s life.® Fear of falling caus-
es negative effects in the elderly, such as fear, anxiety,
avoidance of activities, not leaving the house, social iso-
lation, depression, and a decrease in quality of life.* A
study found that 84.4% of community dwelling elderly
individuals have a fear of falling and 31.9% have a high
risk of falling.’ In another study, it was observed that
71.8% of the elderly living in nursing homes experi-
enced fear of falling, and as the fear of falling increased,
individuals’ independence levels in daily life activities
decreased.”

It is seen that the assessment of fall risk is strongly
recommended in the clinical practice guideline, which
includes a total of 79 randomized controlled trials on
fall prevention." Considering the negative health conse-
quences experienced by elderly people due to falling and
fear of falling, it is very important to examine the risk
of falling and fear of falling in these individuals. When
the literature was examined, to our knowledge, no study
was found that examined the risk of falling and avoid-
ance behaviors due to fear of falling in elderly people liv-
ing in nursing homes.

Research questions:

Elderly staying in nursing home;

- What are the fall risk levels and affecting factors?

- What are the avoidance behaviors due to fear of fal-
ling and the influencing factors?

— Is there a relationship between the risk of falling
and avoidance behaviors due to fear of falling?

Aim

This study aimed to examine the risk of falling and
avoidance behaviors due to fear of falling of elderly peo-
ple living in nursing home.

Material and methods

Study population and procedure

This study is a cross-sectional descriptive study. The study
was conducted as a single center study. The research was
carried out in the nursing home with the largest number
of residents in Tiirkiye, located in Istanbul, between Oc-
tober and November 2023. The appropriate permissions
were obtained from the institution where the study was
conducted. Ethic Committee approval was obtained from
the University Institutional Review Board (IRB date and
number: 12.10.2023/2023.122). The study conforms to
the ethical principles outlined in the Declaration of Hel-
sinki. Both verbal and written informed consent approval
was obtained from participants who met the study crite-
ria. Participants were assured that their responses would
remain anonymous and confidential. Surveys were con-
ducted face-to-face with individuals and took an average
of 10 to 15 minutes.

Participant selection

The population consisted of individuals 65 and over liv-
ing in a nursing home during the study period. The study
was completed with 220 volunteer participants who met
the inclusion criteria of the study (65 years and older, no
communication problems, no cognitive impairment such
as dementia, Alzheimers, etc.) and agreed to participate
in the study. Individuals with a diagnosed psychiatric dis-
ease (schizophrenia, depression, etc.), bedridden, cogni-
tive impairment, and individuals who did not agree to
participate in the study were excluded from the study. In
the posthoc power analysis performed using the G-Pow-
er 3.1.9.4 program to determine that the sample size was
sufficient, it was determined that the effect size of the
study was 0.67 and the power was 1.00 at a 95% confi-
dence interval, 0.05 significance level.

Measures

Data gathering form

The form includes 15 questions describing the socio-
demographic and fall-related characteristics (age, sex,
marital status, education level, income level, chronic
diseases, continuous use of medications, history of falls,
and the presence of situations that can cause a fall).

Fall Risk Assessment Scale (FRAS)

The validity and reliability of the Turkish form of the
Fall Risk Assessment Scale (FRAS), prepared by the
Delmarva Foundation and adapted by CIMRO of Ne-
braska in collaboration with the Centers for Medicare
& Medicaid Services (CMS), were evaluated by Tekin et
al. It was carried out in 2013."? The scale evaluates the
fall risk of patients with nine different parameters (sub-
dimensions), and when the scores obtained as a result
of the evaluation are added, the patient’s fall risk score
is obtained. Total score received by the patient: a score
between 0 and 5 indicates a low risk of falling; a score
between 6 and 9 indicates a medium risk; and a score of
10 and above indicates a high risk of falling.

Fear of Falling Avoidance Behavior Questionnaire
(FFABQ)

Fear of falling avoidance behavior questionnaire
(FFABQ) was developed by Landers et al.’* (2011) to
evaluate the avoidance behavior of elderly individuals
living in the community. The validity and reliability of
the scale in Turkish were determined by Agaréz-Candan
et al.'" (2020). The scale is calculated with a five-point
Likert-type scoring system and consists of 14 items and
two subscales (“challenging balance demands in dai-
ly life” and “instrumental activities of daily life and so-
cialization”). The minimum score on the scale is 0, and
the maximum score is 56. A high score indicates limita-
tion of activity and participation restriction due to fear
of falling.
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Statistical analysis

Continuous variables were expressed as mean+SD,
and categorical variables were expressed as percentag-
es. The suitability of the data for a normal distribution
was checked with the Kolmogorov-Smirnov test. Data
were evaluated with chi-square, student t test, one-way
variance (ANOVA), and Pearson correlation analyzes.
For all tests, two-sided P values <0.05 were considered
significant. Statistical analysis was performed using the
Statistical Package for the Social Sciences (SPSS) version
20.0 for Windows (SPSS Inc., Chicago, Illinois, USA).

Table 1. Sociodemographic and descriptive characteristics
of participants (n = 201)*

can partially meet their daily needs, 72.7% have a chron-
ic disease, 77.3% use medication, 62.3% had walking or
balance problems, 61.4% had vision or hearing prob-
lems, 65.5% had a fear of falling, 84.7% had an exist-
ing fear of falling that affected their daily activities, and
77.7% had a fear of falling. It was determined that none
of them had a fall in the last three months (Table 1).
When the of the participants on the FRAS scale
responses were examined, it was determined that the
lowest mean score was taken from the “level of con-
sciousness/mental state” parameter, while the highest
mean score was taken from the “gait and balance” pa-
rameter. When the FRAS risk classification was evalu-
ated, it was determined that the majority of participants

Min.—max. (39.5%) were in the high-risk group (Table 2).
Mean=SD .
(Median)
Age (year) 70745.23 65-91 Table 2. FRAS and FFABQ scores of participants
Number of falls 0.25+0.5 0-3 Min-Max
" -Max.
n % Mean=SD " \edian)
Gender Female 85 38.6 FRAS
Male 135 61.4 Consciousness level 0+0 0-0
Marital status Single 100 100 History of falling (last three months) 0.45+0.86 0-4
Education status IIliterate 12 55 Ambulation / toileting 0.03+0.3 0-4
Literate 28 127 —
Primary education n7 532 V|5|0f1 09441 02
High school 54 245 Walking and balance 2274211 0-6
University 9 4.1 Orthostatic hypotension 0.27+0.69 0-2
Regular exercise Yes 117 53.2 Medication 2.09£1.54 0-5
No 103 46.8 llness 0.98+1.11 0-4
Meeting daily needs on one’sown ~ Yes 108 49.1 Use of assistive device 0.48+0.53 0-2
Partially 102 30.9 Total score 7514478 0-18
Has a chronicillness Yes 160 727 FFABQ
No 60 273 Walking 1774166 0-4
Chronicillness* Hypertension 12 55.5 Lifting and carrying objects (eg, cup, child) 1.84+1.69 0-4
Diabetes Mellitus o B1 Going up and downstairs 2.18+1.66 0-4
C0PD 30 136 94p dlaalt
CAD 9 41 Walking on different surfaces (eg, grass, uneven ground) 1.93+1.71 0-4
Constantly use medication Yes 170 713 Walking in crowded places 1.8621.72 0-4
No 50 27.2 Walking in dimly lit, unfamiliar places 1.97+1.67 0-4
Have walking or balance problems  Yes 137 623 Leaving home 152+1.68 04
No 83 37.1 Getting in and out of a chair 1.68+1.69 0-4
Have vision or hearing problems  Yes 135 61.4 Showering or bathing 2.18+1.66 0-4
No 85 386 Exercise 1.95+1.76 0-4
Use assistive devices for walking ~ Yes 94 427 Preparing meals (eg, planning, cooking, serving) 1724169  0-4
No 126 573 Doing housework (eg, cleaning, washing clothes) 1.69+1.66 0-4
Fear offalling Les 144 655 Work or volunteer work 164+1.68  0-4
- - 0 76 345 Recreational and leisure activities (eg, play, sports, artsand ~ 1.74+1.71 0-4
Does fear of falling affect daily Yes 122 84.7 culture, crafts, hobbies, socializing, traveling)
living? No 22 153 o
- n %
Fallin the last three months Iles 14791 55; FRAS degree of sk
0 : Lowrisk 80 36.4
* 2 _more than one option has been selected, CAD - Medium risk 53 24.1
coronary artery disease, COPD - chronic obstructive High risk 8 395
FFABQ

pulmonary disease

Results

The average age of the participants was 70.70 years, and
the majority of the participants were men (61.4%), sin-
gle (100%), and high school graduates (53.2%). Further-
more, 53.2% of the participants exercise regularly, 50.9%

16.70+14.28  0-36
8.96+7.98 0-20
25.66x£22.03  0-56

Challenging balance demands in daily life
Instrumental activities of daily living and socialization
Total score

When the participants’ responses on the FFABQ
scale were examined, it was determined that the low-
est mean score was taken from the parameter “leaving
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Table 3. Comparison of the sociodemographic and clinical characteristics with the FRAS and FFABQ scores*

FRAS FFABQ
lowck. Weim  Wghtik Tt e pai
risk Lp t/Fp . t/F;p Lo t/F;p Total t/F;p
demands in daily living and
n(%)  n(%) n (%) - e
daily life socialization
Gender
Female 33(41.2) 19(35.8) 33(37.9) 042 7.50+490 -019; 17.62£13.56  0.764; 9.40+7.21  0.667; 27.02+20.43 0.748;
Male 47(58.8) 34(64.2) 54(62.1) 081 7.52+471 098  16.11+1474 044 8.69+8.43 0.52 24.80+23.02 0.46
Education status
< High school 54(67.5) 37(69.8) 66(75.9) 0.08 7.73x473 1.073; 17.44£1400 1.221; 9.41+7.81  1.326; 26.85+21.56 1.271;
> High school 26(32.5) 16(30.2) 21(24.1) 047 6974488 070  14.84+1492  0.22 7.841+8.31 0.18 22.68+23.07 0.20
Regular exercise
Yes 45(56.2) 20(62.3) 39(44.8) 449, 7.09+4.63 -1392, 1536+14.80 -1.483;  7.9548.25  -2.040; 23.31+22.83 -1.694;
No 35(43.8) 33(37.7) 48(55.2) 0.10 7.99+491 016 18211359 0.3 10.12£7.51  0.04 28.33+20.88 0.09
Meeting daily needs on one’s own
Yes 62(77.5) 25(47.2) 21(24.1) 4758, 5131434 -8326; 837£1093 -10.340;  4.39+6.08 -10.111; 12.76+16.62 -10.410;
Partially 18(22.5) 28(52.8) 66(75.9) <0.001 9.81+4.00 <0.001 24.72+12.45 <0.001 1337+£7.04 <0.001 38.10+19.32 <0.001
Chronicillness
Yes 39(48.8) 38(71.7) 83(95.4) 47.76; 8.94+436 8252; 18.18£14.09  2.551; 9.84+7.79  2.714; 20.02+21.67 2.636;
No 41(51.2) 15(283) 4(46) <0.001 3.7243.65 <0.001 1273£14.14  0.01 6.62+8.01  0.007 19.35+21.92 0.009
Constantly use medication
Yes 41(51.2) 43(81.1) 86(98.9) 5436, 8.90+4.27 11.135; 18.63£14.00 3.828;  10.10+7.76  4.034; 28.73+21.55 3.943;
No 39(48.8) 10(18.9) 1(1.1) <0.001 2.80+3.10 <0.001 10.10£13.35 <0.001  5.10+7.48  <0.001 15.20+20.58 <0.001
Have walking or balance problems
Yes 17(21.2) 37(69.8) 83(95.4) 99.23; 10.09+3.59 14.227, 2447+11.43 15912,  13.15+6.66  13.538; 37.62+17.76 14.434;
No 63(78.8) 16(30.2) 4(46) <0.001 3.26+3.20 <0.001 3.85+7.76  <0.001  2.06+4.31  <0.001 591+11.83 <0.001
Have vision or hearing problems
Yes 24(30.0) 34(64.2) 77(88.5) 60.39; 9.55+4.13 9.472;  2034+14.06 5145  10.96+7.90  5.065 31.30+21.70 5.172;
No 56(70.0) 19(35.8) 10(11.5 <0.001 4.27+3.85 <0.001 10901270 <0.001  579+7.03  <0.001 16.69+19.54 <0.001
Use assistive devices for walking
Yes 16(20.0) 19(35.8) 59(67.8) 40.29; 10.16+4.02 8.157; 22.48+12.23 5648,  12.53+6.78  6.333; 35.01+18.72 5.963;
No 64(80.0) 34(64.2) 28(32.2) <0.001 554+433 <0.001 1238+1422 <0.001  6.30+7.77  <0.001 18.68+21.79 <0.001
Fear of falling
Yes 26(32.5) 39(73.6) 79(90.8) 64.70; 9.43+4.02 9.816; 24.87+£10.65 25.150;  13.38+6.29  23.538; 38.26+16.53 25.237;
No 54(67.5) 14(26.4) 8(9.2) <0.001 3.88+3.92 <0.001 120273  <0.001  0.59+1.27 <0.001 1.79+3.80 <0.001
Fallin the last three months
Yes 3(3.8) 12(22.6) 34(39.1) 30.05 10.69+3.40 6.750;  22.47£10.03  4.058;  12.28+6.31  3.900; 34.75+15.87 4.086;
No 77(96.2) 41(77.4) 53(60.9) <0.001 6.60+4.73 <0.001 15.04+1490 <0.001  8.01+8.15  <0.001 23.05+22.88 <0.001

* Z - chisquare, T - students t test, F - ANOVA

the house,” while the highest mean score was taken from
the parameters “going up and down stairs” and show-
er and/or bath” When looking at the participants” av-
erage FFABQ subscale scores, it is seen that he received
16.70+14.28 points from the “challenging balance de-
mands in daily life” subdimension and 8.96+7.98 points
from the “instrumental activities of daily life and social-
ization” sub-dimension. The total FFABQ score was de-
termined to be 25.66+22.03 (Table 2).

Both the FRAS and the FFABQ total scores of partic-
ipants who can partially meet their daily needs on their
own, have a chronic disease, constantly use medication,
have walking or balance problems, have vision or hearing
problems, use an assistive device for walking, have fear of
falling, and have experienced a fall in the last three months.
Their average scores were significantly higher compared to
the average scores of other participants (p<0.05) (Table 3).

A significant positive and strong relationship was
found between the FFABQ subscales “challenging balance
demands in daily life” and “instrumental activities of daily

living and socialization” and the FRAS total score. Further-
more, a significant positive and strong relationship was de-
tected between FFABQ and FRAS total scores (Table 4).

Table 4. Correlation analysis between DENN and FFABQ
scores*

FRAS Scale
Challenging balance demands in daily life r 0.674
p <0.001
Instrumental activities of daily living and socialization ~ r 0.648
FFABQ Scale 7‘) <0.001
Total score r 0.671
P <0.001

* r — correlation coefficient, using Pearson’s correlation
analyses

Discussion

Falls are the most common type of accident among the
elderly, and most of them are preventable. Additional-
ly, older adults have several risk factors that may lead to
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avoidance behaviors resulting from fear of falling."* For
this reason, it is very important to evaluate the risk of
falling, fear of falling, and related avoidance behaviors
of people. In this study, it was determined that elderly
residents of nursing homes had a high risk of falling and
that increased risk was associated with increased avoid-
ance behaviors due to fear of falling.

Gender is stated among fall risk factors for the el-
derly.’® When the literature is examined, different results
are found regarding the relationship between gen-
der and fall risk. In the Shao et al. meta-analysis study,
which included 18 prospectively designed studies, it is
emphasized that the gender is associated with falls.”” In
the Smith et al. study (n = 240), female gender of wom-
en was mentioned among the factors that increase the
risk of falling.!® In different studies conducted in Tur-
key, the presence of women has been reported as one of
the factors that increase the risk of falling.'**2° Giirler
et al. state in their study that there is no difference be-
tween the genders in terms of fall risk.*' In this study, it
was found that there was no difference between the gen-
ders in terms of fall risk. It is thought that the variabili-
ty in the results may be due to the number of genders in
the population.

In the study, the average FFABQ score was found to
be 25.66+22.03. According to this result, it can be said
that the participants’ fear of falling avoidance behavior
was at a moderate level. While Oztiirk and Ozer found
in their study that the fear of falling avoidance behavior
of the elderly was low,** similar studies also stated that
the fear of falling avoidance behavior levels of the elder-
ly were low.** These results made us think that, in re-
lation to the fact that the study took place in a nursing
home, this emerged as a result of the fact that nursing
homes impose different restrictions on the elderly than
the environment they are used to and the sedentary life-
style in the nursing home. The fact that the most fre-
quently stated avoidance behaviors by the participants
were “going up and downstairs” and “showering or bath-
ing” activities confirms this idea.

The most important preventable risk factors in the
elderly are psychiatric drug use, polypharmacy, envi-
ronmental hazards, decreased vision, lower extremity
strength, impairment of balance, and daily living activi-
ties.”® Fall history, chronic diseases, gait and balance dis-
orders, visual impairment, and cognitive disorders are
some of the risk factors for falls.’® In Shao et al’s me-
ta-analysis study, history of falls, impaired daily living
activity performance, use of assistive devices, poly-
pharmacy, unbalanced gait, and hearing problems were
found to be associated with falls.”” Lee et al. in a study,
age-related decreases in vision and the resulting fear of
falling and avoidance behaviors were found to be associ-
ated with an increase in the potential risk of falling.”* In
parallel with the literature, this study also included pa-

tients who constantly use medication, have walking or
balance problems, have vision or hearing problems, and
have walking aids. The fall risk of participants who were
driving was found to be significantly higher.

Fear of falling can be considered protective to some
extent in individuals with a high risk of falling.” Stud-
ies have stated that the fear of falling increases with
age, that women experience more fear of falling than
men, and that fear of falling is greater in elderly peo-
ple who use assistive devices.'>?® In the study by Chen
et al. (n=5599), falls experienced by older adults in the
previous month or the previous year were significantly
associated with fear of falling.” In addition to physical
consequences, falls also have psychological and social
consequences. Fear of falling, the most common psy-
chological consequence, leads to a reduction in physi-
cal and social activities.” When avoiding daily activities
due to fear of falling is excessive, this can lead to decon-
ditioning and a decrease in physical functions in indi-
viduals.® In this study, it is seen that the increase in the
risk of falling increases in direct proportion to the in-
crease in avoidance behaviors. Therefore, it is quite like-
ly that elderly people who have avoidance behaviors due
to fear of falling will also experience limitations in their
daily activities.

Study limitation

It should be taken into consideration that the data ob-
tained in the study based on the statements of the par-
ticipants may be subjective and open to reporting errors.
Furthermore, the generalizability of the results is limited
by the characteristics of the study sample. In addition,
the study was conducted in a single center and the study
sample was relatively small, which constitutes the lim-
itations of the study.

Conclusion

In this study, it was determined that elderly peo-
ple living in a nursing home had a high risk of fall-
ing and that the increase in risk was associated with
an increase in avoidance behaviors due to fear of fall-
ing. Total score on both FRAS and FFABQ for partici-
pants who can partially meet their daily needs on their
own, have a chronic disease, constantly use medica-
tions, have walking or balance problems, have vision
or hearing problems, use assistive devices for walking,
have fear of falling, and have experienced falls in the
last three months.

There are multiple risk factors in the elderly, which
can lead to avoidance behaviors related to fear of fall-
ing. In addition to creating programs to prevent falls, it
is recommended to identify avoidance behaviors relat-
ed to the fear of falling in performing daily life activities
and plan appropriate interventions. Rehabilitation and
technological rehabilitation can help prevent falls. Fur-
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thermore, it should not be forgotten that avoidance be-
haviors related to fear of falling may lead to restrictions
on movement and activities for a long time and thus
have harmful effects on the musculoskeletal system.
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ABSTRACT

Introduction and aim. Although the existing literature includes both quantitative and qualitative studies that examine the sex-
ual characteristics of children with intellectual disabilities and the challenges they face, these studies have not addressed the
impact of these characteristics on the burden of the family. Our objective was to examine the predictors of sexual development
of family burden among parents of children with intellectual disability in this cross-sectional study.

Material and methods. We collected data from 815 parents with children aged 10-18 years with intellectual disabilities be-
tween May 2021 and March 2022. Data collection tools were ‘Descriptive Characteristics Form’, “Family Burden Rating Scale for
families with Mentally Handicapped Children” and ‘Sexual Development Characteristics scale of Adolescents with Intellectual
Disability”. A logistic regression analysis was performed.

Results. The predictive model for the burden of the family explained 60% of the variance in this sample of parents (p <0.001).
The sexual predictors with the strongest effect on the model were previous sexual development education (8=0.74; SE=0.16,
p<0.001), followed by sexual harassment (3=-0.56, SE=0.26, p<0.001).

Conclusion. Education on sexual development in children with intellectual disability can facilitate management of challenges
in adolescence.

Keywords. child, family burden, intellectual disability, logistic models, sexual development.

Introduction dren with intellectual disabilities cause adaptation issues

Having a child with an intellectual disability influenc-
es family life, causes insufficiency and care burden to be
at the center of a family’s life, changes family roles, du-
ties, private living spaces, social situations, desires, and
plans. Some components such as family economy, pa-
rental instruction, calling, conjugal alteration, culture,
diminished social skills, communication challenges, ill-
ness, child age, weakened family cycle, needs for ther-
apeutic assistance, and monetary healthcare burden
influence guardians of children with intellectual dis-
ability.! Challenges and uneasiness in families of chil-

and expand family burden. Families with children hav-
ing intellectual disability by and large have lower vitality
due to the increased reliance of their children on them.?
They may have social confinement and depression, de-
creasing their quality of life.”

Children with intellectual disabilities are more like-
ly than their peers to experience emotional and behav-
ioral problems.* These problems can include anxiety
disorders, oppositional defiant disorders, attention defi-
cit/hyperactivity disorders, and peer troubles.” Among
children with intellectual disabilities, aggressiveness,
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impatience, kicking, and socially inappropriate actions
are troublesome.® Families of these children can view
and treat their impaired children negatively as a result
of the behavioral issues, high care demands, and stig-
ma associated with them.” Particularly, children with in-
tellectual disabilities exhibit some behaviors brought on
by adolescence, increasing family burden and making it
more difficult to cope with challenges.®

Impaired sexual development in adolescents is linked
to behavioral issues.’ For people with intellectual disabil-
ities, regardless of age, sexuality and sexual development
are challenging concerns.” Due to hormonal changes that
accompany sexual development, children with intellectu-
al disabilities may require assistance with cleanliness and
behavior control.!* Children who have intellectual dis-
abilities may view their actions as typical and/or may be
unable to comprehend and analyze the methods used by
others. Children with intellectual disabilities are unable
with communicate to their classmates, family, and friends
regarding sexual development or why they find it difficult
to control their sexual activity."

During puberty, changes happen within the hor-
monal structure and bodies of children. These chang-
es are related, for the most part, to sexuality and sexual
improvement. Both sexuality and sexual desires of chil-
dren with intellectual disabilities vary essentially in
agreement with their insights remainder level.”® Chil-
dren with gentle intellectual disability have psychosocial
and sexual behaviors comparable to their peers. They
investigate and control sexual inclinations and driving
forces and react to a verbal shape of sexual instruction.'*
The advancement of auxiliary sex characteristics may be
deferred in children with direct intellectual disability.
As they work generally by compensating and fortifying,
operant conditioning and social learning-based behav-
ior adjustment techniques may be required for sexual
instruction to be successful in children with direct in-
tellectual disability. Parents may be required to alter be-
haviors in children with extreme intellectual disability."®
Families of children with intellectual disability attempt
to clarify these circumstances to their children and to
oversee them viably.' They may have trouble with re-
spect to their children’s social environment due to a few
reasons such as expanded intrigued within the inverse
sex, need of division between genders and outsiders,
and running absent from domestic.'”!®

Parents of children with intellectual disabilities may
disregard their children’s sexual improvement.'® Besides
parents who disregard the sexual advancement of their
children, there may also be parents who make this issue
a cause for concern.'”* The existing literature includes
quantitative and qualitative studies on the sexual char-
acteristics and problems experienced by children with
intellectual disabilities.'”’* However, these studies do
not examine the effect of these characteristics and prob-

lems on families, particularly in terms of family burden.
Given that children are more likely to engage in these
sexual behav  iors during adolescence, it is crucial to

investigate the impact on family burden.

Aim
This current study aimed to examine the predictors of
sexual development of family burden among parents of
children with intellectual disabilities.

Research hypotheses:
H,: The presence of sexual characteristics does not pre-
dict the family burden experienced by their parents.
H,: The presence of sexual characteristics predicts the
family burden experienced by their parents.

Material and methods
Study design and participants
This is a descriptive cross-sectional study. The study
population constituted a total of 1131 parents of differ-
ent socioeconomic backgrounds who were enrolled in
six special education and rehabilitation centers affiliat-
ed with the National Directorate of Education. A con-
venience sample was used in the study.’” The parents
were informed about the purpose of the study. The study
inclusion criteria were as follows: being the mother of
a child with intellectual disability, having a child with in-
tellectual disability aged between 10-18 years, agreeing
to participate in the study. The study sample consisted of
815 parents (participation rate=72%) who were enrolled
at these centers and agreed to participate in the study.
The mean age of the children with intellectual dis-
ability was 15.06+1.88 years, 56.07% of them were girls,
43.93% were boys, 24.29% had low intellectual disabil-
ity, 45.16% moderate intellectual disability, 30.55% se-
vere intellectual disability, and 46.63% had an additional
disability. Of their mothers, 52.51% were primary school
graduates and their mean age was 42.29+1.96 years. Of
their fathers, 40.74% were primary school graduates and
their mean age was 47.45+2.43 years. Of their families,
51.04% had an income lower than expenses, 65.64%
had nuclear families, and 34.36% had large families.
Furthermore, 81.97% of children with intellectual dis-
abilities had not receive sexual health and development
education prior to (Table 1).

Data collection

Data were collected between October 2021 and July
2022. The researcher went to six special education and
rehabilitation centers and invited parents of children
with intellectual disability to participate in the study.
This time was used to ensure that the data collection
tools were filled out as authentically and correctly as
possible; The purpose of the study was explained to the
participants in detail. It took the parents about 30 min to
complete the questionnaires. Data collection tools were
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“Descriptive Characteristics Form”, “Family Burden As-
sessment Scale for Families with Mentally Handicapped
Children” and “Sexual Development Characteristics
Scale of Adolescents with Intellectual Disability”

Table 1. Participant characteristics (n=815)

Mean+SD  Low-high score
Age of child 15.06+1.88 10-18
Age of mother 42.29+1.96 34-49
Age of father 47.45+£2.43 35-52

n %

Gender
Girl 457 56.07
Boy 358 43.93
Intellectual disability level
Mild 198 24.29
Moderate 368 45.16
Severe 249 30.55
Having another disability
Yes 380 46.63
No 435 53.37
Education level of mother
Primay school 428 52.51
High school 257 31.54
University 101 12.39
Postgraduate 29 3.56
Education level of father
Primay school 332 40.74
High school 294 36.07
University 147 18.04
Postgraduate 4 515
Family income
The income is less than the expenditures 416 51.04
Income is equal to the expenditures 261 32.02
The income is more than the expenditures 138 16.94
Family type
Nuclear 535 65.64
Large 280 34.36
Having previous sexual education
Yes 147 18.03
No 668 81.97

Sociodemographic Characteristics Form

The researcher prepared a form, including questions
about the age of the parents, the level of education, the
income of the family, the type of family and the child’s
age, gender, intellectual disability, the additional disabil-
ity, and status of having sexual health education. The in-
telligence quotient of the children was obtained from
the data they reported to the institution they received
education after being evaluated by the clinicians.

Scale of Sexual Development Characteristics of Adoles-
cents with Intellectual Disability

The Sexual Development Characteristics Scale of Adoles-
cents with Intellectual Disability (SDCS) was developed
by Giirbiiz ve Eratay to determine the level of the under-

standing of sexual development characteristics of their
children by parents of adolescents with intellectual dis-
ability during adolescence.” This is a five-point Likert-
type scale. It consists of nine subscales. The Cronbach’s
alpha value of the scale was 0.85. It has no cutoff score.
A median score on the total scale and subscales indicates
the central level of understanding sexual development,
whereas a scale score below the median value indicates a
higher level of understanding sexual development. There-
fore, parents with high scale scores do not understand the
sexual development of their children.” In this study, the
Cronbach alpha values was determined as 0.84 for the to-
tal scale, 0.865 for the subscale of sexual arousal, 0.84 for
the subscale of information needs, 0.79 for the subscale of
privacy and social trust, 0.77 for the subscale of informa-
tion about bodily development, 0.87 for the subscale of
sexual harassment, 0.74 for the subscale of urge for sexual
satisfaction, 0.82 for the subscale of sharing sexual issues,
0.78 for the subscale of emotional change, and 0.73 for the
subscale of sexual self-care.

Family Burden Assessment Scale

The Family Burden Assessment Scale for Families of
Children with Intellectual Disability (FBAS), developed
by Sar1 and Basbakkal, was used to evaluate the burden
of parents of children with intellectual disability.* The
scale consists of 43 items and six subscales. This is a five-
point Likert type scale with a cutoft score 97. A score of
97 and above indicates a high family burden, vice versa.?!
The Cronbach alpha coefficient of the scale was 0.92 and
the test-retest correlation value was 0.93. In this study, the
Cronbach alpha coefficient was found to be 0.88 for the
total scale, 0.85 for the economic burden, 0.83 for the sub-
scale of perceived inadequacy subscale, 0.86 for the sub-
scale of physical burden subscale, 0.83 for the subscale of
social burden subscale, 0.83 for the emotional burden,
0.75 for the subscale of need subscale.

Data analysis

Data were analyzed using the SPSS (Statistical Package
for Social Sciences, IBM, Armonk, NY, USA) for Win-
dows 25.0 program and evaluated using descriptive sta-
tistics (number, percentage, minimum and max values,
median, mean, standard deviation). The suitability of
the data for the normal distribution was checked using
the skewness and kurtosis values, which should range
from *-1.5 to +1.5.22 To examine the associations be-
tween the SDCS and FBAS, a regression correlation was
created using all variables. Parental family burden was
determined according to the cutoft score of the Family
Burden Assessment Scale. Those who scored 97 points
or more on the Family Burden Assessment Scale were
interpreted as experiencing a high family burden, while
those who scored less than 97 points were interpreted as
experiencing a low family burden. Two categorical vari-



86 European Journal of Clinical and Experimental Medicine 2025; 23 (1): 83-90

ables (high family burden and low family burden) and

o
predictors of family burden were subjected to analysis. ; L s ogehs
A logistic regression analysis was performed to de- £/5s33s5s
termine the effect of sexual development characteristics &
(sexual arousal, information needs, privacy and social o
trust, information on bodily development, sexual ha- E X i
rassment, desire for sexual satisfaction, sharing sexual s |= § g § g ] E
issues, emotional change, and sexual self-care) of chil- é < <
dren with intellectual disabilities on family burden. =
s
Ethical aspects z Sesoegka
The study was approved by the Ethics Committee for g2 s5s33335 S
Social and Human Sciences of the university in ques- . &
tion (Protocol No. 2021-SBB-0241, dated 26 May 26, g
2021). Furthermore, the research was approved by the g =
provincial education directorate (No. 30644743, dat- § g% LhITohisa
ed 02/09/2021). All study participants were required to HEEE sSsSsss
sign an informed consent form, which was approved by E? 57
the Institutional Review Board. 2
Table 2. Distribution of the Sexual Development % § . N
Characteristics Scale of Adolescents with Intellectual é _§ E § % § % % é
Disability and the Mean Scores of the Family Burden E ':::
Assessment Scale of the participants (n=815) g s
Mean=SD Min—max g =
The Scale of Sexual Development Characteristics ~ 127.84+9.41 98-157 "g 2 -
of Adolescents with Intellectual Disability %8 8|, .
Sexual arousal B8+4%  10-30 g2E2R382883
glE§g8 s S=
Information needs 23.43+4.80 10-30 & g g
Privacy and social trust 12.41+1.67 9-15 RS
Information about bodily development 12.44+1.65 8-15 §. =
Sexual harassment 10.28+3.03 3-15 1k
Urge for sexual satisfaction 12.48+3.03 5-15 % é glEhkexszxe
Sharing sexual issues 12.48+3.05 5-15 g SES SS9 S s 3
Emotional change 2614310 5-16 HE-
Sexual self—care 12.56+3.08 5-15 3
The Family Burden Assessment Scale 122.00£19.03 85-162 é )
Economic burden 17.38+8.66 6-30 % Pt v oo ow i om
Perceived inadequacy 20.08:+3.93 12-24 £ 2285232
Sodial burden 0274395 12-24 E = ° S
Physical burden 28BS £
Emotional burden 23.12+3.04 11-32
Need for time 18.20+3.82 7-34 © =
n % o | Elkasizks
Family burden* I % S s = 3°=38°
Low 198 243 2 e
High 617 75.7 % .
Results S Els2d2ss g
Table 2 presents the SDCS and FBAS scores. Conse- § "
quently, their SDCS total score was 127.84+9.41 and £ £
they obtained the highest score (23.43+4.8) on the sub- S § 2 z g
scale of information needs. Furthermore, their total ;f % g £ g <& . a
FBAS score was 122.00+19.03 and they obtained the 5 ArE: £ g E é %
highest score (23.12+3.04) on the emotional burden. : =322 5§ % =223 é
The study found that 75.70% of the families had a high = é 5 cE823EEZ2 g
family burden (Table 2). el E& %
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Table 3 shows the interrelationships of the variables.
The FBAS and all its subscales were positively but nega-
tively associated with the SDCS. As the SDCS scores in-
creased, their general family burden (r=0.199, p=0.002),
economic burden (r=0.240, p<0.001), perceived in-
adequacy (r=0.254, p<0.001), social burden (r=0.265,
p<0.001), physical burden (r=0.191, p<0.023), emo-
tional burden (r=0.190, p<0.003), and the need for time
(r=0.235, p<0.001) also increased.

Table 4 presents the logistic regression analyses for
risky sexual development factors related to family bur-
den. The predictive model for the burden of the family
explained 60% of the variance in this sample of parents
(F (9.82)=16.24, p <0.001). The sexual predictors with
the strongest effect on the model were previous sexual
development education ($=0.74; SE=0.16, p<0.001), fol-
lowed by sexual harassmet (p=-0.56, SE=0.26, p<0.001).
Furthermore, the other sexual predictors with a signifi-
cant effect on the model were sexual information needs
(B=-0.46, SE=0.25, p<0.001), sexual development char-
acteristics (f=0.37, SE=0.17, p<0.001), sexual self-care
(B=-0.34, SE=0.14, p<0.05) and the desire for sexual sat-
isfaction (B=-0.16, SE=0.06, p<0.001). In the case of the
best model; sexual arousal (f=-0.01, SE=0.20, p>0.05),
privacy and social trust ($=0.07, SE=0.05, p>0.05), in-
formation on bodily development ($=0.01, SE=0.17,
p>0.05), sharing of sexual issues (f=-0.04, SE=0.07,
p>0.05), and emotional change were not predictive of
family burden (B=-0.07; t=0.07; p>0.05).

Table 4. Logistic regression model with the best fit of
predictors for family burden

Effect b SE OR 95% Cl

LL uL
Constant 027 02 127 085 198
Having previous sexual education® 074 0J6** 158 115 213
SDCS 037 017** 075 069 085
Sexual arousal 001 020 09 067 146
Information needs 046 025* 098  -0.96  0.02
Privacy and social trust 007 005 105 097 119
Information about bodily development ~ 0.01 0177 1.02 072 14
Sexual harassment -0.56 026 062 051 085
Urge for sexual satisfaction -0.16  0.06** 086 076 097
Sharing sexual issues -0.04 007 09 08 1.4
Emotional change -0.07 007 093 092 1.03
Sexual self-care 034 014 140 107 184

2¥yes=0,n0 =1, * - p<0.05, ** - p<0.001, SDCS The
Sexual Development Characteristics Scale of Adolescents
with Intellectual Disability, note: “Having previous

sexual education, SDCS, sexual arousal, information
needs, privacy and social trust, information about

bodily development, sexual harassment, urge for sexual
satisfaction, sharing sexual issues, emotional change,
sexual self-care”is an independent variable, and family
burden is a dependent variable

Discussion

Our objective was to examine the predictors of sexual
development of family burden among parents of chil-
dren with intellectual disability. A statistically signifi-
cant relationship was found between the characteristics
of sexual development of children with intellectual dis-
ability and the burden of the family. As their negative
characteristics of sexual development increased, the
parents’ economic, physical, social and emotional bur-
den of parents increased, causing them to feel inad-
equate. As the most significant risk that increases the
family burden, children with intellectual disability did
not receive sexual education about sexual development
before. Other factors that increased the family burden
were sexual harassment, sexual self-care, and the desire
for sexual satisfaction.

In this study, the family burden of 75.70% was high.
Perception of inadequacy and a higher level of fam-
ily burden in social, physical, and emotional areas. In
all studies that examine the family burden of families
with children with intellectual disability, it is seen that
the family burden is high.>? It is stated that the rate of
family burden in these families can reach up to 90%."
Parents experience perceived inadequacy and family
burden more intensely in emotional areas. Determining
the emotional factors that cause families to feel inade-
quate will be decisive in reducing the family burden.**

In this study, the total FBAS score of parents was
122+19.03 and they obtained the highest mean score
(23.1243.04) on the emotional burden. In a separate
investigation conducted in Tiirkiye, the general FBAS
score for parents of children with mild intellectual dis-
abilities was found to be 121.91+33.50.2 In the same
study, the highest scores were observed for perception
of inadequacy and emotional burden. In parents of chil-
dren with intellectual disabilities, pessimism can emerge
as economic, emotional, and temporal burdens increase
with time. Parental problems may arise as social bur-
dens increase, and dysfunction may emerge as physical
burdens increase. This situation results in an increase in
the family burden experienced by parents over time.”
In this study, the characteristics of sexual development
of children with intellectual disabilities were discussed
as a factor that increases family burden.

The mean SDCS score of the parents in the study
was 127.84+9.41 (98-157). According to this result, par-
ents were inadequate in understanding their children’s
sexual development. Parents were more likely to feel
inadequate in the areas of information needs and sex-
ual arousal. In another study, the mean SDCS score of
parents was reported as 111.33 (57 162) and informa-
tion need and sexual arousal were the areas where par-
ents felt more inadequate.® In their study, Krbas and
Odabag1 Aktag reported the total SDCS score of parents
as 117.73+16.78.% The highest scores were observed for
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sexual arousal, need for information, privacy, and so-
cial trust. These findings suggest that parents may ex-
perience challenges in managing their children’s sexual
arousal and privacy. Furthermore, the results indicate
that parents have significant information needs, partic-
ularly regarding their children’s sexual development.”’
Similar to the results of this current study, several stud-
ies have reported that parents with children with intel-
lectual disability lacked information on sexuality.!**
Parents can feel competent about their children’s sexual
health and development through education. With these
educations, parents were able to deal with their chil-
dren’s problems related to sexual development and ef-
fectively solve their children’s problems.'®

As another significant risk that increased family bur-
den, most of parents of children with intellectual dis-
ability (81.97%) did not receive education about their
children’s sexual development before. In a parallel inves-
tigation, 45.7% of mothers indicated that they perceived
themselves to be inadequately equipped to provide sex-
ual education to their disabled adolescent children, and
97.6% stated that they had not received any informa-
tion on this subject.”® The findings of our study, as well
as similar studies in the literature, indicate that a signifi-
cant proportion of parents perceive themselves as lacking
the necessary skills to effectively provide their children
with sexual education.”®*” This can result in an increase
in parental stress and a greater family burden.” Parents of
children with intellectual disability may have low aware-
ness of their childrens sexual development. They may not
know what to discuss, when to talk, or how to direct con-
versations with their children.*!* Parents may be worried
about not being able to provide education at a level that
their child with intellectual disability can understand due
to his intellectual disability. Parents may lack information
on these issues and may feel helpless.'®?*

Two important of the sexual predictors of family
burden were sexual harassment and sexual satisfaction
in this study. Similarly, in another study, it was reported
that the average score of the scale was high in the sub-
dimensions of sexual arousal (20.97+5.71), sexual ha-
rassment (12.22+3.13), sexual satisfaction (15.79+3.85),
and sharing sexual topics (12.74£2.67). These high
rates indicate that some sexual behaviors are performed
problematically in children with intellectual disabili-
ties.” Children with intellectual disability may frequent-
ly engage in touching, hugging, and kissing behaviors
that will not be accepted by their social environment
and cause discomfort to individuals.”” Exhibiting these
behaviors in public places can cause stigma in fami-
lies. Such behaviors may be perceived as sexual harass-
ment and may cause embarrassment to their parents in
the social environment.'> The underlying reason why
mothers of children with intellectual disability feel dis-
tressed about their children’s social environment is that

they worry about their children getting hurt.'®* Chil-
dren with intellectual disability may be abused due to
lack of attention, inability to react at the right time and
place, insufficient understanding and comprehension
skills and limited abilities, and fulfilling what they are
requested without questioning.*® Children with intellec-
tual disability who receive sexual health and communi-
cation education exhibit less problematic behavior.* In
a study examining the effectiveness of the sexual edu-
cation program given to both adolescents with intellec-
tual disabilities and their mothers, it is stated that the
program is effective in children’s gaining social skills,
learning how to behave in dating, friendship, and fam-
ily/parent relationship.”* Children can organize their
social relations more easily by exhibiting less problem-
atic behavior with such educations.*** Also, by provid-
ing privacy education to children, these behaviors will
not cause stigma in families.”® With the sexual health
and abuse educations prepared for children with intel-
lectual disability, children’s level of privacy increases,
they can learn to distinguish private and public areas,
where to practice behaviors such as masturbation/walk-
ing around naked, and the concept of strangers.**

Study limitations and strengths

The study included all special education centers located
in the city center. The diverse sociodemographic char-
acteristics of the children attending these centers, who
come from various districts and villages with transport
services, reinforce the study’s findings. While the study
has several strengths, it also has some limitations. The
research’s limited scope, conducted solely in one city
center in Tiirkiye, restricts the generalizability and rep-
resentativeness of the results.

Conclusion

This present study provided a need for information
about the sexual development of children with intellec-
tual disability and their sexual harassment behaviors,
sexual self-care needs and urge for sexual satisfaction
increase family burden. Providing education on sexual
development in children with intellectual disability to
both these children and their parents can facilitate their
management of challenges in adolescence period. This
education should be given by a multidisciplinary pro-
fessional team, including nurses. Therefore, families of
children with intellectual disability can cope more easily
with situations that cause stress and anxiety about their
children’s sexual development process, and their family
burdens can be reduced.
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ABSTRACT

Introduction and aim. This study investigates electrothermal burns in children, including their incidence, causes, associated
systemic changes, and treatments. Electrothermal burns are unique and can be caused by factors such as moisture, leading
to heat conduction from the contact site. The study aims to determine the frequency of these burns in children, identify their
causes, and evaluate various treatment methods. The outcomes of interest include wound healing, scarring, and long-term
complications. The results of this study will help develop better treatment strategies and reduce the incidence of such injuries.
Material and methods. The Grodno Regional Children’s Clinical Hospital, Belarus treated 666 children for burn injuries between
2014 and 2023, 35 of them diagnosed with electrothermal skin burns.

Results. According to our analysis, electrothermal burns make up approximately 5.3% of all burn injuries. Upon reviewing hos-
pitalization records, it was observed that the number of hospital visits related to this type of injury ranged from 3 to 5 annually,
except for 2022, when there were nine recorded cases.

Conclusion. Our study shows that electrothermal burns are usually caused by household appliances. There is a gender imbal-
ance in those affected. Early detection and appropriate medical intervention are crucial in the management of these burns.
Keywords. biochemical blood test, dermoplasty, electrocardiography, electrothermal burn, treatment

Introduction

Electrothermal burns occur as a result of heat generated
outside the skin due to electrical activity. Burns result-
ing from contact with high tension current, due to the
leaping of an electric arc from the conductor to the skin,
are the most commonly observed.! Direct and indirect
mechanisms come into play, with direct damages being
caused by contact with electrical energy and the elec-
tric arc, and indirect injuries being secondary mechan-
ical trauma that can be linked to falls or burns caused
by electrical arcs or flames that ignite combustible ma-

terials.? The harmful effects of electric energy include
thermal action at the body level and electrolytic action
at the cell level, which can lead to serious injuries such
as electrothermal burns resulting in tissue damage and
life-threatening complications.’ Extensive full-thickness
burns and soft tissue injuries are seldom observed af-
ter accidents with electricity used for home appliances
(<1000 V); however, in high-voltage (>1000 V) acci-
dents, there is a well-recognized relationship between
extensive burns and necrosis of soft tissue coagulation
necrosis. The characteristics of electrothermal injuries
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to display an alveolar soot arrangement and skin met-
allization.

Cardiac changes from electrical injuries often show
up as rhythm or conduction problems like sinus tachy-
cardia, ventricular and atrial ectopy, bundle branch
block, heart block, atrial fibrillation, supraventricular
tachycardia, and ventricular fibrillation.® The myocardi-
um can be damaged by high- and low-voltage current,
direct electrothermal conversion, electroporation, or
contusion from a lightning strike.”

Respiratory complications can result from inhibi-
tion of respiratory drive of the CNS, paralysis, and tet-
any of respiratory muscles, leading to acidosis due to
poor tissue perfusion and lactic acid production.®® The
literature often underreports neurological symptoms
in patients with electrical injury, such as seizures, mo-
tor weakness, decreased sensation, left hemiparesis, and
loss of consciousness.'*!!

Electric current can cause significant damage to
blood vessels, leading to heat generation, coagulation
necrosis, and occlusion of small vessels, especially those
supplying muscles.'? It is important to take into account
that electrothermal heating leads to muscle damage and
is typically observed only when exposed to high voltage
with long contact and current flow.”* On arteriography,
this can be visualized as arterial pruning proximal to oc-
clusion, indicating an area of irreversible muscle injury.
This may mimic the appearance of progressive muscle
necrosis.' In severe cases of high-voltage injuries, mus-
cle necrosis can spread to sites far away from the ob-
served skin injury, causing compartment syndromes
due to vascular ischemia and muscle edema.

Furthermore, the damaged muscle releases a mas-
sive amount of myoglobin which may result in myoglo-
binuric renal failure.'? The risk of myoglobinuria, which
is caused by muscle damage, is acute renal failure. This
requires prompt treatment with crystalloid loading to a
target urine output of 2 mLkg'h.

Anemia is the most frequent complication observed
in electrothermal burn cases, which can be diagnosed
through a complete blood count (CBC)."” Addition-
al diagnosis can be aided through urine myoglobin and
creatinine kinase (CK) testing.'s Elevations in lactate dehy-
drogenase (LDH), aspartate aminotransferase (AST), and
alanine aminotransferase (ALT) are significant in terms
of low-to-high voltage difference."” To detect the possibil-
ity of life-threatening arrhythmias, it is recommended to
monitor electrocardiography (ECG) during transport.®

Additionally, treatment with sodium bicarbonate,
mannitol, and furosemide facilitates myoglobin excre-
tion and protects against renal tubular injury.'® Electro-
thermal injury treatment is complex and difficult and
should be customized based on the patient’s particulari-
ties. Traditional treatment of electrothermal trauma in-
cluded infusion therapy and the use of drugs to improve

blood rheology, glucocorticoids, protease inhibitors,
drugs to improve cardiac and respiratory activity, an-
algesics, neuroleptics, hepato-protectors, antioxidants,
and antibacterial therapy. If necessary, patients also re-
ceived transfusions of blood, plasma, and albumin.

The treatment of wounds is a crucial aspect of medi-
cal care that requires a careful and methodical approach.
Local wound treatment involves the use of wet-drying
and ointment dressings, which are chosen based on the
specific phase of the wound process. For instance, gauze
wet-drying dressings with antiseptic solutions such as io-
dopovidone, iodopyrine, and betadine are used for dry-
ing necrotic tissues, while multicomponent ointments
with water-soluble bases may be applied in other situa-
tions. There is conclusive evidence supporting the effec-
tiveness of early decompression incisions, neurectomies,
and surgical debridement in promoting wound healing.
These interventions facilitate the removal of necrotic tis-
sue, relieve skin tension, improve blood flow, and elimi-
nate edema. Additionally, the use of early fasciotomy on
the first day after injury and early necrectomy has been
shown to significantly reduce the frequency of crip-
pling operations such as amputation and exarticulation
of limbs. This approach also enables auto-dermoplasty
to be conducted one week earlier, compared to tradition-
al tactics. Furthermore, it enhances the engraving ability
of autografts and reduces the duration of inpatient treat-
ment. According to radiographic densitometric studies,
the process of osteonecrosis after electrothermal trauma
is completed within two weeks after the injury. As a re-
sult, osteo-necrectomy can be initiated one to three weeks
earlier, including simultaneous radical osteo-necrectomy
over the entire surface of osteonecrosis. These findings
have significant implications on electrothermal trauma
and its management and represent a valuable addition to
the existing body of knowledge.**

Aim

The research aims to bridge the existing gap in litera-
ture concerning electrothermal burn trauma. It intends
to delve into the innovative treatment approaches and
the analysis of post-treatment care.

Material and methods
We conducted a thorough retrospective review of the
pediatric population with electrothermal injuries who
received inpatient treatment at the Grodno Regional
Children’s Clinical Hospital, Belarus. During the period
spanning from 2014 to 2023, a total of 666 pediatric burn
patients were admitted to the hospital for treatment, of
which 35 presented with electrothermal skin burns. Of
these 35 patients, 23 were male and 12 were female.

The statistical analysis has been conducted. The au-
thors generated quantitative data on various subjects,
which they then presented visually using curve charts,
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bar charts, and pie charts. These visual representations
served to illustrate the data clearly and concisely.

The present study has specific criteria for inclusion
and exclusion of patients. The inclusion criteria consist
of patients who have been subjected to electrothermal
burns and are within the pediatric age group, residing
in the Grodno region. Conversely, the exclusion criteria
involve patients who have been subjected to burns that
occurred by factors other than electrothermal burns,
those who are above 18 years of age, and those who be-
long to regions other than Grodno. These criteria have
established the certainty that the study is focused and to
maintain the integrity of the study’s findings. The study
was approved by the institutional ethics and misconduct
wing (approval number 2410).

Results

During our retrospective analysis of patient cases, we
identified that out of the 666 patients who underwent
inpatient treatment, a total of 35 patients were reported
to have experienced electrothermal skin burns. We have
included a few examples of such instances in Figure 1.

Fig. 1. A and C: lll-degree burn, B: diagnostic sensitivity test
(needle test) on lll -degree burn

The tabulated data presenting the demographic in-
formation for the study is in Table 1.

Table 1. The demographic data of the study

Characteristics n
Patients 35
Mean age (years) 9
Gender
Male 23
Female 12

In our research, we included a parameter of hospi-
talizing a patient with electrothermal skin burns, which

is shown in Figure 2. Our findings indicate that in the
year 2014, no patient experienced electrothermal skin
burns. However, among the 35 patients who experi-
enced electrothermal skin burns, the highest number of
patients, 9 (25.7%), was recorded in 2022, followed by 5
(14.3%) patients in 2018 and 2020, 4 (11.4%) patients in
2023, and 3 (8.6%) patients in 2016, 2017, and 2021. 2
patients in 2019 and one patient (2.8%) in 2015 experi-
enced electrothermal skin burns.

Number of patients

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Year

Fig. 2. Hospitalization of patients with electrothermal skin
burns over nine years

The incidence of electrothermal burns varies depend-
ing on the age and gender of the affected individuals. Ac-
cording to our findings, children between the ages of one
and three years are the most susceptible to electrothermal
burns, and the incidence rate of electrothermal burns is
higher in males as compared to females. The second most
common age group affected by electrothermal burns is
children between the ages of four and eight years, as evi-
denced by statistical data presented in Table 2.

Table 2. The distribution of children with electrothermal
burns by age and gender

Age Boys (n) Girls (n) Total (n)
Before 1 5 0 5
1-3 6 6 12
4-8 7 2 9
9-14 3 2 5
14-18 2 2 4
Total 23 12 35

According to Figure 3, electrothermal burns exhib-
it a gender-based distribution, with males experiencing
such burns at about 65.7%, which is twice as frequent as
females, who experience them at about 34.3%.

When examining the geographic distribution of
children seeking inpatient care, it was observed that the
regional pediatrics hospital in Grodno was chosen by 30
patients who were residents of the city itself. Converse-
ly, the district hospital of the Grodno region was sought
out by 5 patients residing on the outskirts of Grodno, as
in Figure 4.
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34.3% m Boys

m Girls

Fig. 3. Electrothermal burn according to gender
distribution

u Grodno

m Outskirts of Grodno

Fig. 4. The distribution based on the region of residence

The study sought to investigate the duration be-
tween electrothermal burns and the time patients
sought medical attention. In Figure 5, a majority of
the patients (65.7%) opted to seek medical assistance
within an hour of the incident. Approximately 25.7%
of the patients sought medical assistance within 1-3
hours, while only 5.7% sought help after a day. The re-
maining 2.9% of patients waited for up to 7 days be-
fore seeking medical attention. The results indicate
that the majority of patients were proactive in seek-
ing medical attention shortly after the incident, which
is encouraging as prompt medical attention is critical
in managing the associated complications of electro-
thermal burns.

m Before 1 hour
= 1-3 hours
= | day

7 days

Fig. 5. The distribution depending on when a person seeks
medical attention

Electrothermal injury caused by electrical appli-
ances is a significant concern, particularly in children.
Among young children, inserting metal objects, such as
hairpins, metal nails, and metal rods, into a 220V socket
was identified as the fundamental cause of low-voltage
injury, accounting for 48.6% of cases. In contrast, 42.9%
of children experienced injury due to bare electric wires,
5.7% due to contact with a light bulb base, and 2.8% due
to exposure to a 380V transformer substation, as pre-
sented in Figure 6. These outcomes highlight the need
for increased awareness particularly among young chil-
dren, to reduce the incidence of electrothermal injury
caused by electrical appliances.

mMetal objects
m Bare electric wires
mLight bulb base

42.9% Transformer substation

Fig. 6. The distribution depending on the etiology of the
injury

The data presented in Figure 7 illustrates the sea-
sonal distribution of electrothermal burns. A total of 35
children were injured during the study period, and the
majority of the cases (34.3%) occurred during the sum-
mer. In contrast, 25.7% and 14.3% of the injuries were
observed in winter, autumn, and spring, respectively.
These findings suggest that the summer months pose
a higher risk for electrothermal burn injuries among
children. It is recommended that guardians take extra
precautions during this season to minimize the risk of
burns.

12
9 9
8
6
| | |

4 I
2

0

Summer ‘Winter Autumn Spring

Fig. 7. The distribution of injuries by season

An analysis was conducted to evaluate the occur-
rence of injuries based on the day of the week. The find-
ings indicate that the highest number of injuries were
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reported on Sunday, with 9 children (25.7%) experienc-
ing an injury. Friday followed with 6 children (17.2%),
while Saturday recorded 5 cases (14.3%). Monday,
Wednesday, and Thursday had 4 cases each (11.4%),
while Tuesday had the lowest number of injuries with
only 3 cases (8.6%). These results are in Figure 8.

Number of patients
w

Monday ~ Tuesday ~ Wednesday — Thursday Friday Saturday ~ Sunday

Fig. 8. The distribution varying depending on the day of
the week

Upon admission, the medical care provided adhered
to the clinical protocols. These protocols outlines the basic
requirements for providing medical care to patients with
burn injuries and their complications in both outpatient
and inpatient settings. Among the admitted children, 22
(62.8%) were hospitalized in the emergency surgical de-
partment from the emergency room, while 10 (28.6%)
received treatment in pediatric emergency medicine. Ad-
ditionally, 3 (8.6%) children were admitted to the anesthe-
siology and resuscitation department, as in Figure 9.

m Surgical department
m Pediatric emergency medicine

m Anesthesiology and resuscitation

Fig. 9. The distribution of children by hospital department
upon admission

A full blood count (FBC) was conducted on all pa-
tients on admission. Mild anemia was observed in 7
children (20%), leukocytosis in 11 children (31.4%), and
an increase in erythrocyte sedimentation rate in 3 chil-
dren (8.6%). These findings suggest the presence of an
underlying inflammatory process, which may warrant
further investigation.

Upon admission, a biochemical blood test was con-
ducted on 18 patients to determine the level of aspar-
tate aminotransferase (AST), alanine aminotransferase

(ALT), creatine kinase (CK), and lactate dehydrogenase
(LDH). The results indicated that AST levels were ele-
vated in five of the children, while two children had ele-
vated ALT levels. Four children had elevated CK levels,
and one child had elevated LDH levels.

Eight patients underwent a coagulation profile test
upon admission. The test results revealed that one child
had an elevated level of fibrinogen, while another pa-
tient showed an increase in international normalized ra-
tio (INR) to 1. These findings suggest the possibility of
coagulation disorders. It is essential to monitor the pa-
tient’s health status closely and take appropriate mea-
sures to manage their conditions.

Electrocardiography (ECG) was conducted on all pa-
tients. The analysis of the ECGs revealed certain changes
in the cardiac parameters. Specifically, a decrease in volt-
age was noted in four children (11.4%), while three chil-
dren (8.6%) exhibited a shortening of the PQ interval.
Two children (5.7%) showed an atrioventricular block,
while another two children (5.7%) showed a partial block
in the right bundle branch. Further, one child (2.9%) had
tachycardia, while another child (2.9%) showed bradycar-
dia and atrial rhythm, as in Figure 10.

mNormal

= Low voltage

= Shortening PQ interval
Adtrioventricular block

mRight bundle branch block

= Tachycardia

62.8% mBrady cardia and atrial rhythm
8%

Fig. 10. The distribution of changes in ECG following
electrothermal burn injury

m 13 days
m4-6 days
m>17 days

Fig. 11. The distribution according to length of stay after
receiving an electrothermal burn injury

Based on the distribution of hospital stays, the ma-
jority of children, specifically 71.4%, remained hospi-
talized for 1-3 days. A smaller proportion of patients,
comprising 14.3% of the total, were admitted for 4-6
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days while the remaining 14.3% of patients were hos-
pitalized for a duration exceeding 17 days, as shown in
Figure 11.

On admission, an evaluation was conducted to de-
termine the localization, burn area, and depth of the
wound. The location of the electrothermal burns is pre-
sented in Table 3.

Table 3. Localization of electrothermal burns in children

One anatomical region Many anatomical regions

n=25 (71.4%) n=10(28.6%)
Anatomical region n % Anatomical region n %
Right hand 16 64 Both hands 9 2
Left hand 7 28 Left hand, leg 1 10
Left shin 1 4
Head 1 4

Among the 35 patients under review, it was observed
that the majority of the lesions (71.4%) were localized in
a single anatomical region, primarily among 25 children.
The right hand was affected in 16 children (64%), while
the left hand was affected in 7 children (28%). One child
(4%) experienced the lesion on the left shin, while anoth-
er child (4%) had it on the head. Additionally, there were
10 children (28.6%) who exhibited lesions involving mul-
tiple anatomical regions. Among these, both hands were
affected in 9 children (90%), while the left hand and leg
were affected in 1 child (10%).

Typically, electrothermal burn wounds do not ex-
hibit significant damage over a wide area. However, it
is common to observe skin lesions in the appearance of
distinct marks, as summarized in Table 4.

Table 4. Distribution of electrothermal burns depending
on the affected area
(%) of affected area <0.05 0.1-0.2 0.3-0.8 1
Number of patients 20 9 5 1

Burns are classified into different degrees based on
their severity, with superficial burns being classified as
first-degree burns, partial-thickness burns as second
and third-degree burns, and full-thickness burns as
fourth-degree burns. All pediatric patients underwent
primary surgical intervention for their wounds, and the
depth and extent of their burns were thoroughly eval-
uated upon admission. The observed scars exhibited a
mosaic pattern, affecting the superficial and deep layers
of the skin. Three children were diagnosed with IV-de-
gree electrothermal burns.

During the initial day of hospitalization, we imple-
mented wet-to-dry dressings with antiseptics for local
treatment. Subsequently, we utilized 1% silver sulfadia-
zine or 2% silver sulfathiazole cream, as well as ointment
forms based on povidone-iodine and chloramphenicol
for further treatment.

Two pediatric patients underwent surgical pro-
cedures, one of which involved one-stage plastic skin
grafting, while the other received delayed dermoplasty
involving Italian dermatoplasty and auto-dermoplasty
utilizing a free split skin flap measuring 0.4 mm thick.
In another case, a single child underwent partial resec-
tion of the distal phalanx, followed by stump plastic sur-
gery using local tissues, as in Figure 12.

Fig. 12. Primary surgical intervention

Additionally, primary sutures on the wound were li-
gated to only one child, as outlined in Table 5.

Table 5. Methods of surgical treatment

Surgical treatment

n=4(100%)

gty
Right hand Early necrectomy 6 2 50
One-stage plastic surgery with skin flap 6 1 25
Delayed Italian dermatoplasty and auto- 3 1 %

dermoplasty with a free split skin flap
Primary sutures on the wound 1 1 25

Partial resection of the distal phalanx
Lefthand  with stump plastic surgery using local 25 1 25

tissues

As part of their treatment plan, nine children were
prescribed a rigorous regimen of antibacterial therapy,
with the addition of a comprehensive course of physio-
therapy and physical therapy. This complex therapy ap-
proach was designed to address their specific needs and
promote optimal healing and recovery.

Following their discharge from the hospital, all
children underwent a thorough examination conduct-
ed by a pediatric surgeon. This examination took place
one month after the complete epithelialization of the
wounds as shown in Figure 13, and was followed by a
course of conservative treatment aimed at preventing
the development of pathological scars. Subsequently, the
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children were taken for follow-up, following established
protocols.

Upon admission, all pediatric patients underwent
culturing at sites of tissue damage exhibiting no micro-
bial growth. Only one patient experienced infectious
complications, while rapid marginal epithelization oc-
curred in the others. For more extensive injuries, ne-
crectomy followed by plastic surgery was performed,
effectively preventing the development of infectious
complications. After a year of treatment, it was ob-
served that a significant majority of the children (97.1%)
showed positive outcomes and were excluded from fur-
ther observation. However, in the case of a single child
who suffered an electrothermal burn caused by a trans-
former substation, the surgeon observed the formation
of a flexion contracture. Additionally, the child exhib-
ited psychiatric complications such as hyperkinetic be-

havior disorder.

iJ | ¢ b

Fig. 13. A and C: epithelialization of the transplanted skin
flap after a month, B: epithelialization of the transplanted
skin flap after 12 months

Discussion

Electrothermal burns are a serious concern as they can
result from low-voltage sources that are capable of pro-
ducing large currents. When a metal object comes into
contact with a live terminal and a grounding, it can
short-circuit the battery and rapidly heat the metal ob-
ject.?! Children have been reported to have had elec-
trothermal burns from various objects such as metal
objects, bare electric wires, light bulb bases, and trans-
former substations. Electrothermal injury can occur
due to different reasons such as capacitive coupling, di-
rect application, direct coupling, insulation failure, etc.2
The severity of the injury depends on several factors
such as voltage, amperage, type of current (alternating
or direct), tissue resistance, tissue susceptibility, dura-
tion of contact, the path of electrical flow through the
body, and extent of grounding.” It is worth noting that

most patients with electrothermal injuries are young
and healthy.* Gender and season distribution analy-
sis shows that boys are at higher risk of electrothermal
burns during the summer season compared to girls.

According to the results of an ECG, changes in
low voltage were observed in 11.4% of children, while
8.6% of children showed a shortening of the PQ in-
terval. Atrioventricular block and right bundle branch
block were detected in 5.7% of children, and tachycar-
dia, bradycardia, and atrial rhythm were observed in the
remaining 2.9% of children. It has been found that elec-
trothermal conversion and electroporation can cause
damage to the myocardium, with the direct impact of
electric current being a primary cause of such damage.
Furthermore, elevated levels of myocardial damage pa-
rameters, such as CK-myocardial band isoenzyme and
troponin levels, could indicate cardiac complications.
However, an ECG remains a crucial diagnostic tool for
identifying myocardial damage as a complication of
electrothermal injury.** Cardiac events usually occur
immediately after the accident, resulting in the proar-
rhythmic effect of electric shock. Electromechanical
disturbances, such as sinus tachycardia, ventricular pre-
mature beats, atrial fibrillation, ventricular tachycardia,
ventricular fibrillation, and conduction abnormalities,
such as sinus bradycardia or bundle-branch blocks, or
varying degrees of atrioventricular blocks, are all poten-
tial consequences of electrothermal injury.”

During the FBC analysis, the patients exhibited ane-
mia, leukocytosis, and an elevation in ESR levels. Ane-
mia and leukocytosis are the most frequent laboratory
findings among these patients.”® Furthermore, patients’
coagulation profile tests revealed increased levels of fi-
brinogen and INR. A biochemical blood test revealed
elevated levels of AST, ALT, CK, and LDH. The sever-
ity of the injury may be correlated with the LDH lev-
el.” Within an hour of the electrothermal burn incident,
most children sought medical attention, while parents
of 25.7% of children decided to seek medical attention
within 1-3 hours, and the remaining children sought
medical attention within 1-7 days.

According to the clinical protocols of the Minis-
try of Health of the Republic of Belarus, children with
burns were treated in different departments based on
the extent and depth of the injury. 62.8% of children
required treatment in the surgical department, 28.6%
received treatment in pediatric emergency medicine,
and 8.6% were treated in anesthesiology and resusci-
tation. It is imperative to consider varying monitoring
and treatment concepts for patients, especially after
sustaining an injury.”® The condition can be managed
through conservative treatment, primary intervention,
and epithelialization.?”” In our study, all children un-
derwent primary surgical treatment of wounds upon
admission, which helped to determine the burn’s depth
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and area. Wet-to-dry dressings with antiseptics were
performed on the first day, followed by a prescrip-
tion of creams like 1% silver sulfadiazine or 2% sil-
ver sulfathiazole cream, and ointment forms based on
povidone-iodine and chloramphenicol. Additional-
ly, complex therapies such as physiotherapy, physical
therapy, and antibacterial therapy were prescribed to
a few children.

Some children had undergone early necrectomy
using different surgical techniques, including one-
stage skin grafting, delayed Italian dermatoplasty, and
auto-dermoplasty with a free split skin flap measuring
0.4 mm thick. Primary suture ligated on the wound in
one child. Furthermore, partial resection of the distal
phalanx with stump plastic surgery using local tissue
was performed in a single child. In the hospital, most
children had a shorter stay, ranging from 1-3 days,
while 14.3% had more extended stays of more than 17
days. Follow-up care after a month showed complete
epithelization of the wound, and conservative treat-
ment was prescribed to prevent the development of
pathological scars. After a year, 34 children had fully
recovered with no complications, except for one child,
who had developed a flexion contracture and exhib-
ited hyperkinetic behavior disorder. It is crucial to
note that neurological complications, including loss
of consciousness, memory problems, hypoxic enceph-
alopathy, intracerebral hemorrhage, and stroke, were
observed in previous studies.’

Conclusion

According to our research, electrothermal burns are ob-
served in 5.3% of hospitalized children with burn inju-
ries. It has been observed that patients under the age of
three are the most commonly affected group, account-
ing for 48.6% of cases. Furthermore, boys are twice as
likely as girls to suffer from such burns, with the ma-
jority of cases occurring during the summer season and
on weekends. These findings highlight the need for en-
hanced awareness and preventive measures to mitigate
the risk of electrothermal burn injuries among pediat-
ric patients. Parents should exercise increased vigilance
with children under the age of 4, as this age group is par-
ticularly vulnerable to sustaining electrothermal burns
from common household appliances.

Injuries caused by electrical shock are primarily at-
tributed to contact with household instruments, with
the majority of cases (97.2%) involving incidents such as
inserting metallic objects into a 220 V socket and con-
tact with bare conductors. In the episode of an electri-
cal injury, most children (65.7%) seek medical attention
within an hour of the incident. The most common site
of injury is the hands (91.4%), with a sizeable propor-
tion of cases (11.4%) requiring surgical intervention.
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ABSTRACT

Introduction and aim. The present study explores the immunomodulatory effects of the hydroalcoholic extract of Turnera ul-
mifolia through in vitro and in vivo models.

Material and methods. The study examined cytotoxicity, cytokine production, and nitric oxide (NO) levels using RAW 264.7
murine macrophage cells, while in vivo assessments were performed using BALB/c mice.

Results. In vitro, T. ulmifolia extract significantly increased cytokine levels and NO production in unstimulated cells while ef-
fectively inhibiting overproduction in LPS-stimulated cells, suggesting immunomodulatory and anti-inflammatory activities.
In vivo experiments demonstrated that T. ulmifolia extract enhanced the immune response by improving macrophage phago-
cytic activity, increasing delayed-type hypersensitivity, increasing serum hemolysin levels, and enhancing thymus and spleen
indices. These results highlight the potential of the T. ulmifolia extract as an immunomodulatory agent, regulating cytokine
secretion and enhancing immune responses without causing cytotoxicity.

Conclusion. The findings indicate promising therapeutic applications for T. ulmifolia extract in modulating immune function

and inflammation.

Keywords. hydroalcoholic,immunomodulatory activity, in vitro, in vivo, Turnera ulmifolia

Introduction

Turnera ulmifolia Linn., sometimes called ramgoat
dashalong, is a flowering plant classified under the Passi-
floraceae family. T. ulmifolia, a plant widely spread across
the Americas, including South and Central America and
the Caribbean, is renowned for its therapeutic powers
and decorative value. The plant often exhibits a prostrate
growth habit, reaching heights of up to one meter, with
conspicuous yellow flowers and leaves with toothed edg-
es.! This species thrives in many environments, including
open forests, places that have been disrupted, and beside
highways, often seen in tropical and subtropical coun-
tries. The dashalong ramgoat plant has a long-standing
history of being used in traditional herbal treatments in

its indigenous habitat. Multiple components of the plant,
including leaves, stems, and roots, are used to create de-
coctions, infusions, and poultices to treat a diverse array
of diseases.>® T. ulmifolia is highly regarded in tradition-
al Caribbean medicine for its alleged ability to reduce in-
flammation, relieve pain, increase urine production, and
relax muscles. It is often used to alleviate symptoms of
diseases such as lung infections, gastrointestinal prob-
lems, menstrual cramps, and urinary tract infections.
Moreover, it is widely believed that the plant has aphro-
disiac characteristics and is sometimes used to increase
desire and sexual performance.**

T. ulmifolia is planted for decorative reasons due
to its beautiful leaves, vivid yellow blooms, and thera-
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peutic applications. Commonly cultivated in gardens,
parks and landscapes, this plant is an ornamental ad-
dition that enhances the aesthetic appeal and visual
appeal of outdoor areas. Furthermore, the plant offers
nectar and a home for pollinators such as bees and but-
terflies, thus improving local biodiversity and ecologi-
cal well-being.%” Although v T. ulmifolia has been highly
valued in traditional medicine for many years, there is
a lack of scientific studies on its pharmacological qual-
ities and possible therapeutic uses. Additional research
is required to clarify the bioactive substances found in
the plant, their modes of operation, and their effective-
ness and safety characteristics. Furthermore, initiatives
aimed at preserving the natural populations of T. ulmifo-
lia and advocating for sustainable farming methods can
guarantee its accessibility for future generations while
benefiting local people who depend on its medicinal
and economic advantages.®'® To explore the pharmaco-
logical potential of T. ulmifolia, we extracted the plant
using a hydroalcoholic solvent, and the active fraction
was subjected to in vivo and in vitro immunomodula-
tory activity.

T. ulmifolia, commonly known as ramgoat
dashalong, has been widely used in traditional medicine
for its various therapeutic benefits, such as anti-inflam-
matory, analgesic, and aphrodisiac properties. Despite
its historical and widespread use, the pharmacologi-
cal potential of T. ulmifolia has not been thoroughly
explored in modern scientific research. There remains
a significant gap in understanding its immunomodu-
latory effects, particularly its potential to regulate the
immune system and combat inflammation without cy-
totoxic side effects. Given the growing interest in herb-
al medicines for immune modulation, this study aims
to address the lack of rigorous scientific investigation of
the plant’s bioactive compounds. By focusing on both in
vitro and in vivo models, this research seeks to uncover
the immunomodulatory activities of T. ulmifolia extract,
contributing valuable insights to both the fields of im-
munopharmacology and research on natural products.

Aim

This study is unique in that it systematically evaluates
the immunomodulatory effects of T. ulmifolia through a
comprehensive approach that includes both in vitro and
in vivo models. This research utilizes advanced method-
ologies to assess cytokine production, nitric oxide (NO)
levels, and macrophage function, providing novel in-
formation on the plant’s biphasic effect on immune re-
sponses. Additionally, this work distinguishes itself by
demonstrating the ability to enhance immune respons-
es in unstimulated cells while simultaneously inhibiting
excessive immune reactions in stimulated conditions,
suggesting dual immunomodulatory and anti-inflam-
matory effects. These findings significantly advance our

understanding of the pharmacological properties of T.
ulmifolia, positioning it as a potential therapeutic agent
for immune-related conditions.

Material and methods

Reagents

Glowderma Labs Pvt. Ltd. (Mumbai, India) supplied
levamisole hydrochloride. In contrast, Infobio Life-
sciences (Delhi, India) supplied Mouse TNF-a, IL-1,
IL-6, and IFN-y ELISA kits from Krishgen Biosystems,
Mumbaij, India (catalog numbers: TNF-a: KET7012, IL-
1B: KET7013, IL-6: KET7014, IFN-y: KET7015). The re-
maining chemicals utilized in the study were acquired
from HiMedia Laboratories in Mumbai, India.

Preparation of T. ulmifolia extracts

The protocol for the preparation of T. ulmifolia extracts
involves the extraction of plant or biological samples us-
ing a mixture of ethanol and water in a 70:30 ratio. This
extract is then subjected to column fractionation, which
is based on the polarity of the solvent system. Various sol-
vents are used sequentially and the sample is placed on
top of a silica gel column (60-120 mesh size) to ensure
even distribution. A cotton bolus is placed above and be-
low the sample to maintain uniformity. Different solvents,
including ethyl acetate, benzene-ethyl acetate mixtures,
chloroform, and acetone, are used, each with specific run
times until the complete separation of the components
is achieved. The fractions obtained are subsequently an-
alyzed using thin-layer chromatography (TLC) to deter-
mine the number and type of compounds present in each
fraction, and further analysis performed on the most
promising fraction for compound identification.

Cell culture

Aaranya Biosciences Private Limited supplied the RAW
264.7 murine macrophage cell line. Cells were cultured
in DMEM,, supplemented with 10% heat-inactivated fe-
tal bovine serum (FBS), 100 U/mL penicillin, and 100
pg/mL streptomycin sulfate. They were kept at 37°C in
a humidified incubator with an atmosphere of 5% CO,
and 95% air.

Cell viability assay

The MTT assay, used to assess cell viability, was ob-
tained from HiMedia Laboratories, Mumbai, India.
RAW 264.7 cells were seeded at a density of 4x10° cells/
mL into 96-well plates and allowed to incubate over-
night. The following day, different concentrations of
T. ulmifolia extract (ranging from 0-150 pg/mL, diluted
in 0.1% DMSO) were added to the cells and incubated
for 24 hours. After incubation, 50 uL of MTT reagent
was added to each well, and the cells were further incu-
bated for 4 hours. The MTT reagent was then removed
and 100 pL of DMSO was added to each well to dissolve
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the formazan crystals formed by viable cells. The optical
density (OD) was measured at 570 nm using a micro-
plate reader to determine cell viability.

Cytokine assays

RAW 264.7 cells were seeded in 96-well plates at a den-
sity of 4x10° cells/mL. The cells were then treated for
24 hours with 1 ug/mL of lipopolysaccharide (LPS) or
with 10, 25, or 150 pg/mL of trifluoroacetic acid (dilut-
ed in 0.1% DMSO). After treatment, cytokine analysis
was performed on the cell-free supernatants. Concen-
trations of TNF-a, IL-1p, IL-6, and IFN-y in the super-
natants were measured using ELISA kits, following the
manufacturer’s instructions.

Nitrite measurement

NO production of NO was determined by measuring the
accumulation of nitrite in the cell culture medium us-
ing the Griess procedure. RAW 264.7 cells were seeded
in 96-well plates and treated with T. ulmifolia extract at
concentrations of 10, 25, 100, and 150 pg/mL (dissolved
in 0.1% DMSO). Cells were either exposed to 1 pug/mL
of LPS or left untreated for 24 hours. After incubation,
cell supernatants were collected, and NO generation was
evaluated using the Griess reagent. Equal volumes of the
samples and Griess reagent were mixed and incubated
at room temperature for 15 minutes. Absorbance was
measured at 540 nm using a microplate reader. The ni-
trite concentration was calculated on a standard sodium
nitrite dilution curve.

Animals

BALB/c mice weighing 18-22 g were purchased from
the National Institute of Nutrition (NIN) in Hyderabad,
India. The animals were housed in isolation cages with
unrestricted access to food and water. Before the exper-
iments, the mice were allowed at least one week to accli-
mate to the experimental environment. All experimental
procedures involving animals were conducted strictly in
accordance with the guidelines established by the Ethical
Committee for the Experimental Use of Animals.

In vivo immunomodulatory effect of T. ulmifolia extract
Carbon clearance test to measure macrophage phagocytic
activity in mice

Six groups of mice (n=6 per group) were randomly as-
signed as follows: NC (normal control) group, DC (dis-
ease control) group, TU-200 group (treated with 200
mg/kg of T. ulmifolia extract), TU-400 group (treated
with 400 mg/kg of T. ulmifolia extract), and a standard
group. Mice in the TU-200 and TU-400 groups were
administered the extract orally (p.o.) using sodium car-
boxymethyl cellulose (CMC) as a vehicle for seven days.
The standard group received levamisole (LEV) at a dose
of 30 mg/kg intraperitoneally (i.p.). Mice in the NC and

DC groups were given sodium CMC p.o. On days 2, 4,
and 6 of the experiment, mice in all groups except the
Standard group were administered cyclophosphamide
(CTX) at a dose of 40 mg/kg ip to induce immunosup-
pression. One hour after the final dose, India ink (dilut-
ed to 10 uL/kg) was injected into the caudal vein of each
mouse. Blood samples (20 pL) were collected from the
tail vein at two minutes and ten minutes after injection.
The collected blood samples were immediately mixed
with 2 mLof 1 mg/mL sodium carbonate (Na,CO,) solu-
tion to lyse the red blood cells and stabilize the ink par-
ticles. The absorbance of the samples was measured at
650 nm using a microplate reader. The phagocytic index
was calculated using the following formula:

Phagocytic index=(t;o - t,)/(log OD, - log OD1)
Where:
t10=10 minutes post-injection
t,=2 minutes after injection
OD,=absorbance at 2 minutes
ODjo=absorbance at 10 minutes

After the final blood collection, the mice were sac-
rificed and the spleen and liver were carefully removed
and weighed. Organ weights were expressed as a ratio of
body weight to the combined weight of the spleen and
liver, providing additional information on the mice’s im-
mune function.

Assessing mice for delayed-type hypersensitivity

The footpad edema test assessed mice’s delayed-type hy-
persensitivity (DTH) response. The experimental design
was maintained, with the animals divided into appropri-
ate groups. On the second day of drug administration,
each mouse was sensitized via an intraperitoneal (i.p.)
injection of 0.2 mL of 2% sheep red blood cell (SRBC)
suspension. This sensitization initiated the immune re-
sponse in preparation for the challenge. On the seventh
day of drug administration, a challenge was performed
by injecting 20 pL of a 20% SRBC suspension subcuta-
neously into the right posterior footpad of each mouse.
This subcutaneous injection was performed to induce
the DTH response in the immune-sensitized mice. Af-
ter 24 hours, the thickness of the right (injected) and
left (non-injected) rear foot pads was measured using a
vernier caliper. The differential thickness of the footpads
was recorded before and after the injection of SRBC to
assess the degree of inflammation. The degree of DTH
was determined by calculating the difference in thick-
ness between the right (injected) and left (non-inject-
ed) footpads before and after the SRBC challenge. This
differential measurement indicated the inflammatory
response, with more significant swelling indicating a
stronger DTH response. This method is designed to as-
sess the cellular immune response in mice and can be
used to evaluate the immunomodulatory effects of vari-
ous substances. The test can be accurately replicated and
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results reliably reproduced by following these detailed
steps.

Determination of serum hemolysin level in mice

The serum hemolysin assay was performed to assess
the humoral immune response in mice. The experi-
mental design remained consistent and the mice were
grouped as appropriate. On the third day of treatment,
each mouse received 0.2 mL of a 2% sheep red blood
cell (SRBC) suspension via intraperitoneal (i.p.) injec-
tion to stimulate the immune system and induce anti-
body production. Exactly 24 hours after SRBC injection,
blood samples were taken from the brachial plexus of
mice. The blood collected was immediately processed
to obtain serum by centrifugation at 3000 rpm for 10
minutes. The serum was then diluted 100-fold in phys-
iological saline for further analysis. A hemolysin reac-
tion mixture was prepared by combining 1 mL of the
diluted mouse serum, 0.5 mL of a 10% sheep red blood
cell (SRBC) suspension (serving as the antigen), and
0.5 mL of a 10% complement solution. The mixture
was then incubated to assess the hemolytic activity of
the serum, which indicates the presence of hemolysin
antibodies that interact with SRBC in the presence of
the complement. The reaction mixture was incubated in
a 37°C water bath for 30 minutes to allow the hemolysin
(antibodies) in the serum to lyse the SRBC in the pres-
ence of complement. After 30 minutes of incubation, the
reaction was stopped by placing the tubes in an ice bath.
The reaction mixture was centrifuged at 3000 rpm for
10 minutes to separate the lysed cells from the superna-
tant. The supernatant absorbance was then measured at
540 nm using a microplate reader, indicating the hemo-
lysin activity in the serum. The absorbance values reflect
the level of hemolysin antibodies produced by the mice,
with a higher absorbance indicating greater hemolytic
activity and a stronger humoral immune response.

Immune organ index determination

After seven days of drug administration, the experi-
mental design remained unchanged and the mice were
weighed to record their body weights. Subsequent-
ly, mice were humanely euthanized via cervical dislo-
cation. After euthanasia, the thymus and spleen were
carefully removed from each mouse. Care was taken to
remove any extraneous tissues attached to the organs.
The thymus and spleen were then weighed separately
using a precision balance. Organ weights were record-
ed in milligrams (mg). Organ weights were normalized
to the body weight of each mouse to calculate thymus
and spleen indices. These were expressed in milligrams
of organ weight per gram of body weight (mg/g). This
index provides insight into the effect of the drug on the
immune organs of mice.

Statistical analysis

Statistical analysis was performed for the investigation
of the immunomodulatory activity of the T. ulmifolia
extract using standard methods to ensure the accura-
cy and validity of the findings. Data are expressed as the
meanztstandard deviation (SD) of independent experi-
ments. The differences between groups were evaluated
using one-way analysis of variance (ANOVA) followed
by post hoc tests such as Tukey’s multiple comparison
test. Significance was considered when p-values were
less than 0.05 (p<0.05), indicating a statistically signif-
icant difference. Furthermore, for comparisons involv-
ing multiple groups, values such as p<0.01 and p<0.001
were reported to indicate a higher significance level
(SSPS, IBM, Armonk, NY, USA).

Ethical approval

The study was carried out according to ethical standards
and ethical approval was obtained from Flair Labs, lo-
cated at Plot No. B 510, Palsana, Surat-394315, Gujarat,
India. The study was approved under the registration
number 1250/PO/RcBi/S/23/CPCSEA.

Results

In vitro studies

Effect of lipopolysaccharide extract on cell viability

The extract of T. ulmifolia did not induce significant cy-
totoxicity in the concentration range of 0-100 pg/mL
in RAW 264.7 macrophage cells, whether in the pres-
ence or absence of LPS stimulation (Fig.1). This is evi-
dent from the minimal variation in cell viability values,
all of which remained close to or above 0.8, with most
reaching or exceeding 1.0. In particular, the highest con-
centration of T. ulmifolia extract (100 ug/mL) led to a
slight reduction in cell viability without LPS. However,
this was not statistically significant, suggesting that the
extract was non-toxic at the tested doses. The ability to
maintain or slightly enhance cell viability, particularly at
10 and 25 pg/mL, suggests that the extract of T. ulmifo-
lia may have an immunostimulatory effect without in-
ducing cellular damage. Furthermore, in the presence of
LPS, which is known to activate macrophages and cause
an inflammatory response, cell viability remained rela-
tively stable. This indicates that the T. ulmifolia extract
may modulate the immune response without exerting
cytotoxic effects.

Effect of T. ulmifolia extract on cytokine release in RAW
264.7 macrophages that are unstimulated or stimulated
by LPS

This work investigated how the extract of T. ulmifo-
lia affected the cytokine release in RAW 264.7 macro-
phages. The findings demonstrated that relative to the
control group, T. ulmifolia extract at doses of 10, 25,
100, and 150 pg/mL markedly improved the production
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of TNF-q, IL-1p, IL-6, and IFN-y (p<0.05 or p<0.01 or
p<0.001) (Fig 2). Significantly, this induction showed
immunomodulatory activity in innate immunity as it
was carried out without any cytotoxic effects and pro-
duced a favorable modulation of RAW 264.7 macro-
phage function. To assess the anti-inflammatory effects
of the T. ulmifolia extract in a laboratory environment,
we carried out measurements on how much inflamma-
tory cytokine was present in RAW 264.7 cell superna-
tants after exposure to LPS stimulation.
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LPS stimulation markedly (p<0.01) boosted cyto-
kine production compared to the control group. Con-
centrations of 10, 25, 100, and 150 ug/mL of T. ulmifolia
extract markedly decreased cytokine synthesis (Fig. 3).
A dose-dependent pattern of this inhibition (p<0.05 or
p<0.01) suggested anti-inflammatory action. The results
imply that the extract of T. ulmifolia may affect RAW
264.7 macrophages’ cytokine release, impacting the im-
mune system and lowering inflammation.

Effects of T. ulmifolia extract on NO production in
RAW 264.7 macrophages with and without LPS stim-
ulation

Our investigation found that the extract of T. ulmifolia
has a concentration range that could promote NO gen-
eration in unstimulated RAW 264.7 macrophages and
be non-cytotoxic. Comparing the concentrations of the
T. ulmifolia extract at 10, 25, 100, and 150 pg/mL to the
control group, the former significantly increased NO gen-
eration (p<0.05) (Fig. 4). Proportional to dose, the ex-
tract of T. ulmifolia at doses of 25, 100, and 150 pug/mL
markedly reduced NO overproduction of NO as against
the LPS-stimulated group (p<0.05, p<0.01, and p<0.01)
(Fig. 5). The results show that the extract of T. ulmifolia
affects RAW 264.7 macrophages’ release of the inflamma-
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Fig. 2. Effect of the T. ulmifolia extract on cytokine release in unstimulated RAW 264.7 macrophages,

"-p<0.001, " -p<0.01, "~ p<0.05, with respect to the control
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Fig. 3. Impact of the T. ulmifolia extract on the production of cytokines by RAW 264.7 macrophages stimulated by LPS, ™ -

p<0.01,"- p<0.05, with respect to the control

tory mediator NO by RAW 264.7 macrophages in both
directions, therefore having immunomodulatory effects.
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Fig. 4. Effects of T. ulmifolia extract on NO production in
non-stimulated RAW 264.7 macrophages, *- p<0.05, with
respect to control

Immunomodulatory effects of the T. ulmifolia extract
in vivo

Effects of T. ulmifolia extract on mice’s macrophage
phagocytic activity

The phagocytic index was significantly lower in the DC
group (2.5£0.12) compared to the normal control group

(NC) group (3.6£0.17), reflecting immune suppression
in the DC group. However, treatment with T. ulmifolia
extract restored phagocytic activity, with the TU-200
group showing a phagocytic index comparable to the
NC group (3.6+0.17) and the TU-400 group showing
a slight decrease (3.4+0.078). This suggests that T. ulmi-
folia extract enhances the innate immune response by
promoting macrophage phagocytic function, particu-
larly at the dose of 200 mg/kg (Fig. 6).
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Fig. 5. Effects of the T. uImifolia extract on NO production
in RAW 264.7 macrophages stimulated by LPS, ”-p<0.01,
"~ p<0.05, with respect to the control
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Fig. 6. Effects of T. ulmifolia extract on macrophage
phagocytic function, - p<0.01, when compared to the NC
group, ® — p<0.01, < - p<0.05, when compared to the DC

group

Impact of T. ulmifolia extract on mice with DTH

Footpad thickness, a measure of the DTH response,
was significantly reduced in the DC group (0.73+0.12
mm) compared to the NC group (1.5+£0.07 mm), indi-
cating an altered immune response. Both the TU-200
(1.3£0.10 mm) and TU-400 (1.24+0.092 mm) groups
showed a significant increase in footpad thickness com-
pared to the DC group, demonstrating that the extract
of T. ulmifolia helps restore cell-mediated immunity in
immunosuppressed mice. However, the response was
slightly lower than in the NC group, indicating a par-
tial but significant recovery of immune function (Fig. 7).

2.0+
(7))
$g
€ E 15-
5 E
£ T
c 8 1.0
o
i s
Y ]
69
=
0.0-
Q
a» } bd
NN

Fig. 7. Effects of T. ulmifolia extract on delayed-type
hypersensitivity, *~ p<0.001, when compared to the NC
group, P—p<0.01, ¢- p<0.05, when compared to the DC

group

Effects of T. ulmifolia extract on serum hemolysin level
in mice

Serum hemolysis levels were markedly lower in the
DC group (0.16+0.024 OD value) compared to the NC
group (0.31+0.035 OD value), showing reduced hu-
moral immune function. Treatment with extracts of T.
ulmifolia significantly increased serum hemolysis lev-
els, with TU-200 (0.30+0.021 OD value) and TU-400
(0.28+0.021 OD value) approaching the levels of the NC
group. This indicates that T. ulmifolia extract effective-
ly enhances the humoral immune response, probably by
increasing antibody production (Fig. 8) .
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Fig. 8. Effects of T. ulmifolia extract on serum hemolysin
level, Y- p<0.01 when compared to the NC group, ¢-
p<0.05 when compared to the DC group

Spleen Index (mg/g)

Fig. 9. Effects of T. ulmifolia extract on spleen index, “-
p<0.001, when compared to the NC group, *- p<0.001, ®
- p<0.01, when compared to the DC group

Effects of T. ulmifolia extract on immune organ index in
mice

The thymus and spleen indices (Fig. 9 and Fig. 10 ),
which serve as indicators of immune organ health, were
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significantly lower in the DC group (1.24£0.091 mg/g for
thymus, 2.1+0.12 mg/g for spleen) compared to the NC
group (2.7+0.17 mg/g for thymus, 3.5£0.14 mg/g for
spleen), reflecting immunosuppression. Both thymus
and spleen indices increased significantly in the TU-200
and TU-400 groups, and the TU-200 group showing
values closer to those of the NC group.
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Fig. 10. Effects of T. ulmifolia extract on the thymus index,
@- p<0.001 when compared to the NC group, - p<0.001,
b— p<0.01, ¢- p<0.05, when compared to the DC group

Discussion
The RAW 264.7 cell line is a valuable tool for assessing in
vitro the immunomodulatory effects of numerous com-
pounds. Among the immunomodulatory agents secreted
by these macrophages are cytokines such as granulo-
cyte-macrophage colony-stimulating factor (GM-CSF)
and leukocyte adhesion molecules. Together, these chem-
icals promote the development of T and B lymphocytes,
trigger the phagocytosis process in macrophages, and
kill germs as part of secondary immune responses.'* Cy-
tokines play an essential role in modulating immune re-
sponses.’? TNF-a is a tumor necrosis factor and a vital
host regulatory molecule.’* Macrophages release TNF-a
and IL-1f, categorized as “early response cytokines’, in
reaction to inflammatory stimuli. These cytokines help
raise endothelial cells’ adhesion molecule levels, facilitat-
ing the migration and movement of phagocytes to tissue
damage sites." In contrast, IL-6 is essential for the host’s
immunological response, rapidly synthesizing proteins,
and maintenance of homeostasis.'>'¢
Inflammatory cytokine overproduction can have

detrimental effects, such as systemic exposure that may
be fatal and collateral to normal cells. However, it is vital
to remember that tissue healing and host survival from
infections depend on the release of inflammatory cyto-
kines.'”!8

Although a volatile gas, NO is essential for several
physiological functions, including inflammation, neuro-

transmission, and immunological responses.' It shows
a dual biological role in affecting the activity of resident
cells, tumor cells, and immune cells in many tissues and
organs at suitable concentrations or, at low levels, act-
ing as neurotransmitters.”’ On the other hand, excessive
or uncontrollably released NO can cause damage to in-
flammatory tissue and host cell death. Therefore, con-
trolling NO production may help reduce inflammatory
and immunological disorders.**

In phagocytosis, specialized cells, called phagocytes,
take in foreign substances and destroy them, including
bacteria, tumor cells, inorganic fragments, and tissue
waste. It is critical to the defense mechanisms. Phago-
cytes, which include neutrophils, monocytes, and mac-
rophages, are among the first to the invasion of respond
to a pathogenic organism.”> When the epithelial barri-
er is penetrated, macrophages, ancient and evolution-
ary conserved cells in multicellular creatures, act as the
first line of defense. A reflection of the phagocytic activ-
ity of the mononuclear phagocytic system, the macro-
phage phagocytic index is regarded as a diagnostic for
identifying nonspecific immunity.”? T-lymphocytes can
develop into sensitized lymphocytes in response to anti-
gen presentation, which can cause aberrant reactive in-
flammation to arise locally. This allergic inflammation
exhibits necrosis and cell degradation and has a delayed
start.” The presence of serum hemolysin antibodies
can be used to estimate the degree of humoral immu-
nity accurately. In reaction to different antigens, B-lym-
phocytes release this antibody.” This suggests that the
T. ulmifolia extract helps restore immune organ health,
particularly at the dose of 200 mg /kg, supporting the
overall immune response.*

The results of this study reveal the significant im-
munomodulatory activity of the hydroalcoholic extract
of T. ulmifolia in both in vitro and in vivo models. In vi-
tro experiments using RAW 264.7 murine macrophage
cells demonstrated that the extract could enhance the
production of key cytokines (TNF-a, IL-1f, IL-6, and
IFN-y) and NO without causing cytotoxic effects. The
increase in cytokine production indicates that T. ulmifo-
lia extract has an immunostimulatory effect on macro-
phages, which are critical players in the innate immune
response. However, it is essential to note that the extract
also exhibited anti-inflammatory activity by inhibiting
the overproduction of cytokines and NO in LPS-stim-
ulated cells. This dual immunomodulatory and anti-in-
flammatory effect is significant because an excessive
inflammatory response can lead to tissue damage and
other adverse effects. At the same time, cytokines are
necessary for effective immune function.”” In vivo stud-
ies further support the immunomodulatory potential.
The extract enhanced macrophage phagocytic activity,
as observed in the carbon-clearance test in mice. This
enhancement of the innate immune response was par-
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ticularly evident at the 200 mg/kg dose, suggesting an
optimal concentration for the efficacy of the extract.
Additionally, the extract positively influenced cell-me-
diated immunity, as shown by the increased DTH re-
sponse in immunosuppressed mice. The improvement
in the DTH response points to the role in restoring
cell-mediated immunity, an essential aspect of the im-
mune system’s ability to recognize and respond to for-
eign antigens.” The study also found that T. ulmifolia
increased serum hemolysin levels, boosting the humor-
al immune response. The production of hemolysin an-
tibodies by B-lymphocytes is a vital part of the body’s
defense mechanism against pathogens, and the ability
to elevate these levels highlights its potential as an im-
munostimulant. Furthermore, the increase in thymus
and spleen indices in treated mice suggests that the ex-
tract may positively impact the health and functionality
of these critical immune organs.*** Overall, the find-
ings of both in vitro and in vivo models suggest that the
extract of T. ulmifolia has significant immunomodula-
tory effects, enhancing immune responses and provid-
ing anti-inflammatory benefits. The biphasic effect of
stimulating cytokine production in unstimulated cells
and inhibiting excessive cytokine production in acti-
vated cells indicates that the extract can modulate im-
mune responses in a balanced manner. These properties
make T. ulmifolia extract a promising candidate for de-
veloping therapeutic agents targeting immune-related
conditions, where fine-tuning of the immune system
is crucial. More research is needed to isolate the active
compounds responsible for these effects and to elucidate
the underlying mechanisms of action.

Conclusion

The findings of this study demonstrated that the T. ul-
mifolia extract has significant immunomodulatory ef-
fects, both in vitro and in vivo. In vitro studies revealed
that the extract improved cytokine production and ni-
tric oxide levels in unstimulated RAW 264.7 macro-
phage cells while inhibiting the overproduction of
these immune mediators in LPS-stimulated cells, thus
exhibiting immunostimulatory and anti-inflammato-
ry properties. Furthermore, in vivo studies in BAL-
B/c mice showed that the T. ulmifolia extract improved
macrophage phagocytic function, increased DTH re-
sponse, and elevated serum hemolysin levels, further
indicating a strong immunostimulatory effect. The ex-
tract also improved the thymus and spleen indices,
suggesting its ability to enhance overall immune re-
sponses. These results highlight the potential of T. ul-
mifolia extract as an effective immunomodulatory
agent with promising applications in the management
of immune-related disorders.
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ABSTRACT

Introduction and aim. Blunt chest trauma and traumatic brain injury are considered two of the most significant injury entities
with a high potential for complications. In the early post-traumatic period, trauma care frequently encounters limitations in
diagnostic capabilities within trauma centers. The objective of this study was to develop simple signs to predict outcomes at
three time points during the early post-traumatic period for patients with multiple blunt trauma with combined cranio-tho-
racic injuries.

Material and methods. This retrospective cohort study was conducted on 51 polytraumatized male patients. Examinations of
the patients were performed on the 15-2"9, 31-4th and 5*"-6t day after trauma. Mortality was set as the primary outcome. Re-
ceiver operating characteristic curve analysis was used to investigate the predictive capacity of the estimated markers for each
time period.

Results. The most significant differences between survivors and non-survivors on the 1st to 2nd day after trauma were ob-
served in terms of SpO,/FiO, index, hemoglobin and red blood cell count. On the 3"-4* day - SpO,/FiO, index. The oxygen
content, SpO,/FiO, index and hemoglobin exhibited the greatest disparity between patients groups on the 5*"-6'" day.
Conclusion. A set of criteria can be employed to monitor the clinical course of multiple trauma patients with combined cra-
nio-thoracic injuries. The predictive value of special markers varies depending on the time period. Each of the investigated time
periods is characterized by its own specific predictive signs. The predictive capacity of the estimated markers varies depending
on the time period under consideration. It is not an accurate approach to employ the same predictive markers throughout the
entire posttraumatic period.

Keywords. blunt injury, clinical decision rules, critical care, hospital mortality, multiple trauma

Introduction providing optimal respiratory care to patients with mod-
Blunt chest trauma and traumatic brain injury (TBI) are erate to severe TBL.* Chest trauma is a significant contrib-
considered two of the most significant single injury enti- utor to mortality and the development of complications
ties with a high potential for complications.’* It is clear in multiple trauma cases. It is an independent predictor of
that the integrity of the respiratory system is crucial in mortality in trauma patients, regardless of the severity of

Corresponding author: Myroslav Stupnytskyi, e-mail: stupnytskyima@gmail.com
Received: 27.05.2024 / Revised: 8.08.2024 / Accepted: 22.09.2024 / Published: 30.03.2025

Stupnytskyi M, Biletskyi O. Outcome prediction criteria for multiple trauma patients with combined cranio-thoracic injuries. Eur J Clin
Exp Med. 2025;23(1):110-116. doi: 10.15584/ejcem.2025.1.17.

This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY 4.0) license.


https://creativecommons.org/licenses/by/4.0/
http://www.ejcem.ur.edu.pl
http://dx.doi.org/10.15584/ejcem.2025.1.17
https://orcid.org/0000-0003-2960-1806
https://orcid.org/0000-0001-8638-4823

Outcome prediction criteria for multiple trauma patients with combined cranio-thoracic injuries 111

the trauma.® There is a lack of evidence on the impact of
chest trauma on functional outcome after TBI, but what
evidence does exist suggests chest trauma is a leading de-
terminant of adverse outcome after multiple injuries."**

It is imperative that all traumas, including those
with multiple cranio-thoracic injury, be managed in
a systematic way, with the involvement of a highly ex-
perienced, interdisciplinary trauma team with expertise
in critical care, anesthesia and surgical disciplines.” This
is essential for ensuring high-quality management and
low morbidity and mortality rates.®

The lack of a universal scoring system for predict-
ing mortality in multiple trauma patients, particularly in
the context of TBI and severe thoracic trauma, is a con-
sequence of the challenging applicability of some scales,
as well as resource limitations and the lack of predictive
outcome significance.’

The pathophysiology of multiple organ dysfunction
syndrome (MODS) after polytrauma represents a com-
plex network of interactions between the immune, endo-
crine, neural, and other systems.'®'? There are multiple
interactions between the mechanisms responsible for
harmful effects and involved in the progression of MODS,
on the one hand, and compensatory reactions directed to
maintain homeostasis during the early posttraumatic pe-
riod, on the other hand."*-** In this setting, the same lab-
oratory or clinical markers cannot predict the prediction
of the outcome during different time periods.

Another issue related to trauma care in the ear-
ly post-traumatic period is the limited diagnostic ca-
pabilities of the initial, secondary, and tertiary trauma
centers. In low- and middle-income countries, such as
Ukraine, the diagnostic capabilities of these centers are
particularly limited. The optimal prognostic tool should
therefore be based on simple predictors that can be easi-
ly calculated by different healthcare professionals in dif-
ferent settings, allowing for the correct interpretation by
those with varying levels of expertise.'®

Therefore, the issue becomes that of developing sim-
ple and dynamic outcome predictive signs to prepare
more effective management strategies for such patients
by the trauma team at the initial clinical presentation
and the early post-traumatic period.

Aim

The objective of this study was to develop simple signs
to predict outcomes at three time points during the ear-
ly posttraumatic period for patients with multiple blunt
trauma with combined cranio-thoracic injuries.

Material and methods

Study design

Data for this retrospective cohort study were extracted
from the previous single center prospective observation-
al cohort study that was conducted in the Department

of Anaesthesiology and Intensive Care for Patients with
Combined Trauma of the Kharkiv City Clinical Hospital
of Emergency Aid named by prof. O.I. Meshchaninov."”
A total of 51 male patients with combined TBI and se-
vere thoracic trauma, as defined by the inclusion crite-
ria, were included in the study cohort. All subjects gave
their informed consent for inclusion before participat-
ing in the study. The study was conducted in accordance
with the Declaration of Helsinki, and the protocol was
approved by the Ethics Committee of Kharkiv National
Medical University (N8/2016, October 5, 2016).

Patient selection and data collection

The inclusion criteria were the following: age >18 years,
injury severity score (ISS) 216, two or more injured
body regions, presence of TBI and abbreviated injury
scale (AIS) thorax 3 after blunt trauma. The presence
of a concomitant chronic disease in the subcompensa-
tion or decompensation phase, as well as penetrating
injuries, was identified as exclusion criteria. A diagnos-
tic evaluation was carried out for all patients according
to existing protocols, and their treatment was conduct-
ed in accordance with the Advanced Trauma Life Sup-
port Program. Laboratory tests and clinical examination
were performed on the 1%-2" (11-33 hours), 3-4®
(48-75 hours) and 5"-6" (97-122 hours) days after
trauma during their management in the ICU.

In-hospital mortality was defined as the endpoint
of the study. The survival to non-survival ratio of poly-
traumatized patients was 24 to 27 on the 1%-2" day, 24
to 20 - on the 3"-4% and 24 to 18 - on the 5"-6" day
after trauma.

The severity of polytrauma was evaluated using the
AIS, ISS, revised trauma score (RTS), and trauma and
injury severity score (TRISS) scales.'®** The Kigali mod-
ification of the Berlin criteria has been used for the di-
agnosis of ARDS.*!

Statistical analysis
All data are presented as the median with 95% contin-
gency interval for ordinal variables, the meanz standard
deviation for continuous variables, and the number with
percentage for categorical variables. Fisher’s exact test,
the chi-square test for trends and the Mann-Whitney U
test were employed to compare demographic and lab-
oratory data using GraphPadPrism 5.03 (GraphPad
Software, California, USA). The receiver operating char-
acteristic (ROC) curves were constructed for variables
that showed statistically significant differences, and the
cutoft values were calculated according to Youden’s in-
dex.?? All p-values were calculated using a two-sided
test. A value of p<0.05 was considered to indicate sta-
tistical significance.

Table 1 presents a summary of the main demo-
graphic characteristics of the patient groups.
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Table 1. Characteristics of the survival and non-survival
groups of multiple trauma patients with combined cranio-
thoracic injuries

Survivors Non-survivors
n=24 n=27 P
Age, years 39.5(35.92-44.16) 40(34.85-45.59)  0.9813
1SS score 27.5(24.85-32.31) 34(31.09-39.87)  0.0324
RTS score 7.84(6.607-7.672)  6.084(5.219-6.413)  0.0005
TRISS score 0.9442 (0.8085-0.9603) 0.7179(0.5479-0.7647) 0.0004

1.127£1.275
14(11.36-14.06)

1.933+4.184 0.8366
12(8.337-11.66)  0.0059

Admission time, hours
GCS at admission

Systolic BP on admission,

107.3+£24.98 94.44+39.06 0.0676
mmHg
Number of patients with
concomitant alcohol 11(45.8%) 13 (54.2%) 0.999
exposure
5:::;:2;:";2‘;;"'“' 7(269%) 19(73.1%) 0.005
ARDS 5(20.8%) 21(77.8%) <0.0001
Injury severity, n (%)
AIS skin 0 9(37.5%) 12 (44.4%)
1 14 (58.3%) 13 (48.2%) 0.8224
2 1(4.2%) 2(7.4%)
AIS head 1 10(41.6%) 7(25.9%)
2 1(4.2%) 1(3.8%)
3 9(37.5%) 7(25.9%) 0.0518
4 3(12.5%) 6(22.2%)
5 1(4.2%) 6(22.2%)
AIS facial 0 18 (75%) 22 (81.5%)
1 5(20.8%) 3(11.1%)
0.8504
2 0 1(3.7%)
3 1(4.2%) 1(3.7%)
AlS thorax 3 5(20.8%) 3(11.1%)
0.4505
4 19(79.2%) 24 (88.9%)
AIS abdomen 0 10 (41.7%) 10 (37%)
1 6(25%) 6(22.2%)
2 0 2(7.4%) 06731
3 5(20.8%) 4(14.8%)
4 3(12.5%) 5(18.5%)
AIS extremities 0 8(33.3%) 8(29.7%)
1 3(12.5%) 2(7.4%)
2 6(25%) 7(25.9%) 0.4984
3 7(29.2%) 9(33.3%)
4 0 1(3.7%)
Mechanism of injury, n (%)
Car driver 11(45.8%) 3(11.1%)
Bicycle accident 3(12.5%) 2(7.4%)
(ar passenger 1(4.2%) 3(11.1%)
Pedestrian 5(20.8%) 5(18.5%)
Falls from height 4(16.7%) 11(40.8%) 0.0015
Assault 0 1(3.7%)
Crushed by the heavy object 0 1(3.7%)
Injur){ by manufacture 0 16.7%)
machines
Results

The 51 patients were admitted to the ICU after primary
surgery, depending on the injuries suffered. The first ex-
amination with laboratory tests (on the 1*-2" day) was
performed the next morning after resuscitation measures.

There were no statistically significant differences be-
tween survivors and non-survivors with respect to age,
time of admission, number of patients with concomitant
alcohol exposure, systolic blood pressure at admission,
or the severity of injury to the involved body regions
(Table 1). The most common cause of trauma among
the survival cohort occurred in car drivers. While fall-
ing from height was the main etiological factor among
non-survivors. In five victims of this etiological group,
polytrauma included trauma to the spine: 3 at the tho-
raco-lumbar level; 1 at the lumbar level and 1 - at the
thoracic level. In the survivor group, a patient had lum-
bar spine trauma as a result of a pedestrian accident. The
greatest discrepancy was observed among the severity
scales was observed between patient populations with
respect to the TRISS model.

Table 2. Dynamic physiological data in the blunt multiple
trauma patients with combined cranio-thoracic injuries*
Groups The 1#-2"day The3"-4"day The 5"-6"day

$p0,% s 95.08+0.9834  93.25+13  94.29+0.8437

(mean=5D) Ns  9BISEOTNS  9555+06746 926142666
p=0.4476 p=0.4415 p=0.7958

$p0,/Fi0, S 367.6£1827  386.8+17.1  387.4+185

(mean3D) NS B4+863  2358+1698 22741837
p<0.0001 p<0.0001 p<0.0001

) 115243504 1004+3.941  107.3+2.828
Hemoglobin, g/L
(meantsD) NS 98.39+4.476  90.15+4.004  93.59+2.929

p=0.0063 p=0.1108  p=0.0018
s 362941189 302441219 31.88+0.8797

310641474 2873+1.017  29.72+0.921
p=0.0127 p=0.4165 p=0.1298

3.915+0.1048  3.455+0.1175 3.724+0.08523

Hematocrit,%
(mean=SD) NS

Red blood cell count, S

x10"%/L NS 3.376+0.1396  3.254+0.1404  3.397+0.09409
(mean=SD) p=0.002 p=0.4098 p=0.0322
Oxygen content, s 142544852 121945278 131243214
mL/L NS 122.9+£5.682  111.9£4.945  112.7+4.885
(mean=SD) p=0.0206 p=0.2583 p=0.0037

* SD standard deviation, S — group of survived patients, NS
group of patients who did not survive

The dynamics of the investigated variables are not
consistent over time or between survivors and non-sur-
vivors (Table 2). Laboratory markers and polytrauma se-
verity scales were selected to perform the ROC-analysis
based on the degree of difference between groupings of
patients for each time period. Figure 1 shows the ROC-
curves, exhibiting the highest values of the Area under
the ROC curve (AUROC). The TRISS model demon-
strated the highest value of AUROC among polytrau-
ma severity scales (0.7824 (0.6520 to 0.9128); p=0.0006).
Furthermore, the AUROC for the GCS score on admis-
sion to the trauma center was 0.722 (0.5799 to 0.8640)
with p=0.0072. According to the statistics of the con-
tingency table, the TRISS model with a cut-oft value of
<0.8339 (odds 11.88 (2.927 to 37.97), p=0.0002) is the
most influential among polytrauma predictive models
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in determining the probability of mortality for patients
with multiple trauma with combined cranio-thorac-
ic injuries. The GCS score at admission, with a cut-off
value of <13, was found to have an odds ratio of 4.091
(1.208 to 12.49), with a p-value of 0.0246.

The most pertinent predictive marker of unfavor-
able outcome for patients with multiple trauma with
combined cranio-thoracic injuries during the inves-
tigated polytrauma period was the SpO,/FiO, index.
However, its AUROCs and cutoff values were different
for each time period: <308 for the 1*-2" day (AUROC
0.9074 (0.8259 to 0.9889); p<0.0001; odds 78 (9.333 to
835.9), p<0.0001), <325 for the 3-4™ day (AUROC
0.9046 (0.8171 to 0.9921); p<0.0001; odds 46.14 (5.509
to 502.9), p<0.0001) and <356.7 for the 5"-6" day of the
early posttraumatic period (AUROC 0.8854 (0.7851 to
0.9857); p<0.0001; Odds 36 (4.381 to 395.1), p<0.0001).

Furthermore, hemoglobin concentration and red
blood cell count demonstrated a significant predictive
influence on survival on the 1%-2" day 1 after admis-
sion to the ICU. The AUROC for hemoglobin concen-
tration was 0.7207 (0.5813 to 0.8601), p=0.007 with
a cutoff value of <104 (odds ratio 4.75 (1.349 to 15.28),
p=0.0206). For the count of RBC on the 1*-2" day the
AUROC was 0.7477 (0.6115 to 0.8838), p=0.0025 with
a cutoff value of <3.845 x10'/L (odds 7.333 (1.984 to
25.09), p=0.0018).

The 15t2nd day
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Fig. 1. The ROC curves of the predictive markers during
early posttraumatic period in case of multiple trauma
with craniothoracic injuries, GCS adm - GCS at the time of
admission to the hospital, CtO, — oxygen content of the
blood

The highest value of AUROC was estimated for
hemoglobin concentration on day following trau-
ma (0.7766 (0.6354 to 0.9178); p=0.0024), with a cut-
off value of <101.5 g/L (odds ratio 7 (1.835 to 23.36),
p=0.0058). The probability of survival can also be evalu-

ated according to the level of CtO, on day after trauma,
with an AUROC degree of 0.7593 (0.6089 to 0.9096),
p=0.0044 and cut-off value <109 ml/L with odds ratio
23 (3.233 to 260.5), p=0.0008.

It is also pertinent to consider the impact of pul-
monary complications on survival in patients with mul-
tiple trauma with severe craniothoracic injuries. The
prolonged use of CMV in this category of polytrauma
patients has a negative impact on the outcome, with an
odds ratio of 5.768 (1.719 to 18.60), p=0.005. Further-
more, the appearance of ARDS symptoms during the
first 5-6 days after trauma is a more severe predictor of
mortality, with a odds ratio of 13.30 (3.305 to 54.16),
p<0.0001. The AUROC:S are presented in Figure 1 for
comparison.

Discussion

Multiple body regions and organs are often damaged
in high-impact trauma. Severe extracranial injuries to
the chest, abdomen and extremities occur in about one
third to one-half of TBI cases.®

Automobile accidents represent the most com-
mon cases of blunt injuries, as evidenced by the present
study (Table 1) and other studies conducted by other au-
thors.***?* In this study, the most prevalent mechanisms
of injury were falls from height, followed by vehicular
collisions and pedestrian accidents. In addition, there
were statistically significant differences between the
groups in terms of the the etiology of trauma. Among
the patients in the survival cohort, the driver of a car
was the most common cause, while among nonsurvi-
vors, falling from height was the main etiology factor
(Table 1). One possible explanation for this finding is
that the study included patients with only multiple trau-
ma and combined cranio-thoracic injuries.

Among polytrauma severity scales, the TRISS scale
exhibits the highest predictive power, which is not sur-
prising given that it incorporates both the RTS and the
ISS scales into its equation, thus improving mortality
prediction accuracy.

Our findings suggest that the dynamics of SpO,/
FiO, can serve as an indicator of disease progression
during the early posttraumatic phase of patients with
blunt multiple trauma with combined cranio-thoracic
injuries. Furthermore, it was shown that the necessity
for prolonged mechanical ventilation and the appear-
ance of signs of ARDS signs during the early posttrau-
matic period are reliable indicators of a poor prognosis
in the case of multiple traumas involving combined cra-
nial and thoracic injuries. It is established that people
who have multiple trauma who also have injuries to the
thorax tend to have longer periods of mechanical ven-
tilation (2 vs. 8 days) and longer stays in intensive care
(4 vs. 11 days) than patients who have suffered polytrau-
ma but without injuries to the thorax."
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Another notable observation is the hemoglobin
concentration cutoff value of <104 g/L on the first 2™
day following trauma. The observed value exceeds the
threshold specified in polytrauma transfusion guide-
lines.” A review of the existing literature suggests that
red blood cell transfusions in patients with TBI with
hemoglobin levels above 100 g/L are not warranted.*
However, in the present study a different subset of pa-
tients with combined cranio-thoracic injuries was in-
cluded. This finding suggests that these patients may
benefit from a liberal transfusion strategy. More ran-
domized controlled studies are required to confirm this
value of hemoglobin concentration as a potential target
in the context of a standardized management approach
for this population of patients with polytrauma.

In contrast to expectations, the cutoff value of the
CtO, acquires high predictive importance only on the
516t day after trauma. The aforementioned outcome in-
dicates that prolongation of combined hypoxia (arising
from both anemia and reduction in hemoglobin satura-
tion) during the initial posttraumatic phase of multiple
trauma patients with combined cranio-thoracic injuries
is more detrimental than the degree of this hypoxia itself.

It is of paramount importance to improve the accu-
racy of medical diagnosis, treatment, and monitoring to
optimize the outcomes of multitrauma patients, particu-
larly those with combined cranio-thoracic injuries. This
is of particular significance in contemporary, multi-
tiered medical trauma services, where the quantity of
data received about the traumatic victim significantly
impacts the precision of decisions made by critical care
physicians.” The full potential of risk prediction models
for use in ICUs has yet to be realized. These models have
the potential to support decision-making and diagnosis
in critical care.®®

The additional criteria enable trauma team members
to provide more objective guidance for decisions on the
survival of multiple trauma patients with combined cra-
niothoracic trauma. This is based on simple clinical and
laboratory data obtained during the early post-traumat-
ic period. The judicious application of current concepts
and management protocols may be expected to ensure
the best outcomes.? Furthermore, it allows for the com-
parison of patients from different trauma centers, classi-
fied according to the level of trauma care provided. This
can be beneficial in facilitating prompt and precise de-
cisions regarding interhospital transfers. Comparison of
estimated to observed mortality rates can be used as an
evaluation criterion and as a means of monitoring the
quality of intensive care unit work.

Study limitations

As with other retrospective studies, this study is sub-
ject to certain limitations. This is a single-center study
and the results require validation in other trauma cen-

ters and regions. A further limitation is that the groups
are similar in age, which precludes the possibility of an-
alyzing how this parameter contributes to the predic-
tion process. Previous studies have indicated that age is
a relevant factor in the context of mortality risk in pol-
ytrauma.® However, other studies have found that this
contribution is not statistically significant.*>*' Addi-
tionally, the current study is based on a relatively small
sample of participants. Another limitation of the study
is that the prediction criteria were calculated for each
time period on the basis of varying numbers of par-
ticipants and an increasing ratio of survivors to non-
survivors. However, the results of the discrimination
statistics indicate that the proposed criteria can accu-
rately define patients with a high risk of negative out-
come. Despite these limitations, our results appear to be
significant, agree with other clinical and experimental
studies, and we hope that our scoring method can im-
prove the management of patients with blunt multiple
trauma with combined cranio-thoracic injuries during
the early post-traumatic period.

Conclusion

A series of proposed predictive markers was developed
with the intention of assisting in the estimation of indi-
vidual mortality risk in patients presenting with blunt
multiple trauma with combined cranio-thoracic inju-
ries. These markers were developed based on the re-
sults of routine diagnostic tests performed daily in the
ICU during the first five to six days following the trau-
matic event. A simple set of criteria can be employed to
monitor the clinical course of polytraumatized patients
and to identify those at high risk for negative outcomes,
thus improving patient care during the early intensive
focused phase of treatment. The predictive value of clin-
ical and laboratory markers varies depending on the
time period of the initial phase of intensive care follow-
ing traumatic injury. Each of the investigated time peri-
ods is characterized by its own specific predictive signs.
The predictive capacity of the estimated markers var-
ies depending on the time period under consideration.
It appears that employing the same predictive markers
throughout the early posttraumatic period for patients
with multiple trauma with cranio-thoracic injuries is
not an accurate approach.
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ABSTRACT

Introduction and aim. Cadmium, lead, and mercury have been considered to exhibit their hepatotoxic effects by oxida-
tive induction damage and the generation of reactive oxygen species (ROS). The current work evaluated the protective activ-
ity of aqueous leaf extracts of Costus afer (ALECA) on liver damage arising from exposure to toxic metal mixture (TMM): 1.61
mg/kg cadmium chloride (CdCl,), 20 mg/kg lead chloride (PbCl,), and 0.40 mg/kg mercury chloride (HgCl,).

Material and methods. Five groups of weight-matched Sprague Dawley rats were treated for 90 days. Metal mixtures and
deionized water were used to treat the 2 groups of rats whereas the other 3 groups were treated with various doses of the
ALECA through oral gavage with TMM, Hepatic function parameters, oxidative biomarkers, inflammatory cytokines, mor-
phological changes, and metal levels in the liver were monitored.

Results. Treatment with TMM resulted in significant increases in alanine transaminase, aspartate transaminase, alkaline phos-
phatase, bilirubin, interleukin 6, malondialdehyde, but decreased albumin, total protein, interleukin 10, superoxide dismutase,
catalase, and glutathione levels. TMM also caused some morphological changes and increased the concentrations of heavy
metals (Pb, Cd, and Hg) in the liver.

Conclusion. ALECA showed beneficial effects against TMM-induced hepatotoxicity via metal chelation, anti-inflammatory,
and antioxidant mechanism. ALECA may be beneficial in the management of liver toxicity.

Keyword. C. afer, environment, exposure, heavy metal mixture, hepatotoxicity

Introduction both public and eco-health concerns.! Metals are sys-
Trace metals occur from both natural and human activ- temic toxic agents known to cause organ damage even
ities. The continued use of metals in various industries at low exposure levels. Lead (Pb), mercury (Hg) and
like agriculture, medicine, technology, etc. has posed cadmium (Cd) can be hepatotoxic.? These elements are
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ranked among metals of enormous concern to the pub-
lic health (WHO).? Pb is a toxic metal found naturally
in the Earth’s crust. The negative consequences of ex-
posure to Pb exposure have been shown in some organs
such as the brain, liver, kidney, heart, and systems, for
example, reproductive, musculoskeletal, developmen-
tal and immunological systems.’ Inorganic Hg induces
neurotoxic, hematotoxic, cardiovascular, hepatotoxic,
genotoxic and nephrotoxic effects.®*? Acute exposure to
Cd affects the lungs by causing irritation, while chronic
exposure leads to accumulation in the kidneys, liver and
other organs resulting in dysfunction of the organs."***

Uptake and elimination of extraneous compounds
are vital functions of the liver."” Hepatotoxicity implies
hepatocyte impairment arising from the overload of
chemicals and exogenous compounds that include heavy
metals.'® Owing to the dominance of these metals in the
ecosystem, the long-term effect of a combination of lead,
cadmium, and arsenic have been studied and liver toxici-
ty reported by Bhattacharjee et al."” Treatment of rats with
lead and cadmium have also resulted in liver damage.'®
Until now, the focus on the unfavorable health effects of
metals is largely based on human case studies of chron-
ic high exposure seen in the metal industry or in densely
polluted environments. Occupational and environmen-
tal exposure to metals is common. Therefore, more stud-
ies on the consequences of chronic environmental trace
metals and their mixtures in animal models that can be
extrapolated to humans.” To mimic real-life situations, it
is imperative to evaluate the toxicities of metal mixtures.

Chelation with meso-2,3-dimercaptosuccinic acid
(Succimer or DMSA) and D, L-2,3-dimercapto-1-pro-
panesulfonic acid (Dimaval or DMPS); the 2,3-di-
mercaptopropanol (British Anti Lewisite, BAL or
Dimercaprol), Ethylenediamine-tetracetic acid (EDTA)
and D-penicillamine remain the mainstay of the treat-
ment of metal poisoning.?** Despite their contribution
in the treatment of metal poisoning, they also have some
drawbacks, including toxicity issues, availability, and af-
fordability concerns. These disadvantages constitute the
need to provide effective and safe pretreatment therapy.
Understanding the relevance of natural antidotes, con-
sidered ‘generally considered safe’ GRAS and given their
affordability and availability, as chemopreventive agents
in metal poisoning has gained traction recently.

The different pharmacological properties of C. afer
have led to the study of its bioactive compounds that may
show promise as drugs. Protection of the liver from nox-
ious trace metal mixtures is considered worthwhile given
its importance. The anatomical proximity of the liver to
the intestines predisposes the liver to toxic attack. Hep-
atotoxicity refers to liver damage resulting from various
chemicals and xenobiotics, including heavy metals and
their metabolites.”? Due to the ubiquity of metals in the
environment, Bhattacharjee et al. evaluated the effects of

long-term exposure at a low dose to a mixture of Cd, As,
and Pb and concluded that chronic exposure to of heavy
metal mixture at a very low environmentally relevant dose
produced hepatotoxic effects in albino rats.'” Hepatoxicity
has also been reported by Yuan et al. to be among the tox-
icities resulting from the mixture of Pb and Cd on Sprague
Dawley rats.'® Hepatotoxicity is usually characterized by
increased membrane permeability and changes in enzyme
levels. Other liver damage, reported substantial decrease
in serum ALP and AST at 400 mg/kg of C. afer.” The stem
extract of C. afer was protective in alcohol-mediated liv-
er damage in rats, suggesting a possible benefit in alco-
hol-mediated liver cirrhosis.”** C. afer is a herbaceous,
perennial and unbranched rhizomatous herb that belongs
to the Zingiberaceae family. It grows up to 4 m high and
has been proven in many studies to have strong therapeu-
tic effects.”® It is commonly found in shady or moist forests
or riverbanks of tropical West Africa, including Camer-
oun, Ghana, and Nigeria.”® It is commonly known as bush
cane or ginger lily. Among Igbos in Nigeria, it is com-
monly called ‘Okpoto, ‘Okpete Ohia’ or “Okpete”* The
Hausas call it ‘Kakizuwa, Yoruba call it “Tete-egun” and
the Efik calls it ‘Mbritem’ 27 C. afer has been evidenced
to have many therapeutic effects in humans and animals.
Reports on the phytochemical analysis of C. afer revealed
that the plant is rich in steroidal saponins, flavonoids, al-
kaloids, tannins, terpenoids, sapogenins, oxalates, furans,
furan derivatives, and starches without any form of tox-
icity.” These phytochemicals are rich in antioxidants.
Pharmacological activities associated with C. afer include
antioxidant property, hepatoprotective, nephroprotective,
antidiabetic, and antinociceptive role.?3

Previous studies have shown that ALECA may be
organoprotective (kidney and testis) in lead-mediated
kidney and testes damage through antioxidant mecha-
nisms.?*"? As much as various studies have reported
exposure of single heavy metal studies, there is insuf-
ficient information on the heavy metal mixtures that
represent the real situation of these toxicants in various
environmental matrices. Classical and synthetic metal
chelators, which have become the mainstay of antidotal
management of metal intoxication together with the nu-
merous side effects, are scarce and expensive especially
in developing countries.*

Aim

This study focuses on investigating the hepatoprotective
action of ALECA in male albino rats exposed to lead,
cadmium, and mercury.

Material and methods

Harvesting of C. afer

Samples of C. afer leaves were collected, in the month of
July 2021, from a farmland in the University of Port Har-
court, Rives state, Nigeria, in an area free of air pollution
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due to vehicular traffic. Mr. A. O. Ozioko, of the Botany
Department, University of Nigeria, Nsukka, helped veri-
ty the plant for its authenticity prior to its use.

Preparation of ALECA

The leaves of C. afer were washed to remove sand par-
ticles, pulverized, and stored. Two hundred and fifty
grams of the pulverized leaf samples were macerated in
500 ml of deionized water for 24 hours amidst con-
tinuous agitations after the method of Ezejiofor and
Orisakwe.” The mixture was shaken and filtered using
Whatman No 1 filter paper to obtain the extract with
a yield of 0.11g/ml which was stored in a refrigerator at
4°C.** The process was repeated after every four days of
treatment to obtain fresh extract throughout the 90 days
treatment period.*

Determination of the ALECA dosage

A total of 12 male albino rats of approximately 8 weeks
old with 100-200 g weights separated into four equiva-
lent groups that received C. afer 1000, 2000, 4000 and
5000 mg/kg bw respectively were observed for 24 hours
for any change in physical characteristics or death. This
administration was carried out by oral gavage and at
the end of the treatment no death or change in physical
features was recorded. A previous study from our lab
showed that subchronic administration of ALECA
was not toxic.”

To determine the dose used for this study, given
the safety of ALECA, 3000 mg/kg bw ALECA was cho-
sen and then 25% of 3000 mg/kg bw as the low dose,
50% of 3000 mg/kg bw as the medium dose and 75% of
the 3000 mg/kg bw as high dose.

Phytochemical screening of the plant material

The phytochemical constituents of C. afer were tested
to confirm the existence of tannins, alkaloids, saponins,
flavonoids, and phenolic compounds using the standard
procedures of Trease and Evans.*

Animal care handling

The study used 25 male albino rats that were about 8
weeks old with 100-200 g weights procured from the
Animal House of the Faculty of Pharmacy, University
of Port Harcourt Rivers state, Nigeria. The study used
the animal husbandry procedure established in pre-
vious studies by Ezejiofor and Orisakwe and Anyan-
wu et al.”»* Rats were kept under standard laboratory
conditions with ambient temperature (25+2°C), relative
humidity (55-64%) and 12-hour light-dark condition
cycles. The rats were acclimatized for 2 weeks and fed
standard rat chow (Sander Nigeria Ltd) with water ad
libitum. The protocol for the study was allowed by the
University of Port Harcourt and was assigned the refer-
ence number UPH/CEREMAD/REC/04.

Design of the experiment

Twenty-five rats consisting of five weight matched male
albino rats per group of each were used for this study.
The first group was as control which received only de-
ionized water whereas the second group received only
TMM (PbCl,, 20 mg/kg; CdCL, 1.61 mg/kg; HgCl, 0.40
mg/kg) (Sigma Aldrich WGK Germany).*** Groups 3, 4
and 5 received a toxic metal mixture TMM and ALECA
at 750, 1500 and 2250 mg/kg respectively, according to a
previous study from our laboratory.* These treatments
were done five times in a week to mimic occupational ex-
posure for 90 consecutive days by oral gavage.

Necropsy

On the 91st day, the animals were sacrificed under ether
anesthesia. The liver was harvested, washed in ice-cold
saline, blotted with Whatman No.1 filter papers, and
weighed afterward to get the absolute weight. Normal
saline and formalin were used for storing the samples
for biochemical, histopathological, oxidative markers,
and inflammatory analysis. These samples were col-
lected according to the procedures recorded by Anyan-
wu et al.?*%

Preparation of liver homogenate

Two grams of liver sample was homogenized in cold
phosphate buffer (5 mM, pH 7.4). The supernatant was
collected after centrifugation for inflammatory and an-
tioxidant analysis.

Metal digestion (acid digestion method) and analysis

About 6 ml and 2 mL of nitric acid and perchloric acid,
respectively, were used for the acid digestion of the liv-
er after isolating the weighed organ. The samples were
left for 30 min after acidification before being heated at
105°C until digestion was complete. Whatman filter pa-
per Number (1) (pore size 11 um) of was used for fil-
tration to obtain clearer samples. The solution was later
made up to 15 ml (final volume) with deionized water.
All glassware was thoroughly washed and rinsed before
use. Calibration curves for Pb, Cd, and Hg as previ-
ously described by Anyanwu et al.***¢ The solar ther-
mo-elemental flame atomic absorption spectrometer
(Model SG 71906) was used to determine the levels
of Pb, Cd and Hg at a detection limit of <0.001 mg/
kg. Standard operating parameters were set and the hol-
low cathode lamps for Pb, Cd and Hg (Model SG 71906)
were employed as radiation source and fuel was air acet-
ylene. All samples and standards were run in duplicate.

Hepatic biomarkers

Estimation of alanine aminotransferase (ALT) and aspar-
tate transaminase (AST)

The ALT and AST activities of the liver samples were
tested using a Randox kit.*
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Estimation of alkaline phosphatase (ALP)

The ALP function was determined with the aid of stan-
dard diagnostic kits (Randox Laboratories Ltd, UK) us-
ing the colorimetric endpoint.*

Estimation of total and direct bilirubin
This was done using standard diagnostic kits in a colori-
metric process (Randox Laboratories Ltd, UK).*

Estimation of total protein and albumin

A hepatocellular injury is indicated by a decrease in
total protein.* The level of total protein in serum was
estimated using standard diagnostic kits (Randox Labo-
ratories Ltd, UK). Similar to total protein, a reduction in
albumin level also signifies liver injury.*> With the stan-
dard diagnostic kits (Randox Laboratories Ltd, UK), the
albumin level in the serum was determined.

Antioxidant analysis

Estimation of catalase (CAT) activity

CAT activity was assayed by adapting the method of
Clairborne.*

Estimation of liver glutathione (GSH) level
The GSH level was estimated after the method of Sedlak
and Lindsay.**

Estimation of superoxide dismutase (SOD) activity
Following the method of Misra and Fridovich, SOD was
determined.®

Lipid peroxidation marker (MDA) activity
Following the method of Ohkawa and Ohishi, the MDA
was evaluated.*

Evaluation of Inflammatory cytokines [interlukin-6 (IL-
6) and interlukin-10 (IL-10)]

Enzyme-linked immunosorbent assay (ELISA) was em-
ployed. The ELISA kit (Bioassay Technology Laboratory,
Shanghai, China) with a sensitivity of 0.052 ng/L and 1.51
pg/mL, respectively, as described in Anyanwu et al.**

Histopathological examination

The tissues were soaked in 10% formaldehyde, sec-
tioned, and treated with hematoxylin and eosin (H&E).
The H&E treated tissues were finally examined with a
microscope at 200x magnification following the proce-
dures outlined in Anyanwu et al.**

Statistical analysis

Analysis of variance (ANOVA) was applied to the se-
quence of observations for the purpose of comparative
analysis at 5% significance. Multiple comparisons were
performed with Duncan’s multiple comparison method.
Principal component analysis (PCA) was employed to

select the principal factors (or independent variables)
for the development of the multiple regression equa-
tions. In this study, the use of PCA was carried out using
XLSTAT (Microsoft, Redmond, Washington, USA).***
The annotation on the bar graphs indicates wheth-
er there is a significant difference between two groups.
Groups that have different alphabets signify that there is
a significant difference in the mean concentration, while
groups with the same alphabet signify that there is no
significant difference in the mean concentration.

Results

Phytoconstituents of ALECA

The phytoconstituents of ALECA are shown in Table 1.
Flavonoids were the main phytoconstituents in ALECA
(25£0.13 mg/100 g) which accounted for approximately
70% of the total chemical constituents. Alkaloids, tan-
nins, and saponins were also found in ALECA.

Table 1. Quantitative phytochemical screening (mg/100 g)
of ALECA*

Chemical constituents Content
Alkaloids 43%0.1
Saponins 2.940.08

Tannins 2.72+0.11
Flavonoids 2540.13

* values are expressed as mean+SD, n=5

Effect of ALECA on body weight, absolute and relative
weight of liver

Treatment with TMM did not decrease the body weight
of the rats. There was an increase in body weight in all
the groups. Rats treated with TMM only had a consider-
able increase in liver weight (p<0.05) compared to nor-
mal control rats (received only deionized water). Rats
that received both ALECA and TMM had decreased liver
weight compared to the TMM only treated rats (Table 2).

Table 2. Effect of C. afer on body weight, absolute and
relative weight of liver of male albino rats treated with
TMM*

Treatment Absolute (g) Relative (%) Body weight (g)
?:,:?yl;ized H,0 5084095  2454047° I:118.2J_;/Z.d4i?f;.;§g.71.1i42.61
?Ao:;; mixture 044135 3624047 I=194.2[;:r:j(i)f.zi;6|:;260110
?Ase(;?nlw ;}i:gture T g 3524042 |=174.2i;).:i I9ff :2;;3.3125.63
%ﬁ;'ﬂ?g'ﬁ;'e Tog3erosre 3501 0 811;2;;;;:711 3.0
ZM;;;'H':;'X:” Tosex022 306x008 06%;;3?;::412.2;'&3 037

* values are expressed as mean+SD, n=5., data with
different superscripts (a, b, ) are significantly different
from each other (p<0.05), data with the same superscripts
are not significantly different, initial weight, F — final
weight, % diff. - % difference
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Post Hoc Test: Tukey Kramer (HSD)

Concentration (U/l)

ooy
150505
£

Hepatic Enzymes

Groups
EZA Metal mixture + 1500 mg/kg
Metal mixture + 2250 mg/kg

R Deionized H20 (only)
& Metal mixture (only)
K4 Metal mixture + 750 mg/kg

Fig. 1. Effect of ALECA on serum liver enzymes of male
albino rats treated with TMM, values with different
superscripts (a, b, ¢, d) are significantly different from each
other (p<0.05), while those with the same superscripts are
not significantly different

Effect of C. afer extract on serum liver enzymes, biliru-
bin and proteins

Liver function were done to evaluate the likely protective
role of C. afer treatment from exposure to the metal mix-
ture. Treatment with TMM caused a significant elevation
in AST, ALT, and ALP levels relative to the control Figure
1. There was a significant increase in bilirubin (total and
direct) in the TMM treated only compared with control
Figure 3. In Figures 1 and 3, there were significant re-
ductions in liver enzyme concentrations (ALT, AST and
ALP) and bilirubin (total and direct) in rats that received
both ALECA and TMM. Figure 2 showed a significant
decrease in total protein and albumin when rats were
treated with TMM only compared to the control group.
Treatment with ALECA caused a significant increase in
total protein and albumin when the ALECA concentra-
tion exceeded 750 mg/kg. AST, ALT and ALDP, total bil-
irubin, direct bilirubin, total protein and albumin levels
in rats treated with only TMM were significantly differ-
ent (172 pg/L, 77.8 ug/L, 222.2 pg/L, 32.6 mg/dL, 15.2

40

mg/dL, 43.8 g/L, 25.4 g/L, p<0.05) respectively, from the
groups that received both ALECA and TMM.
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Groups
EZZ Metal mixture + 1500 mg/kg
[T Metal mixture + 2250 mg/kg

B Deionized H20 (only)
2= Metal mixture (only)
g3 Metal mixture + 750 mg/kg

Fig. 2. Effect of ALECA on serum liver enzymes of male
albino rats treated with TMM, values with different
superscripts (a, b, ¢, d) are significantly different from each
other (p<0.05), while those with the same superscripts are
not significantly different, total protein

Effect of C. afer on anti-inflammatory cytokines and
pro-inflammatory cytokines on the liver

An evaluation of the inflammatory status after TMM
treatment by evaluating the pro- and anti-inflammato-
ry cytokines in the liver. Cotreatment with C. afer sig-
nificantly decreased the levels of pro- and increased
(p<0.05) the anti-inflammatory cytokines (IL-6 and
IL-10) in liver tissue respectively in comparison to the
TMM-only treated group (Fig. 4), suggesting anti-in-
flammatory activity of ALECA. Pro and anti-inflam-
matory cytokine levels (IL-6 and IL-10, respectively) of
rats administered with TMM only were significant-
ly different (61.8 pg/mg of tissue and 14.7 pg/mg tissue,
p<0.05) from the inflammatory cytokines seen in rats
cotreated with C. afer.

20.0

35 17.5
a
= a
30 b T 150
o
§ % £
s 25 12,5
g § | b
b5 ®
8 20 C 5 100
c I
S g
El 15 n é 75 £
= d d )
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10 a o - d 3
1
5 2.5
0 y 0.0 T T
Deionized Metal mixture MM + MM + MM + Deionized Metal mixture MM + MM + MM +
H20(only) (only) 750 mg/kg 1500 mg/kg2250 mg/kg H20(only) (only) 750 mag/kg 1500 mg/kg2250 mg/kg

Fig. 3. Effect of ALECA on serum liver enzymes of male albino rats treated with TMM, values with different superscripts (a, b,

¢, d) are significantly different from each other (p<0.05), while those with the same superscripts are not significantly different,

TBIL total bilirubin, DBIL - direct bilirubin
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Inflammatory Cytokines

Groups
EZZ Metal mixture + 1500 mg/kg
(I3 Metal mixture + 2250 mg/kg

B Deionized H20 (only)
B Metal mixture (only)
B33 Metal mixture + 750 mg/kg

Fig. 4. Effect of C. afer on anti-inflammatory cytokines
(interlukin-10 (IL-10) and pro-inflammatory cytokines
interlukin-6 (IL-6) on the liver of male albino rats treated
with TMM, values with different superscripts (a, b, c) are
significantly different from each other (p<0.05), while those
with the same superscripts are not significantly different.

Effects of C. afer on markers of liver oxidative stress
The oxidative status in the hepatocyte was evaluated
after treatment with the metal mixture using the lip-
id peroxidation marker, MDA level. The 90-day treat-
ment that was done with the following metal mixture
at the following dosage PbCl, - 20 mg/kg, CdCI2 1.61
mg/kg, HgCl, - 0.40 mg/kg body weight induced ox-
idative reaction in the liver. The liver MDA level in-
creased significantly (p<0.05) in rats treated with TMM
only compared to those of the control group (Table 4).
A significant decrease in MDA level was observed in
the rats treated with C. afer and the metal mixture when
compared to those treated with only TMM. Treatment
with TMM resulted in a significant decrease (p<0.05) in
GSH, SOD, and CAT levels compared to the control. Rats
that received ALECA plus TMM had higher levels of
GSH, SOD, and CAT compared to rats that received
only TMM.

Table 3. Effects of C. afer on liver oxidative stress markers of
male albino rats treated with a metal mixture

CAT(U/mg) SOD(U/mg) GSH (umol/g) MDA (nmol/g)
2874095 035+0.06° 136+028"  039+0.08°
236+1.85° 0.24+0.06°  1.82+0.0° 0.64+0.12

Treatment
Distilled H,0 (only)
Metal mixture (only)

Metal miture+750maMg ¢ o) 3 0330006 1354024%  045£0.110°

ALECA
Metal mixture + 1500 mg/ 6084184 0544008 1.044007°  0.24-0.04°
kg ALECA
Metal mixture + 2250 mg/

+1.9 +0.12° +0.18 +0.03¢
kg ALECA 9.18+1.9* 0824012 0.81+0.18  0.12+0.03

* values with different superscripts (a, b, ¢, d) are
significantly different from each other (p<0.05), while those
with the same superscripts are not significantly different.

Heavy metal concentration on the liver of the rat samples
The concentration of trace metals (Pb, Cd, and Hg) in
the liver was markedly elevated (p<0.05) in the liver of
rats treated with the TMM compared to the control (Ta-
ble 5). Treatment of rats with ALECA plus TMM re-
sulted in a significant reduction in trace metal levels (Pb,
Cd, and Hg) compared to rats that received only TMM.
Furthermore, the TMM group only had the highest
level of metals (Pb=90.992+13.284, Cd=0.78+0.133
and Hg=0.305+0.0439) in comparison to the control
group. Pearson’s rank correlation analyzes indicate the
inter-trace metal relationship between metals in liver of
rats showed strong positive correlation (r>0.90) between
metals such as: Pb and Cd, Pb and Hg, and Cd and Hg.
All correlations were significant at p<0.01 (Fig. 5).

Table 4. Metal levels (mg/kg) in the liver

Treatment Cadmium (Cd) Mercury (Hg) Lead (Pb)
Deionized H,0 (only) <0.001° <0.001° 0.392+0.552°
TMM (only) 0.782+0.133 0305+0.03%"  90.992+13.284¢
TMM + 750 mg/kg ALECA 0.143+0.046° 0.051£0.02° 31.007+6.017°
TMM + 1500 mg/kg ALECA 0.033+0.024° 0.0090.001° 8.857+4.849°
TMM + 2250 mg/kg ALECA 0.003£0.002* 0.0010.001° 3.500+1.141°

*values are expressed as mean+SD, values in the same
column with different superscripts are significantly
different from each other (p<0.05) and those with the
same superscripts in the same column are not significantly
different.

100 ra 100 -
A B 0

Pb (mgfkg)
Pb {mg/kg)

o a2 a4 08 08 1 0 a1 02 a3
Cd (me/kg) Hg (mg/kg)

[ a1 0z a3
Hg [mg/kg)

Fig. 5. The correlation among metals in the liver of rats
showed a strong positive correlation (r>0.90) between
metals such as (a) Cd and Pb (b) Hg and Pb (c) Hg and Cd
during the study. All correlations were significant at p<0.01

Histopathology of the liver
The liver sections of six different groups were sectioned
and presented in (Fig. 6 (G1), (G2), (G3), (G4) and (G5)
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Fig. 6. Histopathology of the liver: G1 (H,0), G2 (TMM), G3 (TMM + 750 mg/kg of ALECA), G4 (MM + 1500 mg/kg of ALECA),
G5 (TMM + 2250 mg/kg ALECA). Staining was performed with H&E magnification X 200 in all panels, cytoplasmic swelling,
HN & | - hepatocyte necrosis and inflammation of HN and | hepatocytes, cytoplasmic vacuolation CV, fatty change, HP -
hepatocyte pleomorphism, HD hepatocyte dysplasia, S — sinusoids, H — hepatocytes

representing groups treated with deionized H20, metal
mixture (MM), (MM 362 + 750 mg/kg ALECA MM +
1500 mg/kg ALECA, and MM + 2250 mg/kg ALECA.
The rats treated with TMM only showed cytoplasmic
swelling; hepatocyte necrosis and inflammation); cyto-
plasmic vacuolation; fatty change; hepatocyte pleomor-
phism and dysplasia of hepatocytes. These histological
changes were reduced by ALECA. Fig. 7 is a synoptic
capture or graphic illustration of the antioxidant and
anti-inflammatory mechanism suggested of ALECA in
metal mixture induced hepatotoxicity in rats.

Discussion

According to Jarup, most health challenges can be at-
tributed to Pb, Cd, and Hg.*® These metals have also
been associated with infertility, neurotoxicity, osteoporo-
sis, and various organ failures in humans.’**#** The liver
helps in metabolism and excretion and therefore its sus-
ceptibility to the adverse effects of foreign compounds.'®
Given the ubiquity of metals, some researchers have in-
vestigated the effects of chronic exposure of low doses of
a mixture of cadmium and mercury.*"** They posited that
long-term exposure to trace metal mixture even at low af-
fected the liver of rats adversely.”*
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Fig. 7. Summary of the suggested mechanism
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Majority of the actions of ALECA can be attributed
to the inherent antioxidant properties of C. afer. Alka-
loids, saponins, flavonoids, tannins, and phenols are the
phytoconstituents of ALECA and may be responsible for
its biological activity. Flavonoids are water-soluble poly-
phenolic compounds with 15 atoms that are antioxidant
in nature.?*** Natural phenolic compounds have antiox-
idant and anti-inflammatory effects. Furthermore, tan-
nins are water-soluble polyphenolic compounds within
plants of secondary metabolism and are usually of two
classes: hydrolyzable and condensed tannins.?** Their
solutions are acidic with a characteristic astringent taste;
they are also known to have strong antimicrobial activ-
ities in addition to other physiological effects that help
to enhance blood clotting, as well as antihypertensive,
antihyperlipidemic, and immunomodulatory.>® Sapo-
nins are glycosides that are usually foamy in nature and
have good medicinal value due to their therapeutic ac-
tion. Desai et al. reported that they help protect plants
from pathogenic attacks, giving rise to their antimicro-
bial activity®® Alkaloids are nitrogenous compounds that
are used as supplements, ingredients, supplements and
for medical and pharmaceutical purposes.””**

A significant increase (p<0.05) was observed in
weights of liver treated with the TMM (only) in com-
parison to the control rats. However, a significant reduc-
tion in weight (absolute and relative) was observed in
the samples administered with ALECA (750, 1500 and
2250 mg/kg) respectively in a dose-dependent manner
in corroboration with the study by Bhattacharjee et al.
that reported a marked elevation in the weight of the
liver in rats treated with a trace metal mixture of Pb,
Cd and As. Kluwe, Simmoni et al., and Orisakwe et al.
further highlighted that an increase or decrease in or-
gan weight after treatment with a chemical substance
suggests toxicity.® ¢! Hence, this indicates that the liver
could be a target organ for TMM toxicity. The increased
liver weight observed in the present work confirms the
work of Ahmad et al.** This current study indicates that
ALECA may be hepatoprotective.

The significant rise (p<0.05) seen in rats that re-
ceived TMM with respect to ALT, AST, ALP, total and
direct bilirubin levels that formed the markers of inju-

ry to the hepatocyte could have arisen from increased
membrane permeability and cell loss due to membrane
oxidation®-** Liver cell death (hepatocellular necrosis)
or membrane lesions increase serum levels of AST and
ALT serum levels, flow into the bloodstream from the
liver, in line with increased enzyme levels of metal mix-
ture intoxicated rats. These observations indicate cell
loss and loss of functional cellular membrane integrity
in the liver in accordance with the studies by Zhang et
al. and Ramachandran and Jaeschke.®*%

The increased level of bilirubin is another marker of
abnormal liver function66 The liver is a chemical labo-
ratory of the body involved in oxidation and metabolic
conversion of fatty acids, the production of cholesterol
and phospholipids and the elimination of specific class-
es of serum lipoprotein.”” The apparent decrease in to-
tal protein and albumin levels in rats treated with TMM
only could be due to inhibition of protein synthesis and
metabolism that gave rise to hepatotoxicity.®*¢

Many previous studies described trace metals as im-
mune suppressors that provoke elevated levels of TNF-q,
II-1B and IL-6 (pro-inflammatory cytokines). The elevat-
ed level of IL-6 in this study may be due to increased pro-
duction of reactive oxygen species.”””" Oxidative stress
could be associated with an excessive production of
pro-inflammatory cytokines.” The concomitant admin-
istration of ALECA and TMM resulted in dose-depen-
dent reduction in levels of IL-6 and an increase in IL-10.
Inflammation is caused by several factors, such as a group
of secreted polypeptides called cytokines that control
host responses to lesions; some are anti-inflammato-
ry cytokines, while others function as pro-inflammato-
ry cytokines72-73 An elevation in the pro-inflammatory
cytokine (IL-6) and a decrease in the anti-inflammatory
cytokine (IL-10) were observed in rats exposed to TMM
only. These effects were alleviated upon administration of
ALECA in a dose-dependent manner suggestive of an-
ti-inflammatory potency of ALECA.

Elevated levels of antioxidant enzymes were observed
in rats that received ALECA plus TMM compared to
those that received only TMM, which may suggest that
ALECA has antioxidant and hepatoprotective effects.
This observation is in corroboration with the work of
Ezejiofor and Orisakwe.”” SOD is the first defense against
the conversion of superoxide radical anion to the produc-
tion of free radicals involved in hydrogen peroxide, while
CAT serves as the second antioxidant protection mecha-
nism by reducing hydrogen peroxide to oxygen and wa-
ter.”* Thus, ALECA increased antioxidant enzyme levels,
which agrees with the previous study protective effects of
C. afer in the liver by Ezejiofor and Orisakwe.?

Although the toxicity of the exact mechanism of
the metal mixture is unclear, the observations in this
study indicate that treatment with TMM elicits ROS
generation and alters cellular antioxidant capacity. This



Hepatoprotective effect of Costus afer (Lin) on toxic metal mixture treated rats mediated by regulation of oxidative stress markers. ... 125

could result in an imbalance between free radical spe-
cies and the resistance against cellular damage.” There-
fore, supplementation of antioxidant molecules would
be exogenously beneficial in the protection of cell anti-
oxidants to neutralize heavy metal poisoning. ALECA
contains antioxidant phytochemicals such as pheno-
lics and flavonoids.” This study has shown the protec-
tive effect of ALECA on TMM-induced toxicity in rats.
MDA, a marker of lipid peroxidation, showed a substan-
tial increase (p<0.05) in the liver of rats that received
TMM compared to the groups that received ALECA
plus TMM. MDA is a marker used to measure the lev-
el of oxidative stress in an organism.” A similar finding
revealed an elevation in lipid peroxidation in the liver
after metal poisoning.” This suggests that peroxidative
injury may be involved in the development of complica-
tions of severe heavy metal toxicity.

The significant decrease in Pb, Cd, and Hg follow-
ing administration of ALECA is prominent. The che-
lation of these trace metals by some phytoconstituents
of ALECA may be a plausible mode of action notwith-
standing the fact that the actual mechanism remains
largely unknown. Only recently have some researchers
opined that mopping of free radicals and metal chela-
tion are essential characteristics in management of ox-
idative stress.””” There is a need for further studies in
this regard to ascertain the actual route of metal elimi-
nation. Pearson’s rank correlations of Pb, Cd, and Hg in
the liver show strong significant relationships (r>0.90)
between Cd and Pb (r=0.940, p<0.05, n=18), Hg and Pb
(r=0.982, p<0.05, n=18), Hg and Cd (r=0.960, p<0.05,
n=18) in the liver. This strong association indicates
a close physiological connection.®® The strongest associ-
ation was observed between liver Hg and liver Pb. This
relationship between these trace metals could be due
to the similarity of their oxidative states, which makes
them exhibit similar chemical properties.

Certain histological changes, such as necrosis and in-
flammation and severe dysplasia of the hepatocytes, were
observed in rats that received trace metal mixture com-
pared to the rats that received only deionized water. He-
patic necrosis, inflammation, and cytoplasmic swelling
are common symptoms of liver damage.®' The deleterious
histomorphological features in the TMM treated rats are
consistent with the oxido-inflammatory effects of metals
in the liver. The protective effect of C. afer was observed
in the rats co-treated with ALECA at doses of 750, 1500,
and 2250 mg/kg. Whereas rats which received low dose
ALECA plus trace metal mixture showed hepatocyte ne-
crosis and cytoplasmic swelling, higher doses of ALECA
plus trace metal mixture showed mild cytoplasmic swell-
ing and mild hepatocyte inflammation. The dose-depen-
dent histomorphological protection of ALECA against
trace metal-mixture-mediated damage may confer on
ALECA a beneficial role. Perhaps some of the limitations

of the present study which will be addressed in follow-up
studies are the use of crude extract of C. afer and an in-
depth mechanistic consideration of the beneficial effect of
C. afer in heavy metal-mediated hepatotoxicity.

Conclusion

The suggested mechanism of action is shown in Fig. 10.
Exposure to trace metal mixtures may be of significant
health effect arising from oxidative damage, inflamma-
tion, and distortion of the liver in rat model. The ob-
served attenuation of the destructive effects of TMM by
the effects tended to be attenuated by ALECA, which
could provide some hope as an alternative remedy and
circumvent the major drawbacks of notable chelators:
increase in toxicity, unavailability, and prohibitive cost.
C. afer may have promise in the management of chronic
hepatotoxicity arising from metal exposure.
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ABSTRACT

Introduction and aim. The aim of this study was to describe the characteristics of patients aged 65 years and older who expe-
rienced falls and to examine the distribution of the Barthel index (Bl) and Falls Efficacy Scale International (FES-I) scores.
Material and methods. Participants over 65 years of age who were admitted to the emergency department (ED) between
31.07.2019 and 31.01.2020 and who met the inclusion criteria were included in the study. Characteristics, Bl, and FES-I scores of
patients admitted to the emergency department for falls and nontraumatic reasons were compared.

Results. The study was carried out with 259 participants, 133 in the fall group and 126 in the control group. The mean age was
79+8.3 years in the fall group and 76.3%7.9 years in the control group (p=0.011). In the fall group, 61 (46.2%) were male and 71
(53.8%) were females. The most common trauma after a fall was soft tissue trauma. The FES-I and Bl scores were found to be at
higher risk in the fall group aged 75-84 years compared to the control group and there was a statistically significant difference
between them (p=0.009; p=0.030, respectively).

Conclusion. FES-l and BI did not show significant differences between fall and control groups in all age groups. In the 75-84 age
group, both scales showed higher values in the fall group. We believe these scales can be used as follow-up tools in screening
and preventing fall risks, especially in this age group.

Keywords. Barthel Index, emergency department, fall, Falls Efficacy Scale International, older adult

Introduction and monitoring activities of daily living.? Its predictive

Trauma, which is a serious cause of morbidity and mor-
tality in the elderly, is a health problem that should be
prevented. Falls are the most common cause of trauma
in the elderly and 1/3 of the population aged 75 years
and older falls at least once a year. Worldwide, more
than 50% of injury-related hospitalizations are seen
in patients aged 65 years and older and 10-15% of all
emergency department (ED) admissions are due to mild
or severe injuries.!

The Barthel index (BI) is a scale based on measuring
the individual’s performance in activities of daily living

value is in predicting the effects caused by neuromuscu-
lar and musculoskeletal diseases, the duration of hospi-
talization, and care needed. It is easy to use but limited
in application due to unreliable results in patients with
malignancy, dementia, and pelvic trauma.**

The Falls Efficacy Scale International (FES-I) was
developed as a solution to the problems of the fear of
falling, self-eflicacy and balance confidence. FES-I is
a test that shows almost perfect measurement charac-
teristics in people with and without moderate cogni-
tive impairment and has been validated for use in older
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adults.® The aim of both scores is to assess the patient’s
fall risk and implement early precautions. BI has mainly
been used to monitor rehabilitation in cerebrovascular
disease and predict mortality in various conditions.5"
Its role in fall prediction is less explored. Toots et al.
identified high BI scores and environmental factors as
fall risks, with greater morbidity observed in women
with high BI values, especially those aged 70-90, where
BI was a better predictor of falls in women than men."
In a study by Figueiredo et al., FES-I demonstrated high
internal consistency when used with socially isolated
older adults in the community."”

Aim

The aim of this study was to explore and compare the
characteristics of patients over 65 years old who present
to the ED with fall complaints versus those presenting
with other complaints. Specifically, we sought to deter-
mine if there are significant differences between the fall
group and a control group within the same age bracket.
Our focus was on comparing the BI and the FES-I scores
between these two groups. While the BI has been com-
pared with various other scales in literature, the FES-I is
less frequently utilized. We chose to use the FES-I to eval-
uate whether it provides a better prediction of fall risk
compared to the BI. To avoid confusion, we focused on
external risk factors, as both the Barthel Index and the
Falls Efficacy Scale International are based on physical ca-
pacity and ability. Both scores aim to assess the patient’s
fall risk and implement early precautions. By including
patients presenting with other complaints as the control
group, we were able to better evaluate the effectiveness of
these indices in assessing external factors. Additionally,
the study aimed to identify risk factors associated with
falls, including patient-related factors such as visual and
auditory impairments and frequent falls, as well as envi-
ronmental factors like indoor stairs and living alone. By
investigating these factors, we aimed to understand their
impact on fall risk. Furthermore, we documented the di-
agnoses of the patients included in the study to identi-
fy the most common conditions encountered. This study
was conducted with these objectives in mind to better un-
derstand fall risk and inform preventive strategies.

Material and methods

Study design

The study was a descriptive cross-sectional study. Pa-
tients over the age of 65 who were admitted to Ege Uni-
versity Faculty of Medicine Hospital ED between July
31, 2019, and January 31, 2020, and met the study cri-
teria were included. The Ethics committee approval for
the study was obtained from Ege University Clinical
Research Ethics Committee (Date: 31.07.2019, No: 19-
7T/7). Informed consent was obtained from all patients
via an informed consent form.

Study population

In the study, participants were divided into two groups:
the fall group and the control group. The fall group con-
sisted of patients aged 65 and older who presented to the
ED with complaints of falling due to causes such as slip-
ping, hitting an object or another person, or being pushed
or shoved by a person. The height of the fall was not used
as a criterion. However, falls due to non-mechanical caus-
es (e.g., syncope, cerebrovascular events, etc.) were not
included in the study. The control group consisted of pa-
tients aged 65 and older who were presented to the ED
only for non-traumatic reasons. The inclusion criteria for
the fall group were defined as being 65 years of age or
older, presenting to the ED with a fall as described above,
and agreeing to participate in the study. For the control
group, the criteria were defined as being 65 years of age
or older, presenting to the ED for non-traumatic reasons,
and agreeing to participate in the study.

Exclusion criteria were defined as unconsciousness
or not suitable for evaluation, sequelae of cerebrovas-
cular events, trauma with mechanisms other than falls
for the fall group, and ED visits due to falls within the
last 1 year.

Sample size calculation

The minimum number of patients required to find a sig-
nificant difference between BI and FES-I scores in trau-
ma and non-trauma patient groups over 65 years of
age was calculated as 210 in total, 105 patients in each
group, using Gpower, with 95% power, type 1 error level
0.05, and a medium effect size of 0.5 under the indepen-
dent sample t test.

Study procedure

Patients were evaluated by the primary responsible
emergency physician. There was no intervention in the
routine diagnosis, treatment and examination practices.
A history was taken by the physician and then BI and
FES-I scales were administered. These were recorded in
the case report form.

Data and outcome measures

The date of admission, time of admission, age, gen-
der, living arrangements, presence of stairs, visual and
hearing problems, history of frequent falls, comorbid-
ities, presenting complaints and diagnoses were taken
into consideration. Information about the mechanism
of trauma, physical examination findings, and hospi-
tal diagnosis were recorded. BI and FES-I scores of the
patients were calculated and fall probability was deter-
mined.

BI and FES-1
Bl is a 10-item scale. These are feeding, washing, self-
care, dressing and undressing, bowel control, bladder
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control, toilet care, transfer from wheelchair to bed and
vice versa, mobility (walking on a smooth surface, us-
ing a wheelchair), going up and down stairs. In the scale
consisting of a total of 100 points, 0-20 is categorized as
fully dependent, 21-61 as highly dependent, 62-90 as
moderately dependent, 91-99 as mildly dependent and
100 as fully independent.

The FES-I consists of a total of 16 parameters and
each parameter is scored from 1 to 4. I am not worried
at all scored 1 point, a little worried is scored 2 points,
quite worried is scored 3 points and very worried is
scored 4 points. These are cleaning the house, getting
dressed, cooking easy meals, bathing, shopping, sit-
ting up and down in a chair, walking up and down
stairs, walking around the house, facing an object
above the head or on the floor, answering a landline
phone before the caller gives up, walking on wet or icy
slippery ground, visiting a friend or relative, walking
in a crowded place, walking on uneven ground such
as stony ground, walking up and down hills, going out
of the house for community activities. The total score
is scored from 16 to 64. A score of 16-19 is consid-
ered as low risk, 20-27 as medium risk and 28-64 as
high risk.

Statistical analysis

Data analysis was performed using the Statistical Pack-
age for Social Sciences (SPSS, IBM, Armonk, NY, USA)
Windows 22. The conformity of the data to normal dis-
tribution was evaluated by Kolmogorov-Smirnov test.
Normally distributed numerical data were presented as
meantstandard deviation and non-normally distribut-
ed numerical data were presented as median and inter-
quartile range (IQR 25-75%). Categorical variables were
presented as number (n) and frequency (%). Categorical
variables were compared by Chi-square or Fisher Exact
test and continuous variables were compared by Student
t test or Mann Whitney U test. Statistical significance
level was accepted as p<0.05.

Results

A total of 259 participants were included in the study.
We excluded 1 patient who was unconscious or not eli-
gible for evaluation, 1 patient with sequelae of cerebro-
vascular events and 1 patient who presented to the ED
due to a fall in the last 1 year. The study was conducted
with 259 participants, 133 in the fall group and 126 in
the control group. The total number of female partic-
ipants was 131 (51%), while the total number of male
participants was 126 (49%).

The mean age was 79+8.3 years in the fall group
and 76.3%7.9 years in the control group (p=0.011). In
the fall group, the number of male participants aged
65-74 years was 22 (48.9%), and the number of female
participants was 23 (51.1%); the number of male par-

ticipants aged 75-84 years was 25 (49%), and the num-
ber of female participants was 26 (51%); the number
of male participants aged 85 and over was 14 (38.9%),
and the number of female participants was 22 (61.1%)
(Table 1).

The number of people living alone at home was 7
(5.3%) in the fall group and 13 (10.4%) in the control
group. There was no significant difference between the
groups in terms of living alone at home (p=0.127). The
number of stairs in the house was 76 (57.6%) in the fall
group and 61 (48.8%) in the control group (p=0.159)
(Table 1).

Table 1. Comparison of demographic data, fall risk factors
and comorbidities between groups

Fall group Control group

n (%) n=132 n=125
Male gender 61(46.7) 65(52) 0354
Female gender 71(53.7) 60 (48) ’
Age group
65-74 45(34.1) 59 (47.2) 0.100
75-84 51(38.6) 38(30.4) '
>85 36(27.3) 28(22.4)
Risk factors
Frequent history of falls 32(242) 20(16) 0.100
Use of hearing aid 7(5.3) 8(6.4) 0.708
Use of glasses 35(26.5) 45 (36) 0.101
Living alone at home 7(5.3) 13(10.4) 0.127
Presence of stairs inside the home 76 (57.6) 61(48.8) 0.159
Comorbidities
Hypertension 77 (58.3) 69 (55.2) 0.612
Diabetes mellitus 36(27.2) 39(31.2) 0.489
Coronary artery disease 29(21.9) 43 (34.4) 0.027
Congestive heart failure 15(11.3) 27 (21.26) 0.027
Malignancy 9(6.8) 25(20) 0.002
Dementia 14 (10.6) 8(6.4) 0.228
Chronic kidney disease 4(3.03) 18(14.4) 0.001
Chronic obstructive pulmonary disease 4(3.03) 16(12.8) 0.004
Asthma 7(53) 2(1.6) 0.073
Venous thromboembolism 6(4.5) 3(2.4) 0.502
Heart valve replacement 2(19) 5(4) 0.260
Hypothyroidism 2(1.5) 0(0) 0.359
Epilepsy 1(0.75) 1(0.8) 0.073

The most common comorbidities in the fall group
were hypertension (HT) in 77 participants (58.3%), dia-
betes mellitus (DM) in 36 participants (27.2%) and cor-
onary artery disease (CAD) in 29 participants (21.9%).
CAD was statistically significantly more frequent in the
control group (p=0.027). In the fall group, the number
of participants with congestive heart failure (CHF) was
15 (11.4%), chronic renal failure was 4 (3%), chronic
obstructive pulmonary disease (COPD) was 4 (3%) and
malignancy was 9 (6.8%). In the control group, the num-
ber of participants with CHF was 27 (21.6%), with CKD
was 18 (14.4%), with COPD was 16 (12.8%) and with
malignancy was 25 (20%). The frequency of CHE, CKD,
COPD and malignancy was significantly higher in the
control group (p=0.027, p=0.001, p=0.004, p=0.002, re-
spectively). The number of participants without comor-
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bidities was 32 (24.2%) in the fall group and 18 (14.4%)
in the control group (p=0.046) (Table 1).

When the most common outcome diagnoses of the
participants with falls were classified, soft tissue trau-
ma was seen in 62 (45.9%), lower extremity trauma in
41 (30.3%), and upper extremity trauma in 14 (10.3%)
participants. This was followed by head trauma, ver-
tebral trauma, thoracic trauma, maxillofacial trauma
and cervical trauma. The most common association
was the association of lower extremity trauma with
head trauma, which was seen in 4 participants (3.1%)
(Table 2, (Fig. 1).

Table 2. Distribution of injury regions after falls

Fall group (n=132)

n %
Soft tissue 62 459
Upper extremity 14 10.3
Lower extremity My 30.3
Head 8 59
Cervical 3 22
Maxillofacial 5 3.7
Thoracic 7 5.18
Vertebral 8 5.9
%
50
45
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Fig. 1. Graphic of injury regions distribution

According to FES-I, there were 32 (24.2%) low-
risk, 13 (9.8%) moderate-risk, 87 (66%) high-risk par-
ticipants in the fall group and 20 (16%) low-risk, 18
(14.4%) moderate-risk, 87 (69.6%) high-risk partici-
pants in the control group (p=0.184). According to BI,
there were 6 (4.5%) fully dependent, 37 (28%) severe-
ly dependent, 40 (30.3%) moderately dependent, 19
(14.4%) mildly dependent, 30 (22.7%) completely in-
dependent participants in the fall group; 15 (12%) fully
dependent, 31 (24.8%) severely dependent, 37 (29.6%)
moderately dependent, 17 (13.6%) mildly dependent,
25 (20%) completely independent participants in the
control group (p=0.300) (Table 3). Participants aged
75-84 years who underwent FES-I and BI were found
to have higher fall scores in the fall group compared to
the control group and a statistically significant differ-
ence was found between them (p=0.009, p=0.03, re-
spectively) (Table 3).

Table 3. Comparison of FES-l and Bl between groups*

Fall group Control group
n=132 n=125 p
Agegroup 65-74 75-84 >85 65-74 75-84 >85

FES-I
Low risk 23(71.9) 6(18.8) 3(84) 12(60) 8(40) 0(0) 0.184
Moderate risk 6(462) 6(46.2) 1(7.7) 13(72.2) 2(11.1) 3(16.7) 0.009°
High risk 16(184) 39(44.8 32(36.8) 34(39.1) 28(32.2) 25(28.7)
BI

Completely dependent  1(16.7) 1(16.7) 4(67.7) 5(33.3) 5(33.3) 5(333)
Severely dependent 4(10.8) 11(2947) 22(59.5) 10(32.3) 12(38.7) 9(29) 0.300°
Moderately dependent  12(30)  20(50)  8(20) 16(43.2) 12(32.4) 9(243) 0.030°
Mildly dependent 7(36.8) 11(57.9) 1(53) 8(47.1) 7(41.2) 2(11.8)
Independent 21700 8(26.7) 1(33) 20(80) 2(8) 3(12)

* FES-I - Falls Efficacy Scale International, Bl - Barthel Index,
p? — the p-value for the Pearson Chi-Square test between
the fall and control groups, p°- The p-value for the Pearson
Chi-Square test between the fall and control groups within
the 75-84 age group

Discussion

In this study, aiming to define characteristics of older
adult patients presenting with falls and compare BI and
FES-I scale properties in this group with other admis-
sions, FES-I and BI comparison showed no significant
difference between fall and control groups across all age
groups; however, in the 75-84 age group, both scales ex-
hibited higher values in the fall group.

In the study conducted by Galet et al. the distribu-
tion of age groups among falls in older adults was found
to be 24.93% between the ages of 65-74 years, 35.59% be-
tween the ages of 75-84 years, and 39.48% aged 85 years
and older." In our study, 45 (33.3%) aged 65-74 years,
51 (37.7%) aged 75-84 years and 36 (26.6%) aged 85
years and older were found. We are of the opinion that
the relatively younger population in the country where
we conducted the study is related to the lower number of
admissions aged 85 years and older. Similar to our study,
in the systematic review conducted by Hopewell et al., the
mean age of the elderly who fell was 77.7+8.4 years."

There are studies showing that the female gender is
more risky for falls than the male gender.'*'® In a study
by Henfy et al. it was shown that 60.9% of patients aged
65 years and older who presented with falls were wom-
en.” In the study conducted by Gokgek et al. in our
country, it was found that 60.8% of patients admitted
to the ED with falls were women.”® Studies in the lit-
erature showing that falls are more common in wom-
en have explained these results by the fact that women
present to the hospital more frequently and that female
patients are more prone to traumas related to age-relat-
ed osteoporotic process.'** However, some studies sug-
gest no significant relationship between gender and fall
admissions. It is theorized that this may be due to sim-
ilar rates of activity restriction among both sexes with
aging, leading to the disappearance of differences be-
tween them at older ages.”!
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In a study by Gokgek et al. 91.6% of older adults who
presented with falls had any comorbidity and the most
common comorbidity was found to be HT.* In the same
study, it was shown that the risk of falls increased with
increasing number of chronic diseases.?’ In the study by
Mitchell et al. it was observed that individuals with falls
had multiple chronic diseases.”? In our study, comorbid-
ities in the control group were: CAD, CHEF, malignan-
cy, CKD and COPD were more common in the control
group without falls. We believe that the fact that the con-
trol group in our study consisted of patients admitted to
the ED for reasons other than falls was effective on this
result. The finding that certain comorbidities were high-
er in the control group who presented to the ED for oth-
er reasons is an expected result for our study. This result
can be interpreted as no prominent comorbidity in the
fall group among all ED admissions of older adults.

According to Berry et al. the most common inju-
ry sites in older adults in falls are the head and thorax
with a total rate of 54.7%. Choi et al. reported that
lower extremity injuries (32.1%), upper extremity in-
juries (23.1%), shoulder, neck, back and/or hip inju-
ries (23.9%) were the most common injuries after falls
in older adults, followed by head injuries (15.3%).** In
the study group in which data were collected in Choi
et al. and Berry et al. study, the trauma group was han-
dled more broadly and high-energy trauma was also in-
cluded.”** We believe that limiting the mechanism of
trauma to fall and not including other mechanisms of
trauma in our study explains these results.

BI has been primarily studied in monitoring rehabil-
itation response in cerebrovascular disease patients and
predicting mortality across various conditions.>'*** Few
studies focus on fall prediction. Toots et al. found high BI
scores and presence of >2 environmental factors to be fall
risk factors.'? They also noted greater morbidity in women
with high BI values, particularly among those aged 70-90,
where BI was a better fall predictor in women than men.

In Figueiredo et al’s study, FES-I was given to socially
isolated older adults living in the community, showing high
internal consistency.”® FES-I scores were notably higher in
females, those with lower education levels, and individuals
reporting fear of falling. In Sparrow et al’s study on a de-
manding balance program for Parkinson's disease patients,
those compelled to undergo the regimen experienced a de-
crease in fall rates, as evidenced by FES-I. The FES-I score
significantly decreased following the exercise program.”
In our study, no significant difference was found between
the fall and control groups in terms of BI scores. Our study
sample consisted of patients with high comorbidity, multi-
ple risk factors and high BI scores. We think that our sam-
ple selection was effective on our results. However, in our
study, BI was significantly higher in the fall group aged
75-84 years. We believe that this result is due to the fact
that patients aged 65-74 years are more independent and

patients over 85 years are more dependent. Therefore, we
believe BI may be more meaningful in predicting fall risk,
especially in the 75-84 age group. Similar results were ob-
tained with FES-I. Additionally, most patients over 85 years
old in our study were not living alone. Despite being a de-
scriptive study with certain limitations, we suggest that BI
and FES-I scores can be useful in assessing fall risk in older
adults, particularly in the 75-84 age group.

Study limitations

Our study is a single center study. Only ED admissions
were evaluated, and non-fall ED admissions were in-
cluded as a control group. The study was conducted
during the winter period, and the seasonal effects on
falls could not be evaluated. Differences in the distribu-
tion of demographic data between the study and control
groups may have led to biased results.

Conclusion

FES-T and BI showed no significant difference between
fall and control groups across all age groups. However,
in the 75-84 age group, both scales exhibited higher val-
ues in the fall group. We believe decreased self-sufficien-
cy and mobility among participants over 75 years of age
may have contributed to this outcome. The limited group
size, focus on falls, and relatively low rate of living alone
in patients over 85 years old may have influenced the sim-
ilar results between patients over 85 years old and those
under 75 years old.
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ABSTRACT

Introduction and aim. The consequences of Russia’s invasion of Ukraine have led to a violation of the mental health of
youth, children, and adults in Ukraine. Increased cases of mental disorders related to war trauma, including post-traumatic
stress disorder (PTSD) due to violence, loss of family and friends, loss of normal life, fear, uncertainty, and constant stress, are
leading to long-term PTSD, which can negatively affect their quality of life, such as physical, mental, and social well-being.
Determination of symptoms of PTSD in students (men and women) of medical and technical higher education institutions
during the war in Ukraine.

Material and methods. At the beginning of 2024, the survey was attended by 452 students of Ukrainian higher education in-
stitutions (medical and technical), of which 24.6% were male and 75.4% were female, aged 15-19 (65.8%), aged 20-28 (21.1%),
and over 29 (13.1%). The methodology‘Identification of potentially traumatic events in life among applicants’ was used to iden-
tify students with signs of PTSD out of a total of 452 surveyed students. The next step was to assess the degree of PTSD symp-
tomsin 121 students of the total number of students who were identified as having PTSD symptoms using the ‘PTSD symptoms
list" Research was conducted with the help of the STATISTICS program, by the Pearson’s Chi-square method, Spearman’s rank
correlation coefficient (r,).

Results. The severity of the consequences of the war was assessed based on the results of a survey among students of high-
er education institutions during the hostilities in Ukraine. Students who participated in hostilities or were in the war zone
represented 45.9% of respondents from technical universities (TU) and 24.8% of the respondents from medical universities
(MU). Students who experienced sexual violence (rape, attempted rape, coercion to perform any type of sexual act by force or
threats) made up 18.9% of the students in the TU and 16.9% in the MU.

Conclusion. Sexual violence (rape, attempted rape, coercion to perform any type of sexual act by force or threats) among
students in higher education institutions was experienced by 18.9% of respondents of technical specialization and 16.9% of
respondents of medical specialization. The identified unfavorable features of students’ mental health during hostilities may
lead to long-term negative consequences in the future. Particular attention should be paid to risk groups, including female
students.

Keywords. Full-scale war, posttraumatic stress disorder, students of higher education institutions of technical and medical
profile
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Introduction

The Russian invasion of Ukraine since 2014 has caused a
sudden increase in the number of vulnerable people ex-
posed to war and other traumatic events. Loss of family
and friends, violence, internal displacement, loss of per-
sonal housing, and jobs can lead to an increase in cases
of mental disorders, depression, anxiety, and post-trau-
matic stress disorder (PTSD) among the Ukrainian
population, especially among youth and children. Con-
stant stress, fear, and uncertainty contribute to long-
term consequences and impede the reconstruction of
Ukraine. Kisarchuk found that out of 30% of people suf-
fering from PTSD as a result of military actions, 20.0%
need specialized help because they cannot overcome
this disorder on their own."?

Young people around the world are particularly
sensitive to military conflicts, and research of the con-
sequences of their cognitive, emotional, and behavior-
al disorders is important. Living in war zones or under
constant bombardment can create or exacerbate the risk
of direct and indirect impacts on the physical, psycho-
logical/mental health of young people and negatively
affect their physical, mental and social well-being. The
negative effects of hostilities and migration are often
manifested in the high prevalence of depression, anxi-
ety disorders, and PTSD. Among adolescents aged 15-
17 years who were traumatized by military operations,
53.7% were diagnosed with PTSD.>*

According to global scientific data, the prevalence
of PTSD among people who have suffered the conse-
quences of severe psychotraumatic trauma, have been
a combatant, a victim of violence, or have been in oc-
cupation or captivity (severe physical and psychological
abuse, assassination attempts, murder, rape, etc.) reach-
es 100%.

Thus, according to scientific data, negative psycho-
physiological changes in the mental/mental health of
trauma survivors were observed in 56.0% of people and
minor symptoms due to trauma were observed in 44%
of people. According to foreign researchers, the preva-
lence of PTSD among the world’s population in recent
years has ranged from 9% to 12%.57

Young people affected by war are a particularly vul-
nerable group for experiencing trauma and developing
mental/mental health disorders. According to the re-
sults of studies, the indicators of PTSD criteria are high:
71.6% of adolescents had disorders in the emotional and
volitional sphere; 62.9% of adolescents had disorders in
the behavioral sphere, and the coefficient of academic
performance, which characterizes cognitive disorders,
is 25.1%.%

Aim
Therefore, the aim of the study was to investigate the
initial signs of mental/mental health disorders and the

diagnosis of posttraumatic stress disorder in students of
higher education institutions of medical and technical
specialization during the war in Ukraine.

Material and methods

At the beginning of 2024, the survey was attended by
452 students of Ukrainian higher education institutions
(medical and technical), of which 24.6% were male and
75.4% were female, aged 15-19 (65.8%), aged 20-28
(21.1%), and over 29 (13.1%). The methodology ‘Iden-
tification of potentially traumatic events in life among
applicants’ was used to identify students with signs of
PTSD out of a total of 452 surveyed students. The next
step was to assess the degree of PTSD symptoms in 121
students out of the total number of students who were
identified as having PTSD symptoms using the “Check-
list of PTSD symptoms.”

Stage 1 - involved identifying signs of PTSD using
the methodology «Identification of potentially traumat-
ic events in life among applicants» among students of
Vinnytsia National Medical University named after M.
Pirogov. Pirogov Vinnytsia National Medical Universi-
ty (VNMU), Zaporizhzhia State Medical and Pharma-
ceutical University and students of Vinnytsia National
Technical University (VNTU), Taras Shevchenko Na-
tional University of Kyiv, of whom 24.6% were men and
75.4% were females, 65.8% were 15 19 years, 21.1% were
aged 20-28, and 13.1% were over 29 years old.

Stage 2 included assessment of PTSD symptoms us-
ing the PCL-5 PTSD Symptom Checklist, which met the
DSM-5 criteria for PTSD. The survey involved 121 ap-
plicants, of whom 19.0% were men and 81.0% were fe-
males, 44.6% were under 15 19 years old, 53.7% were
over 20 28 years old and 1.7% were over 29 years old.
The research was conducted with the help of STATIS-
TICS program (Statsoft, Tulsa, OK, USA), using the
Pearson Chi-square method and Spearman rank cor-
relation coefficient (r;). The quantitative values ob-
tained from the questionnaire do not follow a normal
distribution, so comparisons and relationships between
them could not be calculated using parametric criteria
(Studentss, Fisher’s). The most adequate method of anal-
ysis in this case is the non-parametric Whitney-Wilcox-
on-Mann test or Pearson’s chi-square test. The study has
been approved by the Bioethics Committee of the Uni-
versity No 2023/09/01.

Results

According to our study, 48.6% of the students of tech-
nical universities and 32.8% of the students of medi-
cal universities witnessed a fire or explosion during the
hostilities. 27.0% of the TU students witnessed traffic
accidents and 22.4% of the MU students, while 24.3%
and 26.8% were directly involved in the events. During
hostilities, 16.2% of TU students witnessed armed at-
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tacks and were in the combat zone, and 7.4% of MU
students also witnessed armed attacks, while 5.9% of
students were directly involved in the combat zone.
According to TU survey, 27.0% of the students of the
TU and 10.4% of the students of the MU witnessed se-
vere suffering. Witnessing a sudden death among the
TU students was 16.2% and 9.9% among the students
of the MU (Table 1).

Table 1. Identification of Potentially Traumatic Events in the
Life of Students of Higher Education Institutions of Ukraine
by the Methodology ‘Identification of Potentially Traumatic
Events in the Life of Students’, (P£S)) %

Educational
Medical professional institutions of
Question institutions (MPIs) ~ technical profiles
(ETPs)

Witness Participant Witness Participant

Natural disaster (flood, hurricane,

According to the results of our research on the gen-
der peculiarities of traumatic events in the lives from
students of Ukrainian higher education institutions, a
high rate of 47.7% of male survivors of physical violence
was found in the role of participant/victim compared
to 42.8% of female survivors. Female students of high-
er education institutions 30.4% were in the combat zone
and male students 18.2%. As participants, 26.8% of fe-
male students and 11.4% of male students of Ukrainian
higher education institutions had unwanted or unpleas-
ant sexual experiences. 23.2% of the female students and
22.7% of male students (Table 2).

Table 2. Identification of Potentially Traumatic Events in the
Life of Students of Higher Education Institutions of Ukraine
by the Methodology ‘Identification of Potentially Traumatic
Events in the Life of Students’, (P£S)) %

Male persons

Female persons

Question
earthquake) 8942 7419 10851 108+5.1 Witness Participant Witness Participant
Fire or explosion 328433 184427 486482 297475 Natural disaster (flood, hurricane, earthquake) 9.0+43 - 932 93%2
Transport accident (road traffic Fire or explosion 29.5+6.8 18.2+5.8 36.6+3.4 20.6+2.9

+ 4+ + +
accident, plane crash, train accident) 24£29 268831 270473 24347

A serious accident at work, at home or

+ + _ L
while on holiday 9412 44415 10.8+5.1

Poisoning by toxic substances

_ " _ "
(including radiation) 10.9+2.2 10.8+5.1

Physical violence (e.g. being attacked,
hit with a hand, object, kicked, beaten)
Armed assault (e.g., you were shot at,
stabbed, threatened with a knife, gun,  7.4+1.8  59+16  16.2+6 -
explosives)

89+2 44735 81+44 37.8+79

Sexual violence (rape, attempted rape,
coercion to perform any type of sexual - 16.9+2.6 54437 18.9+6.4
act by force or threats of harm)

Other unwanted or unpleasant sexual

. - 25.8+3 - 13.5£5.6
experiences

Combat operations or stay in a war zone

I 74+18 248+3 16216  45.9+8.1
(as a military or civilian)

Captivity (e.g., as a result of kidnapping

or capture, as a hostage or prisoner 5.5+1 - - -

of war)

Life—threatening illness or injury 75+18 238+3 189464 27%73
Severe suffering 104421 234429 27.0+73  243+7
f:l(i:ideen) violent death (e.g. murder, 7417 B 108451 54437
Sudden death as a result of an accident  9.9+2.1 - 16.2+6 -

Serious injury or death caused by you to

15408 54+16 27126 -
someone else

Among the students of the TU institutions, 45.9%
of respondents were direct participants in hostilities or
were in the war zone, and 24.8% of the MUs. 29.7% of
the students of TU and 18.4% students of MU witnessed
fire or explosions. 44.7% of the students in the TU and
37.8% of students in the MU experienced physical vio-
lence. Sexual violence (rape, attempted rape, coercion
to perform any type of sexual act by force or threats)
was experienced by 18.9% of the students in the TU and
16.9% of the students in the MU.

Transport accident (road traffic accident, plane

N 227463 273467 23243 263+3.1
crash, train accident)

A serious accident at work, at home or while

) 13.6+51 6.8+37 7.2+18 52+15
on holiday

Poisoning by toxic substances (including

L 6.8+3.7 13.6+51 211 103£2.1
radiation)

Physical violence (e.g. being attacked, hit with

+ + + +
ahand, object, kicked, eaten) 1.4+47 477%715 82+19 428+36

Armed assault (e.g., you were shot at, stabbed,

+ + + +
threatened with a knife, gun, explosives) NAXAT 68437 82419 52415

Sexual violence (rape, attempted rape,
coercion to perform any type of sexual act by - - 31412 201+238
force or threats of harm)

Other unwanted or unpleasant sexual

) - 1.4+4.7 - 26.8+3.1
experiences

Combat operations or stay in a war zone (as a

L 14447 182458 82+19 304+33
military or civilian)

Captivity (e.g., as a result of kidnapping or
capture, as a hostage or prisoner of war)

Life-threatening illness or injury 6.8+3.7 295+6.8 9.8+21 23243
Severe suffering 136451 227463 12824 23.7+3
Sudden violent death (e.g. murder, suicide) ~ 9.1+4.3 - 7.2+18 -
Sudden death as a result of an accident 114447 6.8+37 10.8+2.2 -
g::,ilfnrj:;z or death caused by you to 136251 B B

Regarding changes in gender characteristics, the
study found that they were predictive of most PTSD
symptoms. To the greatest extent (p <0.001), this was
true for the following issues: “During the month, have
you been disturbed by repeated, disturbing and unwant-
ed memories of stressful experiences?” 23.04 (p<0.001),
“Feeling of constant tension?” 20.52 (p<0.001), “Feeling
upset when something reminds you of a stressful ex-
perience?” 19.26 (p<0.001), Strong physical reactions
when something reminded you of a stressful experience
(eg heartbeat, palpitations 17.72 (p<0.001)) (Table 3).
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Table 3. Comparison of gender peculiarities in the study
of PTSD symptoms of Ukrainian university students
(comparison by Pearson’s Xi- square (c

Question C p U p

During the past month, have you been bothered by
recurring, disturbing, and unwanted memories of stressful 23.04 <0.001 19459.5 <0.05
experiences?

Recurring and disturhing dreams about stressful

experiences? 1499 0.005 21129 <0.05

Sudden feelings or events as if the stressful experience is

happening again? 11.19 0.024 217345 <0.05

Feeling upset when something reminds you of a stressful

experience? 1926 0.001 20539.5 <0.05

Strong physical reactions when something reminded

you of the stressful experience (e.g., heart palpitations, ~ 17.72 0.001 20977.5 <0.05
difficulty breathing)?

Avoidance of memories, thoughts, or feelings associated
with the stressful experience?

1022 0037 23622 >0.05

Avoidance of external stimuli (people, objects, places, etc.)

that remind you of the stressful experience? 172 >005 253075 >0.05

Have trouble remembering important moments from a

: I 5 <.
stressful experience? 882 >005 225985 <005

Strong negative beliefs about yourself, other people, or the 5

world around you (e.g., “I'm bad”) 28 >005 250515 >005

Self-blame or blame others for the stressful experience or

what happened afterwards? 288 >005 243825 >005

Strong negative emotions such as fear, terror, anger, guilt,

11.02 >0.05 22424 <0.05
or shame?

Loss of interest in the activity(s) that used to bring

181 >0.05 25065.5 >0.05
pleasure?

A ssense of remoteness or separation from others? 434 >005 23555 <0.05

Problems in experiencing positive emotions (eg, inability

. 231 >005 24961 >0.05
to feel joy or love)

sion as predictors of emotional burnout and increased
cases of stress disorders. Therefore, we analyzed scientif-
ic works on PTSD, where we identified the factors that
cause these conditions during the military conflict with
the Russian Federation, as well as reviewed guidelines for
diagnosis, prevention, and treatment. >'°

Table 4. Age Peculiarities in the Study of PTSD Symptoms
of Ukrainian Higher Education Students, (comparison

by Pearson’s Chi- square (?), Spearman’s rank correlation
coefficient (r,))

Question 4 ] A p

D}Jrlng -the past month, have you t?een bothered by rec.umng, 4394 50,05 0,015 0738
disturbing, and unwanted memories of stressful experiences?

Recurring and disturbing dreams about stressful

experiences? 10.255 >0.05 0.1 0.022

Sudden feelings or events as if the stressful experience is

happening again? 14.935 >0.05 -0.051 >0.05

Feeling upset when something reminds you of a stressful

experiencel 79 >0.05 0.049 >0.05

Strong physical reactions when something reminded you of

the stressful experience (e.g., heart palpitations, difficulty ~ 8.992 >0.05 0.028 >0.05
breathing)?

Avoidance of memories, thoughts, or feelings associated with
the stressful experience?

14.212 >0.05 -0.015 >0.05

Avoidance of external stimuli (people, objects, places, etc.)

575 >0.05 0.065 >0.
that remind you of the stressful experience? 8.575 >0.05 0.065 >0.05

Have trouble remembering important moments from a

stressful experience? 7:558 >0.05 0016 >0.05

Strong negative beliefs about yourself, other people, or the

world around you (e.g, “fm bad") 10.865 >0.05 0.046 >0.05

Self-blame or blame others for the stressful experience or 5091 5005 0009 0.0

Iritation, outbursts of anger, aggressive behavior? 949 005 22986 <0.05 what happened afterwards?
Are you take risks or do things that could be harmful? 11.95 0.018 25356.5 >0.05 ; i i

- e : Strong negative emotions such as fear, terror, anger, guilt, 11885 005 0031 005
To be“on the alert” or“on the lookout"? 398 >0.05 239785 >0.05 or shame?
A feeling of constant tension? 20.52 <0.001 19786 <0.05 Loss of interest in the activity(s) that used to bring pleasure?  4.627 >0.05 0.05 >0.05
Difficulty concentrating? 447 >005 23908 >0.05 A sense of remoteness or separation from others? 9.066 >0.05 0.062 >0.05

Have trouble falling asleep or waking up at night? 139 0.008 23119 <0.05

Table 4 shows the results of the evaluation of age-re-
lated characteristics for manifestations of PTSD.

It has been proven that ‘Repeated, disturbing dreams
about stressful experiences, ‘Difficulty concentrating)
‘Problems falling asleep or waking up at night’ increase
significantly (p<0.05) increase with age. The “feeling of
constant tension” does not depend on age in a linear
way. Other symptoms do not clearly depend on age.

Discussion

Scientists from different countries are actively conduct-
ing research on the onset, duration, diagnosis, and treat-
ment of combat-related PTSD. The Ukrainian population
has experienced a significant number of traumatic events
caused by the ongoing hostilities in the eastern part of the
country, the annexation of territories, and significant hu-
man losses that affected many families. These events had
a negative impact on the life of all Ukrainian citizens, es-
pecially young people, causing constant anxiety and ten-

Problems in experiencing positive emotions (eg, inability to

: 4811 >0.05 0.032 >0.05
feel joy or love)

Irritation, outbursts of anger, aggressive behavior? 12.667 >0.05 0.062 >0.05
Are you take risks or do things that could be harmful? 13493 >005 0 >0.05
To be “on the alert” or “on the lookout"? 9.723 >0.05 0.021 >0.05
Afeeling of constant tension? 21.89 0.005 0.058 >0.05
Difficulty concentrating? 23.109 0.003 0.09 0.027
Have trouble falling asleep or waking up at night? 14.322 >0.05 0.097 0.025

During the past month, have you been bothered by
recurring, disturbing, and unwanted memories of stressful -~ 1.152 >0.05 0.044 >0.05
experiences?

In times of war, children and youth face various
forms of violence, traumatic events, and many factors
that affect their physical, emotional, social, and cognitive
development. These challenges can pose serious threats
to the mental/mental health of children and youth. Chil-
dren exposed to war, flight, and internal displacement
show a wide range of possible reactions to distress and
stress, such as specific fears, dependent behaviors, pro-
longed crying, sleep disturbances, lack of interest in the

environment, and psychosomatic symptoms.''>
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According to the United Nations Children’s Fund
(UNICEEF), during the ATO/JFO period (2014-2022),
40.0% of Ukrainian children aged 7-12 witnessed
war-related events, and 50% of children aged 13-18 wit-
nessed war-related events (14% witnessed the operation
of military equipment; 13% witnessed the aftermath of
battles; 2.2% witnessed combat clashes; 4% and 15%
witnessed violence and beatings of acquaintances; 6%
and 5% witnessed threats of use of weapons).

Since the beginning of the war in Ukraine in 2014
(ATO/JFO), a retrospective analysis of the population
of Kharkiv and Lviv revealed 23% of respondents with
symptoms of PTSD among 65% of internally displaced
persons (IDP). The prevalence rate was observed in dif-
ferent groups by sociodemographic characteristics.'

A significant proportion of Ukrainian students over
12 years of study have mental health disorders during
the war: depressive symptoms (33.9-38.1%); anxiety
symptoms (30.8-38.9%); PTSD (42.2-46.8%). The pro-
portion of female students with mental disorders is 3-4
times higher than that of male students. The presence of
chronic diseases, the educational field (52.8% of medical
students have signs of depressive disorders compared to
31.5% in students of other educational fields (p<0.001)),
and the fact of direct participation or witnessing of mil-
itary events contribute to the increase in the level of
mental disorders among students of Ukrainian higher
education institutions."

The prevalence of PTSD and traumatic events
among young people as a result of the Russian invasion
of Ukraine found that 68.7% of young people reported
various traumatic events in their lives during hostilities,
39.7% experienced bowling events, and 38.0% cases of
domestic violence. As a result, 70% of the respondents
met the criteria for PTSD (DSM-5) and 31.0% for PTSD
(ICD-11).1%

Among 563 Ukrainian students who studied and
lived in Kyiv during hostilities between December 2022
and January 2023, 91.5% of Ukrainian students reported
one stressor related to the hostilities in Kyiv at the time,
while 20.8% reported four or more stressors. Of the to-
tal number of respondents, 59.5% of Ukrainian students
attributed stressors to military conflict, 54.5% to forced
separation from family members, 53.3% to lack of hous-
ing, and 15.6% to the loss of a family member or friend.
These students had 12.4% probable PTSD (ICD-11) and
11.2% general PTSD among respondents.*¢

According to an online survey of 98.0% of Ukrainian
university students from western Ukraine, 86% had
been in the war, 86% had seen combat directly, 49% re-
ported symptoms of the insomnia, and 27% of students
were diagnosed with PTSD. It was suggested that mul-
tidisciplinary integrated intervention programs should
be used to treat PTSD in students and that they have a
good effect.'”2

The identified unfavorable features of the mental/
mental health of Ukrainian students during the war may
lead to negative consequences in the future, in particu-
lar, provoke the emergence of new noncommunicable
diseases: cardiovascular diseases, immune disorders, di-
abetes mellitus. Therefore, it is necessary to continue to
monitor the behavioral factors and the state of mental/
mental health of Ukrainian students, as well as to raise
awareness of early signs of PTSD. Another important is-
sue today is the improvement of preventive measures
in higher education institutions in relation to mental
/ mental health. Particular attention should be paid to
risk groups: female students, students who were direct
participants or witnesses of military events.

Conclusion

The study of long-term psychological consequences
of a full-scale war among students of Ukrainian high-
er education institutions students is a relevant scientif-
ic topic that requires in-depth analysis, monitoring, and
rapid response and improvement of the mental state of
Ukrainian students.

Among Ukrainian students in higher education insti-
tutions, mental/mental health disorders were diagnosed
due to their direct participation in hostilities or stay in
the war zone: 45.9% of respondents of technical higher
education institutions and 24.8% of medical higher ed-
ucation medical institutions in Ukraine. Sexual violence
(rape, attempted rape, coercion to perform any type of
sexual act by force or threats) among students in high-
er education institutions was experienced by 18.9% of
respondents of technical specialization and 16.9% of re-
spondents of medical specialization. The identified unfa-
vorable characteristics of mental / mental health during
hostilities may further lead to long-term negative conse-
quences in the future. Particular attention should be paid
to risk groups, particularly female students.

Further prospects for solving the problem from
Ukrainian PTSD among students of medical and tech-
nical higher education institutions include psychodiag-
nostics using the methods “Identification of potentially
traumatic events in life among students” and “Checklist
of PTSD symptoms’ for early intervention, psychocor-
rection, psychotherapy (group, individual), reflexology
and preventive measures to improve stress resistance in
students.
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ABSTRACT

Introduction and aim. The assessment of light head trauma in pediatric patients (GCS 14-15) often involves the use of skull
X-rays for forensic reasons. This study aims to evaluate the necessity of radiographic imaging and reducing the overuse of
X-rays, and developing Slovak guidelines for the appropriate use of X-rays and computed tomography (CT) in pediatric head
trauma cases.

Material and methods. This retrospective descriptive study analyzed records from children with head trauma seen at trauma
clinics over a period of one year. The study focused on the number of radiographic images (CT and X-rays) performed on pedi-
atric patients and assessed the appropriateness of these imaging techniques.

Results. Out of 1168 pediatric patients with head trauma, 831 (71%) had simple head injuries, 295 (25.26%) had wounds in the
head area, 17 (1.45%) had fractures, 23 (1.97%) had concussions, and 2 (0.17%) had intracranial hematomas. A total of 1097
(93.9%) children with head trauma underwent imaging: 1032 had X-rays and 65 had CT scans. The study found that only 3.42%
of patients actually needed radiation.

Conclusion. The majority of pediatric head trauma cases were minor and not associated with brain injury, highlighting the
overuse of radiographic imaging in these cases.

Keywords. epidemiology, guidelines, ionization, overuse, pediatric head trauma, radiological imaging

Introduction

Head injuries are a common reason for emergency
room visits, especially among children."” These injuries
can range from minor to severe and can be classified as
closed or open (penetrating) head injuries. Closed head
injuries involve a blow to the head without breaking the
skull, while penetrating injuries occur when an object
breaks the skull and enters the brain, often resulting
from high-speed accidents or gunshot wounds.'?

Severe head trauma is less common in young-
er children due to their smaller body size and lower
fall speeds, which can typically be absorbed by their
well-padded skin and elastic skeleton. However, as-
sessing head trauma in children remains challenging,
particularly in distinguishing between minor and clin-
ically significant injuries."*” In Slovakia, the Pediatric
Glasgow Coma Scale (PGCS) is used to evaluate head
trauma in children. For light head trauma (GCS 14-
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15), a skull X-ray in two views and, in some cases, a
head CT scan are performed for forensic reasons (par-
ents might complain to the Slovak health care surveil-
lance authority for an insufficient examination of their
child).® Simple or light head trauma in pediatric age
(PGCS 14-15) means eye opening spontaneously, local-
ized pain or without pain, crying, obeying commands,
oriented and conversing, and using appropriate words.
Further investigations are sometimes performed to al-
leviate family fears or due to family exaggeration of
the trauma history. However, there is no standardized
guideline similar to the Pediatric Emergency Care Ap-
plied Research Network (PECARN) guidelines to as-
sist physicians in determining when to use CT scans.”®
The most common symptoms for severe head trauma
are paleness, somnolence, and vomiting, caused by car
accidents, including pedestrians, bicycle injuries, or
falling from a height.®

The Appropriateness Criteria provide evidence-based
guidelines for the use of CT scans in children with head
trauma aims to minimize the risks associated with ion-
izing radiation.** While MRI or magnetic resonance
spectroscopy (MRS) is an effective alternative, its use in
children is limited due to the need for sedation or gener-
al anaesthesia.'**?

Skull X-rays of minor traumatic brain injury does
not bring any benefit for diagnosis."* For the group aged
0-2 years, a skull X-ray is indicated only if a skull frac-
ture is suspected and the CT scan is not indicated imme-
diately for minor head injury.'*** Portable point-of-care
ultrasound has high diagnostic precision and valid in
children with skull fracture and closed blunt head trau-
ma.'>'¢ Also we can reduce the radiation of CT scans by
monitoring the child with blunt head trauma and minor
skull injury.'s'8
Aim
The primary aim of this study is to reduce the overuse
of X-rays in pediatric head trauma cases. By evaluating
the incidence of head trauma and the use of radiograph-
ic imaging, the study seeks to create a database for fur-
ther research and develop Slovak guidelines similar to
PECARN to ensure effective and appropriate imaging
practices.

Material and methods

The study was conducted based on a review of medi-
cal records of 3261 pediatric patients aged 1 to 17 years
with trauma who were in trauma clinics in the emergen-
cy teaching department and the radiology department.
Institutional forms were archived and evaluated in the
year 2018. The trauma clinic of the University Hospital,
with 1356 beds, is the second-largest hospital in Slova-
kia, providing a high-standard of healthcare to patients
from the Kosice area and Eastern Slovakia. One-thou-

sand one-hundred and sixty-eight patients had head
trauma, which constituted 35.82% of all patients treated
during that period. Information was used regarding age,
types of injuries, the number head trauma images taken,
and the severity of head trauma.

The assessments were based on radiological exam-
ination: reviews of X-rays of the skull and head, and CT,
depending on indications.

Data analysis

Data were analyzed using Microsoft Excel, employing
statistical features such as the Chi-square test, standard
deviation (SD), and percentage comparison (Micro-
soft, Redmond, Washington, USA). The hospital’s eth-
ics committee reviewed and approved the study (Ethical
Committee of the Louse Pasteur University Hospital,
2019/UK/6034).

Sample selection

The sample included all pediatric patients with head
trauma seen at the trauma clinics during the study peri-
od. Patients were selected based on the criteria of head
trauma and the need for radiographic imaging as re-
corded in their medical files.

Results

A total of 3261 pediatric patients (0-17 years) with trau-
ma were evaluated in the trauma clinics, with a SD of
654.07. Among these, 1168 patients had head trau-
ma (35.82%): 831 had simple head injuries, 295 had
wounds in the head area, 17 had fractures: 10 in skull
area, 4 in the fascial area and 3 nasal bone fractures, 23
had concussions, and 2 had intracranial hematomas
(SD=355.51) (Fig. 1, Table 1).

Intracranial heamatoma
Concussion [l
Fracture ]
Cutwound - [
Blunttrauma without fracture [ ——

0% 10% 20% 30% 40% 50% 60% 70% 80%

Fig. 1. Head trauma incidence due to severity

Table 1. Types of head trauma

t:i'::]ta (/W Fracture Concussion l::::::';:'
Skull trauma 753 210 10 23 2
Around eye trauma 30 44 0
Ear trauma 2 3 0
Max fax area 7 27 4
Nose 39 n 3
Total 831 295 17 23 2
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Most children (1097 patients, 93.9%) with blunt
head trauma underwent radiological imaging (X-ray or
CT scan) following the hospital’s guidelines. In the age
group under 4 years, 738 had light head trauma (89%),
and only 93 patients had head contusions in the 4-17
years age group. Cut wounds were observed in 187 pa-
tients under 4 years (63%), and 108 patients above 3
years. Seventeen patients had fractures: 14 were less
than 4 years old (82%). Twenty-three patients had con-
cussions: 8 were less than 4 years old (35%) and 15 were
older than three years (65%). Two patients had intra-
cranial hematomas (See table No. 2), both above three
years old (Fig. 2, Table 2). All 42 patients with fractures,
concussions, and hematomas were admitted to the hos-
pital, along with 4 patients with blunt head trauma and
cut wounds (C/W).

Table 2. Types of head trauma due to age group*

diation of 20.865 mGray per patient (the hospital’s X-ray
machine is old with hard copies only). Only 3.42% of
patients actually needed radiation.

We used the “N-1” Chi-square test to compare the
percentage of patients who were irradiated with the per-
centage of patients who needed radiation (PGCS<13).
The test result showed that the number of irradiated pa-
tients was significantly different from the number of pa-
tients needing irradiation. X2(1)= 1913.777, p<0.001.
The percent difference is 90.50% with a confidence in-
terval of 88.56-92.02% (Table 3).

The p-value is much below 0.05 (or 0.001), showing
that the disparity between the observed and expected
frequencies is statistically significant. This indicates that
the real amount of irradiated patients deviates signifi-
cantly from what would be anticipated based on adher-
ence to the PGCS criteria for radiation use.

i i Table 3. Table of Chi-Square test applied
Age group ngh.t CW  Fracture  Concussion Intracranial g PP
contusion hematoma Catesor Observed  Expected  Chisquare  Degrees of

0-3yearsold 738 187 14 8 0 gory frequency  frequency  statistic freedom
4-17 years old 93 108 3 15 2 Irradiated 1097 1057
* C/W - cut wound Not Irradiated 7 m

Total 1168 1168

Chisquare 1592813248 1 <0.001
statistic

Intracranial hematoma m4-17 yearsold m0-3 years old

Concussion r

Fracture h

o [ —
Light contusion —

0 200 400 600 800

Fig. 2. Head trauma incidence due to age

m X-Ray

m CT scan

Fig. 3. Number of imaging of head trauma due to type

Among the 1168 patients, 1097 underwent radia-
tion (X-ray or CT), representing 93.90% (see figure 3).
One-thousand one-hundred and thirty-two underwent
X-ray imaging (anteroposterior and lateral views) with
an average ionizing radiation of 5 mGray per patient,
and 65 underwent CT scans with an average ionizing ra-

Calculations

Expected frequency (needing radiation) 90.5% * total patients

Total patients 1168
Calculation (90.5/100) * 1168
Expected frequency (needing radiation) 1057.24

Expected frequency (Not needing radiation)  Total patients — expected frequency

(needing radiation)

(alculation 1168-1057.24
Expected frequency (Not needing radiation) 110.76
df=(r—1)x(c-1)
Degree of freedom
(2-1)x(2-1)=1x1=1
Discussion

This study analyzed 1168 pediatric patients with head
trauma in the emergency department. Most (71%) did
not require medical care or assessment, having no neu-
rological deficit (PGCS 15) with minor trauma, but were
seen due to parental concern.! This is the first study in
Slovakia to address the use of ionizing radiation in the
assessment of pediatric head injury, which is a major
strength.!

The clinical challenge in evaluating minor head trau-
ma in pediatric patients (PGCS 15) is identifying those
with clinically important traumatic brain injury while
limiting imaging and radiation exposure. Neuroimaging,
usually with CT or USG is highly sensitive for identify-
ing brain injuries requiring acute intervention.”®!%1617 A
study in Switzerland emphasized cost-effective and quick
imaging." Monitoring and raising awareness is the gold
standard, which aligns with our findings about overuse of
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skull X-rays." A study which was conducted in the Czech
Republic showed that in 93.2% cases, the skull X-ray was
negative, which is similar to our study (96.58%). Skull
X-rays of minor traumatic brain injury does not bring
any benefit for diagnosis aligns with our findings and for
an Iranian age group between 0-2 years. skull X-Ray was
indicated only if a skull fracture was suspected. Further-
more the CT scan was not indicated immediately for mi-
nor head injury.">"

An advanced portable point-of-care ultrasound
had high diagnostic precision and was valid in children
with skull fractures and closed blunt head trauma.'s*’
Also, we can reduce the radiation of CT scans by mon-
itoring the child in the emergency room (ER) or in the
department with blunt head trauma and minor skull in-
jurys.18,19

Most infants and children with minor head trau-
ma can be safely discharged home after careful clini-
cal evaluation without undergoing imaging. However,
the current lack of clear guidelines in Slovakia leads
to the overuse of ionizing radiation. We propose new
guidelines to limit X-ray and CT use to patients with
significant injury risk. MRI and MRS, while effective,
require sedation or anesthesia in young children (0-14
years).”®2On the other hand Nour et al. recommend
skull X-ray scans only if a skull fracture is suspected for
younger children than 2 years."

A study which was done in Poland (1993-2002),
showed that they had about 12 facial fracture annually
(115 in 10 years).?® Evaluation of pediatric head trauma
by neuroimaging is an integral part.* But skull radiog-
raphy can be removed from imaging guidelines.”! It is
recommended if a skull fracture is suspected for young-
er children than 2 years.”

Study limitations

This study had limitations, including the data from a
single hospital. Also, realization of the ultrasonography
of the pediatric brain is very difficult in our hospital.

Conclusion

Head trauma is common in childhood, with most cases
being minor and not associated with brain injury. How-
ever, some low-risk children may have significant injuries.
The Ministry of Health and Medical Chamber should re-
view and create new guidelines like ACR and PECARN to
limit unnecessary radiation exposure (X-rays) and sup-
port other valid methods like USG. A health awareness
project on radiation risks and initial signs for seeking
medical assistance in the ER is recommended.
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ABSTRACT

Introduction and aim. Wound healing is a biological process that aims to restore tissue integrity and function. Despite medical
advances, wound management remains challenging. Traditional medicinal preparations, like Apamarga ksharodaka (AK), offer
promising therapeutic potential due to their phytochemical richness. This study evaluated wound healing and antimicrobial ac-
tivity of AK. This study aimed to validate the traditional claim of AK's wound healing potential using an excision wound model.
Material and methods. An excision wound model was created using 24 male Wistar rats. A positive control group applied 5%
w/w povidone-iodine (Pl) ointment. Wound contraction (WC), epithelialization period (ET), wound closure day, and histopa-
thology were assessed. Antibacterial activity was evaluated against Escherichia coli, Streptococcus aureus, Pseudomonas aerugi-
nosa, and Acinetobacter baumannii.

Results. AK showed slightly better wound healing than Pl ointment, with significant results in WC rate, wound closure, and ET.
Histopathology revealed normal skin and organ architecture. The minimum MIC was 6.25 mg/ml against Pseudomonas aerugi-
nosa with a maximum inhibition zone of 15 mm.

Conclusion. AK is safe and effective for wound healing.

Keywords. antimicrobial activity, Apamarga ksharodaka, excision wound model, phytochemical richness, traditional medicinal
plants, wound, wound healing

Introduction analgesic drugs and promoters of wound healing aug-

Disruption of normal anatomical structure and func-
tion of the skin is called a “wound”.! Healing is a series
of events typically involving hemostasis, inflamma-
tion, proliferation, and remodeling with scar formation
phases.! Clinical management strategies for wounds are
aimed at preventing infection and accelerating heal-
ing. The management of wounds with a sterile dressing,
the administration of antimicrobial, anti-inflammatory,

ments the healing of wounds.?

Achyranthus aspera Linn. commonly known as Apa-
marga in Ayurveda, has been described as a divine med-
icine. A. aspera has rich medicinal values and is used as
an important ingredient in various formulations. It has
been reported to possess activities such as antihyperlip-
idemic, wound healing, hepatoprotective, antimicrobi-
al, diuretic, antioxidant, anti-inflammatory lithotriptic,
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etc.’ It is described in the Ayurvedic literature as an ex-
pectorant, carminative, digestive and blood-purifier.*

Kshara (herbal alkalizer in dry and powdered form)
is considered a parasurgical instrument in Ayurveda.
Healing and purification of wounds are special prop-
erties of Kshara.® External application of Kshara is
indicated in many diseases such as skin disorders, non-
healing ulcers, poisoning, psoriasis, piles, fungal infec-
tions, worms, sinuses, mouth disorders, tumors, fistula,
etc.’ An intermediary aqueous preparation of Kshara is
known as Ksharodaka (alkaline water). In Ayurved clas-
sics, the external application of Ksharodaka is recom-
mended for various diseases, that is, in the treatment
of goitre, and dandruff.” In the context of parasurgi-
cal procedures, Ksharodaka is mentioned for washing
the wound for deworming.® Apamarga kshara is wide-
ly used to treat nonhealing ulcers and anorectal diseas-
es. A. aspera Linn is the most commonly used plant for
the preparation of Kshara. The ease of availability and
its pharmacological characteristics are favorable for
wound healing (antimicrobial, analgesic, anti-inflam-
matory, hemostatic, etc.) and exemplify an ideal agent
for wound healing.

Aim

For the treatment of fresh excised wounds, Apamarga
Ksharodaka (AK) is not commonly used and is also not
mentioned in the classical ayurvedic literature, so in the
present study, AK was selected to validate the tradition-
al claim and attempts were made to evaluate the healing
potential of AK in the excision wound model.

Material and method

Animals

Wistar Albino male rats, weighing 200-250 g were se-
lected for the present study. The animals were received
from the IMS animal house, Banaras Hindu University
(BHU), Varanasi. Rats were kept in the Animal House of
the Centre of Experimental Medicine and Surgery, IMS,
BHU at 26+2°C and relative humidity of 44-56%, with
light and dark cycles of 10 and 14 hours, respectively,
for 1 week before and during the experiments. under
standard conditions of temperature (22+2°C), humidity
and 12-hour light /dark cycle, and relative humidity of
approximately 50-55% with a normal diet and purified
water ad libitum. The animals were acclimatized to stan-
dard experimental conditions for 7 days prior to initia-
tion of the experimental study. The CPCSEA guidelines
were strictly followed throughout the study. Before the
experimental work, approval was obtained from the In-
stitutional Animal Ethical Committee (IAEC) of IMS,
BHU (Dean/2010-11/173 dated 23/07/2010). The ex-
periments were carried out during the months from No-
vember to January.

Preparation of herbal formulation

The fresh mature Apamarga panchanga (all parts of
A. aspera plant) was collected from the local supplier of
Varanasi and weighed. Authentication was performed at
the Department of Botany, IMS, BHU. The voucher sam-
ple has been kept in the herbarium. (Voucher specimen
No. Amarantha 2023/03). Apamarga Ksharodaka (AK)
was prepared using the classical method of Ayurveda.’
The plant was washed with water to remove physical im-
purities and then placed for drying in sunlight. When it
was completely dried, it was weighed again on the dig-
ital weighing machines. The dried plant was placed in
a large earthen pot and completely burnt and grey ash
was collected after self-cooling, free from stones, mud,
and charcoal. The ash was collected in a glass vessel and
6 times of water was added to it, then the contents and
left undisturbed for the next 24 hours. The liquid lay-
ers of the clear supernatant were collected via an outlet
and filtered 21 times filtered using a 3-layer cotton cloth.
This Ksharodaka was heated over a laboratory hot plate
at 60° fixed temperature with intermittent stirring until
it remained 1/3 of the total and turned sticky, transpar-
ent, and red.

Excision wound healing activity

Male Wistar rats with good health condition, weigh-
ing between 200-250 g were randomly divided into four
groups (6 rats per group). Group I was a negative con-
trol group and did not receive any intervention, and
group II was the positive control group that applied
5% pomidine iodine (PI) ointment. Group III was test
group 1 received the test drug AK followed by 5% w/w
povidone iodine ointment (PI) and Group IV was test
group 2 applied AK only.

Excision wound model

The partial-thickness excision wound model was used
as described by Morton and Malone." Rats were sub-
jected to ketamine anesthesia (IP) and the skin of
the rats was shaved in the mid-scapular region and
full-thickness skin wounds were established with a di-
ameter of 2 cm diameter and 0.2 cm depth of punch-
es. These wounds were generated by surgical removal
of all skin layers (epidermis, dermis, and subcutane-
ous fat).

After full recovery from anesthesia, the animals
were individually housed in cages. Topical administra-
tion of all drugs was conducted daily on wounds till they
healed. Wound contraction was measured by planimet-
ric measurement of the wound area. The duration of
complete epithelization was determined by noting the
days until the scab fell off and no raw wound behind.
The percentage of wound contraction and epithelization
period was also accessed for healing.



148

European Journal of Clinical and Experimental Medicine 2025; 23 (1): 146—154

Method of application of test drug

The surrounding area of the wound was covered with
a gauze piece to prevent the spread of the drug on
healthy tissue. The test drug (AK) was dropped on
the other gauze piece with the help of a dropper. Ap-
proximately 450 mg of gauze absorbed the test drug
(AK) with complete soackage achieved by 10 drops
(0.5 mL). AK was applied to the proposed lesion by
probing up to the count of 100. As soon as the sign of
proper cauterization appears (as described by Sushru-
ta).6 AK is rapidly neutralized by dropping acidic flu-
id (lemon water) on the wound to neutralize the drug.
The wound was washed out with distilled water and
the dressing was done. The wound was monitored us-
ing signs from the relevant article, that is, after apply-
ing AK, the tissue of the treated area becomes purple
or dark black, the cauterized lesion shrinks and pain
and discharge are relieved.’” Any adverse effect during
the application of AK such as redness of the cauterized
area, ulceration with purulent discharge, fever, severe
pain, shock, etc. was carefully monitored to evaluate
the safety of Ksharodaka.

Assessment of wound contraction

Wound contraction was evaluated by monitoring
changes in the wound area using planimetric tech-
niques, excluding the day of wounding. The sizes were
traced onto transparent paper at specific intervals of 4
days (ie, on the zero, 4™, 8", and 12 days) and then
on alternate days until complete wound healing oc-
curred. These traces were noted onto a 1 mm? graph
sheet to quantify the wound surface area. Using the
following formula, the percentage of wound contrac-
tion was calculated."

% Wound contraction — (Initial wound size - wound size on a specific day) x 100

Initial wound size

The duration needed for Escher to fall away with-
out leaving a raw wound was used to monitor epithe-
lialization time (ET).'* The day the raw surface reaches
the level of the skin and develops a scab on its upper
surface is recognized as wound closure day."” To evalu-
ate the quality of wound healing, an excisional biopsy of
the healed skin was analyzed for histological evaluation.

Histopathology

After complete epithelization, wound tissues were ex-
cised and stored for 24 hours in 10% buffered formalin.
Subsequently, histopathological analysis of regenerated
skin tissue was performed following the same procedure
as in liver, brain, heart, and kidney histopathological
analysis.

In vitro antimicrobial activity

The antibacterial activity of AK was tested using the
disc diffusion technique.'* Muller-Hinton Agar (MHA)
plates were developed by placing 15 ml of the molten
medium into sterile Petri plates. The recently cultured
bacteria were suspended in sterile saline to obtain 107
colony-forming units (CFU) per ml concentration. The
suspension was then spread evenly on the surface of
Mueller-Hinton agar (MHA) plates and allowed to air
dry for 5 minutes. Then 5 pl drug in 300 mg/ml con-
centration was sited on 6-mm sterile discs of Whatman
filter paper no.1. Subsequently, these discs were placed
onto the agar surface to allow the compound to diffuse
for 5 minutes. The plates were then incubated under
specific conditions of 37°C for the 24 hours for cultures.
After incubation, the zone of inhibition (ZOI) was mea-
sured near the discs with the help of a ruler.

Statistical analysis

Data were presented as mean + standard error (SE). Statis-
tical significance between the control and treated groups
was evaluated using analysis of variance (ANOVA), fol-
lowed by the student’s t-test and post hoc test. A signif-
icance level of p<0.05 was considered significant. All
statistical analyzes were performed using GraphPad Prism
software (GraphPad Software, Boston, MA, USA).

Results

Excised wound healing activity

The progression of wound healing in all groups is shown
in Figures 1 and 2. The wound contraction (WC) in
control group rats was 12.22% to 87.78% from day 4 to
day 16, in test group 1 it was 84.44% on day 16. Com-
plete skin healing was observed on day 19 in both these
groups. In the positive control group, wc was 96.67 % on
day 16 and 95.54 % in test group 2, and skin normaliza-
tion was observed on day 17 in both these groups (Ta-
ble 1, Figures 1 and 3).

Table 1. Comparison of all groups for the percentage of WC at different time points

% of wound contraction Mean area of wound (mm?)

(njir?:z:ch) Summary Day 4 Day 8 Day 12 Day 16 Day 21 Day 4 Day 8 Day 12 Day 16 Day 21
Negative control  Mean+S.E. 12.22+ 2.68 45.56+3.18 65.56+3.62 87.78+2.05 97.78+ 141 547.38+10.45 213.19+8.06 88.52+546 12.05+1.19 1.05+0.21
Positive control ~ Mean+S.E.  8.89+330 25.56+5.82 73.33+455 96.67+2.28 590.86+ 13.49 403.86+12.80 57.62+5.80  2.62+0.65

Test group 1 Mean+S.E.  32.28+5.27 52.50+£5.92 66.11£5.46 84.44+3.14 94.44+2.08 459.73+18.87 136.71£12.77 56.05£9.96 13.62+2.74  2.62+0.85

Test group 2 Mean+S.E.  17.51+£191 39.04£2.71 70.10£2.61 95.54+2.85 632.55+ 14.24 396.52+9.54 100.05+6.94 6.81+1.51
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Epithelialization time

The positive control group (PI) (mean=12.83) showed
a significant reduction (p=0.0418) in ET compared
to the control (mean=14.83) and test Group 2 (AK)
(mean=11.83) also showed a significant reduction
(p=0.0201), while test Group 1 (AKPI) (mean=14.67)
was not significant (p=0.9947) (Table 2).

Wound closure day
Significant results were observed in test group 2
(p=0.0110), positive control group (p=0.3081), and test
group 2 (p=0.011), while test group 1 was not significant
p=0.9735 (Table 2).

Table 2. Comparison of all groups with respect to ET and
wound closure day

(n=G6Ni>:::ch) Summary Eplthe:;::zamn Wound closure day
Negative control Mean=S.E. 14.83+0.60 12.33£0.76
Positive control Mean=S.E. 12.83+0.48 10.67+0.21
Test group 1 Mean=S.E. 14.67+0.49 12.17+0.48
Test group 2 Mean=S.E. 11.83+0.31 9.67+0.33
p 0.0041 0.0314
9.024 10.69

b Control

8 Povidine-Todine(PI)
——Povidine-Todine + Apamarga K sharodaka
Apamarga Ksharodaka

‘Wound Area in mm?

Day 0 Day 4 Day 8 Day 12 Day 16 Day 20 Day 21
Duration of wound healing

Fig. 1. Graphical presentation of wound healing activity

Fig. 2. A: Test drug (Apamarga Ksharodaka), B: Cotton
soaked with Apamarga Ksharodaka (10 drops or 0.5 ml

for complete soak), C: Wound dressing with Apamarga
Ksharodaka in group 4, D: Dressing with 5% w w Povidone
iodine ointment in group 2, E: The wound was covered
with sterile cotton and gauze in group 2

Histopathology of healed skin and organs
Histopathological observations of the skin section for all
groups showed normal blood vessels, dermal and epi-
dermal layers. Histology of liver sections in all groups
showed no histological abnormalities with visible he-
patic lobule/lumen and well-preserved liver cells in he-
patocellular architecture. All groups showed normal
histology of the rat cardiac muscles. The brain sections
in all groups showed no histological abnormalities and
normal blood vessels and pyramidal cells. Histopatho-
logical observations for all groups showed normal his-
tology of the rat kidneys (renal tubules, renal cells) was
found (Fig. 4).

Antimicrobial analysis

Table 3. In vitro MIC-MBC value of AK against different
bacteria (in mg/ml)*

Organism MIC MBC 201
Escherichia coli 125 25 10mm
Streptococcus aureus 12.5 25 10mm
Pseudomonas aeruginosa 6.25 12.5 15mm
Acinetobacter baumannii 25 50 6mm

* MIC minimum inhibitory concentration, MBC minimum
bactericidal concentration, ZOl zone of inhibition

Fig. 5. Antimicrobial activity of AK by the Agar-plate
diffusion method

For different bacteria, AK (5 pL drug at a 300 mg/
mL concentration) showed the minimum MIC value
(6.25 mg/mL) against the P. aeruginosa (Gram-nega-
tive) bacteria (negative Gram) compared to the oth-
er Gram-negative and positive bacteria. The maximum
ZOI (15 mm) was expressed against P. aeruginosa (Ta-
ble 3, Fig. 5).
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Group 1 Group 2
(Control) (P1)
Day 1 g

Day 4 | =§\
o=
o=
=

Day 8

Day 12

Day 17

Day 22

Group 3 Group 4
(AKP1) (AK)

Fig. 3. Photographic representation of WC on different days (group 1 was negative control who received no intervention,
group 2 was positive control who received Pl ointment 5% w/w, group 3 was test group 1 who received AK and Plointment

5% w/w, and group 4 was test group 2 treated with AK)

Discussion

Wound management aims to enhance tissue regeneration
and prevent associated risk factors like infection that direct-
ly influence the healing process. Wound healing progresses
through distinct phases composed of complex cellular and
molecular events. Initially, hemostasis occurs to stop bleed-
ing, followed by an inflammatory phase in which immune
cells clear debris and pathogens. Subsequently, prolifera-

tive processes promote tissue rebuilding, with fibroblasts
producing collagen and new blood vessels forming. Final-
ly, remodeling refines the structure and strength over time,
completing the dynamic wound repair process.!

AK is an herbal formulation that is not common-
ly used for a fresh excised or incision wound. An acute
dermal toxicity study was also performed to ensure its
safety before starting the experiment in animals.



Wound healing potential of Apamarga Ksharodaka (herbal alkaline water made from Achyranthus aspera Linn.) in excision rodent wound model 151

Organ Group 1

Skin

Liver

Heart

Brain

Kidney

Group 3 Group 4

dermal layer DL, epidermal layer, HL — hepatic lobule/lumen, CM - cardiac muscle, HC hepatocyte, PC — pyramidal cells PC,

renal tubules, RC - renal cells RC)

WC refers to the process in which the size of the
wound decreases due to the pulling together of the
wound edges by specialized cells called myofibroblasts.
Myofibroblasts are a type of fibroblast that contain con-
tractile proteins, allowing them to exert forces and pull
on the surrounding tissue. This cell contraction con-
tributes significantly to reducing the overall size of the
wound during the healing process, ultimately aiding in
wound closure and scar formation."

The results of this study demonstrated a significant
effect of AK on promoting wound contraction, reducing
epithelialization time, and a potent antimicrobial action.
The results of wound contraction clearly showed differ-
ences in the rate and extent of healing between the groups.
In the present study, the test drug (AK) and PI showed
a significant WC rate (p<0.0011) (mean difference
(MD)=2.667)) for AK and (p<0.0045) (MD=2.550) for PI

itself compared to the control (p<0.3080) (MD=1.545).
Wound healing consists of an orderly progression of a se-
ries of stages that establish the integrity of damaged tis-
sues. Wound infections represent the invasion of tissues
by the number of species of microorganisms. A. aspera
has antibacterial and anti-inflammatory properties, and
researchers have also claimed that it to be good for skin
diseases and also a wound healer, cleanser and removes
body toxins, etc.'® The phytochemicals present in AK play
a role in preventing the extension of the initial phase of
wound healing by reducing infection, thus facilitating the
process of wound contraction. The significant result of
wound contraction for AK shows the healing potential
through the topical route.

The drug A. aspera is delivered in the form of Ksha-
rodaka (alkaline herbal water), which is highly alkaline
(pH=12.75). High pH drugs create an environment that
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supports the activity of certain enzymes involved in tis-
sue repair, so they can contribute to wound healing. This
alkaline environment helps deactivate harmful bacteria
and enzymes that can delay healing. High pH solutions
may help soften necrotic tissue and promote wound de-
bridement. However, its use requires careful monitoring
to avoid potential adverse effects on healthy tissue sur-
rounding the wound."”

PI (mean=12.83, p=0.0418) and AK (mean=11.83,
p=0.0201) showed a significant reduction in epitheliali-
zation time compared to control. In between all groups,
AK showed the fastest epithelialization. Reduction in
epithelialization period attributed to enhanced collagen
synthesis, leading to increased skin tensile strength in
excision wounds."®

Significant results were observed in AK (mean=9.87,
p=0.0110) on wound closure day compared to control.
Between all groups, AK showed the minimum wound
closing time. Hemostasis involves platelet aggregation
and clot formation, followed by inflammation with im-
mune cell infiltration. During proliferation, fibroblasts
synthesize extracellular matrix, leading to tissue recon-
struction, and remodeling involves collagen reorganiza-
tion for wound maturation.'” Enhancement of collagen
synthesis by fibroblasts, stimulation of neoangiogene-
sis, and increase of granulation tissue formation are at-
tributed to the presence of phytochemicals in A. aspera
(alkaloids, flavonoids, saponins, and tannins), which ac-
celerates the process of tissue regeneration.

Bacterial skin infections commonly lead to other sys-
temic diseases by disrupting the immune system and in-
ducing inflammation, tissue impairment, and resulting in
delayed wound healing. An antimicrobial study was per-
formed to evaluate the antibacterial activity of AK. This
pharmaceutical preparation can be used to treat topical
infections of P. aeruginosa, A.baumannii, S. aureus, and
E. coli. The MIC and MBC values, particularly against P
aeruginosa, are significant. AK was more effective against
P aeruginosa (MIC 6.25 mg/mL, MBC 12.5 mg/mL) with
a zone of inhibition (ZOI) of 15 mm, followed by E. coli
with a ZOI of 10 mm. This indicates the potential of AK
to target both Gram-negative and Gram-positive bacte-
ria, supporting its use in wound healing, where infections
from these pathogens are common. The antimicrobial ac-
tion of AK may have contributed to faster wound healing
by preventing bacterial colonization and subsequent in-
fection. Previous studies show that A. aspera possesses an
antibacterial potential, which is confirmed in the current
study by inhibition of bacterial growth. Sofowora report-
ed that secondary metabolites (such as alkaloid, phenol,
flavonoid, steroid, saponin, glycoside, oil, and tannin) in
plant extract are traditionally used in the treatment of in-
fectious wounds and have potential antimicrobial activi-
ty that justifies their traditional use for the treatment of
various illnesses.?” Yadav et al. found antibacterial activi-

ty in the aqueous extract of A. aspera against Streptococ-
cus mutans.®' A similar study was performed by Kaur et
al., and found the antibacterial potential of chloroform
and methanol shoot and root extracts against Klebsiella
sp. and Bacillus Substilis.”> Owk et al. proved the aqueous
extract of plants has a maximum inhibition zone against
B. subtilis and S. aureus; while considerable inhibitory ac-
tivity against Streptonryces pneumoniae.”® This inhibito-
ry effect of extracts against human pathogens introduces
this plant as a potential substance for the development of
new drugs against pathogenic microbes.

Histopathological observations of the skin section
for all the groups showed normal blood vessels, dermal
and epidermal layers. Histopathological observations
for all groups showed normal architecture of rat kid-
neys, liver, brain, lungs, and spleen cells. All groups did
not show histological abnormalities (Fig. 4).

Many studies are carried out with various herb-
al medicines and plant extracts that have wound-heal-
ing properties.?* Results indicate that the aqueous and
ethanol extracts of A. aspera significantly promoted the
tensile strength of the wound using an incision and ex-
cision wound. The aqueous extract has more superoxide
scavenging and DPPH radical scavenging activity com-
pared to the ethanolic extract.”® A study revealed that
the 80% methanol leaf extract of A. aspera with 10%
chloroform fraction possessed a high degree of WC, a
reduced period of epithelialization, and also had signif-
icant anti-inflammatory activity.' In this research, the
wound healing activity in AK is supported by the reduc-
tion in the rate of WC, ET, histopathological evidence,
potent antibacterial activity, no secondary infections,
and no morbidity. This study also validates the tradi-
tional claim for AK for wound healing.

The result obtained from this study restores the facts
explained by our Acharyas regarding the healing prop-
erties of Ksharodaka. This echoes the vast knowledge
and deep insight of our Acharyas in designing Ksharo-
daka as a separate dosage form. The current observa-
tions can be considered as a basis for further studies on
Kshara Kalpana. This study gives valuable considerable
research that has focused on the validation of Apamarga
Ksharodaka for wound healing activity.

Study limitations

The study was carried out on a relatively small number
of animals (24 rats). A larger sample size could enhance
the applicability of the findings, and testing on additional
species may provide broader insights, especially to trans-
late the results to human applications. The short duration
of the study restricts insights into the long-term effects of
AK. Variability in the traditional preparation of AK may
affect the consistency of the result, so standardization of
the formulation could help ensure more reliable and re-
producible outcomes across different studies.
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Future perspective

Future research should focus on conducting clinical
trials with humans to test how safe and effective AK is
for wound care and to identify any possible side effects.
Comparative studies with other herbal and modern
wound healing agents would provide information on
their relative effectiveness. Optimizing dosage and stan-
dardizing formulation is essential for consistency, and
exploring the molecular mechanisms underlying AK’s
effects could further clarify its therapeutic potential.

Conclusion

This study revealed that in the topical application of AK,
there were no signs of dermal toxicity. The wound heal-
ing activity in AK was slightly more potent compared
to PI ointment. AK showed pronounced antimicrobial
and healing potential, so it may be suggested for treating
various types of wounds. AK showed a significant im-
provement in WC rate, wound closing period, ET, and
histopathological changes. This study shows that AK is
a safe and effective drug for wound healing.
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ABSTRACT

Introduction and aim. Hypothyroidism is associated with cognitive impairments. Clinically, subclinical hypothyroidism (SCH)
is very common and patients often experience symptoms such as forgetfulness or memory deficits. Despite achieving normal
thyroid stimulating hormone (TSH) levels through levothyroxine (LT-4) treatment, patients still report persistent complaints of
lack of memory. Previous imaging studies have shown abnormalities in some cognitive domains, particularly in spatial working
memory (SWM), that are characteristic of SCH. Therefore, the current study aimed to investigate SWM function across different
ranges of TSH in patients with SCH.

Material and methods. This cross-sectional study included a total of 136 participants. Group 1: 36 controls, group 2: 33 newly
diagnosed patients with SCH (TSH levels =2.5 mIU/L), group 3: 32 patients with SCH (elevated TSH levels >4.0 mIU/L) having
L-T4 treatment, group 4: 35 euthyroid (TSH levels <4.0 mIU/L) but ongoing LT-4 treatment. The SWM task was performed for an
assessment of SWM function, using a computerized battery (Cambridge Neuropsychological Test Automated Battery-CANTAB).
Results. Our results report a statistically significant difference in the key parameters of SWM task among all groups.
Conclusion. Our findings indicate that patients with SCH show better performance in SWM when their TSH levels decrease with
LT-4 treatment, in comparison to patients who were newly diagnosed. The present study suggests a TSH level of 2.5 mIU/L may
be the optimal threshold for initiating LT-4 treatment in patients with SCH.

Keywords. hypothyroidism, memory, neuropsychological symptoms, spatial working memory, subclinical hypothyroidism

Introduction
Thyroid hormones play an important role and intervene
in the development of the adult brain, exerting multiple
effects on various processes such as neurogenesis, den-
dritic cell proliferation, glial development, synaptogene-
sis and myelination.' As the brain is a major target organ
for thyroid hormones, it is known that cognitive impair-
ment occurs along with thyroid dysfunction.?
Hypothyroidism cases have shown changes in brain
metabolism. These alterations encompass emotional labil-

ity, characterized by slowed thought processes, diminished
attention, apathy, occasional psychosis, and agitation. Ad-
ditionally, cognitive functions may experience a decline,
including general intelligence, memory, concentration,
psychomotor skills, and executive functions.?

Subclinical hypothyroidism (SCH), i.e., an elevated
TSH level with normal free thyroxine (fT'4), is of partic-
ular importance due to its high prevalence and its asso-
ciation with cognitive impairment. Several studies have
reported subtle impairments in certain cognitive do-
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mains; among the domains frequently affected is mem-
ory, particularly working memory (WM).*” Working
memory, the “sketchbook of rational thought”, acts as a
platform on which we manipulate and record thoughts.?
It is capacity limited and denotes a multi-processing that
makes task relevant information approachable to some
sophisticated cognitive processes such as reasoning, de-
cision making, reading comprehension and learning.
Spatial working memory (SWM), i.e. the ability to re-
call the location of the object or occurrence of an event,
is likely to be affected and is generally recognized to re-
quire greater attentional resources compared to textu-
al or non-spatial memory.*"' Spatial working memory
is generally regarded as a fundamental component that
supports various higher cognitive functions, including.
but not limited to, language learning, language com-
prehension, reasoning, and decision making. In addi-
tion, it shows strong connections with other cognitive
behaviors, demonstrating its crucial role in cognitive
processing.'? In addition, imaging studies'* have shown
abnormalities in some cognitive areas, particularly in
WM, that are characteristic of SCH. Functional neuro-
imaging provides a neuroanatomical basis for these re-
ported deficits. Patients with SCH showed poor SWM
and abnormal fMRI findings in frontal brain regions.'

Clinically, patients with SCH often express complaints,
particularly in the cognitive and psychiatric areas; the most
common complaints include memory impairment and
neuropsychological symptoms (such as insomnia, depres-
sive mood, fatigue, mental fogginess, and apathy).”*

In addition, patients, in spite of being euthyroid
(normal thyroid profile) after treatment, present neu-
ropsychological symptoms. Also, despite achieving nor-
mal TSH levels (4 mIU/L), a considerable number of
SCH patients undergoing levothyroxine (LT-4) treat-
ment frequently report persistent forgetfulness and
mental slowness. Talaie et al. reported that a patient
with a TSH <4.0mIU/L and no symptoms should be
considered to be in the euthyroid state."* However, if a
patient reports neuropsychological symptoms (such as
fatigue, insomnia, depression, and mental fogginess, ap-
athy) a cut off value of TSH 2.5mIU/L should be consid-
ered as a guide for initiating LT-4 treatment.

Given the relevance of memory deficits in the SCH
population, to the best of our knowledge, no prior study
has been conducted at different ranges of TSH for the
examination of SWM function.

Aim

The current study was designed to investigate the im-
pairment of SWM function in patients with SCH and
euthyroid patients (on LT-4 treatment) compared to
newly diagnosed cases (with neuropsychological symp-
toms) and controls, and also sought to address the gap
in the existing literature by investigating the potential

direct relationship between TSH levels and depressive
symptoms. The findings of this study have important
implications for clinical practice, particularly regarding
the trajectory of hypothyroidism and the potential long-
term cognitive challenges that patients may face.

Material and methods

Study design, participants and clinical evaluation

This cross-sectional study was conducted between May
2022 and July 2023, and included 136 participants, of
which 100 were patients with SCH. The patients were
recruited from the endocrine outpatient department of
multiple health centers in the city as well as through lo-
cal general medical practices. Written permission was
obtained from each consultant physician for the recruit-
ment process. The protocol of this study was approved
by the Institutional Ethics committee of Guru Nanak
Dev University, Amritsar (302/HG). It is the part of a
larger research program which is registered under Clini-
cal Trial Registry of India, CTRI/2022/04/042319. It was
performed in accordance with the ethical standards laid
down in the 1964 Declaration of Helsinki and its later
amendments. Written informed consent was obtained
from all patients before study procedure.

Additionally, 36 healthy controls were selected from
a cohort of volunteers residing within the local commu-
nity. These healthy subjects exhibited normal thyroid
function results, accompanied by a favorable medical
history, indicating good overall health. They also had no
reported neurological or significant cardiovascular dis-
orders, or any other unmanaged chronic ailments.

Thirty-three patients were recruited who had com-
plaints of neuropsychological symptoms such as fatigue,
forgetfulness, insomnia, and depressive symptoms, and
they were directed to undergo thyroid profiling. Upon
review of the laboratory findings indicating TSH lev-
els 2.5 mIU/L, the consultants established a diagno-
sis of SCH for these newly identified cases. Thirty-two
patients with elevated TSH levels and continued LT-4
who visited due to hypothyroidism symptoms were also
enrolled, as were thirty-five euthyroid individuals who
were seen for follow-up.

Inclusion criteria: Patients diagnosed with SCH
were identified through thyroid function tests and
self-reported symptoms. Those who reported neuropsy-
chological symptoms (such as fatigue, forgetfulness, in-
somnia, and depressive symptoms) and had a TSH 2.5
mIU/L or higher were considered newly diagnosed cas-
es of SCH by the consultants. Patients with symptoms
of hypothyroidism (such as fatigue, dry skin, cold in-
tolerance and weight gain) or uncontrolled TSH levels
(4.0 mIU/L) were included in the study as having el-
evated TSH levels. Patients with TSH levels below 4.0
mlIU/L who were seen for follow-up were classified as
euthyroid.
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Subjective health and laboratory measures

The patients were interviewed about their subjective
complaints, with a focus on any complaints that had
developed or worsened since their thyroid pathology.
A self-developed assessment form, encompassing all
hypothyroidism and neuropsychological symptoms,
was administered to the patients. Each subject under-
went a clinical and biochemical evaluation of their thy-
roid function. The serum levels of TSH in mIU/L, free
triiodothyronine (fI'3) in ng/mL, and free thyroxine
(fT4) in pg/dL were measured using the mini VIDAS
automated immunoassay system. These assays were
performed by a certified medical technologist. Blood
samples were collected from patients in a fasted state
between 8:00 AM and 10:00 AM.

Any medical comorbidities, personal history of
psychiatric disorders, family history of psychiatric dis-
orders, and use of other medications (psychiatric and
non-psychiatric drugs) were noted. The patient’s med-
ical history included information about their current
L-T4 treatment, including specific doses and duration,
as well as any previous thyroid replacement therapy and
neuropsychological symptoms.

Exclusion criteria: Patients any other neurologi-
cal disorders or psychiatric disorders; history of anti-
psychiatry drugs; family history of dementia; any other
systemic diseases such as myocardial infarction, hyper-
tension or diabetes mellitus; vitamin B12 deficiency; any
drug addiction.

Participants were enlisted on the basis of the bio-
chemical evidence of hypothyroidism and medication
history and grouped as follows:

- group 1: Controls with no history of thyroid dys-
function

- group 2: Newly diagnosed cases with TSH levels
>2.5mU/L and presenting with neuropsychological
symptoms but no past history of thyroid dysfunc-
tion

- group 3: Patients with the current history of hy-
pothyroidism symptoms (TSH levels >4.0 mIU/L)
who were currently undergoing L-T4 treatment

- group 4: Euthyroid patients (TSH levels <4.0 mIU-
/L) and currently undergoing LT-4 treatment

Objective depression and cognitive function assessment
Global cognitive status was evaluated using the Mini
Mental State Examination (MMSE). The maximum
score on the MMSE is 30. There are three categories
for cognitive impairment severity: 0-17 represents se-
vere cognitive impairment, 18-23 represents mild cog-
nitive impairment, and 24-30 represents no cognitive
impairment.’* Participants were eligible for recruit-
ment if they achieved a score of 24. Depression was as-
sessed by Hamilton depression rating scale (HDRS) that
is a specific scale for assessment of depressive symp-

toms, consisting of 17 items. Eight items are scored on
a 5-point scale, ranging from 0=not present to 4=severe.
Nine are scored from 0-2.'S Total score of 0-7=normal,
8-13=mild depression, 14-18=moderate depression,
19-22=severe depression, >23=very severe depression
were considered.

Socioeconomic status was assessed using the Kup-
puswamy scale.”” The total score ranges from 3 to 29
and it classifies families into 5 groups, “upper class (I),
upper middle class (II), lower middle class (III), upper
lower (IV) and lower socio-economic class (V) on the
basis of a) occupation of the head of the family, b) edu-
cation of the head of the family, ¢) total monthly income
of the family”

SWM function task
All the recruited subjects were administered the com-
puterized neuropsychological test for SWM from the
Cambridge Neuropsychological Test Automated Battery
(CANTAB). It is a fair neuropsychological authenticated
and reliable computerized test battery, used to assess ex-
ecutive functions.'®" The extensive subsets of CANTAB
allow measuring various cognitive subdomains of exec-
utive functions such as SWM, new learning, short-term
memory, attention through a single battery, in compar-
ison to traditional neuropsychological tests. In current
study, it is believed that the use of CANTAB battery for
the assessment of SWM function would accurately doc-
ument changes.

The evaluation of the battery performance was con-
ducted in a controlled and noise free environment, spe-
cifically a quiet room.

Participants were instructed to search through
a number of boxes on the screen to find which hid a yel-
low token. There was a guideline to govern this search,
which said that if a token was found inside a specific
box, it would not be found there again during that trial.
As aresult, as they moved through each trial, the partic-
ipant needed to remember which boxes the tokens had
already been located in. Trials increased in difficulty ac-
cording to the number of boxes (4, 6 and 8). Following
performance indices were recorded:

1. Spatial working memory between error (SWMBE):
The number of times the subject incorrectly revisits
a box in which a token has previously been found.
Calculated across all assessed four, six and eight to-
ken trials.

2. Spatial working memory between errors SWMBE4
boxes: The number of times a subject revisit a box
in which a token has previously been found. Calcu-
lated across all trials with 4 tokens only.

3. Spatial working memory between errors SWMBE
6 boxes: The number of times the subject revisits
a box in which a token has previously been found.
Calculated across all trials with 6 tokens only.
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4. Spatial working memory between errors SWMBES
boxes: The number of times the subject revisits a
box in which a token has previously been found.
Calculated across all trials with 8 tokens only.

5. Spatial working memory double error (SWMDE):
The number of times a subject commits an error
that is both a within error and a between error. Cal-
culated across all assessed four, six and eight token
trials.

6. SWM Strategy (6-8 boxes): The number of times a
subject begins a new search pattern from the same
box they started with previously. If they always be-
gin a search from the same starting point, we infer
that the subject is employing a planned strategy for
finding the tokens. Therefore, a low score indicates
high strategy use (1=they always begin the search
from the same box), a high score indicates that they
are beginning their searches from many different
boxes. Calculated across assessed trials with 6 to-
kens or more.

7. Spatial working memory total error, SWMTE: The
total number of times a box is selected that is cer-
tain not to contain a token and therefore should not
have been visited by the subject, i.e., between errors
+ within errors - double errors. Calculated across
all assessed four, six and eight token trials.

8. Spatial working memory total errors SWMTE4
boxes: The number of times a box is selected that is
certain not to contain a token and therefore should
not have been visited by the subject, i.e., between
errors + within errors - double errors. Calculated
across all trials with 4 tokens only.

9. Spatial working memory total errors SWMTE6
boxes: The number of times a box is selected that is
certain not to contain a token and therefore should
not have been visited by the subject, i.e., between
errors + within errors - double errors. Calculated
across all trials with 6 tokens only.

10. Spatial working memory total errors SWMTES
boxes: The number of times a box is selected that is
certain not to contain a token and therefore should
not have been visited by the subject, i.e., between
errors + within errors - double errors. Calculated
across all trials with 8 tokens only.

11. Spatial working memory within errors (SWMWE):
The number of times a subject revisit a box already
shown to be empty during the same search. Calcu-
lated across all assessed four, six and eight token
trials.

The level of education was recorded for each participant

in CANTAB, (level 1, left formal education before age

16; level 2, left formal education at age 16; level 3, left

formal education at age 17-18; level 4, undergraduate

degree or equivalent; level 5, Master’s degree or equiva-
lent; level 6, PhD or equivalent).

Statistical analysis

The sample size estimation was conducted using G*
Power (3.1.9.2). The average proportion of exposed cas-
es (i.e. TSH mean value influencing cognition process
in hypothyroidism ) was p=0.27, with a desired absolute
error of d=0.05 and a power of $=0.90.* Further anal-
ysis were done by using SPSS version 27.0 (IBM SPSS
Statistics for Windows, Armonk, NY, USA). Descriptive
statistics were used to describe the basic characteristics
of the study population. The normality of the cogni-
tive data was assessed using the Kolmogorov-Smirnov
test. Due to the violation of the assumptions of normal-
ity of variance, non-parametric tests (the Kruskal-Wal-
lis test and Spearman correlation test) were employed.
Between-group comparisons were conducted using
the Kruskal-Wallis test. General linear models (GLM)
and repeated measures factorial ANOVAs were used
to investigate the effect of working memory load for
conditions to demonstrate overall group effects. Green-
house-Geisser corrected statistics were used to report
the repeated measures ANOVAs. Confounding factors
such as age, gender difference, level of education, and
socioeconomic were controlled for in the overall group
effects using a linear regression model, we inspected
whether these factors influenced the dependent mea-
sures. Additionally, to explore the potential impact of
the duration of LT-4 treatment on SWM with the reduc-
tion in TSH levels, group 4 (euthyroid patients, n=35)
was divided into two subgroups: 4a (ongoing LT-4 for
1 or more than one year, n= 29) and 4b (ongoing LT-4
treatment for 10 or more than ten years, n=6). These
subgroups were then analyzed for analysis of one of the
key parameters of the SWM task: SWMTE.

Results

The present study analyzed data from 136 subjects, in-
cluding 100 patients and 36 controls. Descriptive values
of the clinical characteristics and demographics of the
study population (as shown in Table 1). Between group
differences were found in total error, between errors, and
double error, which are the key parameters of the SWM
task (Table 2). Further analysis was conducted to deter-
mine if there was a significant effect of load on between
search errors. A repeated measures ANOVA with a 3 load
(4, 6, 8 boxes) by 3 group designs showed a significant ef-
fect of load (F (2, 1.32)=141.21, p<0.001). However, the
interaction between group x load result was not signifi-
cant (F (6,3.9)=1.26, p=0.27). This effect was observed in
all groups was due to the increase in load from 4 to 6 box-
es rather than from 6 to 8 boxes (Fig. 1). Socioeconomic
status was found as a predictor variable and influenced
the measures of dependent variables: SWM Total er-
rors (F=5.49, p=0.02) and SWM strategy scores (F=7.23,
p=0.008), as assessed by a linear regression model. This
was suggesting that socioeconomic status has an impact
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on working memory. Another aspect we investigated
was the effect of the duration of LT-4 treatment on SWM
in the euthyroid group. A notable trend was observed
(Fig. 2), the group 4b making fewer errors compared to
group 1, indicating better performance in SWM function
after 10 or more years of LT-4 treatment.

Table 1. Clinical characteristics and demographics of the
study population*

. Group 1 Group 2 Group 3 Group 4
Variable n=36 n=33 n=32 n=35
Age (years) 36+9.2 36.9+0.65 38.6+11.1 38.9+9.79
Gender M=6;F=30 M=4F=29 M=1;F=31 M=2;F=33

Level of education 3.8+0.77 3.6+0.65 3.6+1.03 3.51+0.81
Socioeconomicstatus  20.5+3.24  19.75+3.77 20.8+4.29 18.9+4.84

MMSE 294+073  29.18+2.06  28.09£2.05  27.57+2.44
HDRS 1.97£1.62  5.09+3.71 4.28+3.21 2.68+2.24
TSH (mlU/L) 1.6+0.72 4.04£140  1330£2099  2.94+0.94
T3 (pmol/L) 1.57£1.43 1.16+0.58 1.04+0.56 1.07£0.50

FreeT4index (ug/dL)  7.71+2.42

Years of medication - -

8.47£1.69 8.95+1.65 9.09+1.41
4.62+3.69 3.85+3.25

Neuropsychological and other symptoms

Fatigue 52.78% 72.72% 87.5% 57.14%
Weight Gain 16.6% 33.3% 68.7% 11.4%
Insomnia 22.4% 42.4% 59.3% 48.5%
Memory loss 08.3% 78.78% 81.2% 42.8%
Cold intolerance 05.5% 27.2% 31.2% 25.7%
Dry skin 11.1% 21.2% 34.3% 31.4%
Hearing loss 5.5% 18.1% 43.7% 11.4%

* M - male, F - female, MMSE — Mini Mental State
Examination, HDRS - Hamilton Depression Rating Scale,
TSH - Thyroid Stimulating Hormone, group 1 - controls,
group 2 - newly diagnosed cases, group 3 - patients with
elevated TSH levels (on going-LT-4), group 4 - euthyroid
(but on LT-4)

Table 2. Comparison of Spatial working memory (SWM)
task parameters among all groups*

Group 1 Group 2 Group 3 Group 4
Variables  (n=36), mean (n=33), mean (n=32), mean (n=35)mean p

rank rank rank rank
SWMTE 5635 74.26 80.73 64.39 0.05
SWMBE 55.78 74.64 81.02 64.36 0.04
SWMWE 70.25 69.18 75.25 59.89 0.22
SWMDE 67.96 70.80 77.56 58.60 0.04
SWMTE4 boxes 57.61 67.33 77.03 73.00 0.1
SWMBE4 boxes 57.61 67.33 77.03 73.00 0.Mm
SWMTEG boxes 61.14 76.00 80.53 58.00 0.04
SWMBEG boxes 60.29 76.20 80.47 58.74 0.04
SWMTES boxes 57.79 71.61 7.1 68.71 0.21
SWMBES boxes 56.11 72.53 75.06 71.44 0.16
SWMS 67.19 67.83 7831 61.50 0.36

* SWM - spatial working memory, TE - total error, BE -
between error, WE — within error, DE —double error, group
1 - controls, group 2 - newly diagnosed cases, group 3

— patients with elevated TSH levels (on going-LT-4), group
4- Euthyroid (but on LT-4)
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Fig. 1. Shows mean of between search error with load (4

to 6; 6 to 8 boxes) within groups, group 1 - controls, group
2 - newly diagnosed cases, group 3 - patients with elevated
TSH levels (on going-LT-4), group 4 — euthyroid (but on LT-4)
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Fig. 2. Shows the mean values and standard deviation

of total error in spatial working memory task among all
groups, T — mean value of TSH, group 1 - controls, group 2
- newly diagnosed cases, group 3 - patients with elevated
TSH levels (ongoing LT-4), group 4a - euthyroid (on LT-4 for
1 or more than one year but less than 5 years), group 4b —
euthyroid (on LT-4 for 10 or more years)

Discussion

The specific impairment in WM in individuals with
SCH is not well understood. Previous research has con-
sistently shown that patients with SCH exhibit signifi-
cant impairments in SWM performance.?** However,
the exact range of TSH levels at which memory impair-
ment occurs is still unclear.

Our clinical observations indicate that patients on
LT-4 can be broadly categorized into three groups:

1. Newly diagnosed patients reporting symptoms.

2. Diagnosed patients who are either noncompli-
ant or poorly compliant with their dosage, resulting in
poorly controlled TSH levels.

3. Compliant patients who regularly follow up with
their clinician to regulate medication dosage and main-
tain TSH levels within normal limits.

Based on this clinical picture, patients with subclin-
ical hypothyroidism (SCH) were classified into these
three categories. Therefore, the present study aimed to
investigate deficits in SWM function in patients with
SCH who are currently on LT-4 treatment, as well as
newly diagnosed cases, and compare them to a control
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group. To objectively assess SWM function, we utilized
a computerized battery with touchscreen technology.
Our results, confirmed by psychological testing, showed
that the patient groups had statistically significant dif-
ferences (p<0.05) in key parameters of the SWM task
when compared to the control group.

We discovered that group 4 (with a mean TSH lev-
el of 2.94 mIU/L) performed better with fewer errors in
the SWM task compared to group 3 patients (with mean
elevated TSH levels of 13.3 mIU/L). This enhancement
in memory skills can be attributed to the decrease in
TSH levels resulting from appropriate treatment. These
findings suggest a connection between TSH and WM.
However, we also found that SWM deficits were more
prevalent in group 4 compared to group 1, indicating
that this memory domain does not fully recover to a eu-
thyroid state.

Interestingly, we found that out of 35 euthyroid cas-
es of group 4, 6 patients had been administered LT-4 for
a duration of 10 or more years. These patients of group
4b showed a notable reduction in total errors compared
to group 4a (who had been on LT-4 for one or more
than one year but less than 5 years). Contrary to this, a
clinical trial conducted by a study in patients with SCH
found that there was an improvement in SWM function
in the Wechsler memory scale after 6 months of LT-4
treatment with a reduction in TSH value with a mean
and standard deviation of 3.96+1.23 mIU/L.?! Also,
Correia et al. reported that there was improvement in
SWM function in the n-back task after 6 months of
LT-4 treatment in patients with SCH.? One study con-
ducted on animal models found that the administrating
LT4 daily for three months significantly improved spa-
tial memory in older mice.” The varying results among
studies on the impact of LT-4 treatment on SWM in the
SCH population may be attributed to differences in as-
sessment methods or study design.

On the other hand, group 2 made more between
search errors (SWMBE) and double errors (SWMDE)
but fewer errors than group 3. This might be because
mild SCH impairs memory and causes neuropsycho-
logical symptoms in these patients. It is important to
determine whether the observed enhancement in WM
among patients is a direct result of restoring of nor-
mal endocrine function or an indirect consequence
of alleviating neuropsychological symptoms. Though
beyond the scope of this study, this area may be the
target of future neuroimaging studies. In contrast to
the impairment for between search errors and dou-
ble errors, the patient groups taken entirely did not
make more within search errors (SWMWE) than con-
trols (p=0.05). This may be because the patients ex-
perience a lack of short-term memory but can retain
information from a previous search to avoid between
search errors. However, they may struggle to main-

tain information during the same search, resulting in
within search errors.”® Furthermore, the error rates
increased with load, with the greatest impairments
occurring with the initial increase from 4 to 6 box-
es within all groups. Working memory had ‘capacity
constraints, meaning performance deteriorated with
increased task load, indicating it was close to or sur-
passed its capacity.”® Leung et al. found similar results
on the correlation between spatial memory networks
and memory load.”

We found that group 3 was less likely to use an effi-
cient strategy (scores of SWMS), compared to the oth-
er three groups. However, patients in group 4 patients
were more likely to use an efficient strategy compared
to group 1 and group 2. The CANTAB SWM task mea-
sures executive WM, and it is believed to reflect plan-
ning ability and the ability to choose effective response
sequences by integrating information.”® Our findings,
suggests that the participants’ specified socioeconomic
status had an impact on the dependent variable’s mea-
surements of SWM task. A total of 61% of our study
participants had an undergraduate or equivalent lev-
el of education, and 78.5% of participants belonged to
the upper middle class (II) socioeconomic status. Af-
ter reviewing the literature, we found a relevant expla-
nation for these results. According to Leonard et al.,
socioeconomic status may have a selective impact on
WM, which relies on the hippocampus and prefrontal
cortex, while having only a minor effect reliant on pro-
cedural memory which is dependent on striatum.? It
is important to note that the subjects in our study were
limited to individuals who had completed graduate ed-
ucation exclusively. In previous literature, it has been
reported that individuals who have achieved higher
levels of education often exhibit a tendency to dedi-
cate more time and effort to intellectually demand-
ing activities.? This prolonged exposure to cognitively
stimulating environments is believed to have a positive
impact on brain structure and function, leading to en-
hanced neurological development, such as an increase
in synaptic density, or a more efficient utilization of ex-
isting brain networks.’® In addition, these neuropro-
tective effects, the continued practice of cognitive skills
may facilitate the development of compensatory strat-
egies that help maintain cognitive abilities.’* However,
we did observe a trend of enhanced strategy imple-
mentation across all study groups. Notably, among the
euthyroid patients receiving LT-4 treatment for a dura-
tion of 10 or more years, lower scores for strategy used
were recorded compared to the control group, indicat-
ing a heightened utilization of strategic approaches in
these patients. This suggests that prolonged adminis-
tration of LT-4 in these patients positively influenced
their performance on the SWM task, implying im-
proved WM in conjunction with TSH levels.
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Our findings suggest that early and regular screen-
ing for SWM function, along with TSH evaluation, is
necessary for individuals who experience symptoms
such as insomnia, depressive mood, fatigue, mental fog-
giness and apathy, it may be appropriate to initiate LT-4
treatment for patients with SCH at a TSH level of >2.5
mlIU/L. In such cases, an initial dose of LT-4 may be
beneficial.

Some limitations of the study: First, the subjects
were not evaluated for their dosage of LT-4 medica-
tion, which could potentially affect their cognition. This
is an important factor to consider in the study. Second,
the mean value of the HDRS scale was 5.09 in newly
diagnosed patients with SCH (group 2), indicating that
depression was not diagnosed in these patients. How-
ever, it is worth noting that a high percentage (81.8%)
of these patients pronounced depressive symptoms, as
shown in Table 1. This could potentially have an impact
on their performance in SWM task. Unfortunately, due
to limitations, we were unable to analyze the effect of de-
pressive symptoms on the SWM task performance.

To summarize, this is the first study to demonstrate
that euthyroid patients who have been taking medica-
tion (LT-4) for a decade experience more significant en-
hancement in their SWM function compared to those
who have been on the medication for one or more years.
Additionally, recent research has established a more ap-
propriate threshold for initiating medication for hypo-
thyroidism. Our study clearly indicates that the patients
with TSH levels 2.5 mIU/L exhibit impairments in
SWM function. Therefore, instead of adopting a “wait
and watch” for neuropsychological symptoms, treat-
ment could be initiated earlier at a threshold value of
2.5 mIU/L.

Conclusion

The results of current study demonstrates that in pa-
tients with SCH, the performance of SWM exhibits
enhancement as a result of the decrease in TSH levels
subsequent to LT-4 treatment. However, there was a sig-
nificant reduction in SWM function among newly di-
agnosed patients with SCH having TSH levels of 2.5
mIU/L or higher. Our research indicates that a TSH lev-
el of 2.5mIU/L may be the optimal point to begin LT-4
treatment for patients with SCH. Further well-designed
randomized controlled trials with longer follow-up pe-
riods are needed to gain a deeper understanding more
insights of the pathogenesis and natural history of SWM
in SCH across these ranges of TSH included in the cur-
rent study. These trials should also investigate the effec-
tiveness as well as the efficacy of LT-4 treatment.
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ABSTRACT

Introduction and aim. Induction of labor (IOL), a common obstetric procedure, aims to induce labor. The study defined labor
induction success as true uterine contractions and classified delivery outcomes as vaginal, instrumental, and cesarean. A higher
Bishop score predicts a vaginal delivery. The objective was to compare cervical status, induction success, cesarean section rates,
and normal delivery rates of pharmacological and non-pharmacological IOL methods.

Material and methods. In this study, 296 pregnant women admitted to the labor room were divided into three groups: those
who received pharmacological agents (25 pg/50 pg misoprostol or dinoprostone 5 g gel to start labor), those who were giv-
en non-pharmacological agents (Foley’s catheter and membrane stripping to start labor), and those who were given both
non-pharmacological and pharmacological agents (Foley's catheter and membrane stripping followed by oxytocin to start
labor).

Results. Although a 92.5% induction success rate, the use of non-pharmacological methods alone led to a rate of 49.06% cesar-
ean section rate. Combined with a pharmacological agent such as oxytocin, it achieved almost the same success rate (91.43%)
as a pharmacological method of inducing labor (18.57%). This resulted in a lower rate of cesarean section than pharmacological
and nonpharmacological methods (p=0.002).

Conclusion. Nonpharmacological IOL methods alone led to higher cesarean rates despite improved cervical status. Combin-
ing them with pharmacological agents such as oxytocin resulted in higher normal delivery rates and fewer cesarean sections,
indicating a more effective approach for improving delivery outcomes.

Keywords. Bishop score, cervical ripening, cesarean section, induction of labor, PV findings, success rate

Introduction

The process of labor induction is a common obstetric in-
tervention aimed at facilitating childbirth in cases where
spontaneous labor is not forthcoming or poses a risk to
maternal or fetal health.! There has been a notable in-
crease in labor induction rates in recent years, particularly
in developed countries.>* The growing global prevalence

of cesarean sections has linked this increase to a high-
er incidence of maternal and newborn complications in
subsequent pregnancies.* Cervical status significantly in-
fluences the effectiveness of labor induction, requiring
a thorough assessment to optimize results.” Bishop score
(BS) was initially developed with a minimum score of
6, indicating a favorable cervix, while higher scores are
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associated with successful induction outcomes.® BS is a
standardized tool for evaluating cervical favorability be-
fore induction, with scores above 5 generally indicating
favorable conditions for successful induction.”® The tim-
ing of induction techniques also affects their efficacy, un-
derscoring the need for tailored strategies.'®!! Factors
such as previous cesarean deliveries and cervical length
further influence induction success.'>"?
Ultrasonography and elastography could be a more
advanced method than just using the traditional Bishop
score. Research by Mlodawski et al. shows the repeat-
ability and reproducibility of ultrasonographic param-
eters, indicating that these parameters can effectively
function as reliable alternatives to the Bishop score used
for labor induction.'* Alaa and HaK’s study further sup-
ports this, revealing a stronger correlation between
successful labor induction outcomes and transvagi-
nal ultrasound measurements of cervical length than
the BS." This suggests that cervical length could serve
as a more precise predictor of effective induction, rein-
forcing the notion that integrating objective ultrasound
assessments may enhance the precision of cervical eval-
uations in clinical practice, as highlighted in Demir’s
study, which compares the effectiveness of both meth-
ods in determining the need for cervical ripening before
labor induction.'® Several studies challenge the asser-
tion that transvaginal ultrasound (TVS) cervical length
measurements are a superior alternative to the BS. Bay-
oumy et al. found that while posterior cervical angle
(PCA) and cervical length offer some predictive value,
they do not significantly outperform the Bishop score
in predicting successful induction of labor (IOL)."” This
suggests that reliance solely on TVS may overlook the
nuanced insights provided by the Bishop score, which
remains relevant despite its subjectivity. Liu et al. also
noted that a multifactorial approach that includes ma-
ternal and obstetric factors improves prediction accura-
cy, showing that cervical length alone is not enough. 18
Research by Alaa and Hak further supports combining
Bishop’s score and cervical length to predict successful
induction.”® Furthermore, Al-Adwy et al. found that op-
timal IOL prediction accuracy was greater than 99.5%."
On the other hand, Hemmatzadeh et al. emphasized the
significance of the BS, particularly when combined with
other clinical parameters, indicating that it remains a
valuable tool for evaluating labor induction.?® Although
TVS provides objectivity, BS still holds clinical relevance
when integrated into a comprehensive predictive model.
An unfavorable cervix at admission significant-
ly increases the risk of cesarean delivery, regardless of
whether labor is induced or not. This underscores the
importance of BS in determining the appropriate phase
of labor for cesarean delivery, particularly in nulliparous
women who are at increased risk for cesarean sections
when faced with prolonged pregnancies and unfavor-

able cervical conditions.?! Rishitha et al. offer important
information on the correlation between cervical status
and the rate of cesarean deliveries, especially about la-
bor induction.?? The study indicates that women with an
unfavorable cervix (BS<5) exhibit a significantly high-
er rate of cesarean delivery rate compared to those with
a favorable cervix. Cesarean delivery is indicated for
women who have reached full cervical dilation but ex-
perience an arresting second stage of labor lasting more
than two hours, suggesting that prolonged labor without
progress is a critical factor for intervention.”

Aim

This implies that inadequate preparation of the cervix
for labor induction leads healthcare providers to per-
form cesarean deliveries more frequently. This evidence
shows the significance of cervical assessment in decid-
ing the mode of delivery.

Material and methods

We conducted a prospective observational cohort study
at Rising Medicare Hospital, a tertiary hospital in Kha-
radi, Pune, Maharashtra, India, from 11 March 2021
to 12 September 2023. The study was approved by the
ethical committee of the local hospital with approv-
al number ECR/1578/Inst/MH/2021. We strictly fol-
lowed ethical guidelines. All group members completed
the informed consent form and kept all data collected
anonymous. 680 women in all who were admitted to
the labor room between 11 March 2021 and September
12, 2023, were enrolled in the study. Among them, 187
women were refused participation, while 197 who did
not meet the study inclusion criteria were left out. Al-
though, 296 qualified women with comparable clinical
and demographic characteristics were finally taken into
account for the study and divided into 3 groups: The
first group, called “pharmacological methods,” includ-
ed women with a better Bishop score who were induced
with 25 pg misoprostol tablets, and women with Bishop
scores less than 5 were given 50 pg misoprostol tablets
for induction. We administered both tablets vaginally,
positioning them in the posterior vaginal fornix for op-
timal absorption. whereas women who were induced by
inserting dinoprostone 0.5 mg (cerviprime gel), which
comes in a disposable syringe containing 3 g of clear gel,
were introduced into the cervical canal just below the
internal os.

The second group, named ‘non-pharmacological
(mechanical) methods,” included women induced using
the Foley transcervical catheter, filled with 30 cubic centi-
meters (cc), is equivalent to 30 milliliters (mL) of normal
saline, inserted into the cervical canal, placed just above
the internal os, and inflated to facilitate cervical dilation.
Another nonpharmacological intervention is done by
stripping the membrane through the insertion of a sterile
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gloved finger into the cervical canal and advancing it un-
til it reaches the internal cervical os, performing a circular
motion with the fingertip to separate the amniotic mem-
branes from the lower uterine segment.

The third group, named ‘the combined methods
group’, employed a mixture of pharmacological and
non-pharmacological methods for the IOL. This co-
hort comprised women who underwent induction us-
ing a transcervical Foley’s catheter (14 F) filled with 30
cc normal saline, and administered oxytocin at an ini-
tial dose of 2 mU every 15 minutes, gradually increas-
ing to a maximum of 40 mU via the intravenous route.
Additionally, included women induced by membrane
stripping in conjunction with oxytocin administration
under the same dosing regimen. The patients were ad-
vised to remain in the supine position for 30 minutes
after administering all the interventions by the physi-
cian. A physician repeated the dose every six hours, up
to three maximum doses in a 24-hour period, until they
achieved the desired Bishop score and uterine contrac-
tion. Healthcare providers perform cesarean delivery if
the cervix has not achieved at least 5 cm of dilation and
90% effacement after 36 hours of cervical ripening or
12 hours of activation.*** Healthcare providers will per-
form fetal monitoring throughout the induction proce-
dure. Labor will start and kept going for at least 12 hours
unless certain medical conditions occur, such as signs
of fetal distress (persistent slowing or bradycardia),
chorioamnionitis (intrapartum temperature 38°C with
tenderness in the uterus, foul smelling discharge, or
tachycardia in both the mother and baby), arrest in cer-
vical dilation (no change for more than 2 hours during
the active phase), arrest in descent (no change in fetal
station for more than 1 hour at 8 cm dilation), or failure
in descent during the second stage of labor.

Data were collected by structured observations by the
investigator. Demographic data was collected from elec-
tronic database viz.; care-expert and E-hat hospital soft-
ware, partograph, and ANC reports of the women. The
collected data were recorded in the Excel sheet. Data an-
alyzes were done by using IBM SPSS Statistics version 20
(Armonk, NY, USA), using logistic regression with signif-
icance set at p<0.05. We expressed the results as an odds
ratio and / or a 95% confidence interval.

Statistical tests were performed to present the following
The Pearson correlation coefficient was used to deter-
mine the relationship between categorical variables and
labor outcomes among participants in the pharmaco-
logical, nonpharmacological and combined interven-
tion groups. In the data analysis, categorical variables are
compared with Pearson’s Chi-square test, and the impor-
tance of independent variables is assessed with likelihood
ratio tests. Logistic regression models utilize McFad-
den’s pseudo-R2, Cox and Snell R2, and Nagelkerke R2

to determine explained variation, while multivariate lo-
gistic regression examines relative risks for ineffective
labor induction techniques, and binomial logistic regres-
sion assesses event probabilities like BS results. Statisti-
cal significance is determined at p<0.05, with correlation
measured by Kendall's Taub and changes in proportions
evaluated using the McNemar-Bowker test.

Kendall Tau (also known as Kendall’s tau rank cor-
relation coefficient) is used for assessing the association
between a nominal variable and an ordinal variable.

In the current retrospective observational study,
there is no blinding or randomization, as the physician
performs the induction according to the indication.
Thus, the chances of bias become zero.

The primary outcome measure for this study was
the effect of cervical favorability on the success rate of
delivery.

Secondary outcome measures were the rate of cesar-
ean deliveries and the onset of active labor (cervical di-
lation of 4 cm or greater).

Sampling criteria

Inclusion criteria

All pregnant women admitted to the labor room and
who were expected to undergo induction.

Exclusion criteria

Less than 18 years of age and less than 37 weeks of gesta-
tion, scarred uterus (previous surgery on the uterus, i.e.,
cesarean delivery), twins, triplet pregnancy or multiple
birth pregnancy, breech presentation, fetal anomalies.

Results

This study conducted a comprehensive evaluation to
compare the IOL methods in terms of Bishop score and
success rate of administering induction doses. Of the
296 women, 58.45% received pharmacological treat-
ments such as misoprostol 25 g, misoprostol 50 g, and
dinoprostone gel 0.5 g gel (Fig. 1). On the other hand,
17.91% of women received nonpharmacological meth-
ods like Foley’s catheter and membrane stripping, while
23.65% received a combination of these methods, in-
cluding the pharmacological agent oxytocin and a
non-pharmacological strategy that involved either strip-
ping a membrane or a balloon catheter.

During the labor induction process, cervical fa-
vorability and the rate of successful induction are de-
termined by evaluating cervical status through a per
vaginal (PV) examination and BS.

We define the success of labor induction as the com-
mencement of labor pains that are continuous, periodic
(at regular intervals), and moderate to strong in intensity.

The outcome of inducing labor is determined by the
type of birth that occurs. There were two indicators: the
first was the success rate of IOL, the second was the fail-
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ure of IOL, and the third was the women’s abortion from
the IOL process. Ultimately, the second indicator shifted
the women to a cesarean section.

PV findings before administration of labor induction
Figure 1. Initial status of the cervix

Phase of labor

M Inactive labor phase

M Partial active labor phase

Fig. 1. More than 50% of the patients were in the partial
active phase of labor before administering the IOL method
to induceit.

PV findings 6 hours after administration of the 1* dose

of labor induction

Bishop score
>4
B<a

44.26%

55.74 %

Fig. 2. BS 6 hours after initial dose of IOL

A BS of more than four (>4) showed that 55.74% of
the patients had successfully progressed to active labor
after the first labor induction intervention. On the other
hand, a Bishop score of less than four (<4) indicates that
an induction response was not successful in 44.26% of
cases, when the patient did not reach active labor (Fig. 2).

The favorability of the findings of the PV examina-
tion increased after 6 hours of administration of the first
induction dose. This suggests that the first dose contrib-
utes to a positive change in the PV examination finding
outcomes.

Success ratio of the first dose for induced labor
The success of labor induction is characterized by the on-
set of labor contractions that are continuous, periodic (oc-

curring at regular intervals) and of moderate to strong
intensity. This definition establishes a success ratio for the
induction process.? People often assess the success of labor
induction in conjunction with the delivery mode and they
commonly use the rate of cesarean sections as an essential
indicator to evaluate the efficacy of the induction strategy.”’

Table 1. Maternal parameter

Maternal parameters Pharmacological Non- . Combined p
pharmacological

Maternal age groups Cunt % Count % Count % 007

18-25 46 1554 13 439 16 541

26-30 75 334 N 709 32 1081

31-35 45 152 17 574 17 574

36-40 7 236 2 068 5 169

Maternal height groups 0.035

140-150 24 8n 6 203 7 236

151-160 92 3108 26 878 47 1588

161-170 52 1757 N 704 16 541

171-180 5 1.69 0 0 0 0

Maternal weight groups 0.035

Low weight: <50 kg 0 0 0 0 0 0

Normal weight: 50-70 kg 8 277 3 777 33 115

High weight: 71-90 kg 90 304 30 1014 36 1216

Very high weight: >90 kg 1 0.34 0 0 0 0

BMI groups 0.03

Underweight: BMI<18.5 0 0 0 0 0 0

Normal weight: BMI

B B 946 10 338 8 27

Overweight: BMI 25-29.9 79 2669 23 777 39 1318
Obese (Class I): BMI 30-34.9 50 16.89 17 574 20 677
Obese (Class Il): BMI 35-39.9 16 541 3 1.01 310
Morbidly Obese (Class I11):

o
o
o
o
o
o

BMI=40

Is patient in active labor? <0.001
No % 3176 9 979 16 541

Yes 79 26 24 811 54 1824

Result of 1st dose
W Failed
B Successful

Fig. 3. Result of the first dose of IOL

The first dose was administered to the participants
and 82.77% of the patients experienced labor 6 hours af-
ter induction, while 17.23% of the patients reported no
labor pain starting after the induction (Fig. 3).
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Differences in maternal parameters such as height,
weight, and BMI, along with the status of active labor,
are significant between induction methods, particular-
ly with a higher likelihood of active labor in combined
methods (Tables 1 and 2).

Table 2. Variables in the equation

95% I for
B SE Wald df p Exp (B) Exp (B)

Lower Upper
Age 0085 0031 7360 1 0007 0918 0863 0977
Height -0333 0158 4431 1 0035 0717 0526 0977
Weight 0365 0173 4434 1 0035 1441 1026 2024
BMI 0927 0427 4715 1 0030 03% 0171 0914
?;E:re 1226 0264 21585 1 0000 0293 0175 0492

Constant 56.479 24.922 5.136 1 0.023 3375304545784402000000000.000

From the above table, we get the fitted logistic regression
model as follows:

Log 0odds=56.479+(-1.226*active)+(-0.927* BMI)+
+(0.365* weight)+(-0.333* height)+(-0.085*age)

Methods of IOL-wise BS of first dose

Method W Not Favourable
W Favourable

Pharmacological Non-Pharmacological Combined

Fig. 4. IOL wise Bishop score 6 hours after the first dose

Six hours after administering the first dose, the
combined IOL methods demonstrated the highest fa-
vorable Bishop score of 78.57%, which ranged from
“7 cm cervix dilated, station -2, 70-80% effacement” to
“fully dilated, fully effaced station 0,” while the pharma-
cological and nonpharmacological IOL methods yielded
similar results (50.87%) and (50.94%), respectively, with
a p<0.001 (Fig. 4).

Methods of IOL-wise success rate of first dose

Result1stdose

Method WFaied
W suceessful

Pharmacological Non-Pharmacological Combined

g

Fig. 5. Methods of IOL-wise success rate 6 hours after first
dose

Six hours after administering the first dose, the
non-pharmacological methods of IOL showed a higher
success rate of 92.45%, while combined methods yield-

ed equivalent results of 91.43% compared to pharma-
cological methods of IOL of 78.30%, with a p-value of
0.002 (Fig. 5).

Comparison of the induction-wise mode of delivery

Modedelivery
Method W Normal (Vaginal)
. BEILSCS (Cesarean)

Combined

Pharmacological Non-Pharmacological Oinstrumental (Vaginal)

u L]
1.89%

Fig. 6. Comparison of the induction-wise mode of delivery

Combined methods of IOL showed the highest nor-
mal delivery rates, 65.71%, compared to pharmacolog-
ical, 53.18% and non-pharmacological, 49.06%, with
negligible instrumental (vaginal) delivery rates (Fig. 6).

Only 18.57% of the patients underwent a cesare-
an section using combined IOL methods, while both
pharmacological and non-pharmacological IOL meth-
ods had higher cesarean rates of 43.35% and 49.06%, re-
spectively.

Table 3. Case processing summary*

Methods Count Marginal percentage
Pharmacological 173 58.4%
Non-pharmacological 53 17.9%
Combined 70 23.6%

Valid 29 100%
Missing 0

Total 296

Sub-population 296

*2 The dependent variable has only one value observed in
296 (100%) subpopulations

Pharmacological methods are the most frequent-
ly used, followed by combined and non-pharmacologi-
cal methods. All observations are valid, with no missing
data (Table 3).

Table 4. Model fitting information
Model fitting criteria Likelihood ratio tests
AIC BIC  -2Loglikelihood Chi-square  df p
Interceptonly  574.014 581394 570.014
Final 551.823 706.818  467.823 102.191 40 <0.001

Model

We evaluated the model’s fitness using the chi-
square statistic. The chi-square value was 102.191, and
the p<0.001 is less than the significance level of 0.05.
This shows that there is a relationship between the dif-
ferent methods of induction and other independent
variables such as vaginal findings and BS in the final fit-
ted model (Table 4).
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Table 5. Goodness of fit

Chi-Square df p
Pearson 567.121 550 0.298
Deviance 467.823 550 0.995

Here, p = 0.298 is greater than the 0.05 level of signifi-
cance (Table 5). Therefore, we are unable to reject the null
hypothesis at the 5% level of significance. That is, we con-
cluded that the given model fits the data very well.

Table 6. Pseudo R-Square

Cox and Snell 0.292
Nagelkerke 0.342
McFadden 0.179

The Cox and Snell R*=0.290 value suggests that the
model explains approximately 29.2% of the variance in
the dependent variable, but it cannot reach a maximum
of 1, which limits its interpretation (Table 6).

Nagelkerke R*=0.342 is an adjusted version of Cox
and Snell’s R?, rescaled to cover the full range (0 to 1). It
indicates that the model explains 34.2% of the variance.

The McFadden value suggests that the model ex-
plains 17.9% of the variance and is typically lower than
other pseudo-R? values, but still a reasonable fit.

These values provide different perspectives on the
model’s fit, with Nagelkerke showing the highest adjust-
ed explanation of variance.

Discussion
The present study investigates the intricate mechanisms
underlying labor induction techniques, particularly the

relationship between BS and delivery outcomes.

Although nonpharmacological IOL methods
achieved more favorable cervical conditions, we ob-
served a higher incidence of cesarean sections, suggest-
ing that these interventions do not consistently lead to
better outcomes of delivery. In contrast, combined IOL
methods demonstrated the highest rates of normal de-
livery and were equally effective in enhancing cervical
status or Bishop scores while significantly reducing ce-
sarean section rates. The study found that 46.95% of the
patients had poor cervical conditions before IOL strat-
egies were used. These included a closed os, a posterior
cervix, and a high fetal head. This meant they had a low
Bishop score and a lower chance of going into labor on
their own (Fig. 1).

However, 53.04% of patient were in a somewhat or
partially active labor phase, with a cervix that was 1 cm
dilated, 40% effaced and the fetal station at -2, which
means that the conditions for labor were good (Fig. 1).
These findings corroborate the existing literature that
highlights the challenges associated with low BS. Studies
frequently link a BS below 6 to reduced chances of spon-

taneous labor and an increased likelihood of cesarean
delivery during IOL.?** This is particularly pertinent as
studies indicate that patients with unfavorable cervical
conditions are less likely to experience spontaneous la-
bor, necessitating surgical interventions for delivery.”
Research has shown that a moderate BS increases the
likelihood of successful induction with fewer cesarean
deliveries.”” Advanced methods such as ultrasound and
elastography may provide more accurate assessments
than the traditional Bishop score."

In this study, 55.74% of the patients exhibited a fa-
vorable BS of more than four (>4) following the initial
dose of labor induction, suggesting successful progres-
sion to active labor (Fig. 2). This finding aligns with
Grobman et als research, which indicates that a favor-
able BS, defined as greater than four, correlates with
a higher likelihood of successful labor induction and
alower cesarean delivery rate. Specifically, their findings
demonstrated that the patient with a favorable Bishop
score experienced more favorable outcomes compared
to those with an unfavorable score, consistent with the
observation that 55.74% of the patients in this study
achieved a favorable score after induction.* This cor-
relation underscores the importance of the Bishop score
in predicting successful labor outcomes. Researchers
who looked at different methods to induce labor, such
as the Foley catheter and pharmacological agent such as
oxytocin, found that nonpharmacological methods can
work well even with lower BS (4-5), while pharmaco-
logical methods usually need a higher threshold (6 8)
for the best success rates.’ Studies show that a BS of 5 is
a strong indicator of the need for a cesarean section due
to failed attempts to induce labor. This shows how im-
portant the initial cervical status is.’"**

In this study, 44.26% of the patients did not meet
the favorable threshold, with a BS of less than four indi-
cating a lower probability of progressing to active labor
(Fig. 2). This finding is consistent with the systematic
review by Kolkman et al., which emphasized the BS’s
predictive capacity of BS for labor induction success.?®
A study by Iftikhar shows that using both BS and trans-
vaginal sonography together can help predict whether
or not an induction will work. This suggests that BS is
useful, but it may not be the only thing that determines
whether or not an induction will work.*

Among the 296 patients, 82.77% successfully in-
duced labor, while only 17.23% did not progress six
hours after the initial dose (Fig. 3). The high success
rate fits Msumi’s research, which shows that cervix con-
ditions of the cervix during induction have a big effect
on how many babies are born alive.*® The importance of
cervical ripening for good results is emphasized. This
correlation indicates that a properly prepared cervix
is a significant predictor of successful labor induction,
consistent with the results presented.
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Research by Bekru and Yirdaw demonstrated that a
BS of five or less is a major risk factor for failed induc-
tion, revealing that a significant percentage of patients
with low BS experienced unsuccessful labor induction.*
This aligns with the observed failure rate of 17.23%, sug-
gesting that certain clinical scenarios could potential-
ly predispose patient to an unsuccessful induction. This
highlights the importance of cervical status in forecast-
ing induction success, potentially elucidating the failure
rates observed in the present study.

A study by Haavaldsen et al. looked at the increas-
ing use of labor induction and how it affects the out-
come of pregnancies. They found that although overall
induction rates have increased, the risks of bad out-
comes, such as failed induction, are still a big concern.
This underscores the importance of careful patient se-
lection and monitoring during the induction process to
mitigate the risk of failure.”

Kim et al. identified that factors such as maternal
age, parity, and initial BS significantly influence labor
induction success.*® Research indicates that specific ma-
ternal characteristics can predict the likelihood of suc-
cessful vaginal delivery after induction, emphasizing the
importance of individualized assessment prior to the in-
duction process.

Table 1 compares maternal parameters across phar-
macological, non-pharmacological and combined labor
induction methods, highlighting significant differenc-
es in height, weight, BMI, and active labor status. Most
pharmacological patients fell within the 26-30 age
group and the 151-160 cm height range, with a signifi-
cant portion categorized as high weight (71-90 kg) and
overweight (BMI 25-29.9). Combined methods resulted
in a higher proportion of patients in active labor, while
fewer patients fell into the very high-weight or morbid-
ly obese BMI categories across all groups. Statistically
significant differences (p<0.05) indicate that combined
induction is associated with active labor status, while
specific height and weight groups are more prevalent in
pharmacological cases. The data supports the hypothe-
sis that maternal factors such as height, weight, and BMI
significantly affect active labor across induction meth-
ods. Table 1 links certain maternal characteristics with
labor induction outcomes.

Hirshberg et al. found a negative correlation be-
tween maternal weight and cervical dilation rate after
induction, suggesting that a heavier patient may expe-
rience longer labors. This supports the idea that mater-
nal factors influence active labor potential in induction
strategies.”” Rogaleli and Awang found that shorter ma-
ternal height increases cesarean sections and prolongs
obstructed labor, implying that maternal height may af-
fect labor mechanics and induction success.”

Ghazali’s study highlights the impact of maternal
BMI on the length of induced labor, noting that high-

er BMI is associated with slower labor progression and
higher cesarean birth rates.* This association is signifi-
cant as it suggests that patients with higher BMIs may
face more challenges in inducing labor, affecting their
chances of achieving active labor. The results support
maternal weight and BMI as critical considerations in
the development of induction techniques (Table 1). The
meta-analysis by Sotiriadis et al. supports the assertion
that maternal factors significantly affect induction out-
comes, finding that maternal BMI and height influence
labor outcomes after elective induction.*!

The logistic regression model showed that active la-
bor cut the chances of unsuccessful induction by 70.7%
(Exp(B)=0.293), which is a solid result (p<0.001) with
a confidence interval of 0.175 to 0.492. The significant
value of the constant term Exp (B) value indicates a
baseline effect on the outcome when all predictors are
zero, with the intercept of the model being significant
(p=0.023). A strong correlation was discovered between
active labor and successful outcomes, with the probabil-
ity of a favorable outcome for the patient not in active
labor being approximately 29.3% lower than for those
who had a statistically significant difference (p<0.001)
(Table 2). This effect has a narrow confidence interval
(17.5% to 49.2%), indicating the reliability of the esti-
mate.

A good Bishop score of 78.57% within six hours
of administration was observed in several studies (Fig.
3), which supports the results (Fig. 4) of combined IOL
methods. These studies highlight the advantages of uti-
lizing a combination of nonpharmacological and phar-
macological approaches. A systematic review by Chen
et al. compared the use of Foley catheters, misoprostol,
and dinoprostone for cervical ripening. They found that
mechanical methods, such as the Foley catheter, com-
bined with pharmacological agents, such as oxytocin,
made the cervical area more ready for delivery, lead-
ing to more vaginal deliveries and fewer cesarean de-
liveries.28 Numerous studies have shown that the use
of a Foley catheter followed by oxytocin improves Bish-
op scores, increases vaginal birth rates, and decreases
cesarean section rates.’»****%* This study revealed that
nonpharmacological approaches to IOL demonstrat-
ed a more favorable Bishop score of 92.45% compared
to the pharmacological method 76.3%. Additionally,
combined methods showed a favorable Bishop score of
91.43% after initial administration (Fig. 5). This sug-
gests that, while combining both methods can lead to
more favorable outcomes, careful consideration of the
associated risks is necessary. Juncu’s systematic review
emphasized the importance of evaluating various IOL
methods, including pharmacological and nonpharma-
cological methods, to determine their effectiveness in
different clinical scenarios.* While combined methods
can produce better outcomes, the review found that op-
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timizing induction success rates also requires consider-
ation of individual patient factors and clinical contexts.

Conclusion

The findings show that a more effective method may in-
volve a combination of nonpharmacological and phar-
macological methods, potentially enhancing Bishop’s
score and delivery outcomes, increasing the likelihood
of successful vaginal delivery.
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ABSTRACT

Introduction and aim. Chronic kidney disease (CKD) affects kidney function, characterized by albuminuria or reduced estimat-
ed glomerular filtration rate (eGFR), and is influenced by factors such as etiology, pathogenesis, intensity, and progression. Ac-
cording to data from the literature, the efficacy of furosemide has not been much researched much in CKD patients. The study
evaluates the efficacy in chronic kidney disease patients, regardless of hemodialysis, and compares its diuretic effect based on
the administration route.

Material and methods. A prospective observational study was conducted in a tertiary healthcare facility for 6 months (Octo-
ber 2021 to March 2022). 100 CKD patients who met the criteria were enrolled in the study. Data on study-relevant parameters,
such as route of administration (ROA), hemodialysis frequency, hospital stay, blood urea, serum creatinine, sodium, and potas-
sium, were collected. Pearson’s chi-square test was used to evaluate the association between parameters. One-way ANOVA was
applied to analyze the significant association between ROA and urine output.

Results. Of all the study samples, 72% received intravenous furosemide and 28% received furosemide orally. There was a sig-
nificant difference in eGFR and urine output on admission and discharge days. There was an increase in urine output when the
patient received furosemide and improvement in eGFR was found. A significant association was also observed between systolic
blood pressure, sodium, and potassium.

Conclusion. The study found no significant differences in furosemide efficacy in CKD patients, regardless of ROA, hospital stay,
or frequency of hemodialysis, indicating similar effectiveness.

Keywords. chronic kidney disease, efficacy, hemodialysis, route of administration

Introduction pace of progress. CKD is characterized by albuminuria
Chronic kidney disease (CKD) refers to a variety of dis- or a reduced glomerular filtration rate (GFR) [below 60
eases that impact the structure and function of the kid- mL per min/1.73 m?] for three months or more, regard-
neys. The diversity in the manifestation is influenced less of clinical diagnosis.! CKD is characterized by ini-
by factors such as etiology, pathogenesis, intensity, and tial phases of kidney damage, in which more than 50%
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of the kidney tissue is damaged, leading to elevated se-
rum creatinine and reduced kidney function. This is
the reason for the need for kidney transplantation and
treatment focused on restoring the health of patients
with kidney disease without risking the donor’s health.?
One of the most pressing global public health concerns
is CKD. In general, the estimated frequency of CKD is
13.4% (11.7-15.1%), and the estimation of end-stage
kidney disease (ESKD) that requires renal replacement
therapy is between 4.902-7.083 million.’ In 2017, glob-
ally, 1.2 million people died from CKD. The worldwide
increase in the total age mortality rate from CKD was
41.5% between 1990 and 2017, although there was no
remarkable difference in the age-related mortality rate.

In India, the current estimated value of ESKD is 229
million people and annually, more than 100,000 new
cases begin kidney replacement programs. The screen-
ing and early evaluation of kidney disease (SEEK) India
cohort study found a 17.2% prevalence of CKD, with 6%
having stage 3 or severe CKD. The prevalence of stages
1,2,3,4,and 5 of CKD was 7%, 4.3%, 4.3%, and 0.8%re-
spectively.® Diuretics play a key role in the management
of CKD.® Although all drugs have their benefits and side
effects, they commonly cause fluid, electrolyte abnor-
malities, and acid-base disturbances. Diuretics are used
to modify interdialytic weight gain in patients with re-
sidual renal function. High-dose loop diuretics are rec-
ommended in patients who undergo hemodialysis on
non-hemodialysis days. Furosemide in high doses has
been found to be effective in high doses is efficient in
both acute and chronic kidney disease. It is also help-
ful in correcting fluid overload.” Nearly 500 monoge-
netic causes of CKD have been recognized primarily in
pediatric populations. A limited number of studies on
monogenic causes in adults with CKD.® Most patients
with CKD generally do not show any symptoms in the
early stages. In the advanced stages of CKD, symptoms
like weight loss, anorexia, pedal edema, shortness of
breath, fatigue, hematuria, polyuria, insomnia, pruri-
tus, headache, numbness, vomiting, and muscle cramps
can be seen.” Hypertension: one of the leading causes
of CKD." Other risk factors: kidney stones, cirrhosis,
atherosclerosis, bladder cancer, scleroderma, systemic
lupus erythematosus, and kidney infection.!! Diuretics
play a crucial role in the management of CKD. How-
ever, all drugs have their benefits and side effects. In
general, they cause fluid, electrolyte abnormalities, and
acid-base disturbances.® Diuretics are used to modify
interdialytic weight gain in patients with residual renal
function. High-dose loop diuretics are recommended in
patients undergoing hemodialysis on nonhemodialysis
days.'? Furosemide is often preferred in the treatment of
CKD due to its potent diuretic effects, which help man-
age fluid overload and hypertension commonly associ-
ated with CKD. Key reasons include its potent diuresis,

which effectively promotes sodium and water excretion,
relieving symptoms of volume overload.”* Additionally,
it helps lower blood pressure, which is crucial for man-
aging CKD management to slow disease progression.'*
Furosemide remains vital for managing fluid overload
in the early to moderate CKD stages. However, in pa-
tients with severe CKD and dialysis, clinicians may need
to consider other approaches to fluid management.'

Aim

The study assesses the efficacy of furosemide in the
treatment of patients with chronic kidney disease, re-
gardless of hemodialysis, and compares its diuretic ef-
fect based on the administration route.

Material and methods

Study design and study settings

An observational cross-sectional study of all eligible pa-
tients with chronic kidney disease was conducted in the
nephrology department of a South Indian hospital and
research center from October 2021 to March 2022. The
institution’s research ethics committee approved the
study. The demographics and parameters relevant to the
study were collected, such as age, sex, hospital stay, he-
modialysis frequency, route of hemodialysis, furosemide
administration route, blood pressure, urine output, blood
urea, serum creatinine, sodium, and potassium. The se-
lection of furosemide dosage was mainly based on the
patient’s body weight of the patient and kidney function.
The study has been approved by the Human Ethics Com-
mittee of Mahavir Hospital and Research Center, with
reference no. ECR01/450/Inst/AP/11/03/22.

Inclusion criteria

Patients over 18 years old, Individuals belonging to any
class, caste, or sex, Patients diagnosed with CKD receiv-
ing furosemide, and both hemodialysis and nonhemo-
dialysis patients were included.

Exclusion criteria

The patients were prescribed diuretics other than fu-
rosemide. Patients who had undergone a kidney trans-
plant and pregnant women were excluded from the
study, and patients who were not ready to give their con-
sent to participate in the survey.

Sample size

A total of 130 patients diagnosed with CKD, regard-
less of hemodialysis, were assessed, of which 30 patients
were excluded according to exclusion criteria. In our
study, around 70% of the participants had hypertension
as a comorbidity and around 48% to 59% of the partic-
ipants had diabetes and cardiac abnormalities as a co-
morbidity. The baseline characteristics were obtained
for each patient.
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Table 1. Association among parameters on admission and
discharge

n Correlation p

Systolic BP on admission and systolic

Pair 1 100 0.105 0.29

BP discharge
Pair 2 Diastolic BP on adm|55|on and diastolic 100 0.006 0.956
BP on discharge
Pair3 EGFR at admission and EGFR mL/ 100 0646 <0.00]

min/1.73 m? on discharge

Pair 4 Serum creatlm'n.e at admlssmn and 100 0,155 013
serum creatinine on discharge

Pair 5 Blood urea on adm|55|on and blood 100 20,099 0325
urea on discharge

Pair 6 Sodium on adm|55|on and sodium on 100 0041 0,688
discharge

Potassium on admission and potassium

Pair 7 on discharge

100 -0.078 0.443

Fluid output (mL) on admission and

Pair 8 fluid output (mL) on discharge

100 0.390 <0.001

Table 2. Mean, standard deviation, and associations of
parameters using one-way analysis of variance (ANOVA).

Paired differences

std 95% confidence
M Std. W intervalofthe  t df P
ean deviation mor difference

mean

Lower Upper
SystolicBPonadmission  14.29 46145 4614 5133 23.446 3.097 99 0.003
—systolic bp discharge

Diastolic BP on 269 67738 6774 -10.751 16.13 0397 99 0.692
admission diastolic BP

on discharge

EGFRatadmission EGFR  -2.51 21703 217  -6.816 1.79% -1.157 99 0.250
ml/min/1.73 m?on

discharge

Serum creatinine at 1072 5291 0529 0022 2121 2026 99 0.045
admission — serum

creatinine on discharge

association between the parameters taken on the day of
admission and discharge, a one-way analysis of variance
(ANOVA) was used.

Results
The present study compared the relevant admission pa-
rameters with the discharge parameters. As shown in
the table, there was a significant difference in eGFR and
fluid output (Tables 1 and 2).

There was a significant association between systolic
BP, sodium, and potassium on admission day and dis-
charge day, as indicated by a one-way ANOVA test of
significance (p<0.05, Table 3).

Table 3. Analysis of variance (ANOVA) for urine output of IV
furosemide in HD and non-HD

Paired differences
d 95% confidence
Std. Std. interval of the t df P
Mean deviation enor difference
ean ————————
Lower  Upper
Urine output of IV
furosemide in HD

urineoutputof  -871.657 1086.169 183.596 -1244.769 -498.545 -4.748 34 <0.001
ivfurosemide in
non-HD

There was a significant association between the
urine output of participants on HD receiving IV furo-
semide and the urine output of participants not on HD
receiving oral furosemide, as indicated by a one-way
ANOVA test of significance (p<0.05, Table 4).

Table 4. ANOVA for oral furosemide urine output in HD and
non-HD Patients in the study*

Bloodureaonadmission -4.14 67476 6748 -17.529 9249 -0.614 99 0.541 Paired differences

—blood urea on 95% confidence

discharge , sl interval of the t df p
Sodumatadmisson— 4942 17104 171 1548 8336 2889 99 0005 Mean  eviation ™ difference

sodium on discharge Lower  Upper
Potassiumonadmission 0429 137 0137 0158 0701 3.134 99 0.002 Urine output of

— potassium on oral furosemide in

discharge HD urineoutput  -1050.769 520359 144322 -1365.219 -736.319 -7.281 12 <0.001

Fluid output (mL) at -236.03 91653 91.653 -417.89 -54.17 -2.575 99 0.01
admission — fluid output
(mL) on discharge

Statistical analysis

Data were analyzed using SPSS (version 28.0, IBM, Ar-
monk, NY, USA). In this statistical analysis, the depen-
dent variables were route of administration (ROA) of
furosemide, hemodialysis, estimated glomerular filtra-
tion rate (eGFR), sodium, potassium, blood pressure
(BP), and urine output. The independent variables were
demographics, hospital stay, comorbidities, serum cre-
atinine, and blood urea. Pearson’s chi-square test evalu-
ated the association between ROA, hemodialysis (HD)
frequency, and hospital stay. To analyze the significant

of oral furosemide
innon-HD

* HD hemodialysis, Non-HD - non-hemodialysis patients

There was a significant association between the
urine output of participants on HD who received oral
furosemide and those not on hemodialysis who received
oral furosemide, as indicated by a one-way ANOVA test
of significance (p<0.05, Table 4).

The frequency of HD was higher in participants
who received 40 mg of oral furosemide than in partici-
pants who received 20 mg of oral furosemide. There was
no significant association between oral dose and fre-
quency of HD at p=0.8 (Table 5).
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Table 5. Correlation of oral dose furosemide with
frequency of HD patients

Frequency of HD
i i Total
a?lc;:k aTxlec:k aT rv]vr(leceek Daily 505
Oral dosage No 37 3 7 18 6 1 72
0mg 3 0 1 1 0 0 5
4mg 9 3 4 6 1 0 2
Total 49 6 12 25 7 1 100
¥=5.6, df=10, p=0.8

Table 6. Oral dose frequency correlated with HD frequency
of HD

Frequency of HD
Oral dose frequency  No 37 3 6 18 6 1 n
o 1 0 1 2 0 0 4
BD M 3 4 4 1 0 23
m 0 0 1 1 0 0 2
Total 49 6 12 25 7 1 100

=11.81, df=15, p=0.63
* OD once daily, BD - twice daily, TID - thrice daily

The frequency of HD was found to be higher in par-
ticipants who received oral furosemide twice a day, fol-
lowed by once a day and three times a day. There was no
significant association between oral dose frequency and
frequency of HD at p=0.63 (Table 6).

Table 7. Dose of IV bolus correlated with frequency of HD

Frequency of HD
i i Total
ek et e O
IVbolusdose  No 12 3 5 7 1 0 28
20mg 7 1 2 2 2 1 15
40mg 16 2 3 n 3 0 35
60mg 14 0 2 5 1 0 22
Total 49 6 12 25 7 1 100

$=13.71, df=15, p=0.54

Table 8. 1V bolus dose frequency correlated with HD cross-
tabulation

Frequency of HD

0 vt et e 2y 505

IV bolus dose No 12 3 5 7 1 0 28
frequency o 0 1 0 1 0 0 2
BD 26 2 3 n 3 1 46

m 8 0 3 2 1 0 14

S0S 3 0 1 4 2 0 10

Total 49 6 12 25 7 1 100

The frequency of HD was found to be higher in par-
ticipants receiving 40 mg of IV furosemide, followed by
participants receiving 60 mg of IV furosemide and 20 mg

IV furosemide. There was no significant association be-
tween oral dose and frequency of HD at p=0.54 (Table 7).

The frequency of HD was found to be higher in par-
ticipants who received an IV bolus twice a day, followed
by three times a day, when necessary, and once a day.
There was no significant association between the frequen-
cy of IV bolus and frequency of HD at p=0.037 (Table 8).

Discussion

CKD is a prominent contributor to global mortality.
CKD ranks among the top five leading causes of death
in multiple nations. CKD was ranked as the eighth lead-
ing cause of death in India, according to global bur-
den of disease. The main purpose of our study was to
evaluate the efficacy of furosemide in improving renal
function in patients with chronic kidney disease. Our
study consists of 130 patients diagnosed with CKD ir-
respective of hemodialysis, of which 30 patients were
excluded based on exclusion criteria, making the partic-
ipation rate 80%. Our study includes 41% (41) females
and 59% (59) males, compared to the study conduct-
ed by Sanjay et al., where the percentage of males was
predominant (55%).'® In this present study, half of the
participants (50%) were in between the 30-60 year age
group, 45%were above 60 years, and 5% were below30
years, concluding that the highest number of people suf-
tering from CKD belonged to the middle age group (30-
60 years). In the current study, half of the participants
(51%) were undergoing maintenance HD and the oth-
er half (49%) were not on hemodialysis. The percentage
of participants who undergo hemodialysis is 6% once a
week, 12% twice a week 25% three times a week, and 1%
as required. In our study, the sum of participants staying
in the hospital for 1-10 days was 70%, while the sum of
participants staying there for 10-20 days was 30%. All
participants were prescribed furosemide; most (72%)
received intravenous furosemide and 28% received fu-
rosemide orally. Among participants receiving oral fu-
rosemide, 5% were prescribed a dose of 20 mg and 23%
were prescribed a dose of 40 mg; The frequency per-
centage of BD (23%) was higher than OD (3%) and TID
(2%). As mentioned above, most participants have been
prescribed IV furosemide; of these, a higher number of
patients received a 40 mg dose (35%), followed by a 60
mg dose (22%), and a 20mg dose (15%), the frequency
percentage of participants taking BD (46%) was high-
er than OD (2%), TID (14%), and as needed (10%). In
our current study, the main comorbidities were found
to be hypertension (74%), diabetes (59%), heart dis-
ease (48%), and edema (25%). Parameters relevant to
the study at admission were compared with those at dis-
charge; There was a significant difference in eGFR and
urine output; Similar results were seen in other studies."”
We found that the mean systolic and diastolic blood
pressure, serum creatinine, sodium concentration and
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potassium concentration decreased slightly, and esti-
mated glomerular count, blood urea nitrogen, and fluid
output were increased; similar results were seen com-
pared to other studies.'® There was a significant asso-
ciation between systolic bp, sodium and potassium
on admission day and day of discharge, indicated by a
one-way ANOVA test of significance (p<0.05), com-
pared to the study conducted by Bunyoung et al., where
there was a signiﬁcant increase in BP, sodium, and po-
tassium." In our present study, mean urine output was
lower in participants receiving IV furosemide in HD pa-
tients compared with non-hemodialysis; we also found
no significant difference in urine output among partic-
ipants receiving IV furosemide undergoing HD com-
pared to those who did not undergo HD. There was a
significant association between the urine output of par-
ticipants on HD receiving IV furosemide and those not
on HD receiving oral furosemide, as indicated by a one-
way ANOVA test of significance (p<0.05). In this study,
the average urine output of the participants receiving
oral furosemide in HD patients was lower than that in
non-HD. We found a significant difference in the per-
formance of participants who received oral furosemide
in HD patients compared to non-HD patients. Improve-
ment in diuresis was observed in patients not on HD.
The result showed a significant association between the
urine output of participants on HD receiving oral furo-
semide and those not on HD, as indicated by a one-way
ANOVA test of significance (p<0.05). The frequency of
HD was higher in participants who received 40 mg of fu-
rosemide orally, followed by participants who received
20 mg of furosemide orally. There was no significant
association between oral dose and frequency of HD at
p=0.8. Hemodialysis was found to be more frequent in
participants who received oral furosemide twice a day,
followed by once a day and three times a day. At p=0.63,
there was no significant association between oral dose
and HD frequency. The frequency of HD was higher in
participants who received 40 mg of IV furosemide, fol-
lowed by 60 mg and 20 mg. There was no significant as-
sociation between the IV dose and the frequency of HD
at p=0.54. The frequency of HD was found to be high-
est in participants given intravenous furosemide twice
daily, followed by three times daily, as needed, and once
daily. There was no significant association between the
frequency of IV furosemide and the frequency of HD at
p=0. 037. The sum of hospital stays for patients receiv-
ing oral furosemide was 18 for 1-10 days and 10 for 10-
20 days. For participants who received IV furosemide,
the percentage of hospital stay was 52% for 10 days and
20% for 10-20 days. There was no significant association
between the route of administration and hospital stay at
p=0.43. The sum of hospital stay for participants who
received 20 mg of oral furosemide was 3 for 1-10 days,
2 for 10-20 days, and for participants who received 40

mg of oral furosemide, it was 15 for 1-10 days and 8
for 10-20 days. There was no significant association be-
tween oral dose and hospital stay at p=0.72. The sum
of hospital stays for participants receiving oral furose-
mide once a day was 3 for 1-10 days and 1 for 10-20
days; twice a day, it was 14 for 1-10 days and 9 for 10-20
days, thrice a day it was 1 for 1-10 days and 1 for 10-20
days. There was no significant association between the
frequency of oral dose and hospital stay at p=0.63. The
total hospital stay days of patients receiving 20 mg IV
furosemide was 9 for 1-10 days and 6 for 10-20 days;
for 40 mg, it was 26 for 1-10 days and 9 for 10-20 days,
60 mg it was 17 for 1-10 days 5 for 10-20 days. There
was no significant association between IV dose and fre-
quency of hospital stay days. The total hospital stay days
of participants receiving IV furosemide once a day for
1-10 days was 2, and for 10-20 days was 0; twice a day,
it was 30 for 1-10 days and 16 for 10-20 days, and for
thrice a day it was 10 for 1-10 days and 0 for 10-20.
There was no significant association between IV dose
frequency and the sum of hospital stays at p=0.19. In
our study, the evaluation of side effects was not included
as an objective. The KDIGO guidelines emphasize per-
sonalized treatment plans, recommending diuretics for
volume overload while closely monitoring renal func-
tion and electrolytes.® Optimization strategies are dos-
ing adjustment, monitoring protocols, and combination
therapies such as the use of thiazide diuretics in con-
junction with loop diuretics.?!

Study limitations

The main limitation of the study was the small sam-
ple size. The study was limited by a limited sample size,
which may affect the generalizability of the findings. Re-
source limitations: insufficient resources impacted the
scope of the investigation, potentially limiting the depth
of the analysis. Adverse effects: the study did not ade-
quately address the adverse effects associated with the
intervention, which is crucial for a comprehensive un-
derstanding of its safety profile. Supportive therapy in-
formation: there was a lack of detailed information on
supportive therapies, which could influence treatment
outcomes and recommendations.

Conclusion

CKD refers to a variety of diseases that impact both the
structure and function of the kidney. The variability in
the manifestation of the illness is influenced by factors
such as etiology, pathogenesis, severity, and pace of de-
velopment. It is one of the leading causes of death. It is
prevalent in both men and females; higher testosterone
levels in men can cause a loss in kidney function, there-
by leading to a higher risk of CKD. The result did not
show a significant association between ROA correlated
with hospital stay and the Route of administration route
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correlated with hemodialysis frequency. In our study, we
do not have sufficient data to conclude any significant
difference in the outcome caused by changes in the dose
of furosemide. It were found that there was not many
differences and the efficacy of furosemide was similar in
CKD patients regardless of ROA. It does not show much
significance in improving renal function. The results of
this study conclude that the administration of furose-
mide to patients with chronic kidney disease with resid-
ual dieresis could improve urinary volume, sodium and
potassium regardless of hemodialysis.
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ABSTRACT

Introduction and aim. The study evaluated the hepatoprotective and antioxidant properties of Picrorhiza kurroa rhizome ex-
tracts in rats, assessing their ability to scavenge free radicals and protect against liver damage.

Material and methods. Liver damage was observed in Wistar rats after seven days of oral paracetamol (PCM) and azithromycin
(AZM) combination therapy, with serum biomarkers evaluated for effect.

Results. During the DPPH experiment, the antioxidant DPPH assay on rats' livers revealed that the ethanol extract of P. kurroa
demonstrated free radical scavenging activity. The crude ethanol extract of P. kurroa showed a 15.62% yield and 48.62 IC,, val-
ues in an antioxidant DPPH experiment. Long-term treatment reduces liver toxicity by balancing biochemical factors. When
compared to the group that received only PCM and AZM, the rats treated with P. kurroa crude extract showed a significant
decrease in alkaline phosphatase, aspartate aminotransferase, glutamate pyruvic transaminase, and bilirubin (p<0.001) while
showing an increase in protein and albumin at all doses (p<0.05). In addition, it was reproved by in vivo antioxidant parameters
such as superoxide dismutase, lactate dehydrogenase, catalase, and glutathione, which were also examined to verify its strong
hepatoprotective effect.

Conclusion. The study found that the ethanolic extract of P. kurroa rhizome has the potential to protect against liver damage
caused by PCM and AZM due to its complementary anti-oxidant properties.

Keywords. antioxidant activity, hepatoprotective effects, liver damage, Picrorhiza kurroa

Introduction

Although drug-induced hepatotoxicity is well under-
stood, it remains a significant public health concern.
A serious problem is the glutamate pyruvic transaminase
(SGPT) issue. The two primary areas affected by the ob-
stacles presented by this condition are the development
of novel pharmaceuticals and the removal of promising
pharmaceuticals from the market. Troglitazone, a poten-
tially effective antidiabetic medication, was taken off the
market in a matter of years due to severe liver damage

that occurred when the drug was being administered, as
per the report by Niknahad and Fisher et al."* Significant
idiosyncratic hepatotoxicity is thought to result from its
sulfate conjugate’s inhibition of bile SGPT transport from
hepatocytes."* Hepatotoxicants can be classified into two
categories: those that cause direct harm to the liver (in-
trinsic hepatotoxicity) and those that cause idiosyncrat-
ic hepatotoxicity, which is the toxicant that mediates an
immunological response (hypersensitivity). Direct or in-
trinsic hepatotoxicity typically has a constant onset phase,
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is dose-dependent, and can be replicated in several an-
imal models. For example, the hepatotoxicity caused by
acetylpara-aminophenol (APAP) varies in dose.* Lack
of repeatable animal models, dose-independent and
host-dependent effects on the immune system, and ge-
netic variability contribute to idiosyncratic drug-induced
hepatotoxicity.”® Troglitazone and chlorpromazine are
two examples of idiosyncratic hepatotoxins.®” Although
not entirely understood, the mechanisms of action are
known. Hepatotoxicants work in various ways, some di-
rectly interfering with the function of vital cellular struc-
tures such as the nucleus, mitochondria, endoplasmic
reticulum, and plasma membrane. Numerous hepatotox-
icants attach themselves to enzymes and mitochondri-
al membranes, affecting cellular respiration and energy
metabolism.® Several hepatotoxicants operate as direct
inhibitors and uncouplers of the mitochondrial electron
transport chain.*'® Lipid peroxidation, redox recycling,
and disruption of calcium homeostasis are other well-
known modes of action.'” All hepatotoxins bring on nu-
merous different clinical and histological manifestations
of liver injury. Certain biochemical markers, such as albu-
min levels, bilirubin protein, alkaline phosphatase (ALP),
glutamate oxaloacetate transaminase (SGOT), and SGPT,
can be used to diagnose liver injury (Fig. 1).!""* Increas-
es in bilirubin levels are markers of overall liver function,
while elevated serum enzyme levels are considered perti-
nent indicators of hepatic toxicity."*'¢ A rise in bilirubin
to more than twice the upper limit of normal, accompa-
nied by an elevation in transaminase levels, is thought to
be a warning sign of hepatotoxicity."”
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. Reducing oxidative damage
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' (SGOT. ALP, SGPT,
\ Bilirubin, protein, albumin
. Modifie
Drug induced liver injury

Fig. 1. Liver injury and protective effect of herbal plant

Hepatocellular and cholestatic toxicity are the two
primary categories of hepatotoxicity, each with a unique
mechanism of harm."”® Although cholestatic injury is
typified by predominantly initial ALP level elevations
that precede or are relatively more prominent than in-
creases in serum aminotransferase, hepatocellular or
cytolytic injury involves primarily initial serum ami-
notransferase level elevations that typically precede in-
creases in bilirubin levels and modest increases in ALP
levels. In general, injuries of a mixed type that incorpo-
rate cholestatic and hepatocellular processes happen.®”

Selecting the type of hepatotoxic liver injury depends
partly on the SGPT to ALP ratio value. When hepato-
cellular damage is prevalent, the ratio is larger than or
equal to five (25), but when cholestatic liver damage is
predominant, the ratio is less than or equal to two (<2).
When liver damage is combined, the ratio falls between
two and five. In nonclinical investigations, SGPT, SGOT,
and bilirubin in combination are often advised to eval-
uate hepatic damage in rodents and non-rodents. Since
mitochondrial membrane damage, which is intracellu-
lar to the cell/plasma membrane, is required for an ele-
vated SGOT level, SGPT is considered a more sensitive
and specific biomarker of hepatocellular injury than
SGOT. However, SGOT and SGPT are only cytoplasmic
enzymes readily released into the bloodstream when he-
patocyte cell/plasma membranes are damaged.?**
Herbal therapies have demonstrated effective alter-
natives to hepatotoxic drug side effects. Only four plants
have been scientifically clarified using internationally ac-
cepted standard protocols to develop evidence-based

22,23 out

SGPT alternative herbal hepatoprotective drugs,
of the many herbs and herbal medicines reported to have
hepatoprotective effects.?*?* A potent herbal hepatopro-
tective agent, silymarin, a flavonolignan derived from Si-
lybum marianum (milk thistle), protects the liver from
damage through antioxidative, antilipid peroxidative, an-
ti-inflammatory, membrane-stabilizing, immunomodu-
latory, and liver-regenerating mechanisms.”*® Typically,
oral Silymarin is prescribed at 600 mg/day, or 200 mg
thrice daily, for medical therapeutic purposes. This study
will employ an oral daily dose of 50 mg/kg of silymarin
for treatment, since the 200 mg milk thistle plant extract
typically includes 140 mg of silymarin or 70% silymarin
concentration. In light of the ongoing search for more po-
tent hepatoprotective agents, we plan to assess the hepa-
toprotective effects of the crude ethanolic rhizome extract
of Picrorhiza kurroa, also known as the mango plant, in
a mouse model by following the internationally recog-
nized standard scientific protocol.”® Kutki, also known as
P, kurroa Royle ex Benth, is a member of the Scrophular-
iaceae family. North Burma, West China, South-ESGOT
Tibet, and the Himalayan region (Garhwal to Bhutan)
are home to the perennial herb P, kurroa. It grows spon-
taneously in organic soils and on rock fissures in al-
pine areas. Though considered an important medicinal
herb, it is mainly used in traditional medicine to treat
snake bites, fever, jaundice, liver problems, and malaria.
P, kurroa has anti-microbial, anti-oxidant, anti-bacterial,
anti-mutagenic, cardio-protective, hepato-protective, an-
ti-inflammatory, anti-diabetic, anti-malarial, anti-ulcer,
anti-cancer, and nephroprotective pharmacological qual-
ities.*®>*' For herbal/botanical products sold commercial-
ly, ensuring that the raw material used is real P. kurroa.
Overusing P. kurroa for medicinal purposes has jeopar-
dized the plant’s conservation status in several places. The
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plant population is severely impacted by the widespread
use of this remedy by locals to treat a wide range of ail-
ments.””?* Additionally, the purpose of this work is to ex-
amine the hepatoprotective, ameliorative and antioxidant
properties of the crude ethanolic rhizome extract against
azithromycin and paracetamol-induced hepatotoxicity in
a mouse model.

Aim

This study aimed to evaluate the protective and ame-
liorative effects of P. kurroa rhizome extract against
drug-induced liver injury in a rat model.

Material and methods

Sampling and authentication of plant extracts

From July to September 2023, fresh P kurroa rhizomes
were harvested from hill crops at the Bimla Logistics Om
complex in Raja Rani Vihar, Haldwani (UK), India. Bot-
anists verified the taxonomic identification. Mr. R S.
Jayasomu, the Chief Scientist Head of RHMD, and Dr.
Sunita Garg, the Former Chief Scientist Head of RHMD,
CSIR-National Institute of Science Communication and
Information Resources (NISCAIR), verified the plants.
The ethical number for animal experiments is added in the
form of CPCSEA (1204/PO/Re/S/08/CPCSEA) Animal
Welfare, Swami Vivekanand Subharti University Meerut.

Physico-chemical characteristics

Plant extraction method

To remove any earthy elements, the P. kurroa rhizome
was thoroughly cleansed with water. After letting it air
dry in the shade at room temperature, it was carefully
weighed and machine-ground into a fine powder using
a mixer grinder. Using a Soxhlet device, the powdered
material was subjected to solvent extraction with etha-
nol (99.9%) at 50-60°C for 48 hours at room tempera-
ture. To dry the extract, an oven preheated to 40°C was
utilized. The crude extract was kept dry and sealed in an
airtight container for the next experiment.

Physical-chemical property evaluation

Using the Unani Pharmacopoeia of India, different
physicochemical properties were determined.’ The
following chemical and physical attributes have been
evaluated: drying loss, total amount of ash, sulfate ash,
water-soluble ash, and acid-insoluble ash.”

Preliminary phytochemical analysis

A preliminary phytochemical examination was per-
formed using recognized techniques to determine the
presence or absence of specific phytoconstituents.*”

Assay to determine antioxidant activity (DPPH)
Using the standard protocol described by Braca A. et
al. the 2, 2-diphenyl1-picrylhydrazyl (DPPH) assay was

used to assess the free radical scavenging activity of the
ethanol extract of the P. kurroa rhizome in vitro.*® The
proportion of radical scavenging activity (RSA) was cal-
culated using the following formula: RSA=[(A0 - A1)/
A0]x100 where A0 is the absorbance of the control and
Al is the absorbance of the samples after thirty min-
utes. The IC,, value indicated the plant extracts’ ability
to scavenge free radicals. The IC,, value is the concen-
tration of a sample (in ug/mL) that inhibits 50% of the
DPPH radical.*

Pharmacological studies

Experimental animals

We chose all sexes of Wister albino rats weighing 180-
220 g. The experiments were carried out according to
the CPCSEA criteria for the use and care of experimen-
tal animals and the moral principles approved by the
Institutional Animal Ethics Committee (IACE) guide-
lines for animal care. The ethical number for animal
experiments is added as CPCSEA (1204/PO/Re/S/08/
CPCSEA) Animal Welfare, Swami Vivekanand Subharti
University Meerut.

Assessment of acute toxicity

The acute oral toxicity was evaluated at a test limit test
dose of 2000 mg/kg following the parameters described
in the Organization for Economic Cooperation and De-
velopment (OECD)-425.

Evaluation of hepatoprotective activity

The PCM and AZM-induced liver damage method was
modified and utilized to evaluate the hepatoprotective
effect in vivo. This method has been reported in sever-
al studies.

Experiments and procedures
There were six groups (n=6) of the animals. Wistar al-
bino rats (150-250 g body weight) of both sexes (male
and female) were used. Work carried out on accredited
CPCSEA (1204/PO/Re/S/08/CPCSEA) Animal Wel-
fare, Swami Vivekanand Subharti University Meerut.*
Oral administration of Silymarin (50 mg/kg) and P.
kurroa (200 and 400 mg/kg) was performed for 14
days. To cause liver damage, PCM (250 mg/kg, p.o.)
and AZM (200 mg/kg, p.o.) were administered contin-
uously for 7 days, from the 7th to the 14th day, 2 hours
after the test, in addition to the usual drug adminis-
tration.*"*

The following is a summary of the experimental
groups:

Group 1: Normal control (seven days of 0.5 percent
CMC administration to rats),

Group 2: Toxicant control (Rats were administered
0.5% CMC for seven days in conjunction with 250 mg/
kg of PCM and 200 mg/kg of AZM),
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Group 3: Silymarin (Rats received 50 mg/kg of Sily-
marin suspension (p.o.) for 14 days along with toxicants
(7 days’ worth of 250 mg/kg PCM and 200 mg/kg AZM),

The rats in groups 4 and 5 were given a 14-day course
of treatment consisting of 200 and 400 mg/kg p.o. extract
of P. kurroa, along with a combination of toxicants PCM
(250 mg/kg) and AZM (200 mg/kg) for 7 days.

On the fourteenth day, the animals were anesthe-
tized with diethyl ether. The blood was then extracted
and coagulated and serum was separated to determine
enzyme activity. A section of liver tissue was immediate-
ly placed in 10% formalin for histological examination.

Estimation of serum biochemical parameters
Biochemical indicators include serum levels of SGOT.
As directed by the manufacturer, we measured serum
levels of total bilirubin (TB), alkaline phosphate (ALP)
and SGPT using commercial enzyme biochemical diag-
nostic kits (Sigma-Aldrich (Merck KGaA), Darmstadt,
Germany).

Antioxidant activity (in vivo)

To assess in vivo antioxidant activity, the levels of SOD,

CAT, LDH, and GSH were measured in blood plasma

and liver tissue.

1. Superoxide dismutase (SOD) activity: The nitro blue
tetrazolium (NBT) reduction method, as outlined by
Marklund and Marklund, was used to measure the
SOD activity. NBT, xanthine oxidase, and tris-HCI
buffer were all present in the reaction mixture. The
NBT decrease was tracked at 560 nm.*

2. Catalase (CAT) activity: By detecting the break-
down of hydrogen peroxide (H,0,), as explained
by Aebi, CAT activity was evaluated. At 240 nm, a
reduction in absorbance was noted.*

3. Lactate dehydrogenase (LDH) activity: LDH activ-
ity was assessed with a standard commercial enzy-
matic test kit in accordance with the manufacturer’s
instructions. The transformation of pyruvate to lac-
tate was observed at 340 nm.*

4. Reduced glutathione (GSH) level: Ellman’s reagent
method was used to measure GSH levels. At 412
nm, the yellow-colored complex’s development was
measured.*®
Absorbance measurements were conducted utiliz-

ing a Thermo Fisher Scientific Multiskan GO microplate

reader (Waltham, MA, USA), which is outfitted with a

UV-visible spectrophotometer.

Histopathological studies

Liver tissue was embedded in paraffin, fixed for 24
hours in 10% formalin, and then sectioned into 5-mm-
thick pieces using a rotary microtome. The sections
were stained with hematoxylin-eosin dye under a mi-
croscope to examine the liver’s histology.

Statistical analysis

Data were expressed as meanststandard errors of mean
(SEM). The analysis was performed using the software
application GraphPad Instat 3 (GraphPad Software,
La Jolla, California, USA). Each experiment was com-
pleted, and all data are shown as mean+SD. A one-way
ANOVA with Post Hoc Tukey’s test assesses the sig-
nificance of mean differences: a=extremely significant,
b=significant, and ns=not significant.

Results

The percentage yield of crude extract

Table 1 presents the crude ethanol extract yield percent-
age was found.

Table 1. The crude ethanol extract’s yield percentage was

found
Fraction Color of extract Yield of extract (g) Yield of extract (%)
Ethanol Brown 24.6 15.62

Physicochemical property analysis

As indicated in (Table 2), the inorganic components
of the ash are essential reference points for determin-
ing the validity and purity of the drug. The consistency,
kind, color, and yield of each plant material extract were
also examined.

Table 2. Physicochemical analysis of P. kurroa

Physicochemical parameters % w/w
Ash value
Total ash 13.6
Acid insoluble ash 1.57
Water soluble ash 7.25
Extractive value
Ethanol 95% 2.544
Loss on drying 8.345

Preliminary phytochemical research

Alkaloids, glycosides, flavonoids, tannins, steroids, sa-
ponins, and quercitin are some phytochemicals that can
be found in plant materials. Table 3 shows that the etha-
nolic extract of P. kurroa contained all the phenolic and
flavonoid content.

In vitro antioxidant activity assays

Plants with antioxidant qualities have medicinal uses.
Due to this, the well-known DPPH technique was used
to detect free radical scavenging activity in the etha-
nolic extract of P. kurroa, as Table 4. 87.15+0.12 per-
cent of DPPH radical scavenging activity is found in
the ethanolic extract of the rhizome of P. kurroa, de-
pending on the dose. Whereas the standard ascorbic
acid had an IC,; of 35.20 g/mL, the extract was 48.62
g/mL (Fig. 2).
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Table 3. A preliminary phytochemical screening was
performed on the ethanolic extract of the P. kurroa rhizome
to assess its effectiveness*

Inference of the
. . ethanolic extract
Constituents Test Observation of the P kurrod
(rhizome)
Saponins Frothing Frothing persists for 15 min. +
Alkaloids Mayer's White-cream ppt +
Draggondorf’s Orange ppt +
Wagner’s Reddish-brown ppt +
Flavonoids Fedl, Green or violet ppt -
Shinoda Orange-red ppt +
Tannins Lead subacetate Cream ppt +
Steroids and Lieberman-Buchard Blue-green color at -
terpenes interphase +
Salkowski Reddish color

Carbohydrates Molish's Reddish ring +
Fehling’s Red +
Phenols Fed, Bluish black color Pin blood +
Glycosides Legal’s Red ppt +
Fehling’s Red ppt +

* (+) — present, (-) — absent

Tables 4. Free radical scavenging activity of 1,1-diphenyl-2
picrylhydrazyl (DPPH) for ethanolic extract of P. kurroa

Concentration DPPH scavenging activity (% inhibition)
(ng/mL) Standard (ascorbic acid) Ethanol extract of P, kurroa
10 29.22+0.32 19.12+0.30
20 39.73+0.07 29.25+0.19
40 57.71+0.81 4336+ 0.19
60 66.34+0.94 57.71+0.53
80 85.75+0.56 77.5440.25
100 95.23+0.17 87.15+0.12
¢ 350 16182

Acute oral toxicity study of the ethanol extract of P. kur-
roa (rhizome) in rats

Table 5. Acute oral toxicity study of the ethanol extract of
P. kurroa in rats

S.N. Response Animals
Before treatment After treatment
1 Alertness Normal Normal
2 Grooming Absent Absent
3 Restlessness Absent Absent
4 Touch response Absent Absent
5 Torchresponse Normal Normal
6 Painresponse Normal Normal
7 Tremors Absent Absent
8  Convulsion Absent Absent
9  Gripping strength Normal Normal
10 Corneal reflux Present Present
1 Writing Absent Absent
12 Pupils Normal Normal
13 Salivation Normal Normal
14 Skin colour Normal Normal

100
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8 80 -
Z
£ 70 o
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- 60 -
o0
-] 50 -
E
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Fig. 2. Comparison of DPPH Scavenging activity between P,
kurroa and standard (ascorbic acid)

Hepatoprotective parameter estimation

Table 6. Impact of P. kurroa on liver enzymes against PCM
and AZM-induced liver toxicity in rats*

SGPT  SGOT ALP Bilirubin  Protein  Albumin
() () (7] (mg/dl)  (Gm/dl)  (gm/dl)

Normal (control)  31.5£1.6 33%13 14425+ 148 0.8+0.10 7.521£0.09 4.986:0.2

Group

PCM (250 mg/

107.76= 196+ o 10245+ . 4726k
hEAMQOD LTl ATEET0T T A%6E04
mg/kg)
PCM (250 mg/kg)
+AIM(200mg/ M4+ 5824+ L. 0751+ \ .
iSmain 45 4ge 1HOSE2I g TEEE03 494503
(50 ma/kg)
PCM (250 mg/
kg £AZM (200 6224+ 14324+ , 08132+ , 4876+
mg/kg)+P kurroa 32" 1n2 1544245 0.02° 6675+03 04°
(200 mg/kg)
PCM (250 mg/
kg£AZM (200  59.6+5.2™ 71.74+ 0.55+ 5.467+

+ b + ns

mg/kg)£P kurroa 49 ST 0.05 77203 0.09°
(400 mg/kg)

* all data are presented as mean=SD, the significance of
mean differences is determined using a one-way ANOVA
with Post Hoc Tukey'’s test, a — highly significant, b -
significant, ns — not significant

Table 7. Protective effects of P. kurroa on hepatic
antioxidant enzyme activities against PCM and AZM-
induced hepatotoxicity in rats*

SOD CAT LDH GSH
Group (U/mgof  (uM/min/mg (w/mg of
. . (U) p
protein) of protein) protein)
Normal (control) 4642455 196.44+1595 155.89+39.17 20.32+1.13
POMQSOMONGIEATM o7 )00 32074985 7039442887 6874165
(200 mg/kg)
PCM (250 mg/kg) £AZM

(200 mg/kg)+Silymarin -~ 43.94+3.49™ 177.43+38.33™ 171.845+33.26° 18.34+3.34°
(50 mg/kg)

PCM (250-£AZM (200 mg/
kg)£P, kurroa (200 mg/kg)

35.69+7.83 127.5247.98° 234.13+36.22° 11.17+330

PCM (250+AZM (200 mg/

+ ns + b + b + ns
kg)P kurroa (400 ma/kg) 41.02+7.69"  160.45+5.70°  180.65+28.56° 15.48+2.01

* all data are presented as mean=SD, the significance

of mean differences is determined using a one-way
ANOVA with Post Hoc Tukey'’s test, a highly significant, b —
significant, ns not significant
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Fig. 3. Effects of P. kurroa on histopathological changes induced by PCM and AZM in rats, A: control group, B: animals
treated with PCM (250 mg/kg) and AZM (200 mg/kg), C: animal treated with PCM (250 mg/kg) and AZM (200 mg/kg) and
Silymarin (50 mg/kg), D and E: animals treated with PCM (250 mg/kg) and AZM (200mg/kg) and P. kurroa (200 and 400mg/kg)

(H&E,200X)

Histopathological evaluation

The cellular architecture of liver tissue in each group of
rats was examined using histopathological examination,
and the results are shown in Figure 3. The photomicro-
graph of the liver revealed normal hepatic cell architec-
ture, with transparent cytoplasm, slightly dilated central
veins, normal kupffer cells, and normal prominent nuclei
in every cell (Fig. 3A). Figure 3B illustrates the deformed
architecture and a vast area of necrosis in the liver tissue
of the PCM and AZM control groups. Figure 3C of the
Silymarin group’s -3 also revealed no necrosis and fewer
inflammations in the liver cells. Following pretreatment
with 200 mg/kg and 400 mg/kg of P. kurroa extract, re-
spectively, animal groups 4 and 5 displayed more of the

liver tissue’s normal architecture with the SGOT amount
of inflammation (Figures 3D and 3E). All histological ob-
servations were performed with hematoxylin and eosin
(H&E stain, 200X) techniques, with 200 magnification
power, and corroborated the production of hepatotoxici-
ty by PCM in combination with AZM and the hepatopro-
tective action of P. kurroa extract.

Discussion

In the current study, we demonstrated the antioxidant
approach of P. kurroa and Silymarin for hepatotoxici-
ty induced by PCM and AZM: a a histological and bio-
chemical study would typically interpret the findings,
relate them to the existing literature and suggest im-
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plications for future research and clinical practice.***
Here is a structured discussion based on what the article
probably covers: the exposure of PCM and AZM expo-
sure to the rats’ consequence in a vital increase in serum
SGOT, SGPT, ALP, bilirubin, protein and albumin for
P. kurroa when levels were compared from the control
Group in Table No. 6. In group II, IV and V, the lethal
activity of PCM and AZM was steadily reversed in the
rats by demonstrating the vital reduction into the serum
SGOT, SGPT, ALP and Bilirubin. Important increments
were found in the protein and albumin levels. Group
III, administration of Silymarin (standard) demonstrat-
ed a significant decrease in marker enzymes of the liver;
however, an important increment was found in protein
and albumin levels.**

To further understand the hepatoprotective ac-
tivity of P kurroa, this investigation verified the activ-
ity and potency of antioxidant enzymes, for example,
SOD, CAT, and LDH, in addition to the levels of GSH
in the animal’s liver. Antioxidant enzymes such as CAT
and GSH were regarded as major protective systems for
protection from oxidative damage. Administration of
PCM and AZM caused vital alterations in SOD, CAT,
LDH, and GSH when they were compared with rats of
the normal group. The data obtained demonstrated the
effects of PCM and AZM-induced liver toxicity on the
liver’s functions parameter; for example, SOD, CAT,
LDH, and GSH could be efficiently balanced by the eth-
anolic extract of P. kurroa rhizome.”>** The study shows
that both P. kurroa and Silymarin significantly amelio-
rate liver damage caused by PCM and AZM. The reduc-
tion in liver enzyme levels and improved histological
outcomes indicate that these natural antioxidants (ef-
fectively counteract hepatotoxicity). This supports the
hypothesis that P. kurroa and Silymarin have potent
hepatoprotective properties.”® The findings align with
previous research highlighting the hepatoprotective ef-
fects of Silymarin, which has been extensively studied
and used clinically for liver disorders. However, the
study adds value by providing new information on the
protective effects of P. kurroa, particularly in the context
of drug-induced liver injury.

The combination of P. kurroa and Silymarin may of-
fer enhanced protection compared to either agent alone,
suggesting a potential synergistic effect. This is consistent
with other studies showing that the combination of dif-
ferent antioxidants can result in better therapeutic out-
comes.* The protective effects observed in this study can
be attributed to the antioxidant properties of P. kurroa
and Silymarin. P. kurroa, rich in picrosides, likely exerts
its effects by scavenging free radicals, reducing oxidative
stress, and modulating inflammatory pathways. On the
contrary, silymarin stabilizes hepatocyte membranes, in-
hibits lipid peroxidation, and enhances protein synthesis,
promoting liver cell regeneration. The reduction in oxida-

tive stress markers and the preservation of hepatic archi-
tecture in the treated groups further support the notion
that both P. kurroa and Silymarin mitigate the damaging
effects of NAPQI (from PCM metabolism) and azithro-
mycin-induced oxidative stress.”

The histological analysis showing reduced necro-
sis, inflammation, and fatty changes in the liver tissue of
treated groups correlates well with the biochemical find-
ings. This concordance reinforces the conclusion that P
kurroa and silymarin prevent biochemical alterations
and protect the structural integrity. Normalization of
liver enzymes, coupled with histological improvement,
suggests that P. kurroa and Silymarin facilitate the re-
covery of liver function, which is crucial for overall
health of the organism. Given the widespread use of
PCM and AZM, the hepatoprotective effects of P. kurroa
and Silymarin could have significant clinical implica-
tions. These findings suggest that P. kurroa and Sily-
marin could be considered adjunct therapies in patients
receiving potentially hepatotoxic drugs, especially in in-
dividuals with preexisting liver conditions or those at
higher risk of drug-induced liver injury. The study also
underscores the importance of exploring natural antiox-
idants as safer alternatives or complements to synthet-
ic drugs in managing liver toxicity. Although the study
provides strong evidence for the hepatoprotective effects
of P. kurroa and silymarin, some limitations should be
acknowledged. For instance, the study was conducted
in animal models, and thus, the results may not directly
translate to humans without further clinical trials. Fur-
thermore, the exact molecular mechanisms underlying
the protective effects of P. kurroa and Silymarin could be
further elucidated through more detailed studies, such
as those involving gene expression analysis or advanced
imaging techniques.* Future research could explore the
long-term effects of treatment with P. kurroa and Sily-
marin, potential dose-response relationships, and the
efficacy of these compounds in human clinical trials.
Moreover, investigating the impact of P. kurroa and Si-
lymarin on other forms of drug-induced hepatotoxici-
ty or in combination with other hepatoprotective agents
could be valuable. The exploration of different natural
products with similar antioxidant properties could also
lead to the discovery of new therapeutic agents for liver
protection.’”*®

Conclusion

The study concludes that P. kurroa and Silymarin sig-
nificantly protect against PCM and AZM-induced hep-
atotoxicity. These findings reinforce the therapeutic
potential of natural antioxidants for liver protection
and suggest a promising avenue for the development
of adjunctive therapies in hepatology. This discussion
integrates the study findings with broader scientific
knowledge, highlights the implications for clinical prac-
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tice, and suggests avenues for further research. In sum-
mary, this study has shown that the rhizome extract of
P kurroa exhibits strong hepatoprotective properties
against paracetamol and azithromycin in rats. In ad-
dition, phenolic compounds and flavonoids have been
reported in plants on the basis of phytochemical data.
Their potential as antioxidants may account for their
hepatoprotective properties.

Declarations
Funding
The authors received no external funding.

Author contributions

Conceptualization, M.K. and V.R.; Methodology, V.R.
and S.K.; Software, M.K.; Validation, M.K., V.R. and
A K.M.; Formal Analysis, M.K.; Investigation, V.S.; Re-
sources, V.R.; Data Curation, M.K.; Writing - Origi-
nal Draft Preparation, M.K. and V.R.; Writing — Review
& Editing, V.R.; Visualization, V.R; Supervision, V.R;
Project Administration, V.R.; Funding Acquisition, V.R.

Conflicts of interest

The authors declare that they have no potential conflicts
of interest regarding the research, authorship, and pub-
lication of this article.

Data availability

All data generated or analyzed during this study are in-
cluded in the published article. Any additional data sup-
porting the findings of this study are available from the
corresponding author upon reasonable request.

Ethics approval

The ethical number for animal experiments is added in
the form of CPCSEA (1204/PO/Re/S/08/CPCSEA) An-
imal Welfare, Swami Vivekanand Subharti University
Meerut.

References

1. Niknahad H, Heidari R, Alzuhairi AM, Najibi A. Mito-
chondrial dysfunction as a mechanism for pioglitazo-
ne-induced injury toward HepG2 cell line. Pharm Sci.
2014;20(4):169-174.

2. Fisher K, Vuppalanchi R, Saxena R. Drug-Induced Liver
Injury. Arch Pathol Lab Med. 2015;139(7):876-887. doi:
10.5858/arpa.2014-0214-RA

3. Arvanitakis K, Koufakis T, Kalopitas G, Papadakos SP,
Kotsa K, Germanidis G. Management of type 2 diabe-
tes in patients with compensated liver cirrhosis: Short
of evidence, plenty of potential. Diabetes Metab Syndr.
2024;18(1):102935. doi: 10.1016/j.dsx.2023.102935

4. Chojkier M. Troglitazone and liver injury: in search of an-
swers. Hepatology. 2005;41(2):237-246.

5. Segovia-Zafra A, Di Zeo-Sdnchez DE, Lopez-Gomez C, et

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

al. Preclinical models of idiosyncratic drug-induced liver
injury (iDILI): Moving towards prediction. Acta Pharm Sin
B.2021;11(12):3685-3726. doi: 10.1016/j.apsb.2021.11.013
Allison R, Guraka A, Shawa IT, Tripathi G, Moritz W, Ker-
manizadeh A. Drug induced liver injury-a 2023 update. J
Toxicol Environ Health B. 2023;26(8):442-467.

Deng X, Luyendyk JP, Ganey PE, Roth RA. Inflammatory
stress and idiosyncratic hepatotoxicity: hints from animal
models. Pharmacol Rev. 2009;61(3):262-282. doi: 10.1124/
pr.109.001727

Ilukho FA, Fasipe O], Aigbe FR. Evaluating the hepatopro-
tective, ameliorative and antioxidant potentials of the cru-
de aqueous leafy extracts of Mangifera indica plant against
acute paracetamol-induced hepatotoxicity in a mouse mo-
del. Futur Sci OA. 2022;8(6):FSO801.

Mihajlovic M, Vinken M. Mitochondria as the target
of hepatotoxicity and drug-induced liver injury: mo-
lecular mechanisms and detection methods. J Mol Sci.
2022;23(6):3315. doi: 10.3390/ijms23063315

Szabo C, Ransy C, Modis K, et al. Regulation of mitochon-
drial bioenergetic function by hydrogen sulfide. Part 1.
Biochemical and physiological mechanisms. Br ] Pharma-
col. 2014;171(8):2099-2122. doi: 10.1111/bph.12369

Kalas MA, Chavez L, Leon M, Taweesedt PT, Surani S.
Abnormal liver enzymes: A review for clinicians. World
J Hepatol. 2021;13(11):1688-1698. doi: 10.4254/wjh.v13.
i11.1688

Giannini EG, Testa R, Savarino V. Liver enzyme alteration:
a guide for clinicians. CMAJ. 2005;172(3):367-379. doi:
10.1503/cmaj. 1040752

Green RM, Flamm S. AGA technical review on the
evaluation of liver chemistry tests. Gastroenterology.
2002;123(4):1367-1384. doi: 10.1053/gast.2002.36061
Chadha MS, Walimbe AM, Chobe LP, Arankalle VA.
Comparison of etiology of sporadic acute and fulmi-
nant viral hepatitis in hospitalized patients in Pune, In-
dia during 1978-81 and 1994-97. Indian ] Gastroenterol.
2003;22:11-15.

Narjes H, Nehmiz G. Effect of hospitalisation on li-
ver enzymes in healthy subjects. Eur J Clin Pharmacol.
2000;56:329-333. doi: 10.1007/5002280000142

Roberts EA, Schilsky ML. A practice guideline on Wilson
disease. Hepatology. 2003;37(6):1475-1492. doi: 10.1053/
jhep.2003.50252

Contreras-Zentella ML, Hernandez-Munoz R. Is liver en-
zyme release really associated with cell necrosis induced by
oxidant stress?. Oxid Med Cell Longev. 2016;(1):3529149.
doi: 10.1155/2016/3529149

David S, Hamilton JP. Drug-induced liver injury. US Ga-
stroenterol Hepatol Rev. 2010;6:73.

Lala V, Zubair M, Minter D. Liver function tests. StatPe-
arls. 2023.

Iluz-Freundlich D, Zhang M, Uhanova ], Minuk GY. The
relative expression of hepatocellular and cholestatic liver
enzymes in adult patients with liver disease. Ann Hepatol.



188

European Journal of Clinical and Experimental Medicine 2025; 23 (1): 180—189

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

2020;19(2):204-208. doi: 10.1016/j.a0hep.2019.08.004
Gupta M, Choudhury PS, Singh S, Hazarika D. Liver func-
tional volumetry by Tc-99m mebrofenin hepatobiliary
scintigraphy before major liver resection: a game changer.
Indian ] Nucl Med. 2018;33(4):277-283. doi: 10.4103/ijnm.
UNM_72_18

Pandey B, Baral R, Kaundinnyayana A, Panta S. Promising
hepatoprotective agents from the natural sources: a stu-
dy of scientific evidence. Egyp Liver J. 2023;13(1):14. doi:
10.1016/j.jep.2021.114588

Al-Snai A, Mousa H, Majid WJ. Medicinal plants possessed
hepatoprotective activity. IOSR J Pharm. 2019;9(8):26-56.
Prasathkumar M, Anisha S, Dhrisya C, Becky R, Sadha-
sivam S. Therapeutic and pharmacological efficacy of se-
lective Indian medicinal plants—a review. Phytomed Plus.
2021;1(2):100029.

Singh B, Saxena AK, Chandan BK, Agarwal SG, Bha-
tia MS, Anand KK. Hepatoprotective effect of ethanolic
extract of Eclipta alba on experimental liver damage in
rats and mice. Phytother Res. 1993;7(2):154-158.

Syed SN, Rizvi W, Kumar A, Khan AA, Moin S, Ahsan
A. Antioxidant and hepatoprotective activity of ethanol
extract of Valeriana wallichii in CCL4 treated rats. BJPR.
2014;4(8):1004-1013.

Karimi G, Vahabzadeh M, Lari P, Rashedinia M, Moshiri
M. “Silymarin”, a promising pharmacological agent for tre-
atment of diseases. Ir ] Basic Med Sci. 201;14(4):308.
Kshirsagar A, Ingawale D, Ashok P, Vyawahare N. Sily-
marin: A comprehensive review. Pharmacogn Rev. 2009;
3(5):126.

Kumar P, Shukla SK. Hepatoprotective efficacy of Picror-
hiza kurroa in experimentally induced hepatotoxicity in
cockerels. Int ] Curr Microbiol Appl Sci. 2017;6(4).

Vaidya AB, Sirsat SM, Doshi JC, Antarkar DS. Selected
medicinal plants and formulations as hepato-biliary drugs:
An Over-view. Indian ] Clin Pharmacol Ther. 1996;17:7.
Chander R, Kapoor NK, Dhawan BN. Picroliv, picroside-I
and kutkoside from Picrorhiza kurrooa are scavengers of
superoxide anions. Biochem Pharmacol. 1992;44(1):180-183.
Masood M, Arshad M, Qureshi R, et al. Picrorhiza kur-
roa: An ethnopharmacologically important plant species
of Himalayan region. PAB. 2015;4(3):407.

Kapoor LD. CRC handbook of Ayurvedic medicinal
plants. CRC press; 2018.

Council of Scientific & Industrial Research (India). The
Wealth of India: a dictionary of Indian raw materials and
industrial products. CSIR. 1972;9.

Gupta BM, Kumar S, Khanna HK. Science in India: Per-
formance of Council of Scientific and Industrial Research
laboratories based on the productivity profile of scientists.
Res Eval. 1999;8(3):177-187.

Ahmad B, Akhtar J. Unani system of medicine. Pharma-
cogn Rev. 2007;1(2):210.

Kinghorn AD. Pharmacognosy in the 21Ist century. J
Pharm Pharmacol. 2001;53(2):135-148.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Braca A, De Tommasi N, Di Bari L, Pizza C, Politi M, Mo-
relli I. Antioxidant principles from bauhinia t arapotensis.
J Nat Prod. 2001;64(7):892-895. doi: 10.1021/np0100845
Baliyan S, Mukherjee R, Priyadarshini A, et al. Deter-
mination of antioxidants by DPPH radical scavenging
activity and quantitative phytochemical analysis of Ficus
religiosa. Molecules. 2022;27(4):1326. doi: 10.3390/mole-
cules27041326

Bhaskar A, Nithya V. Evaluation of the wound-healing
activity of Hibiscus rosa sinensis L (Malvaceae) in Wistar
albino rats. Indian ] Pharmacol. 2012;44(6):694-698. doi:
10.4103/0253-7613.103252.

Zarei MH, Lorigooini Z, Khoei HA, Bijad E. Acute oral
toxicity assessment of galbanic acid in albino rat accor-
ding to OECD 425 TG. Toxicol. Rep. 2023;11:111-115. doi:
10.1016/j.toxrep.2023.07.001

Singh H, Prakash A, Kalia AN, Majeed AB. Synergistic he-
patoprotective potential of ethanolic extract of Solanum
xanthocarpum and Juniperus communis against parace-
tamol and azithromycin induced liver injury in rats. J Tra-
dit Complement Med. 2016;6(4):370-376. doi: 10.1016/j.
jtcme.2015.07.005

Zakaria ZA, Kamisan FH, Kek TL, Salleh MZ. Hepato-
protective and antioxidant activities of Dicranopteris li-
nearis leaf extract against paracetamol-induced liver in-
toxication in rats. Pharm Biol. 2020;58(1):478-489. doi:
10.1080/13880209.2020.1764058

Manokaran S, Jaswanth A, Sengottuvelu S, et al. Hepato-
protective activity of Aerva lanata Linn. against paraceta-
mol induced hepatotoxicity in rats. Res ] Pharm. Technol.
2008;1(4):398-400.

Marklund S, Marklund G. Involvement of the superoxide
anion radical in the autoxidation of pyrogallol and a co-
nvenient assay for superoxide dismutase. Eur J Biochem.
1974;47(3):469-474.

Aebi H. Catalase in vitro. Methods in enzymology 1984;105:
121-126.

Rosati G, Gherardi G, Grigoletto D, et al. Lactate Dehy-
drogenase and Glutamate Pyruvate Transaminase bio-
sensing strategies for lactate detection on screen-printed
sensors. Catalysis efficiency and interference analysis in
complex matrices: from cell cultures to sport medicine.
Sens Bio-Sens Res. 2018;21:54-64.

Ellman GL. Tissue sulthydryl groups. Arch Biochem Bio-
phys. 1959;82(1):70-77.

Radwan DA, Hussin MA, Mahmoud A. Antioxidant Ap-
proach of Nigella Sativa, Vit C and Silymarin for ameliora-
tion of Azithromycin induced Hepatotoxicity: Histologi-
cal, Immunohistochemical and Biochemical study. Egypt
Soc Clin. 2021;9(2):29-45.

Aghemo A, Alekseeva OP, Angelico F, et al. Role of silyma-
rin as antioxidant in clinical management of chronic liver
diseases: A narrative review. Ann Med. 2022;54(1):1548-
1560. doi: 10.1080/07853890.2022.2069854

Trivedi SP, Kumar V, Singh S, Trivedi A, Kumar M. Etha-



Protective and ameliorative effects of Picrorhiza kurroa rhizome extract against drug-induced liver injury in rats model

189

52.

53.

54.

55.

nolic root extract of Rauwolfia serpentina alleviates cop-
per induced genotoxicity and hepatic impairments in
spotted snakehead fish, Channa punctatus (Bloch, 1793). ]
Environ Biol. 2021;42(6):1433-1441.

Meng X, Tang GY, Liu PH, Zhao CJ, Liu Q, Li HB. Antio-
xidant activity and hepatoprotective effect of 10 medicinal
herbs on CCl4-induced liver injury in mice. World J Ga-
stroenterol. 2020;26(37):5629-5645. doi: 10.3748/wjg.v26.
137.5629

Thilagavathi R, Begum SS, Varatharaj SD, Balasubrama-
niam AK, George JS, Selvam C. Recent insights into the
hepatoprotective potential of medicinal plants and plant-
derived compounds. Phytother. Res. 2023;37(5):2102-
2118. doi: 10.1002/ptr.7821

Martinez EC, Herrera D, Mogan S, et al. Impact of sily-
marin supplements on liver enzyme levels: a systematic
review. Cureus. 2023;15(10). doi: 10.7759/cureus.47608

Lee YY, Tee V. Hepatoprotective effects of silymarin in ma-

56.

57.

58.

nagement of liver injury caused by tuberculosis treatment.
Drugs in Context. 2023;12:2-11. doi: 10.7573/dic.2023-2-11
Hassan E Khan AU, Zaidi SZ, Niazi MK, Ismail MA. In
Vitro Antioxidant and Inhibitory Study of Picrorhiza kur-
roa (Kutki), Syzygium aromaticum (Loung), Lawsonia in-
ermis (Henna), Rheum emodi (Revand Chini), Curcuma
longa (Haldi) Against Lipid Per-Oxidation in Mice Brain
and Liver. Dose-Resp. 2023;21(4):15593258231210431.
Gok E, Deveci E. Histopathological, immunohistochemi-
cal and biochemical alterations in liver tissue after fun-
gicide-mancozeb exposures in Wistar albino rats. ACB.
2022;37(4):e370404. doi: 10.1590/acb370404
Vargas-Mendoza N, Angeles-Valencia M, Morales-Gon-
zélez A, et al. Effect of silymarin supplementation in lung
and liver histological modifications during exercise tra-
ining in a rodent model. J Funct Morphol. 2021;6(3):72.
doi: 10.3390/jfmk6030072



Rzeszéw University Press 2025
ISSN 2544-1361 (online)
doi: 10.15584/ejcem.2025.1.24

http://www.ejcem.ur.edu.pl
European Journal of Clinical and Experimental Medicine
Eur J Clin Exp Med 2025; 23 (1): 190-196

ORIGINAL PAPER

Public knowledge of cancer in southern Poland

Aldona Sokotowska @ ', Adrianna Antoszewska @ ', Maria Jasiewicz @ 1,

Pawet Stoma @ 7, Sabina Skrzynecka @ ', Aleksandra Lasek @ ', Cezary Lubas @',

Julia Florek @7, Klaudia Zacher
Julia Michalik

', Justyna Kalinowska @ ', Katarzyna Znamirowska © ',

', Katarzyna Wachata @ ', Beata Sas-Korczynska © 2

Student’s Scientific Club in the Field of Oncology, Medical College of Rzeszéw University, Rzeszéw, Poland
2Department of Oncology, Radiotherapy and Translational Medicine, Institute of Medical Sciences, Medical College of
Rzeszéw University, Rzeszéw, Poland

ABSTRACT

Introduction and aim. Due to the constantly growing number of cancer cases in Polish society, our study aimed to check the
respondents’ knowledge of the broadly understood topic of cancer. The aim was to check the knowledge of Polish society and
compare it according to age, gender, level of education, place of residence, and marital status.

Material and methods. Our study was held in Podkarpackie and Malopolskie voivodeiship where participants completed a
questionnaire containing 31 questions on the topic of cancer. The survey was completed by 360 people, 248 women, and 112
men. The study locations were diverse and the interviewees came from different backgrounds, age groups, and education.
Results. The study revealed generally high awareness of cancer among 360 respondents, with 93% of whom recognized the
importance of early detection, but significant gaps were identified in knowledge about prevention methods, including vaccina-
tions (36%) and viral causes (50%). Older adults and those with lower educational levels showed significantly lower awareness
(p<0.05), highlighting the need for targeted educational initiatives.

Conclusion. The survey we conducted clearly shows that the state of knowledge about cancer in Polish society is not yet fully sat-
isfactory. The conclusion that arises from our survey concerns the dissemination of knowledge about primary cancer prevention.
Keywords. cancer knowledge, cancer prevention, health education, southern Poland

Introduction caused by some entity foreign to our bodies. Their de-

Cancers are a broad group of diseases that include fo-
cal lesions with a good prognosis and malignant system-
ic processes, where long-term survival is rare. Tumors
have affected multicellular living things for more than
200 million years, and there is evidence of cancer among
the ancestors of modern humans dating back well over a
million years. Unlike infectious diseases, parasites, and
many environmental diseases, cancers are not primarily

structive agents are human cells that have, as it were, lost
control of themselves and have been recruited and, to
some extent, transformed into pathological organisms
or building blocks of tumors.!

Since the mid-1960s, the number of cancer cases in
Poland has increased approximately 2.5 times and contin-
ues to rise. The reasons for this phenomenon are related to
factors such as an increase in the average life expectancy
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and changes in lifestyle, such as tobacco smoking, an un-
healthy diet, and lack of physical activity.> While the Pol-
ish healthcare system has achieved some progress in the
field of cancer treatment, access to modern therapies and
research remains a challenge. Combating cancer in Po-
land requires an integrated approach that includes pre-
vention, early detection, effective treatment, and support
for patients and their families. Government and health or-
ganizations continue to work to improve oncological care
through investments in advanced diagnostics, targeted
therapies, radiation therapy, and the development of pre-
ventive programs. However, fighting cancer requires the
participation of all of society, education about healthy life-
styles, and regular screening tests to achieve positive re-
sults in combating this serious disease. Early detection of
malignant tumors is crucial for effective treatment and an
improved prognosis. Therefore, regular preventive screen-
ings and early response to concerning symptoms are essen-
tial to reduce the risk associated with this serious disease.’

In 2020, the Polish National Cancer Registry re-
ceived information on nearly 146,200 new cancer cases
and 99,900 deaths from them. Compared to 2019 regis-
try, malignant tumors are still the second leading cause
of death in Poland, causing 21.8% of deaths in men and
20% of deaths in women in 2020. They represent a signif-
icant health problem primarily in young and middle-aged
people. This phenomenon is particularly evident in the fe-
male population, where for several years, cancer has been
the most common cause of death before the age of 65, ac-
counting for 28.3% of deaths in young women and 41.6
% of deaths in middle-aged women.* As claimed by the
European Cancer Inequalities Registry from 2023 cancer
mortality in Poland is higher than the EU average, and the
cause of this may be the delay in diagnosis and restricted
access to the best treatment. For that reason, the Polish
National Oncological Strategy has taken steps to improve
quality of health care benefits by: increasing the amount of
health care providers to reduce the waiting time for diag-
nosis, investing in popularization of healthy eating habits,
conveying the importance of physical activity that is key
to primary prevention, increasing funding for more tech-
nologically advanced systems of secondary prevention, as
well as financing more research to find a way for the most
effective treatment and diagnostics available.*®

It has been shown that about 30-50% of cancers are
preventable. According to forecasts based on the GLOB-
OCAN study, the upward trend is expected to continue
and by 2030, new cancer cases in Poland could exceed
220,000 individuals. Malignant tumors have become a
serious threat to Polish society, and if the growing trend
in the incidence of cancer persists, they may soon be-
come the leading cause of death before the age of 65,
surpassing deaths due to cardiovascular diseases.*’

That is why it is so important to have knowledge in
society about cancer, its prevention, and mechanisms of

formation, as prevention is definitely better than cure.
There are many cancer education and prevention cam-
paigns available in our country that reach a wide audi-
ence.” The widespread European Cancer Code and the
12 ways to be healthy contained therein are an excellent
source of knowledge about cancer. In the media, such as
television, radio, and the Internet, there are articles, in-
formational programs, and advertisements related to the
risks of cancer and treatment options. However, the lev-
el of awareness in society can vary. Some people may be
more aware of the risks and importance of prevention,
while others may have limited knowledge on this topic.

Aim

The aim of our paper was to evaluate whether the citi-
zens of Podkarpackie and Malopolskie voivodeships in
Poland know the basic facts about this diverse and dev-
astating group of diseases.

Material and methods

We created a survey consisting of 31 closed questions,
which was completed by 360 people, including 248 wom-
en and 112 men. This gives us 6 metrics and 2 main ele-
ments, which are the survey and the group of respondents.

The study was conducted in various social groups,
including, among others: factors: age, gender, resi-
dence, education, occurrence of cancer in the family.
Consent was obtained by conducting a survey. Surveys
were sent online to people interested in participating
in the study.

Data were collected from different age groups from
14 to 65 years old, which differed in gender, education,
place of residence, and marital status. Data collection and
organization were performed using Excel. The study was
carried out in both paper form in various centers and in
the form of online surveys. The geographical area covers
two voivodeships: Podkarpackie and Malopolskie.

The questionnaire was designed in accordance with
the principles of survey methodology to ensure its reli-
ability, completeness, and acceptability to respondents.
The questions were created based on research in the
previous literature to ensure their validity. The research
team analyzed the questions to ensure that they were
understandable and not misleading to the respondents.
The questionnaire was tested in a small group of respon-
dents as part of a pilot study. This was to assess whether
the questions were understandable and the time needed
to complete the questionnaire was acceptable. The com-
ments collected were used to modify the questionnaire.

Statistical analysis was performed using Statistica
13.1 (Statsoft, USA). The Pearson x* test was used to ex-
amine interactions between qualitative variables. The sig-
nificance level of a=0.05 was assumed. Abbreviations and
symbols used: p - statistical significance value, if p<0.05 -
there is a significant difference between the groups.
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Our study obtained a positive opinion from the Bio-
ethics Committee of Rzeszow University (Resolution
number: 2022/101 date; 07 December 2022).

Table 1. Demographic characteristics of the respondent
group

Demographic feature Category Number (n) Percentage (%)

Age 14-17 114 32%
18-24 106 29%

25-34 6 2%

35-50 28 7%

51-64 4 12%

65+ 64 18%

Gender Male 12 31%
Female 248 69%

Marital status Married 87 24%
Single 229 64%

Divorced 9 2%

Widow 31 9%

In separation 4 1%

Professional situation Student 215 60%
Full-time 50 14%
Retired 2 0.5%

Unemployed 5 1%

Entrepreneur 6 2%

Pensioner 79 22%
Hired work 2 0.5%

Cancer history Yes 22 6%
No 338 94%

Table 2. Knowledge of cancer prevention

Question Answer  Number (n) Percentage (%)
Do you think that viruses can cause cancer? Yes 180 50%
No 7 33.6%
Don't know 59 16.4%
Do you believe that mental attitude can Yes 252 70%
speed up recovery?
No 57 15.8%
Don’t know 51 14.2%
Was cancer knowledge adequately conveyed ~ Yes 139 38.6%
during your education?
No 220 61.1%
Don't know 1 0.01%
Are there vaccines that can prevent/reduce Yes 121 33.6%
cancer risk?
No 109 30.2%
Don't know 130 36.1%
(an obesity increase the risk of developing Yes 220 61.1%
cancer?
No 84 23.3%
Don't know 56 15.5%
Results

The study involved 360 respondents, diverse in terms of
age, gender, marital status, education, professional situ-
ation, and history of cancer (Table 1). The majority of
the respondents (94%, n=338) had no personal experi-
ence with cancer, while 6% (n=22) reported having or

currently having cancer. In turn, 61% (n=219) of the re-
spondents admitted that their family had a history of
cancer, which may influence perception of risk factors
and knowledge of the disease. The age structure of the re-
spondents was varied, but the largest group were people
aged 50-64 (29%, n=106). Knowledge of cancer in the
study group was generally good, although there were sig-
nificant gaps in some areas. As many as 93% of respon-
dents agreed with the statement that early detection of
cancer increases the chances of survival. However, only
46% of the respondents were convinced that early detec-
tion of cancer can lead to complete cure, which indicates
alack of full understanding of the importance of preven-
tion and early diagnosis. More than 90% (n=360) of the
respondents believed that a family history of cancer in-
creased the risk of developing cancer, indicating a high
awareness of the genetic determinants of the disease. Sig-
nificant gaps in knowledge concerned prevention based
on vaccinations and the association of obesity with can-
cer. Only 36% of respondents were aware that there are
vaccines that can prevent some types of cancer, such as
cervical cancer. Furthermore, only 50% of respondents
knew that viruses can cause cancer, which indicates
a need for education on viral risk factors for cancer, such
as the HPV virus. Most respondents (61%, n=220) were
aware that obesity can lead to the development of cancer,
but still as many as 39% had limited knowledge on this
subject or were not sure. The analysis showed a varied
level of knowledge depending on demographic factors.
Older respondents (over 65 years of age) and those with
a lower level of education showed significantly lower lev-
els of knowledge about cancer compared to younger and
better educated participants (p<0.05). Furthermore, peo-
ple with a family history of cancer were characterized by
a greater awareness of risk factors and available meth-
ods of cancer prevention, suggesting that direct experi-
ence with the disease has a positive impact on the level
of oncological knowledge. The analysis of the relation-
ships between knowledge and demographic factors in-
cluded variables such as age, marital status, professional
situation, and personal and family history of cancer. The
results indicate that age, education, and personal expe-
rience with cancer are significant predictors of the level
of knowledge about cancer (Table 2). Respondents who
had personal experience with cancer, both in their own
life and in their family, had a higher level of knowledge
about risk factors, prevention, and available treatments.
In summary, the results of the study indicate a satisfac-
tory level of knowledge among respondents regarding
basic information about cancer, but significant gaps con-
cern prevention, in particular vaccinations and factors
related to obesity. The groups with the lowest level of
knowledge are older people and those with lower levels
of education, which suggests the need to direct educa-
tional activities to these populations (Table 3).
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Table 3. Prognostic factors related to knowledge about
cancer prevention

Number Percentage

Factor Category Question Answer - %)
Age <65  Doyoubelieve mental ~ Yes 196 66.2%  0.05
attitude speeds up
recovery?
No 40 13.5%
Don't 50 16.8%
know
=65 Yes 56 87.5%
No 1 0.02%
Don't 7 0.1%
know
Education Higher Do you think that Yes 15 28.8%  <0.001
level HPV vaccinations
fully protect against
cervical cancer?
No 18 34.6%
Don't 19 36.5%
know
Lower Yes 44 14.3%
No 130 42.4%
Don't 132 41.3%
know
Marital ~ Married Do you think obesity Yes 43 50%  0.009
status leads to cancer?
No 18 20.9%
Don't 25 29%
know
Single Yes 156 68.1%
No 25 10.9%
Don't 48 20.9%
know
Discussion

The aim of the survey conducted among residents of the
Podkarpackie and Lesser Poland was to determine the
percentage of correct answers given by respondents to
questions regarding cancer risk factors. The study aimed
to analyze the level of awareness of these factors among
the local community. The work presented here shows that
a significant percentage of respondents who have ever
had cancer are people of retirement age. While this may
seem expected, the increasing number of cancer cases
among those under 65 years of age deserves special atten-
tion. This may indicate changing risk patterns that in-
clude environmental factors, lifestyle, and early detection.
Therefore, it is a need to tailor prevention and education
programs to younger age groups to effectively reduce the
increasing incidence of cancer in this population.

Our own study shows that only 61.2% consider obe-
sity as a risk factor for the development of cancer, and
equally half agree with the statement that excessive sug-
ar consumption may increase the risk of cancer. Ac-
cording to the American Institute for Cancer Research,
inadequate nutrition, as well as overweight, obesity and
low physical activity, have a significant impact on cancer
risk.® In nearly 30% of cancers, the influence of an in-

correct diet on the onset and development of the disease
has been proven, including colon, esophagus, mouth
and stomach.’

Promoting a life without substances should become
a basic element of cancer prevention. Tobacco smoking
is the main cause of cancer, which has been confirmed
in numerous studies. When asked whether smoking tra-
ditional cigarettes and electronic cigarettes increases the
risk of developing cancer, a significant number of study
participants agreed with this statement. In the study
“Knowledge of high school students about smoking to-
bacco as a risk factor for lung cancer and its treatment”
Both girls (53.8% - yes) and boys (40% - yes) definitely
claim that smoking has a carcinogenic effect.® However,
when asked about passive smoking, 86% of respondents
answered affirmatively, while in the study “Knowledge
of cancer and attitudes related to this issue among ado-
lescents and young adults aged 15-30, as many as 95%
of respondents agreed that passive smoking increases
the risk of developing cancer.” A high percentage of re-
spondents acknowledge that tobacco smoking increas-
es the risk of developing cancer. This is a positive signal,
suggesting that awareness of the link between smoking
and cancer is quite widespread.

Tobacco smoke contains several thousand harmful
substances, including substances with proven carcino-
genicity.” The percentage of smokers among lung cancer
patients is approximately 90%.'° The influence of alco-
hol consumption on the development of cancers of the
mouth, throat, larynx, esophagus, liver and breast has
also been demonstrated.'""?

50% of respondents believe consuming a lot of sugar
accelerates cancer development, while a significant 40%
do not know. Misunderstanding of the relationship be-
tween sugar intake and cancer is probably the reason.
Although sugar does not directly cause cancer, it con-
tributes to obesity, which is a risk factor. The solution
could be to clarify the role of sugar in obesity and its in-
direct link to cancer, rather than suggesting direct cau-
sality, through public health education and nutritional
guidance.

More than half of the respondents (56%) believe
that benign tumors do not become malignant, which
highlights a common misconception. This misunder-
standing probably stems from an oversimplification of
the differences between benign and malignant tumors.
While benign tumors are generally noncancerous, there
is a small risk that some may transform into malignant
ones over time. To address this knowledge gap, pub-
lic health initiatives must focus on educating the pub-
lic about the characteristics of both types of tumors and
the potential, though rare, for benign tumors to become
cancerous.

The vast majority of respondents consider early de-
tection crucial for effective cancer treatment. This pos-
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itive attitude may contribute to a greater willingness
to undergo screening tests. Despite the positive ap-
proach to early detection, there is some misunderstand-
ing about whether early diagnosis guarantees complete
cure. This may require additional information on the
cancer treatment process.

Although early diagnosis is a key factor in cancer
prognosis, there are nuances and challenges associated
with its outcomes. It does not always lead to higher cure
rates, and there is also potential risk associated with over
diagnosis and overtreatment. Furthermore, the concept
of a “time window” from the moment ctDNA becomes
detectable to when cancer becomes incurable emphasiz-
es the existence of a period when early diagnosis may be
most effective. However, the length of this time window
can vary significantly depending on the type of cancer
and individual cases."

Less than half of the respondents believe that there
are vaccines preventing or reducing the risk of certain
types of cancer. This may indicate the need to increase
awareness of available vaccinations.

Currently, all approved anticancer vaccines used
in clinical practice focus on combating viruses-caus-
ing cancers, known as oncoviruses.'” One of the most
commonly used vaccines is the human papillomavirus
(HPV) vaccine, known as Gardasil. Approved by the
FDA for the first time in 2006, it is recommended for
women aged 9 to 26 to prevent cervical cancer and other
HPV-related cancers, such as vaginal, vulvar, anal, and
oral cancers.'® Results from phase III clinical trials in-
dicate that the HPV vaccine effectively protects against
more than 90% of infections caused by HPV 16 or 18 in
females who received three doses of the vaccine.”

Another example of a prophylactic vaccine is the
hepatitis B virus (HBV) vaccine, which provides pro-
tection against chronic HBV infection, significantly in-
creasing the risk of hepatocellular carcinoma. Similar
to the HPV vaccine, its mechanism of action relies on
stimulating an antibody response to prevent initial HBV
infection.’®*

The results of the study indicate the need to educate
the public in the field of cancer prevention and diagno-
sis. We can compare them with the study conducted in
2017 in Lublin. According to the authors, knowledge on
this subject is at different levels depending on the pro-
file of the university. As expected, medical university
students have the broadest knowledge in this field. The
need for deeper education in secondary schools, as well
as in higher education institutions, especially with tech-
nical and non-medical profiles is revealed.*

HPV vaccination is most effective when done be-
fore the onset of sexual intercourse, but adults who were
not vaccinated as teenagers can also benefit from de-
layed vaccination. Even if someone already has an active
HPYV infection or disease, vaccination can still benefit

by reducing the risk of further HPV-related illness. The
US Advisory Committee on Immunization Practices
(ACIP) recommends routine HPV vaccination by age
26. For those aged 27-45 years who have not been ad-
equately vaccinated, shared clinical decision making is
recommended, taking into account individual risks and
benefits of vaccination. In particular, immunocompro-
mised individuals such as people with HIV, transplant
recipients, people undergoing immunotherapy, men
who have sex with men (MSM), and transgender people
may particularly benefit from supplemental HPV vac-
cination.

The international recommendations for HPV vac-
cination vary in some countries, vaccines are recom-
mended for people between the ages of 9 and 45, while
in others they are only recommended until age 45. In
countries with limited resources, vaccination may be
considered outside the standard indications, especially
for those at increased risk. Vaccination of children in
areas with limited screening capacity can significantly
reduce the risk of cancer that would go undetected in
the precancerous stage. In areas with low potential for
post-treatment evaluation, follow-up vaccination may
also reduce the risk of recurrence and cancer. The con-
sideration of these aspects can provide important in-
sights into the benefits and challenges of implementing
vaccination in different settings.?

A significant 61% of the respondents felt that their
cancer education during school was insufficient. This
likely stems from a lack of emphasis on cancer aware-
ness within the school curricula. To resolve this, schools
should incorporate more comprehensive modules that
cover cancer prevention, the importance of early detec-
tion, treatment options, and common myths surround-
ing the disease. By improving cancer education, students
can be better equipped with the knowledge needed to
make informed health decisions throughout their lives.

Conclusion

The results of the study provide important information
on the state of knowledge of Polish society about cancer
and also allow for the identification of areas requiring
special attention and improvement. Although the over-
all level of awareness of cancer can be considered satis-
factory in the context of basic information, such as the
role of tobacco smoking in the development of cancer,
many key areas remain poorly understood. The results
of the study clearly indicate significant gaps in knowl-
edge about prevention, in particular vaccinations and
lifestyle factors such as obesity and lack of physical ac-
tivity. The most important conclusion of the study is the
need to expand education on primary cancer preven-
tion. Only 36% of the respondents knew that there are
vaccines to prevent some types of cancer, indicating a
low level of awareness in this area. In particular, vac-
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cinations against oncogenic viruses, such as HPV, are
key to preventing cancer, and knowledge on this sub-
ject is still insufficient. Educational campaigns should
therefore focus on spreading knowledge about avail-
able prevention methods, including vaccinations, which
can significantly reduce the risk of developing cancers
caused by viruses. Another significant problem is the
lack of awareness of the link between obesity and can-
cer. Although 61% of the respondents were aware that
obesity can lead to the development of cancer, up to 39%
were unsure or did not know whether such a link exist-
ed. Considering that obesity is considered a significant
risk factor for many types of cancer, these results show
the urgent need to increase awareness in this area. Cam-
paigns promoting a healthy lifestyle, including a healthy
diet and regular physical activity, could significantly re-
duce the risk of cancer in society. Analysis of the results
also showed that the level of knowledge about cancer
is closely related to demographic factors, such as age,
education, and a family history of cancer. Older peo-
ple (over 65 years) and those with a lower level of edu-
cation showed a significantly lower level of knowledge
about cancer compared to younger and better educated
respondents. Furthermore, people with a family histo-
ry of cancer were more aware of risk factors, suggesting
that direct experience of the disease may contribute to
a better understanding of issues related to cancer pre-
vention and treatment. These results suggest that edu-
cational activities should be aimed primarily at groups
most at risk of low levels of knowledge, in particular the
elderly and those with lower education. Educational
programs could be implemented through public cam-
paigns, but also within the education system, both at
the school level and as part of continuing education for
adults. Including cancer prevention in school curricu-
la could contribute to raising awareness in the young-
er generation, as well as better preparing society for the
health challenges associated with the increasing num-
ber of cancer cases. One of the key areas that requires
further intervention is also understanding the differenc-
es between malignant and benign tumors. The results
of the study show that 56% of respondents are unaware
that benign tumors can, in some cases, develop into ma-
lignant tumors, which indicates insufficient knowledge
of the mechanisms of cancer development. Education
in this area should emphasize understanding the risks
associated with benign tumors and the need for regu-
lar health checks. Although the results of the study in-
dicate a relatively high awareness of the importance of
early cancer detection - 93% of the respondents be-
lieve that early cancer detection increases the chances
of the recovery - only 46% of respondents were con-
vinced that it can lead to complete recovery. This shows
that despite the general acceptance of the role of ear-
ly diagnosis, there is a lack of complete understanding

of the cancer treatment process and its potential out-
comes. Public education in this area should focus on
explaining the real options for cancer treatment at dif-
ferent stages of the disease, as well as what factors influ-
ence therapeutic success. The conclusions of the study
clearly indicate the need to intensify educational activ-
ities on cancer prevention and early diagnosis. In par-
ticular, the focus should be on increasing awareness of
available vaccines, the relationship between lifestyle and
risk of developing cancer, and the importance of regular
screening tests. To achieve positive results in the fight
against cancer, the cooperation of the entire society is
necessary, including health organizations, educational
institutions, and the media. In summary, despite gen-
eral awareness of some risk factors for cancer, there are
still many areas that require improvement. It is partic-
ularly urgent to increase knowledge about vaccinations,
obesity, and lifestyle, which can significantly reduce the
number of cancer cases.
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ABSTRACT

Introduction and aim. Psoriasis is a persistent chronic disease with no known cause or cure. This study aimed to estimate oxi-
dative stress and glutathione systems, and their association with factors (age, gender, disease severity, and geographical loca-
tion) in psoriasis patients.

Material and methods. The study was carried out in the Al-Fayhaa and the Basrah Teaching Hospitals. The number of patients
was 45 with 45 in the control group. We quantified the amounts of malondialdehyde (MDA), protein carbonyl (PC), 8-hydrox-
yguanosine, glutathione, glutathione reductase (GR), glutathione peroxidase (GPx), and selenium.

Results. The results showed significant differences in all variables at multiple statistical levels (p<0.05, p<0.01, p<0.001). The
study found significant differences between two groups within the allowed concentration range. Some inter-factor fluctuations
were found, and these fluctuations were noticeable in age and sex, and not significant in disease severity or location. The pa-
tients did not experience oxidative stress due to the oxidation of lipids and proteins, but rather DNA oxidation.

Conclusion. Lipid peroxidation or protein oxidation do not correlate with psoriasis. While a marker for DNA oxidation exists, it
yields different results in psoriasis patients compared to healthy individuals. We observed a correlation between MDA, GR and
PC, GPx, PC, and selenium, which serves as the cofactor of the GPx enzyme.

Keywords. glutathione system, Iraq, oxidative stress, psoriasis

Introduction

Psoriasis is a persistent, chronic disease for which there
is no known cause or treatment. It is believed that there
is a defect in the immune system that attacks itself.!
While some studies have suggested that skin infiltra-
tion is the cause, others have indicated that intestinal
infiltration is involved in stimulating the immune sys-
tem.”* Psoriasis is characterized by red, inflamed spots
topped with white scales, which frequently cause itch-
ing and appear on the elbows, knees, chest, and scalp.
It also has multiple forms.®> Psoriasis is considered a
quite common skin disease, and its prevalence varies
by age, sex, geographical area, and surroundings.’ Pso-

riasis is prevalent in children (0-2.1%) with an inci-
dence of 40.8 cases per 100,000 people; its prevalence
in adults (0.91-8.5%) has an incidence of 78.9-230 cas-
es per 100,000 people.” In Iraq, outbreaks of psoria-
sis range from 0.5% to 0.7%. Psoriasis affects patients’
quality of life, as most suffer from feelings of depres-
sion and shyness due to their condition.® Research also
indicates that psoriasis frequently coexists with car-
diovascular disease, diabetes, and obesity, extending
beyond the skin.’ It is believed that multiple, mostly
genetic, factors exacerbate psoriasis. One of these fac-
tors is stress, having co-developed with psoriasis.!®!!
However, non-genetic factors, such as infections, bac-
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terial imbalance in the skin and intestines, lipid metab-
olism disorders, sex hormone imbalances, and mental
illness can stimulate the onset and recurrence of pso-
riasis in genetically predisposed individuals.'>"* Other
environmental factors such as skin trauma, unhealthy
lifestyles, and medications, can also cause psoriasis.'
Accordingly, many theories have attempted to explain
the pathophysiology of psoriasis by investigating the
role of oxidation and antioxidants in the exacerbation
of psoriasis.'>'® Oxidative stress refers to an imbalance
between levels of reactive oxygen species (ROS) and
nitrogen free radicals on the one hand and the anti-
oxidant defense system on the other hand."” Since the
skin is more exposed to environmental factors, being
a source of free radicals, it counters microorganisms
and differentiates cells when they are at low concentra-
tions.'®?” When free radicals increase in the body, they
participate in lipid oxidation, cell protein degradation,
DNA alteration, programmed cell death, and tissue in-
jury. All these alterations jointly trigger the initiation
and intensification of psoriasis.?* Therefore, to eval-
uate the involvement of oxidative stress in the exac-
erbation of psoriasis, we examined the status of lipid
oxidation, cell protein degradation, DNA oxidation,
as well as the effect of the glutathione antioxidant sys-
tem.”* Moreover, studies have held that glutathione
is crucial in supporting tissue repair and regeneration,
which is essential for maintaining skin elasticity, and
the investigation of the associations between oxidation
balance and reduction following age, sex, disease se-
verity, and geographical location in both patients and
the control group.””*

Aim

Estimate oxidative stress and glutathione systems, their
association with factors (age, gender, disease severity,
and geographical location), and their effects on psori-
asis patients.

Material and methods

Study population

This is a case-control study that was conducted at Bas-
rah College of Education for Pure Sciences, Depart-
ment of Biochemistry, Basrah, Iraq, from March 2024
to July 2024, a ninety-participant sample was chosen;
we randomly selected 45 psoriasis patients as cases and
45 healthy individuals as controls, with both groups
being matched in age and sex. Psoriasis patients often
visit the dermatology clinic at both Al-Faihaa Teaching
Hospital and the Basrah Teaching Hospital for consul-
tations or routine check-ups. We collected blood se-
rum early in the morning after an eight-hour fast. All
subjects gave their informed consent for inclusion be-
fore they participated in the study. The Ethics Commit-
tee approved the protocol on 7/1/2024, Issue 12, and

we conducted the study in accordance with the Decla-
ration of Helsinki.

Criteria of exclusion

Patients with liver disease, hypertension, diabetes, kid-
ney disease, tumors, heart disease, and thyroid disease
were excluded. Patients undergoing gastric bypass sur-
gery were excluded. Patients who were younger than 13
years and older than 70 years were excluded. In addi-
tion, we excluded patients with any other type of skin
disease, smoking, or other diseases. The control group
also excluded any chronic disease. During morning
hours in the hospital, the patients and the controls were
requested to fill a questionnaire containing their demo-
graphical data,, i.e., age, and gender.

Sample collection

Three milliliters of venous blood were drawn by syringe,
and the blood samples were placed into tubes containing
a clotting-inducing gel. Then, the tubes were left for half
an hour and transferred to a 3000-rpm centrifuge for
10 minutes. The serum was divided into five sections,
each placed in a Pendrov tube. The tubes were frozen
at -20 °C pending analysis avoiding serum re-thawing.

Laboratory tests

We measured the concentrations of malondialdehyde
((MDA), REF:YBS-16322), protein carbonyl ((PC),
REF:YBS-10911), 8-hydroxy-deoxyguanosine ((8-
OHAG), LOT:202406), reduced glutathione ((GSH),
REF:YBS-11265), oxidized glutathione ((GSSG),
REF:YBS-12563), glutathione peroxidase ((GPx),
LOT:202406), glutathione reductase ((GR),
REF:YBS-11277), and SELENBP1 (REF:YBS-14855) using
a human-adaptable ELISA kit provided by Shanghai Ideal
Medical Technology Co., Ltd.” Furthermore, we measured
absorbance at 450 nm. We used a BioTek (USA) 800TS
microplate reader and constructed a standard curve of op-
tical density versus concentration using dilutions specified
in the flask of each kit. Then, we measured the concentra-
tions of the obtained samples against the standard curve,
which has an analysis-specific detection range.

Statistical analysis

The current study used SPSS version 25 (IBM, Armonk,
NY, USA) for statistical analysis; we extracted the results
using descriptive statistics such as mean, standard devi-
ation (SD), and percentages, as well as one-way ANOVA
analysis and the Kruskal-Wallis test. We applied Pear-
son’s correlation coeflicient to evaluate the correlation
coefficient (r-value), and p values less than 0.05 were
considered significant.

Study design
Study design is presented in Figure 1.
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(31-40) and an increase in GPx level in patients with a
level of p<0.01 at ages (21-30) years. No distinction was
observed between the five age groups with regard to the
remaining variable.

Table 2. Levels of variables according to age (Kruskal-Wallis
test)*

Mean rank
Variables - P
Controls (n=45) Patients (n=45)
<20 10.17 7.50 NS
21-30 16.04 1211 NS
(nn':c)ll)/Aml.) 31-40 16.08 8.27 <0.01
Fig. 1. Research design 4150 10.13 6.88 NS
>50 6.20 5.83 NS
<20 11.67 6.60 NS
Results " 21-30 177 16.07 NS
Table 1, which displays the demographic data and bio- (amol/m) 31-40 8.38 1736 <001
chemical variables of the participants, indicates no sta- 41-50 7.69 931 NS
tistically significant differences in the numbers of the >30 6.00 6.00 NS
patients and the controls, as male patients exceeded <20 n.10 Al <001
50%. Also, the results showed more statistically signif- 8-OHdG 21-30 862 19.0 <0.001
icant differences in healthy people than in the patients (ng/L) 31-40 923 1636 0.05
. . 41-50 6.50 10.50 NS
for each variable, namely in MDA, GSSG, and GR.
. 1. . . .. >50 3.80 7.83 <0.05
Moreover, the results indicated statistically significant " 500 550 s
< .| X
differences in 8-OHdG and GPx in which these vari- 1230 62 15.29 s
ables were higher in the patients t.har'l in the.controls. (urif:/L) 1140 131 1591 NS
However, these results showed no significant differences 41-50 2.33 a1 NS
in PC, GSH, and Se levels. -50 300 433 NS
<20 7.83 8.90 NS
Table 1. Demographic data and biochemical variables of 21-30 16.46 1171 NS
.. GSSG
study participants* - . . X
yp P (mol/L) 31-40 16.46 7.82 <0.01
Mean=SD 41-50 11.44 5.56 <0.05
p - Variables
Patients (n=45)  Controls (n=45) >50 8.20 417 <0.05
NS 33.71+£13.507  32.91+£12.236 Age (years) <20 8.50 8.50 NS
NS 24 (53.3%) 19 (42.2%) Male 21-30 17.00 1.21 NS
Gender GR
NS 21(46.6%) 26 (57.7%) Female (U/m) 31-40 16.38 791 <0.01
0.002 1.297+3.035 1.190+3.84 MDA (0.5-8) nmol/mL 41-50 10.50 6.50 NS
NS 1.467+6.663 1.520+6.06 PC(0.5-8) nmol/mL >50 8.10 425 NS
0.001< 8.666+54.257  8.814+43.741 8-0HdG (6.25-100) ng/L <20 7.7 9.30 NS
NS 2.334+13.154  3.280+13.586 GSH (1.25-20) pmol/L @ 21-30 8.23 16.12 <0.01
0.001<  67.965+537.172 109.464+630.032 GSSG (150-2400) nmol/L (U/f) 31-40 8.50 13.27 NS
0.001<  31.010+97.197 41.595+129.395 GR (10-160) U/mL 41-50 4,00 7.14 NS
0.013 53.661+224.706 52.282+194.785 GPx (10-160) U/L >50 6.80 533 NS
NS 0.683+3.725 0.861+3.679 Se (0.5-8) ng/ml <20 7.50 9.10 NS
* NS - not Signiﬁcant . 21-30 1242 15.46 NS
31-40 14.62 10.00 NS
(ng/ml) 41-50 8.75 8.25 NS
To reveal the effect of age on serum variables, par- - ' :
>50 6.40 5.67 NS

ticipants were divided into five age groups, as shown in
Table 2. The study revealed fluctuations in MDA and
PC levels, statistically significant at p<0.01, in patients
and controls aged 31-40 years and different levels in
8-OHdG in most age groups shown in the table. Sim-
ilarly, differences related to GSSG were observed in in-
dividuals aged 31-50 years with the same significance
as the previous levels, and a decrease in GR level was
observed in patients with a difference of p<0.01 at ages

* NS - not significant

The results in Table 3 show significant differences
between males in the two groups (p<0.01) at MDA and
(p<0.05) at PC. Differences appear at 8-OHdG at a signif-
icance level (p<0.01) and at GSSG with a significant dif-
ference in favor of controls at a level (p<0.001). For GPx,
differences appeared in male patients at a statistical lev-
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el (p<0.05). No significant differences were recorded in
GSH and Se in males. As for females from the two groups,
no significant differences appeared in MDA, PC, GSH,
GSSG, and Se. While significant differences were found at
8-OHJG at a significance level (p<0.001). A significant in-
crease in GR was observed in female controls (p<0.05) and
a significant increase in GPx in female patients (p<0.05).

As Table 4 shows, no statistically significant differ-
ences in all variables between female and male patients
have been detected.

Table 3. Level of variables in the study community
according to gander (Kruskal-Wallis test)*

Table 5. Levels of variables according to disease severity*

Variables MeantSD  p Variables Mean+SD p

MDA Mild 07072494 NS  GSSG Mild  72.594+544.779 NS
(nmol/mL)  Moderate 1.349+2.874 (nmol/L) Moderate 56.075+£538.146
Severe  1.349+3.328 Severe 76.270+533.947

PC(nmol/  Mild 15706246 NS  GR Mild  20.325+85.206 NS
ML) Moderate 131327.250 (UML) Moderate 28.321+95.802
Severe  1.467+6.386 Severe 35.295+102.182

8-0HdG Mild ~ 11.204+50.713 NS GPx Mild  56.259+232.324 NS
(ng/)  Moderate 7.446+52.713 (UM) Moderate 43.768+223.716
Severe  8.119+56.822 Severe  60.524+223.143

0417£3926 NS
0.885+3.655
0.599+3.708

GSH Mild ~ 2.984+13.928 NS Se Mild
(umol/L)  Moderate 1.567+13.289 (ng/ml) Moderate
2.576£12.801 Severe

Severe

* NS - not significant

Table 6. Levels of variables according location*

Mean£SD
p : : - Variables
City outskirts (n=20)  City center (n=24)

NS 1.301+3.004 1.317+3.056 MDA (nmol/mL)
NS 1.311+6.786 1.582+6.578 PC(nmol/mL)
NS 10.593+53.984 7.247+54.444 8-0HdG (ng/L)
NS 2.446+12.849 2.274+13.365 GSH (pmol/L)
NS 64.366+530.545 71.094541.742 GSSG (nmol/L)
NS 28.747+93.131 32.063 £100.001 GR(U/mL)
NS 64.934+918.585 45.284+222.259 GPx (U/L)
NS 0.881+3.599 0.504+3.812 Se (ng/mL)

Variables Mean ranl'( p
Controls (n=45) Patients (n=45)
MDA Male 30.47 19.61 <0.008
(nmol/mL) Female 27.13 20.12 NS
PC Male 1855 27.70 <0.025
(nmol/mL) Female 2.79 25.50 NS
8-0HdG Male 16.89 28.82 <0.003
(ng/L) Female 16.23 33.62 <0.001
GSH Male 25.18 23.20 NS
(pmol/L) Female 215 26.29 NS
G5G Male 33.92 17.27 <0.000
(nmol/L) Female 27.12 20.14 NS
GR Male 3247 18.25 <0.001
(U/ml) Female 27.60 19.55 <0.045
GPx Male 15.15 2.71 <0.033
(Un) Female 16.41 27.66 <0.003
Se Male 2.79 24.82 NS
(ng/mL) Female 25.23 248 NS
* NS - not significant
Table 4. Levels of variables according to gender*
Mean+SD .
p Variables
Female (n=21) Male (n=24)
NS 1.403+2.988 1.236+3.070 MDA (nmol/ml)
NS 1.483+6.726 1.480+6.616 PC (nmol/ml)
NS 10.875+55.246 6.677+53.515 8-0HdG (ng/L)
NS 2.40313.659 2.250+12.776 GSH (umol/l)
NS 56.695+555.510 73.3024523.418 GSSG (nmol/L)
NS 25.840+98.731 34.809+96.047 GR (U/ml)
NS 52.506+244.115 511462211535 GPx (U/L)

* NS - not significant

In Table 5, the patient groups were divided accord-
ing to how severe the disease is per the topical spread of
psoriasis. Thus, the patients were subdivided into three
groups; mild, moderate, and severe. No statistically sig-
nificant differences have been noticed between the three
groups in any variable.

In Table 6, the patient groups were subdivided into
two groups following their places of residence (urban or
suburban) and the questions answered by the patients.
No significant differences regarding geographical loca-
tion were noticed among the groups.

* NS - not significant

The study found a positive age-gender correlation at
MDA, GSSG, and GR. Also, the study revealed a nega-
tive correlation at 8-OHdG and GPx with age and a pos-
itive correlation between 8-OHdG and disease severity.
Table 7 shows significant differences in the correlation
coefficient for other variables.

Table 7. Pearson correlation coefficient for biochemical
variables and other relevant variables

Location Severe Gender Age

Correlation Correlation Correlation Correlation ~ Variables

coefficient coefficient coefficient coefficient
NS 0200- NS 0258 0012 0258 0.002 0311 MDA (nmol/mL)
NS 0.071 NS 0.063- NS 0155 NS 0.199-  PC(nmol/mL)
NS 0.026- 0.044 0.289 0.000 0522- 0.000 0519- 8-0HdG (ng/L)
NS 0.110- NS  0.175- NS 0.100 NS 0.077  GSH (pmol/L)
NS 0.082- NS 0.057- 0000 0360 0.000 0461  GSSG(nmol/L)
NS 0.110- NS 0194 0.002 0316 0.000 0.407 GR (U/mL)
NS 0.095- NS 0.050- NS 0.157- 0.013 0.272- GPx (U/L)
NS 0.155- NS  0.082- NS 0.065 NS 0.030- Se (ng/mL)

* NS - not significant

Table 8 indicates a direct correlation between MDA-
GR, PC-GPx, and PC-Se. Additionally, the correlation
between (8-OHdG) and antioxidants from the glutathi-
one system showed no significant differences.
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Table 8. Pearson correlation coefficient for oxidative stress
and antioxidant levels of the glutathione system*
Se GPX GR GSSG GSH

Correlation Correlation Correlation  Correlation  Correlation
coefficient p coefficient p coefficient p coefficient p coefficient

NS 0151 NS 0043- 0045 0208 NS 0.178 NS 0062 MDA
0042 0210 0026 0246 NS 0.143- NS 0023- NS 0.055 PC

NS 0120 NS 0165 NS 0021- NS 0015 NS 0017 8-OHdG
* NS - not significant

Variables

Figures 2 to 4 show us that there is a positive rela-
tionship in the glutathione system.
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Discussion

MDA is one of the final oxidation products of unsatu-
rated fats in cells. As free radicals trigger MDA produc-
tion, it is a sign of oxidative stress.* The apparent results
showed that psoriasis patients do not suffer from high fat

oxidation, and these results were consistent with anoth-
er study. A positive association was observed between
(MDA-GR) and age. The GR enzyme is important in re-
newing reduced glutathione in the detoxification of per-
oxides. Obviously there is a balance between antioxidants
and oxidation as patients were found to have not suffered
from fat oxidation. Hence, this study is consistent with
another study.*? Also, there is a gradual increase in PC in
patients as it increases at 31-40 year-old patients, which
indicates statistically significant differences. In other
words, psoriasis patients suffer from protein oxidation.
A previous study conducted in Basrah, Iraq reported
similar findings with this study, having indicated a pos-
itive association between (PC-PX) and (PC-Se).* Like-
wise, other studies have confirmed that the presence of
GPx reduces the amount of protein carbonyl compounds
treated with oxidative stress-generating factors.* There
are four main forms of GPx, with GPx1 depends mainly
on selenium.” In the same view, results showed that PC
was positively associated with both GPX and Se. Addi-
tionally, the results revealed significant differences as an
increase in 8-OHdG in patients. This is one of the dom-
inant forms of DNA in mitochondria and is considered
a sign of oxidative stress that causes DNA damage.* It is
also a good biomarker for assessing the risk of develop-
ing various types of cancer.”” A previous study that agrees
with the results of the current study that showed that the
level of 8-OHAG can be considered a useful biomarker
for early detection of psoriasis.*® Another study conduct-
ed at the University of Basra evaluated 8-OHdG in sa-
liva and found it to be a suitable sample for diagnosing
and identifying many diseases.”® The results showed that
the level of 8-OHdG in female patients is higher than in
males. The control group included more males than fe-
males, prompting us to consider the impact of female
hormones on the level of oxidation, as noted in a study.*
It also found no correlation between 8-OHdG and glu-
tathione antioxidants, supporting another study.*' A me-
ta-analysis of 298 original articles found that several
polymorphisms in genes encoding markers or enzymes
related to redox homeostasis influence the interac-
tion between psoriasis and oxidative stress.’' The study
demonstrated increased levels of oxidized DNA/RNA
molecules in the serum of patients with exacerbated pso-
riasis vulgaris. Sex, the presence of metabolic syndrome,
or cigarette smoking minimally influenced the results. In
the psoriatic blood cells’ DNA, the authors observed lon-
ger telomeres compared to healthy controls, particularly
in females. The psoriasis cases exhibited marginal clini-
cal importance due to the marginally higher global DNA
methylation in their DNA compared to the controls.*?
UV radiation also leads to DNA damage, generating im-
mune-stimulatory DNA motifs, such as 8-hydroxygua-
nosine.* Furthermore, we noticed a positive correlation
between GSH-GR and GSH-GPx, and according to the
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mechanism of glutathione’s action in the body, it is cer-
tain that there is a positive correlation between them.*
The results show that the glutathione system is effective
in psoriasis patients, despite the apparently significant
differences. The results agree with a study of the gluta-
thione system on psoriasis patients, but they are within
the limits of measurement, i.e., they do not threaten the
patient with glutathione system dysfunction-associated
diseases.*>*® What is questionable is that in most chronic
diseases, oxidative stress values increase with increasing
severity of the disease.”” However, in psoriasis, we ob-
served stability and relatively negligible fluctuations in
the level of the variables in relation to the severity of the
disease, which prompts us to expect stability in the oxi-
dation system and antioxidants in psoriasis patients. The
study also found that the participants’ geographical loca-
tions had no significant effect on the relevant variables,
which could be attributed to the lack of different eating
styles in both groups and that most rural residents living
near urban communities have embraced city-like norms.
We recommend continuing this research to confirm the
importance of the studied variables, as 8-OHdG may be
arisk indicator for psoriasis patients, and the results may
appear different depending on the measurement meth-
od, as the accuracy of the results cannot be completely
confirmed.

Study limitations

Even though we eliminated numerous samples due to
their unsuitability for analysis or delays in storage, we
cannot ensure the validity of all the samples under study.
This is because data from the patient and control groups,
as well as from the researcher, play a crucial role. We also
employed several research measurements specific to ELI-
SA, and given exposure to poor storage and transporta-
tion conditions, may have yielded varying results.

Conclusion

To some extent, psoriasis patients suffer from oxidative
stress. Moreover, psoriasis is not related to lipid peroxi-
dation or protein oxidation. While there is a marker for
DNA oxidation, it has different results in psoriasis pa-
tients than in healthy individuals. We observed a cor-
relation between MDA-GR and PC-GPx, as well as a
correlation between PC and selenium, which serves as
the cofactor of the GPx enzyme. However, we found
no correlation between the glutathione system and
DNA oxidation, indicating that the glutathione system
does not influence the latter. The results of the analyses
showed no significant differences as far as disease sever-
ity and geographical location are concerned.

Acknowledgments
This research project has been funded by the Depart-
ment of Chemistry, College of Education for Pure Sci-

ences, University of Basra, Basra, Iraq. It is a part of PhD
graduation requirements.

Declarations

Funding

The study was funded by Department of Chemistry,
College of Education for Pure Sciences, University of
Basrah.

Author contributions

Conceptualization, A.A. and S.S.; Methodology, A.A.;
Software, A.A.; Validation, A.A. and S.S.; Formal Analy-
sis, A.A.; Investigation, S.S.; Data Curation, A.A.; Writ-
ing - Original Draft Preparation, S.S.; Writing — Review
& Editing, A.A.; Visualization, A.A.; Supervision, S.S.;
Project Administration, A.A.; Funding Acquisition, S.S.

Contflicts of interest
The authors declare no conflicts of interest.

Data availability

The data that support the findings of this study are
available from Hassan A.A. but restrictions apply to the
availability of these data, which were used under license
for the current study, and so are not publicly available.
Data are however available from the authors upon rea-
sonable request and with permission of Hassan A.A.

Ethics approval

The Ethics Committee approved the protocol on
7/1/2024, Issue 12, and we conducted the study in ac-
cordance with the Declaration of Helsinki.

References

1. Jabbari A, Johnson-Huang LM, Krueger JG. Role of the
immune system and immunological circuits in psoriasis.
G Ital Dermatol Venereol. 2011;146(1):17-30.

2. Sabat R, Philipp S, Héflich C, et al. Immunopathogene-
sis of psoriasis. Exp Dermatol. 2007;16(10):779-798. doi:
10.1111/j.1600-0625.2007.00629.x

3. Polak K, Bergler-Czop B, Szczepanek M, Wojciechowska
K, Fratczak A, Kiss N. Psoriasis and Gut Microbiome-
-Current State of Art. Int ] Mol Sci. 2021;22(9):4529. doi:
10.3390/ijms22094529

4. De Francesco MA, Caruso A. The Gut Microbiome in
Psoriasis and Crohn’s Disease: Is Its Perturbation a Com-
mon Denominator for Their Pathogenesis? Vaccines. 2022;
10(2):244. doi: 10.3390/vaccines10020244

5. Dhabale A, Nagpure S. Types of Psoriasis and Their Effects
on the Immune System. Cureus. 2022;14(9):€29536. doi:
10.7759/cureus.29536

6. Iskandar IYK, Parisi R, Griffiths CEM, Ashcroft DM. Sys-
tematic review examining changes over time and variation
in the incidence and prevalence of psoriasis by age and
gender. Brit ] Derm. 2020;184(2). doi: 10.1111/bjd.19169



Evaluation of oxidative stress level and glutathione system in patients with psoriasis in Basrah Governorate, Iraq

203

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Tollefson MM, Crowson CS, McEvoy MT, Maradit Kre-
mers H. Incidence of psoriasis in children: A population-
-based study. ] Am Acad Dermatol. 2010;62(6):979-987.
doi: 10.1016/j.jaad.2009.07.029

Jia YJ, Liu P, Zhang J, et al. Prevalence of anxiety, depres-
sion, sleeping problems, cognitive impairment, and su-
icidal ideation in people with autoimmune skin diseases.
J Psychiatr Res. 2024;176:311-324. doi: 1016/j.jpsychi-
res.2024.06.024

Kan J, Chen Q, Tao Q, et al. Prospective evaluation of car-
diovascular risk and mortality in patients with psoriasis:
An American population-based study. Exp Dermatol.
2024;33(1):e15010. doi:10.1111/exd.15010

Wintermann GB, Bierling A, Eva MJ, PetersAS, Beissert S,
Weidner K. Psychosocial stress affects the change of men-
tal distress under dermatological treatment-A prospective
cohort study in patients with psoriasis. Stress and Health.
2023;40(1). doi: 10.1002/smi.3263

Ran D, Cai M, Zhang X. Genetics of psoriasis: a basis for
precision medicine. Precis Clin Med. 2019;2(2):120-130.
doi: 10.1093/pcmedi/pbz011

Liu S, He M, Jiang J, et al. Triggers for the onset and re-
currence of psoriasis: a review and update. Cell Commun
Signal. 2024;22(1). doi: 10.1186/5s12964-023-01381-0
Toledano E, Gomez-Lechdén L, Carolina Cristina Cha-
cbn, et al. Clinical Features and Disease Activity in Pso-
riatic Arthritis: A Sex-Related Perspective on Leptin and
Comorbidity. J Clin Med. 2024;13(10):2959-2959. doi:
10.3390/jcm13102959

Potestio L, Potestio L, Potestio L, et al. Risk Factors for
Psoriasis Flares: A Narrative Review. Psoriasis. 2024;14:39-
50. doi: 10.2147/PTT.S323281

Hernandez-Nicols BE, Robledo-Pulido JJ, Alvarado-Na-
varro A. Etiopathogenesis of Psoriasis: Integration of Pro-
posed Theories. Immunol Invest. 2024;53(3):348-415. doi:
10.1080/08820139.2024.2302823

Rischke S, Schifer SMG, Konig A, et al. Metabolomic
and lipidomic fingerprints in inflammatory skin dise-
ases - Systemic illumination of atopic dermatitis, hidra-
denitis suppurativa and plaque psoriasis. Clin Immunol.
2024;265:110305. doi: 10.1016/j.clim.2024.110305

Nakai K, Tsuruta D. What Are Reactive Oxygen Species,
Free Radicals, and Oxidative Stress in Skin Diseases? Int
J Mol Sci. 2021;22(19):10799. doi: 10.3390/ijms221910799
Poljsak B, Glavan U, Dahmane R. Skin Cancer, Free Ra-
dicals and Antioxidants. International Journal of Cancer
Prevention. 2011;4(3):1554-1134.

Murphy EC, Friedman AJ. Hydrogen peroxide and cuta-
neous biology: Translational applications, benefits, and
risks. ] Am Acad Dermatol. 2019;81(6):1379-1386. doi:
10.1016/j.jaad.2019.05.030

Chaudhary P, Pracheta Janmeda, Anca Oana Docea, et al.
Oxidative stress, free radicals and antioxidants: potential
crosstalk in the pathophysiology of human diseases. Front
Chem. 2023;11. doi: 10.3389/fchem.2023.1158198

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Kadam DP, Suryakar AN, Ankush RD, Kadam CY, De-
shpande KH. Role of Oxidative Stress in Various Sta-
ges of Psoriasis. Indian Journal of Clinical Biochemistry.
2010;25(4):388-392. doi: 10.1007/s12291-010-0043-9
Winiarska-Mieczan A, Mieczan T, Wéjcik G. Importance
of Redox Equilibrium in the Pathogenesis of Psoriasis-Im-
pact of Antioxidant-Rich Diet. Nutrients. 2020;12(6):1841.
doi: 10.3390/nul2061841

Tsikas D. Assessment of lipid peroxidation by measuring
malondialdehyde (MDA) and relatives in biological sam-
ples: Analytical and biological challenges. Anal Biochem.
2017;524:13-30. doi: 10.1016/j.ab.2016.10.021

McShane E, Sin C, Zauber H, et al. Kinetic Analysis of
Protein Stability Reveals Age-Dependent Degradation.
Cell. 2016;167(3):803-815. doi: 10.1016/j.cell.2016.09.015
Korkmaz KS, Butuner BD, Roggenbuck D. Detection of
8-OHJG as a diagnostic biomarker. Journal of Laboratory and
Precision Medicine. 2018;3:95. doi: 10.21037/jlpm.2018.11.01
Robaczewska J, Kedziora-Kornatowska K, Kozakiewicz M,
et al. Role of glutathione metabolism and glutathione-rela-
ted antioxidant defense systems in hypertension. ] Physiol
Pharmacol. 2016;67(3):331-337.

Gandhi G, Malhotra SK, Kaur T, Tyagi S, Bassan RL. Glu-
tathione: The master antioxidant - Beyond skin lightening
agent. Pigment international. 2021;8(3):144-144. doi:ht-
tps://doi.org/10.4103/pigmentinternational.pigmentin-
ternational_29 21

Papaccio E, D’Arino A, Caputo S, Bellei B. Focus on the
Contribution of Oxidative Stress in Skin Aging. Antioxi-
dants. 2022;11(6):1121. doi: 10.3390/antiox11061121
Shanghai Ideal Medical Technology Co,Ltd. www.shideal-
tech.com. Accessed July 20, 2024.

Cordiano R, Di Gioacchino M, Mangifesta R, Panzera C,
Gangemi S, Minciullo PL. Malondialdehyde as a Potential
Oxidative Stress Marker for Allergy-Oriented Diseases:
An Update. Molecules. 2023;28(16):5979. doi: 10.3390/
molecules28165979

Dobrica EC, Cozma MA, Giman MA, Voiculescu VM,
Gaman AM. The Involvement of Oxidative Stress in Pso-
riasis: A Systematic Review. Antioxidants. 2022;11(2):282.
doi: 10.3390/antiox11020282

Bakirezer SD, Yaltirik CK, Kaya AH, et al. The Evaluation
of Glutathione Reductase and Malondialdehyde Levels in
Patients With Lumbar Disc Degeneration Disease. In Vivo.
2019;33(3):811-814. doi:10.21873/invivo.11543

Adday WT, Al-shakour AA, Dhaher SA. Evaluation of
protein carbonyl levels as an indicator of protein oxidation
in psoriasis patients. Med ] Basrah Univ. 2024;42:107-114.
doi: 10.33762/mjbu.2024.145169.1178

Colak E, Zori¢ L. Antioxidants and Age-Related Macu-
lar Degeneration. Handbook of Nutrition, Diet, and the
Eye. 2019;2019:85-106. doi: 10.1016/b978-0-12-815245-
4.00006-5

Tosun M, Yagci R, Erdurmus M. Glaucoma and Antio-
xidant Status. Handbook of Nutrition, Diet, and the Eye.



204

European Journal of Clinical and Experimental Medicine 2025; 23 (1): 197-204

36.

37.

38.

39.

40.

41.

Published online 2019:203-219. doi: 10.1016/b978-0-12-
815245-4.00012-0

Valavanidis A, Vlachogianni T, Fiotakis C. 8-hydroxy-2’
-deoxyguanosine (8-OHdG): A critical biomarker of oxi-
dative stress and carcinogenesis. ] Environ Sci Health C
Environ Carcinog Ecotoxicol Rev. 2009;27(2):120-139. doi:
10.1080/10590500902885684

Loft S, Poulsen HE. Cancer risk and oxidative DNA dama-
ge in man. ] Mol Med. 1996;74(6):297-312. doi: 10.1007/
bf00207507

Basavaraj KH, P Vasu Devaraju, Rao KS. Studies on serum
8-hydroxy guanosine (8-OHdG) as reliable biomarker for
psoriasis. ] Eur Acad Dermatol Venereol. 2012;27(5):655-
657. doi: 10.1111/j.1468-3083.2011.04441.x

Hanadi Abadul Gabar Al-Halfi, Hussein Sh. Al-Essa, Fadil
AG. Salivary Antioxidants Role in Oral Health and Dise-
ases (A Review Article). Tikrit Journal for Dental Sciences.
2023;10(2):176-185. doi: 10.25130/tjds.10.2.10
Nsonwu-Anyanwu AC, Charles-Davies MA, Taiwo VO,
Li B, Oni AA, Bello FA. Female reproductive hormones
and biomarkers of oxidative stress in genital Chlamy-
dia infection in tubal factor infertility. ] Reprod Infertil.
2015;16(2):82-89.

Zahra K, Patel S, Dey T, Pandey U, Mishra SP. A study of
oxidative stress in cervical cancer- an institutional stu-
dy. Biochem Biophys Rep. 2020;25:100881. doi: 10.1016/j.
bbrep.2020.100881

42.

43.

44.

45.

46.

47.

Beranek M, Borsky P, Fiala Z, et al. Telomere length, oxi-
dative and epigenetic changes in blood DNA of patients
with exacerbated psoriasis vulgaris. An Bras Dermatol.
2023;98(1):68-74. doi: 10.1016/j.abd.2022.01.008
Scholtissek B, Zahn S, Maier J, et al. Inmunostimulatory
Endogenous Nucleic Acids Drive the Lesional Inflamma-
tion in Cutaneous Lupus Erythematosus. J Invest Derma-
tol. 2017;137(7):1484-1492. doi: 10.1016/}.jid.2017.03.018
Perricone C, De Carolis C, Perricone R. Glutathione:
a key player in autoimmunity. Autoimmunity Reviews.
2009;8(8):697-701. doi: 10.1016/j.autrev.2009.02.020
Campione E, Mazzilli S, Monia Di Prete, et al. The Role
of Glutathione-S Transferase in Psoriasis and Associated
Comorbidities and the Effect of Dimethyl Fumarate in
This Pathway. Front Med. 2022;9:760852. doi: 10.3389/
fmed.2022.760852

Hristov BD. The Role of Glutathione Metabolism in Chro-
nic Illness Development and Its Potential Use as a Novel
Therapeutic Target. Cureus. 2022;14(9). doi: 10.7759/cu-
reus.29696

de Y, Emmens JE, Romero-Herndndez E, et al. Systemic
oxidative stress associates with disease severity and outco-
me in patients with new-onset or worsening heart failure.
Clinical Research in Cardiology. 2023;112(8):1056-1066.
doi: 10.1007/s00392-023-02171-x



http://www.ejcem.ur.edu.pl
European Journal of Clinical and Experimental Medicine
Eur J Clin Exp Med 2025; 23 (1): 205-214

Rzeszéw University Press 2025
ISSN 2544-1361 (online)
doi: 10.15584/ejcem.2025.1.30

ORIGINAL PAPER

Identification of bacterial isolates in urinary tract infections patients
of Basrah province

Zainab Ali Eidan @ , Wafaa S. Shani @, Muna Abdul-Imam Almazini

Department of Biology, College of Science, University of Basrah, Basrah, Iraq

ABSTRACT

Introduction and aim. Urinary tract infections (UTls) are among the most common bacterial diseases worldwide that are
caused primarily by members of the Enterobacteriaceae family. This study aimed to identify the most frequent bacterial agents
associated with UTIs and analyze their patterns of antibiotic resistance using the Vitek®2 system.

Material and methods. The study included 200 urine samples collected from adult UTI patients of both sexes.

Results. The characterization of bacterial isolates revealed the following distribution: Escherichia coli (35 isolates, 50%), Staphy-
lococcus aureus (18 isolates, 25.7%), Klebsiella pneumoniae (5 isolates, 7.14%), Staphylococcus spp. (4 isolates, 5.7%), Streptococ-
cus spp. (3 isolates, 4.2%), Pseudomonas spp. (3 isolates, 4.2%), and Proteus mirabilis (2 isolates, 2.86%).

Antibiotic resistance testing showed that ceftazidime had the highest resistance rate (88.57%), while amikacin had the lowest
(17.14%). Additionally, extended-spectrum B-lactamase (ESBL) production was detected in 35 E. coli isolates. Of these, 22 iso-
lates (62.86%) tested positive for ESBL production, while 13 isolates (37.14%) were negative.

Conclusion. This study concluded that E. coli is the most prevalent bacterial species causing UTls. Furthermore, the E. coli iso-
lates demonstrated a high capacity for ESBL production, highlighting the need for effective antimicrobial management and

monitoring.
Keywords. antibiotic susceptibility, E. coli, ESBLs

Introduction

Urinary tract infections (UTIs) are inflammation of
the urinary tract epithelium resulting from invasion by
microorganisms.’ It is an important and common dis-
ease affecting men and women of all ages.>® UTIs are
among the most common bacterial infections, affect-
ing more than 150 million people annually.* Escherich-
ia coli, a natural gut flora in humans, causes 70-95% of
UTIs. Germs enter the urinary tract.” Uropathogenic
Escherichia coli (UPEC) has the ability to penetrate the
deeper layers, develop quiescent intracellular reservoirs,
and remain there for months at a time before recurring
infections.® UTIs can be caused by obstructions or de-

fensive factors, such as urinary incontinence, retention,
immunosuppression, renal failure, pregnancy, or the use
of indwelling catheters.” Identifying UPEC strains based
on their virulence factor-encoding genes and their func-
tion in illness progression is possible.’ UPEC is caused
by a variety of components, including secreted proteins,
hemolysins, capsules, lipopolysaccharides, biofilm, fim-
briae adhesions, and iron acquisition mechanisms.

The best type of medication for treating pathogen-
ic bacteria is an antibiotic. When treating infections
caused by Gram-negative bacteria, fluoroquinolones,
cephalosporins, B-lactams, and B-lactamase inhibitors
are often prescribed, alone or in combination.® One ma-
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jor problem threatening the global healthcare system is
multidrug resistance (MDR). Usually, the widespread
Enterobacteriaceae family is linked to the problem. Ex-
tended-spectrum p-lactamases (ESBLs) are the main
antimicrobial resistance mechanism in this family of
bacteria that renders B-lactam antibiotics ineffective.’
Gram-negative bacteria can generate enzymes that hy-
drolyze B-lactam rings, making them resistant to one
of the most effective medications.'® ESBLs, which hy-
drolyze penicillins, monobactams, and cephalosporins,
were first discovered in Germany in 1983. Since then,
the number of diseases caused by bacteria with this re-
sistance mechanism has grown. Furthermore, E. coli has
evolved resistance to several antibiotics, leading to a
major cause of illness. Multidrug-resistant E. coli bacte-
ria, especially those producing ESBLs, pose a significant
hazard to public health.

Aim
The current study aimed to detect the most frequent
bacterial agents associated with UTIs and to analyze the
pattern of antibiotic resistance using the Vitek®2 system
test.

Material and methods

Urine samples were collected from Al Basrah General
Teaching Hospital, Al Mawani General Teaching Hospi-
tal, and Al Sadir Teaching Hospital in Basrah Province
between October 2023 and March 2024. A total of 250
individuals suspected of having UTTs, aged between 20
and 60 years, provided clinical samples. After collection,
urine samples were centrifuged and cultured on blood
agar, MacConkey agar mannitol salt agar, and eosin
methylene blue agar. Biochemical tests were then per-
formed for the identification of Gram-positive bacteria.
This study was conducted in accordance with the Dec-
laration of Helsinki and received ethical approval No.
(773) dated (10/3/2024) from the Basra General Health
Directorate.

Identification by Vitek®2 system

The Vitek®2 system (bioMérieux, France) was used to
identify bacterial species with high accuracy. The system
includes 64 biochemical tests for bacterial diagnosis.'*

Bacterial DNA extraction

Genomic DNA was isolated from bacterial isolates using
the Wizard® Genomic DNA Purification Kit (Promega,
USA).

Detection of 16S rDNA

The extracted bacterial DNA was amplified using PCR
to target the 16S rDNA gene with a specific primer ap-
proximately 585 bp in length (Table 1). The primer
sequence for 16S rDNA was used as described previous-

ly.'* A standard molecular DNA ladder (2000 bp) was
used to compare the PCR results.

Table 1.The bacterial 16S rDNA gene was amplified by PCR
using specific primers

Primer Sequence of primer Length (bp) Pr:bdpl;(t
16SrDNA  Forward  5-GACCTCGGTTTA CTT CACAGA-3 21 585
16SrDNA  Revers 5-CACACG (TG ACG (TG ACC-3 18

Reagents
The reagents and their volumes used in PCR amplifica-
tion are described in Table 2.

Table 2. Reagents used in PCR amplification of 16SrDNA

No. Reagent Volume

1 Genomic DNA Tut

2 Forward primer Tut

3 Reverse primer TuL

4 Master Mix 125l

5 Nuclease-free water 9.5 uL

Total volumes 25 pL

Thermal cycling condition: The program is de-
scribed in Table 3.

Table 3. Program used in PCR amplification

Steps Temperature Time No. of cycles
Initial denaturation 94C 4min 1
Denaturation 94C 90 sec
Annealing 62°C 90 sec 30
Extension 72°C 2 min
Final extension 2°C 7 min 1
Procedure

Approximately 5 pL of a 2000 bp DNA ladder and 5 pL
of 16S rDNA amplicons were subjected to gel electro-
phoresis for 45 minutes at 70 V using a casting tray with
1.5% agarose gel prepared in 1xTBE buffer containing
0.2 pL of ethidium bromide. The products were visual-
ized under a UV light system.

Antibiotic susceptibility test by Vitek®2 system

The antibiotic susceptibility test was performed using
the Antibiotic Susceptibility Kit Card (Vitek®2 AST, ref-
erence number 413083, bioMérieux, France). This kit
includes a comprehensive range of antimicrobial tests.

Detection of extended spectrum B-lactamase (ESBL)
Double disk approximation method (DAM)

Bacterial isolates, prepared as previously described,
were spread onto Mueller-Hinton agar plates. A disk of
Augmentin (amoxicillin-clavulanic acid) was placed at
the center of the agar surface. Disks of ceftazidime (30
ug), cefotaxime (30 pg), amikacin (30 pg), and ceftri-
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axone (30 pg) were positioned around it at a distance
of approximately 20 mm (center to center). After incu-
bation at 37°C for 24 hours, bacteria were considered
ESBL producers if the zone of inhibition around aztreo-
nam or any of the antibiotic disks showed a clear-cut in-
crease directed toward the Augmentin disk."

Results

The present study included 100 patients with UTIs. The
distribution of UTISs patients according to sex is shown
in Figure 1. In this study, the proportion of female pa-
tients with UTIs was significantly higher than that of
male patients, with 78 females and 22 males.

mFemale
mMale
p<0.05

Fig. 1. Distribution of patients according to sex

The current data on the distribution of UTIs patients
based on marital status showed that 28% were single
and 72% were married, with a statistically significant
difference (p<0.05) (Fig. 2).

28%
Emaitred

®unmairred

p<0.05

Fig. 2. Distribution of UTIs patients according to the marital
status

The present work detected uropathogenic E. coli (35
isolates, 50%), S. aureus (18 isolates, 25.71%), K. pneu-
moniae (5 isolates, 7.14%), Staphylococcus spp. (4 iso-
lates, 5.71%), Streptococcus spp. (3 isolates, 4.29%),
Pseudomonas (3 isolates, 4.29%), and Proteus mirabilis
(2 isolates, 2.86%), as shown in Figure 3, with significant
differences (p < 0.05).

ﬂ. p<0.05

= E.coli = S. aureus
K. pneumoniae Staphylococcus spp.
= Streptococcus spp = Psedomonas

Fig. 3. Frequency of bacterial isolates in UTIs patients

The current investigation utilized the coagulase test,
catalase test, mannitol salt agar, blood agar, and Gram’s
stain to identify Gram-positive bacteria (Table 4).

Table 4. Gram-positive bacteria are identified by
biochemical tests

Type of Test

. Gram’s (Catalase Fermentation Coagulase Isolates
Type of isolate

stain test  of mannitol test number
Staphylococcus aureus  + + + + 18
Staphylococcus spp. + + - - 4
Streptococcus spp. + - *N N 3
Total 25

*N - not detectable

The present work indicated that the percentages of
Gram-negative bacteria identified by the Vitek®2 system
were the following: E. coli (35 isolates, 50%), K. pneu-
moniae (5 isolates, 7.14%), Pseudomonas (3 isolates,
4.29%), and Proteus mirabilis (2 isolates, 2.86%).

The 35 E. coli isolates were examined, and genomic
DNA was extracted using the kit protocol method. The
presence of genomic DNA was confirmed by gel electro-
phoresis on a 0.8% agarose gel, with the results visual-
ized under UV light (Fig. 4).

Fig. 4. Total genomic DNA extracted from E.coli isolates,
using 0.8% agarose gel, 70V, 45 min

PCR was used to amplify the 16S rDNA from the ex-
tracted DNA. The individual 16S rDNA band (585 bp)
was compared to the standard molecular DNA ladder
(2000 bp) (Fig. 5).

In this study, the Vitek®2 system was used to detect
and confirm antibiotic susceptibility tests, as shown in
Table 5 and Figure 4.

Fig. 5. PCR amplified products of 16S rDNA are seen in
agarose electrophoresis patterns. Lane 1: 2000 base pair
DNA ladder; Lane 2: 16S rDNA band of E. coli isolates,.
using 70V, 45 min, 1.5% agarose gel

The Vitek®2 system was used to detect the ability to
produce extended-spectrum B-lactamases (ESBLs) in
35 E. coli isolates. The results showed that 22 (62.86%)
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E. coli isolates tested positive for the ability to produce Of the 35 E. coli isolates, 19 (54.29%) developed
ESBLs, while 13 (37.14%) E. coli isolates tested nega- ESBLs with positive results, while 16 (45.71%) isolates
tive (Fig. 7). showed negative results for ESBL production, as deter-

mined by the DAM method (Fig. 8).
Table 5. Sensitive testing against different species of gram-

negative bacteria and detection of ESBLs 20% 62.86% p<0.05
Antibiotic Antimicrobial E. coli K.pnemoa  P.mirabilis P, aerogiosa 60% Y
0
group agent R S | R S R S R S
<l 50%
g :JT;';E!:T/I w6 412 37.14%
E £ (SAM) 54.29% 28.57% 17.14% 80% 20% 100% 40% e
=5 Ppeadi/ 18 1 6 5 2 2 1 30%
Tazobactam(PIT) 51.43% 31.43% 17.14% 100% 100% 66.7% 33.3% 0%
) N5 9 4 2 2 1
Cefurodme (X G0y 14,200 25719 80% 20% ~ 100% 6.7% 333% 10%
Cefuroximeaxetil 21 14 4 1 2 0% 80% 0%
- - 0 0
= (CFA) 60% 40% 80% 20% 100% Positive criteria for ESBLs  Negative criteria for
= Cefoxitin % 9 5 2 100% ESBLs
= %u7% C o 0% . y .
£ (FO) 74259 2571% 100% 100% Fig. 7. Demonstrated that positive and negative results of
2 Cefixme PE] 12 5 2 1 2 .
;E_ (OM)  6571%3429%  100%  100% 33.3% 66.7% ESBL by E.coll
S ftwdme 3 4 1 4 2 1 2
(CAD)  8857%1143% 20% 80% 100% 33.3% 66.7%
. I 14 21 2
Cfttaone (RO cp w06 200 8% 100% 333% 66.7%
! 28 7 5 2 1 2
Celepme M) goop 203 T T 100 100 333% 667%
b 4 1 2 3
£ _ -
5% Ertapene (ETF) 3429%65 7% T 80% 20%  100% 100%
ZE Meopem 1% 1 4 2 1 2
= (MEM) 31.43% 68.57% 20% 80% 100% 33.3% 66.7%
e . 6 29 4 1 2 2 1
g AW g T aw 0% T 100% 667% 333%
=3}
2 28 2 3 2 3
£ Gentamicn(GEN) 200/ 80%  40% 60% 100%  100%
s 1 5 203
g Cprofloadn(GP) gy 57%31 2% 100% 100% 100%
=
S Nitofuantoin 14 21 523
£ (NIT) 40%  60% 100% 100% 100%
2 ) ) Fig. 8. DAM test for ESBL detection using E. coliisolates
2 Trimethoprim 10 5 5 ) 2 1
£ sullamethowazole o 1o o sa06 1420 T 1009% T 100% 66.7% 333% . .
S (TRI-S) Discussion
E. coli spreads in the urinary tract due to its natural hab-
itat in the digestive tract, its proximity to the anus open-
100% . . . . .
£ om ing near the urinary tract opening, and its virulence
= . . .
B :g’ factors, which allow it to adhere to surfaces, withstand
é 60% urine-induced flow, and cause urinary tract infections.
T e The current study revealed that women constituted the
g 0% majority of cases compared to males, a finding that is
2 20% . . . .
o consistent with most previous studies. A stu a-
E N tent with tp tudies. A study by K
0% 3
P T TSNS EF T E S mel et al. showed that women represent.ed the highest
° percentage of UTIs, with 77% of cases in women and
f antibioti . . . .
Tapeofmiite 620,05 23% in males."* This finding is supported by most re-
mE s search due to the anatomical structure of females, where
Fig. 6. Antibiotic susceptibility of E. coli the urethra is shorter than that of males, thus reducing

the distance bacteria must travel to reach the bladder.*®
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Current data on the distribution of UTI patients
based on marital status showed that 28% were single and
72% were married, which is consistent with the study by
Al-Musawi and Al-Husseini.'® According to Alhamdy
and Shani, married women had a higher prevalence and
incidence of UTIs, which may be due to hormonal im-
pacts and behavioral habits."”

The present study employed several techniques for
identifying Gram-positive bacteria, including Gram’s
stain, microscopic examination, blood agar culture,
mannitol salt agar, coagulase test, and catalase test. Strep-
fococcus species were catalase-negative, Gram-positive,
and arranged in chains, while Staphylococcus species ap-
peared as purple clusters resembling grapes. The colo-
ny size of S. aureus ranged from 1 to 4 mm, spherical,
convex, and with sharp boundaries. It was golden yellow
in color, Gram-positive when stained, catalase-positive,
and surrounded by areas of p-hemolysis on blood agar.
Nonmotile clusters of S. aureus resembled grapes.'® Fur-
thermore, S. aureus may ferment mannitol when grown
on mannitol salt agar, resulting in a positive coagulase
production test and changes the indicator’s color from
red to yellow by producing acid. However, some spe-
cies of Staphylococcus do not change color on manni-
tol agar and show negative results from the coagulase
test.”? Since Gram-positive bacteria received limited at-
tention in this study, simple methods, such as the color
change from red to yellow due to acid production and
a positive coagulase test, were sufficient for their identi-
fication. Other species of Staphylococcus, such as S. alh-
ilua and S. al-shujairib, grow on mannitol agar without
changing color and provide negative coagulase results.”

In this study, different bacterial species were identi-
fied through biochemical analysis, with E. coli account-
ing for 35 isolates, S. aureus for 18 isolates, K. pneumoniae
for 5 isolates, Staphylococcus spp. for 4 isolates, Strepto-
coccus spp. for 3 isolates, Pseudomonas for 3 isolates, and
P, mirabilis for 2 isolates. These were the most frequent-
ly occurring bacteria in UTIs, which are a prevalent issue
affecting both men and women and are typically caused
by bacterial infections.>*** The current study found that
E. coli was the most common bacteria isolated from UTIs,
accounting for 50% of cases. This is consistent with previ-
ous studies from Baghdad, Iraq, which reported an E. coli
rate of 50%, and from Basrah, which reported a rate of
60%.%%*! E. coli is dominant in UTTs due to its presence in
the intestines and its ability to enter the urinary tract. It
has virulence factors such as biofilm formation, fimbriae,
alpha-hemolysin, cytotoxic necrotizing factor, adhesins,
and iron acquisition systems, as well as antibiotic resis-
tance genes. The majority of E. coli strains are resistant
to B-lactam antibiotics.”*** UPEC has the ability to pene-
trate the urothelium’s deeper layers, develop quiescent in-
tracellular reservoirs, and remain there for months before
causing recurrent infections.’

The results of the biochemical identification test,
used to identify Gram-negative bacteria in the cur-
rent investigation, were validated and supported by the
Gram-negative identification card of the Vitek®2 Sys-
tem test. Based on the findings from the Vitek®2 Sys-
tem, 35 isolates were identified as E. coli, 5 isolates as
K. pneumoniae, 4 isolates as Pseudomonas, and 2 iso-
lates as P. mirabilis. Crowley et al. demonstrated that
the Vitek®2 system accurately identifies bacteria down
to the species level. The study evaluated the technique
and concluded that the Vitek®2 GN identification meth-
od is a suitable automated method for the rapid iden-
tification of Gram-negative bacteria. Additionally, the
results of Salumi and Abood demonstrate the high qual-
ity and reliability of the Vitek®2 GN technology.**** A
study by Pincus also highlighted that Vitek®2 offers an
efficient timeframe for detecting isolates without mu-
tations, boasting a high degree of accuracy (99%) and
an extremely narrow margin of error. Another study by
Ossman et al. confirmed the utility of the Vitek®2 Com-
pact method for identifying bacteria in UTIs samples,
combining conventional and biochemical methods.*® In
the current study, the results of Gram-negative bacteri-
al identification by the Vitek®2 system were completely
consistent with the primary identification, in addition to
saving time and effort, avoiding laboratory errors, and
providing more accurate results.

16S rDNA was amplified using PCR with the extract-
ed DNA. A single 16S rDNA band (585 bp) was identi-
fied by comparing it to the conventional molecular DNA
ladder (2000 bp). The diagnostic gene, 16S rDNA, which
is stable and exhibits some heterogeneity over time with-
in bacterial species, was used for molecular diagnostics
on all E. coli isolates using PCR technology. The results
showed that the 16S rDNA gene sequence was present in
all isolates at a 100% rate, and the molecular weight of the
band was 585 bp when compared to the DNA ladder. The
findings of this study are consistent with those of Maleki
et al. in Iran and Lai et al.””,*® The results align with the
study conducted by Jenkins et al. in Malaysia.*® This gene
exhibits slight heterogeneity but contains conserved re-
gions that overlap with variable portions, which are used
to identify the bacterial genus and species. This makes it
one of the most rapid, accurate, and sensitive methods for
diagnosing bacteria, with minimal random variation in
the genomic sequence over time.***!

This study aims to determine the antibiotic re-
sistance patterns of predominant uropathogens and
confirm E. coli, the most common Gram-negative bac-
terium, as a frequent cause of urinary tract infections.*
Appropriate treatment heavily depends on the proper
prescription of both effective and efficacious antibiotics.
The development of resistance by pathogenic bacteria
has become synonymous with antibiotic use. Antibiot-
ic resistance is a major global threat, particularly rec-
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ognized in E. coli and other Gram-negative bacteria,
making treatment difficult. Determining the resistance
patterns of E. coli is crucial for guiding empirical and
targeted therapy.**

The study revealed low resistance rates to amino-
glycosides, specifically amikacin and gentamicin. These
findings were consistent with prior studies, such as those
by Mohamed and Aljanaby and Ayatollahi et al., which
demonstrated high sensitivity to these antibiotics.>>*°
Similar observations were noted in research by Al-Kh-
ikani et al. regarding gentamicin. Aminoglycosides ex-
ert their action by binding to the 30S ribosomal subunit
of bacteria, disrupting protein synthesis, and either ter-
minating protein synthesis prematurely or incorporating
the wrong amino acids.’” Aminoglycosides are bacteri-
cidal, displaying concentration-dependent bacterial kill-
ing. However, it is still not fully understood whether there
is an additional mechanism of action involved.

Carbapenem resistance was observed at varying lev-
els across studies. The current study found a resistance
rate of 34.8%, which is in agreement with Mujahid et
al.>®* However, lower resistance rates of 2.4% were re-
ported by Jalil and Atbee.>® These variations could be
attributed to regional differences in antibiotic usage and
resistance monitoring practices.

The resistance to trimethoprim-sulfamethoxazole
was 40%, as also observed by Critchley et al.** The rise in
resistance is fueled by the easy access to antibiotics with-
out prescriptions, combined with a lack of knowledge,
particularly in communities with low incomes. Educa-
tional programs focusing on accurate disease diagnosis,
selecting the right antibiotics, and promoting respon-
sible antibiotic use can greatly help reduce resistance.
Ahmed and Andaleeb et al. also found high resistance
rates against f-lactam and second- to fourth-generation
cephalosporin antibiotics.*"** The development of re-
sistance mechanisms involves the production of B-lac-
tamases, such as cephalosporinase and penicillinase
enzymes, which break down the B-lactam ring of anti-
biotics, rendering them ineffective, as mentioned in the
studies by Paltansing and Al-Shoyaikh.****

The bacteria developed resistance to ciprofloxa-
cin by producing biofilms, which prevented antibiot-
ics from penetrating and killing them, allowing them to
survive. According to Paltansing, resistance to quinolo-
nes is attributable to target site alterations or changes in
outer membrane permeability.*> The major mechanism
involves DNA gyrase mutations, as described by Zaman
et al.* Variations in antibiotic resistance and sensitivity
among E. coli strains highlight the importance of anti-
microbial susceptibility testing as a fundamental step in
guiding effective treatment.

The results showed that out of 35 E. coli isolates, 22
(62.8%) were ESBL producers, while 13 isolates (37.14%)
did not produce the enzyme. These results align with

Veve et al., who reported that 83.7% of E. coli isolates were
able to produce ESBL.* However, the present study dis-
agrees with Talan et al., which found that only 14.8% of
453 E. coli isolates produced ESBL.*” ESBL and carbap-
enemase infections have been on the rise in recent years
and are leading causes of hospital- and community-ac-
quired infections. As a result, a rapid and reliable test is
required to determine the appropriate antibiotic. The
Vitek®2 system demonstrated rapid and accurate detec-
tion, saving time and effort. The Vitek®2 compact system
is a fully automated, standardized microbiological system
that performs both drug susceptibility testing and bacte-
rial identification simultaneously. The Vitek®2 ESBL test
panel is used for the quick detection of ESBL production,
in addition to accurate identification and susceptibility
testing, by evaluating the inhibitory effects of cefepime,
cefotaxime, and ceftazidime both alone and in combina-
tion with clavulanic acid. Both molecular methodology
and the Vitek®2 ESBL test panel successfully detected the
formation of ESBL in Enterobacteriaceae.*®

The isolates were also tested for ESBL enzyme pro-
duction using the Double Disk Approximation Method
(DAM). Results showed that out of 35 E. coli isolates, 19
(54.29%) were ESBL producers, while 16 (45.71%) did
not produce the enzyme. The results of this study agree
with Samiyah et al., who found that 67% of their isolates
were ESBL producers in Saudi Arabia, and with Mo-
hammed et al. in Iraq.**,>° A study in India by Sudha-
rani et al. found that 53% of their E. coli isolates had the
ability to produce ESBL.** However, the present study
disagreed with Riaz et al., in Pakistan.

B-lactamase is a major virulence factor that destroys
the p-lactam ring in some antibiotics, enhancing antibi-
otic resistance and pathogenicity in E. coli. ESBLs have
emerged as a significant mechanism of f-lactam and oth-
er antibiotic resistance in Enterobacteriaceae. ESBL en-
zymes provide resistance to penicillins, cephalosporins,
monobactams, and other antibiotics.*® The World Health
Organization has identified bacterial antibiotic resistance
as one of its top health concerns. The extensive use of an-
tibiotics without susceptibility testing is a major cause of
the evolution of multidrug-resistant bacteria, which sig-
nificantly hampers treatment efforts and may compro-
mise the effectiveness of other treatments.**

Study limitations

Despite the significance of this study’s findings on the
isolation of E. coli from individuals suffering from UTIs
and its resistance to antibiotics, several limitations ex-
ist. The study did not focus on the virulence factors that
exacerbate infections or contribute to antibiotic resis-
tance. This limitation can be addressed in future stud-
ies by employing advanced analyses, such as PCR for
identifying genes responsible for virulence factors and
whole-genome sequencing.
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Whole-genome sequencing of the bacterial strains was
not conducted due to financial and time constraints. Con-
sequently, the diversity of E. coli strains and the mecha-
nisms underlying antibiotic resistance development were
not explored. Future studies should include such analyses
to provide a comprehensive understanding of the genet-
ics of these bacteria and their potential impact on therapy.

Although the number of participants in this study
was statistically adequate, it may not have fully captured
the variations in genetic patterns and resistance mecha-
nisms prevalent in other regions or communities world-
wide. Previous studies addressing these factors utilized
larger sample sizes representative of diverse geographi-
cal areas. Future research should consider a broader and
more diverse participant base to enhance the generaliz-
ability of the findings.

Conclusion and future scope

The current study identified E. coli as the primary caus-
ative bacterial species responsible for UTIs among
hospitalized patients in Basrah. Antibiotic resistance
patterns of the causal microorganisms revealed that
E. coli exhibited the highest prevalence of resistance to
ceftazidime, whereas amikacin showed the lowest resis-
tance. Furthermore, 62.86% of the samples tested pos-
itive for ESBL production, resulting in resistance to
third-generation cephalosporins.

These findings have significant practical implica-
tions. The high resistance to ceftazidime underscores
the urgent need to reconsider its use as a first-line treat-
ment for UTIs, particularly among patients in Basrah’s
hospitals. Amikacin may serve as a suitable alternative,
provided its use aligns with local antibiotic stewardship
guidelines and individual patient needs.

The prevalence of E. coli strains producing ESBL
highlights the necessity of routine screening for these
strains in clinical laboratories and diagnostic centers.
Such measures would enable physicians to select ap-
propriate medications, avoid ineffective treatments, and
mitigate complications through the timely identification
of ESBL production.

These findings also emphasize the importance of
antibiotic stewardship programs that prioritize local
resistance patterns in Basrah. Implementing such pro-
grams can help regulate antibiotic prescriptions, reduce
the overuse of cephalosporins, and curb the spread of
resistant bacterial strains.

Conclusion

The current study identified E. coli as the primary bac-
terial species responsible for UTIs among hospitalized
patients in Basrah. Antibiotic resistance patterns of the
causative microorganisms revealed that E. coli exhibit-
ed the highest prevalence of resistance to ceftazidime,
while amikacin showed the least resistance. Addition-

ally, 62.86% of the isolates tested positive for extend-
ed-spectrum B-lactamase (ESBL) production, resulting
in resistance to third-generation cephalosporins.

These findings have significant practical implica-
tions. The notable resistance to ceftazidime underscores
the urgent need to reconsider its use as a first-line treat-
ment for UTIs, especially in Basrah’s hospitals. Given
that amikacin demonstrated lower resistance, it may
serve as a viable alternative, provided its use aligns with
local antibiotic guidelines and patient needs. The high
prevalence of E. coli strains that produce ESBL high-
lights the necessity for routine screening of these strains
in clinical laboratories and diagnostic centers. This
would enable healthcare providers to select appropri-
ate treatments, avoid ineffective therapies, and prompt-
ly identify ESBL production to prevent complications.

Furthermore, these findings emphasize the impor-
tance of antibiotic stewardship programs that focus on
local resistance trends in Basrah. Such programs can help
regulate antibiotic prescriptions, minimize the overuse of
cephalosporins, and curb the spread of resistant strains,
ultimately improving patient outcomes and reducing the
public health burden of antimicrobial resistance.
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ABSTRACT

Introduction and aim. Traditional spirometers are limited by bulkiness and lack of biofeedback, which can hinder their effec-
tiveness in pulmonary rehabilitation. This study aimed to evaluate the accuracy of an innovative breathing retraining device in
measuring inhaled volume and assess user satisfaction compared to standard spirometers.

Material and methods. A multiphasic exploratory study was conducted with 102 healthy adults (aged 18-60 years). The study
included three phases: need analysis through focus group discussions, prototype development using polycarbonate materials
and 3D printing, and effectiveness testing. Inhalation exercises were performed with both the new device and a standard spi-
rometer. Primary outcomes were inhaled volume and marker displacement, with user satisfaction assessed via the Quebec User
Evaluation of Satisfaction with Assistive Technology (QUEST 2.0) questionnaire.

Results. The new device showed a strong correlation between inhaled volume and marker displacement (r=0.842, p<0.001).
The mean inhaled volume was 2.07+0.61 liters, with a mean marker displacement of 5.1940.59 cm. The mean QUEST 2.0 satis-
faction score was 3.54, indicating high user satisfaction.

Conclusion. The redesigned breathing retraining device not only addresses critical gaps in existing technologies but also offers
a practical, user-friendly solution for pulmonary rehabilitation. By combining accuracy, real-time feedback, and portability, this
innovation has the potential to redefine respiratory therapy standards in both clinical and home-based settings, paving the
way for broader applications and improved patient outcomes.

Keywords. breathing retraining device, incentive spirometer, inhalation exercises, pulmonary rehabilitation, respiratory thera-
py, volumetric measurement

Introduction

Breath is Life. The act of breathing is fundamental to
existence, and its significance became starkly evident
during the COVID-19 pandemic, where ventilation
represented the thin line between survival and mortal-
ity. The respiratory system, constantly interfacing with
the external environment, not only sustains life but also
serves as a gateway for infections. This duality under-

scores the importance of preserving and enhancing
pulmonary function, particularly through chest phys-
iotherapy. Lung expansion exercises, a cornerstone of
chest physiotherapy, are pivotal in optimizing ventila-
tion, perfusion, and diffusion, making them indispens-
able in respiratory care.

Among the therapeutic interventions, volume-ori-
ented incentive spirometers have proven superior to their
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flow-oriented counterparts in improving lung function,
promoting better thoracic expansion, and enhancing di-
aphragmatic activity.! These devices have evolved since
1973, when Bartlett first conceptualized the incentive spi-
rometer. He recognized the pulmonary benefits of yawn-
ing in postoperative patients and developed a device that
allowed individuals to inhale deeply, achieving volumes
between 200 and 2500 mL. This device included inno-
vative features such as a volume indicator, an incidence
counter, and a light bulb that activated upon reaching the
desired volume, encouraging sustained inhalation.?

Over the decades, advancements in spirometer tech-
nology have sought to improve usability and therapeutic
efficacy. In 1983, Edward introduced a refined model,
followed by Kenneth’s turbine-based incentive spirom-
eter in 1992. Further innovations included Lawrence’s
goal-recording mechanism in 2001, Terry’s verbal stim-
ulation features in 2012, and Yu-Fu Wu’s electronic spi-
rometer in 2018.>® Despite these technological strides,
the clinical practice guidelines from the American As-
sociation for Respiratory Care (AARC) in 2011 high-
lighted limitations, stating that incentive spirometers
alone are inadequate for preventing or treating postop-
erative pulmonary complications.’

Traditional bedside incentive spirometers, while
prevalent, face notable limitations. These include difficul-
ty in one-handed operation, the need for assistance from
healthcare professionals, and inconsistencies in the per-
formance of flow-oriented devices. Additionally, these
devices often lack adequate biofeedback mechanisms to
engage patients effectively, resulting in suboptimal adher-
ence and outcomes. Such challenges underscore the ne-
cessity for innovation to address these gaps.

While the background has established the impor-
tance of pulmonary rehabilitation and the limitations of
existing spirometers, the innovative breathing retrain-
ing device provides distinct advantages that go beyond
traditional usage. Unlike standard incentive spirome-
ters, this device combines precise volumetric measure-
ment with real-time visual feedback, enabling users to
monitor their progress with unparalleled accuracy. Such
features make it not only a diagnostic and therapeutic
tool but also a highly effective exercise device for im-
proving respiratory muscle strength and lung capacity.

The device’s ability to provide adjustable resistance
and user-friendly feedback transforms it into a versatile
tool for various clinical and home-based applications.
As a result, it is particularly beneficial for diverse pop-
ulations, including post-surgical patients, individuals
with chronic respiratory conditions, and even healthy
individuals seeking to enhance their pulmonary func-
tion as part of a fitness regimen. This dual-purpose de-
sign bridges the gap between measurement and active
engagement, offering a holistic approach to respiratory
therapy.

By addressing these critical gaps and offering
unique functionalities, the breathing retraining device
sets a new standard for pulmonary rehabilitation, mak-
ing it both accessible and impactful in a variety of sce-
narios. This study aims to validate these advantages and
establish the device as an essential tool for comprehen-
sive respiratory care.

This study presents the design and testing of an in-
novative breathing retraining device aimed at over-
coming these challenges. By integrating features such
as portable design, real-time visual biofeedback, and
precise volumetric measurement, this device address-
es the critical shortcomings of existing spirometers. Its
user-centric approach not only improves accessibility
and ease of use but also enhances engagement, there-
by fostering better therapeutic outcomes. Through this
effort, the study aims to redefine the standard of care in
pulmonary rehabilitation, contributing a significant ad-
vancement to the field of respiratory therapy.

Aim
The aim of the study is to design and test an innovative
breathing retraining device.

Material and methods

This study follows a multiphase exploratory design with
an interdisciplinary approach to design and develop a
breathing retraining device. The study is conducted in
three phases:

Phase 1: need analysis

Objective

To identify the specific limitations of existing bedside
incentive spirometers and gather expert insights to
guide the design of a new breathing retraining device.

Study population

Healthcare professionals with expertise in respiratory
therapy, surgery, and medical rehabilitation were invited
to participate. The panel consisted of cardiothoracic vas-
cular surgeon, specialists in respiratory medicine, gyne-
cologist, anesthetist and physiotherapists with expertise
in cardiopulmonary rehabilitation (MPT in cardio-re-
spiratory). The diversity of the panel ensured a compre-
hensive understanding of clinical needs across various
domains.

Study design

A qualitative focus group discussion (FGD) was con-
ducted to gather detailed insights into the limitations
of existing spirometers and potential areas for im-
provement. The study utilized an exploratory design to
capture a wide range of expert opinions and thematic
feedback.
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Data collection: date and setting

The FGD was conducted on 27th December 2023 at RK
University School of Physiotherapy. The discussion was
held online via Zoom to accommodate experts from
different cities (Chennai, Ahmedabad, Baroda, and Ra-
jkot). Recruitment of Participants: Experts were iden-
tified and approached through professional networks,
academic institutions, and recommendations from
medical associations. A total of 15 experts were select-
ed based on their clinical experience, academic back-
ground, and familiarity with incentive spirometers.
Discussion framework: The FGD was moderated by a
senior physiotherapist with expertise in qualitative re-
search to ensure structured and unbiased discussions.
The key discussion points included: A. Experience with
incentive spirometers: Participants were asked about
their clinical experiences with existing spirometers, in-
cluding their advantages and limitations. B. Initial Im-
pressions: For participants unfamiliar with spirometers,
their perspectives on its potential utility and design
were explored. C. Target populations: Experts were en-
couraged to identify patient populations (e.g., post-sur-
gical, ICU, COPD patients) that could benefit most from
aredesigned device. D. Improvement areas: Participants
shared specific design features they believed would en-
hance usability and therapeutic outcomes. Examples
included: Portability and ease of handling, Resistance
settings and volumetric accuracy, Feedback mecha-
nisms for patient motivation. Role of technology: The
potential for integrating advanced features (e.g., digi-
tal biofeedback, wireless connectivity) was discussed,
considering patient and clinician needs. Recording and
documentation: The session lasted approximately 90
minutes and was recorded with participant consent. A
note-taker documented key points, ensuring redundan-
cy in data collection for accuracy.

Data analysis: Thematic analysis: The recorded dis-
cussion was transcribed verbatim. A coding framework
was developed to identify recurring themes, such as de-
vice portability, accuracy, and patient engagement. The-
matic analysis was conducted using NVivo software to
systematically organize and interpret the data. Valida-
tion: To ensure reliability, the findings were reviewed by
two independent researchers. Discrepancies in theme
identification were resolved through consensus.

Findings and outcomes: Identified limitations: The
analysis revealed the following key limitations in ex-
isting devices: difficulty in one-handed operation, lack
of adjustable resistance settings, insufficient feedback
mechanisms for user motivation, bulky and non-por-
table design. Design recommendations: Incorporation
of real-time visual feedback to engage patients, reduc-
tion in size and weight for portability, use of durable yet
lightweight materials to improve accessibility, and in-
tegration of adjustable resistance and volumetric mea-

surement for precision. Consensus on device need:
Experts unanimously agreed on the necessity of rede-
signing the spirometer to address these limitations and
improve patient compliance.

Phase 2: design and development

Objective

To conceptualize, design, and develop an innovative
breathing retraining device based on findings from
Phase 1.

Design conceptualization

The insights from Phase 1 guided the design require-
ments. Specific needs identified included: Portability
and ease of handling, adjustable resistance for varied
therapeutic needs, real-time feedback through visual or
mechanical means, accurate volumetric measurement
to enhance therapeutic precision.

The following steps were undertaken, A. Materi-
al selection: Lightweight and durable materials, such
as polycarbonate, were selected for their transparency,
impact resistance, and cost-effectiveness. These materi-
als ensured usability and compliance with medical de-
vice safety standards. B. Dimensional specifications: The
mouthpiece was designed to be 20 cm in length with an
internal diameter of 2 cm, ensuring comfort and com-
patibility with diverse patient anatomies. The cylin-
der height was set at 17 cm with volumetric gradations
marked for precise measurement. The vertical chamber
was designed with a 0.5 cm diameter to minimize air-
flow resistance.

Prototype development: The design was translated
into a physical prototype through the following steps.
A. 2D and 3D modelling: Initial sketches were created
using 2D drawings to conceptualize the basic structure
and functionality. AutoCAD software was employed for
creating detailed 3D models, ensuring precision and
alignment with the desired specifications. B. Materi-
al sourcing: Everyday household items, such as bubble
maker sticks, plastic jars, and glue guns, were repur-
posed to create a cost-effective prototype for early iter-
ations. Custom parts were fabricated as needed to meet
the design’s specific requirements. C. Assembly: The
prototype was assembled in the laboratory, where com-
ponents were systematically integrated. A floating disc
mechanism was developed using foam material calibrat-
ed to fit snugly within the cylinder. The disc provided
real-time visual feedback by rising with inhalation.

Iterative Refinement: Several iterations were con-
ducted to optimize the prototype, feedback integration:
Experts from the focus group were re-engaged to eval-
uate the prototype’s usability, accuracy, and functional-
ity. Adjustments were made based on feedback, such as
improving the disc’s stability and ensuring smooth air-
flow through the vent system. Performance testing: Pre-
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liminary tests were conducted to validate the prototype’s
accuracy in measuring inspiratory volume. The device
was compared against a standard spirometer to ensure
its performance met clinical standards.

Design features: The final prototype incorporated
the following features: A. Horizontal mouthpiece Cham-
ber: Facilitates comfortable inhalation and exhalation,
accommodating users with diverse respiratory capaci-
ties. B. Transparent cylinder with volume scale: Allows
users and clinicians to monitor inspiratory volumes ac-
curately in real time. C. Mechanical floating disc: Serves
as a biofeedback mechanism, visually indicating lung
expansion during inhalation. D. Vertical chamber and
vent system: Ensures smooth airflow and minimizes re-
sistance, particularly beneficial for patients with limited
lung capacity. E. Vent inlet: Regulates external air intake
to maintain pressure stability and ensure accurate volu-
metric readings.

Interdisciplinary collaboration: The design and de-
velopment process involved a multidisciplinary team
which are, mechanical engineers provided expertise in
structural integrity, airflow mechanics, and material
properties. Physiotherapists ensured the prototype met
clinical requirements for therapeutic application.

Challenges and solutions: A. Cost-effectiveness:
Sourcing affordable materials without compromising
quality was a significant challenge. This was addressed
by repurposing everyday materials for initial iterations.
B. Technical precision: Achieving accurate measure-
ments required several calibrations and adjustments,
which were refined through iterative prototyping. C.
User comfort: The prototype underwent ergonomic
testing to ensure ease of use for patients with limited
mobility or strength.

Outcome: The final prototype successfully met the
identified design goals: Portable and user-friendly for a
wide range of patients. Accurate in measuring inspira-
tory volumes, comparable to standard spirometers. En-
gaging for patients through real-time visual feedback,
enhancing adherence to therapy.

Ethical considerations: The prototype adhered to
ethical guidelines for device safety and usability. Feed-
back from participants was anonymized and used solely
for the purpose of refining the device.

Phase 3: effectiveness and feasibility testing

The third phase aimed to validate the efficacy and accu-
racy of the newly developed breathing retraining device
in comparison to a conventional spirometer. This mul-
tiphase exploratory study focused on assessing the de-
vice’s functionality, user engagement, and clinical utility.
A total of 102 healthy adults were enrolled using a con-
venient sampling technique, ensuring a diverse sam-
ple within the predefined inclusion criteria. The study
spanned six months and was conducted in both com-

munity and institutional settings in Rajkot, Gujarat,
with ethical approval obtained prior to initiation.

Study population and recruitment

Participants were recruited through community outreach
and institutional announcements. Recruitment materials,
including posters and direct communications, outlined
the study objectives and eligibility criteria. Individuals
aged 18 to 60 years, of both genders, with no known re-
spiratory or cardiovascular pathologies, were eligible. Ex-
clusion criteria included diagnosed lung diseases, chronic
obstructive pulmonary disease (COPD), cardiovascular
disorders, pregnancy, or reliance on respiratory medica-
tions. Written informed consent was obtained from all
participants after a thorough explanation of the study ob-
jectives, procedures, risks, and benefits.

Device calibration and testing protocol

To ensure precision, the prototype device underwent
calibration using the RMS Helios 401 Spirometer,
a gold-standard pulmonary function testing machine.
The calibration process involved securely connecting
the device to the spirometer probe to maintain a leak-
proof interface. Each participant performed three cal-
ibration trials of inspiratory capacity (IC) maneuvers,
and the best trial, defined by the highest inspiratory
volume, was recorded for analysis. Calibration ensured
that the device consistently measured inspiratory vol-
ume with accuracy comparable to the spirometer, meet-
ing the required standards for data collection.

Validation against spirometer

Following calibration, participants were instructed to
perform deep breathing exercises using both the con-
ventional spirometer and the prototype device. To
standardize testing conditions, posture and inhalation
technique guidelines were provided. Participants were
seated in an upright position to maximize thoracic ex-
pansion and diaphragmatic movement. The inhala-
tion protocol emphasized slow and controlled breaths
through the device mouthpiece to achieve full lung ex-
pansion. Three trials were conducted with each device,
and the best trial results were used for analysis to mini-
mize variability.

Data collection and analysis

Inspiratory capacity, measured as the maximum vol-
ume of air inhaled in liters, served as the primary respi-
ratory parameter. Real-time feedback provided by the
mechanical floating disc in the prototype device was re-
corded to evaluate its efficacy as a biofeedback mech-
anism. Data were collected systematically, ensuring
accuracy and completeness. Descriptive and inferential
statistical analyses were performed using SPSS version
21.0 (IBM, Armonk, NY, USA). Normality of data dis-
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tribution was assessed through skewness, kurtosis, and
the Shapiro-Wilk test. Parametric tests were applied giv-
en the normal distribution of data. Correlation analyses
evaluated the relationship between inspiratory capacity,
marker displacement, and user satisfaction scores. Sta-
tistical significance was determined at p<0.05.

User satisfaction assessment

The Quebec User Evaluation of Satisfaction with Assis-
tive Technology (QUEST 2.0) questionnaire was admin-
istered to all participants to measure satisfaction with
the prototype device. The questionnaire assessed dimen-
sions such as ease of use, comfort, durability, and overall
effectiveness. Responses were scored on a 5-point Likert
scale, with higher scores indicating greater satisfaction.
The results were analyzed to identify factors contribut-
ing to user satisfaction and areas for potential improve-
ment in device design.

Ethical and safety considerations

Ethical approval was granted by the Institutional Ethical
Committee at RK University (ECR/259/Indt/GJ/2016/
RR-21), and the study was registered with the Clinical
Trials Registry-India (CTRI) to ensure adherence to
national guidelines. Participant safety was prioritized
throughout the study, with clear protocols in place to
address any adverse events or discomfort experienced
during testing. Data confidentiality was maintained,
and participants retained the right to withdraw from the
study at any time without penalty.

Statistical methods

Data analysis was performed using SPSS version 21.0
(IBM, Armonk, NY, USA), with a level of significance set
at 0.05 and a confidence interval of 95%. Normality was as-
sessed using skewness, kurtosis, histograms, and the Shap-
iro-Wilk test. Skewness and kurtosis values between -1.96
and +1.96, along with a Shapiro-Wilk test p-value greater
than 0.05, indicated normal distribution. As the data were
normally distributed, parametric tests were employed.

Results

Phase-1 need analysis

Based on the literature review and insights from the fo-
cused group discussion, it was determined that there is a
significant need to redesign the breathing retraining de-
vice. Experts highlighted several areas for improvement,
including: size of the device, resistance during breath-
ing, volumetric measurement, weight of the device, and
length of the mouthpiece.

In response to these suggestions, a new design for
the breathing retraining device was conceptualized, ad-
dressing the identified needs. The new design focused
on making the device more user-friendly, accessible,
and effective in pulmonary rehabilitation.

Phase 2: design and development

Based on the considerations identified in Phase 1 (need
analysis), and through the iterative development process
in Phase 2, the final prototype of the breathing retrain-
ing device was successfully designed and developed.
The key challenges identified - such as size, resistance
during breathing, volumetric measurement, weight, and
mouthpiece length - were systematically addressed and
integrated into the device’s design.

The final prototype was developed with several key
design components, reflecting the suggestions from
experts and addressing the clinical needs identified
throughout the study. The device features a horizontal
mouthpiece chamber, designed to allow users to inhale
and exhale comfortably and effectively, with an optimal
length and diameter suited for a wide range of patients.
This design resolved concerns related to the usability of
the mouthpiece. The transparent cylinder of the device
is enclosed and marked with a volume scale, providing
clear visual feedback on the volume of air inhaled. This
feature is crucial for accurate volumetric measurement,
making it easier for both patients and therapists to mon-
itor progress. Inside the cylinder, a mechanical floating
disc rises with each inhalation, indicating the volume
of air inhaled. The disc moves in accordance with the
volume scale, offering users real-time insights into their
lung capacity, which improves engagement and motiva-
tion during therapy. Additionally, a vertical chamber is
connected to the horizontal mouthpiece chamber, en-
suring smooth airflow and facilitating consistent read-
ings during both inhalation and exhalation. A vent
connecting the vertical chamber provides an open link
between the cylinder and vertical chamber, allowing
seamless airflow and reducing resistance or pressure
build-up, ensuring patient comfort. Finally, the device
includes a vent inlet located at the lower part of the cyl-
inder, which introduces external air into the device,
regulating pressure and ensuring that the floating disc
and other mechanical components function accurately
throughout each breathing cycle.

Considering all the expert feedback gathered during
Phase 1, the development of this breathing retraining
device in Phase 2 led to a prototype that is more com-
pact, lightweight, and easy to use, while also ensuring
accurate volumetric measurement. The final design
meets the identified needs for patients requiring pulmo-
nary rehabilitation, and future testing will confirm its
clinical efficacy.

Phase 3: effectiveness and feasibility testing

Participant demographics

A total of 102 healthy subjects participated in the study,
comprising 53 males and 49 females. The age range was
broad, ensuring a diverse sample for analysis.
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Normality testing

Normality assessments for key variables showed that
all data were normally distributed. Table 1 presents the
Shapiro-Wilk normality test results for variables such as
age, volume inhaled, displacement of markers, and Que-
bec User Evaluation of Satisfaction with Assistive Tech-
nology Version 2.0 (QUEST 2.0) total score average.

Table 1. Shapiro-Wilk normality test results

Variable W Statistic p Normality conclusion
Age 0.980 0.158 Normally distributed
Volume inhaled (L) 0.985 0.348 Normally distributed

Displacement of markers
(em)

QUEST 2.0 total score average 0.976 0.093

0.987 0.462 Normally distributed

Normally distributed

Descriptive statistics

The mean volume inhaled during maximal deep inspi-
ration was 2.07+0.61 liters, and the mean displacement
of the markers in the cylinder was 5.19+0.59 centime-
ters. Detailed values are provided in Table 2.

Table 2. Summary of volume inhaled and marker
displacement

Parameter Value Standard Deviation
Mean volume inhaled (L) 2.07 +0.61
Mean displacement of markers (cm) 5.19 +0.59

Outliers were identified in the distribution of inspi-
ratory capacity and marker displacement data, partic-
ularly at the higher ends of the ranges. To assess their
impact, a sensitivity analysis was conducted by exclud-
ing the top and bottom 5% of data points. After exclu-
sion, the mean inspiratory capacity slightly reduced
from 2.07+0.61 L to 2.04+0.55 L, while the correlation
between inspiratory capacity and marker displacement
remained strong (r=0.837, p<0.001). These results in-
dicate that the outliers did not significantly alter the
overall findings, affirming the robustness of the dataset
(Table 3).

Table 3. Independent samples t-test results comparing
males and females

Variable Gender Mean=SD t p

Male 27.6+9.4

Age (years) 0.386 0.700
Female 26.9+12.2
i Male 2.20+0.62

Volume inhaled 1730 0.087
(L) Female 2.03+0.50
i Male 5.32+0.67

Displacement of 0.860 0392
markers (cm) Female 5.24+0.62
Male 3.56+0.17

QUEST 2.0 total 0.744 0.459
score average Female 3.54+0.18

Anindependent samples t-test was conducted to com-
pare males and females across key variables. No signifi-
cant difference was found in age between males (27.6+9.4

years) and females (26.9+12.2 years) (p=0.700). Similar-
ly, the volume inhaled showed no significant difference
between males (2.20+0.62 L) and females (2.03+0.50 L)
(p=0.087). Table 3 states that Displacement of markers
yielded comparable results for males (5.32+0.67 cm) and
females (5.24+0.62 cm) (p=0.392). The QUEST 2.0 total
score also indicated no significant difference in satisfac-
tion between males (3.56+0.17) and females (3.54+0.18)
(p=0.459). Correlation analyses using Pearson correla-
tion coefficients were performed as given in Table 4 to
assess the relationships between variables. A strong pos-
itive correlation was found between volume inhaled and
displacement of markers (r=0.842, p<0.001), suggesting
that higher inhaled volumes were associated with greater
marker displacement. Additionally, a weak positive cor-
relation was observed between volume inhaled and the
QUEST 2.0 total score (r=0.274, p=0.014), indicating that
participants who inhaled larger volumes reported slightly
higher satisfaction. A weak positive correlation was also
found between displacement of markers and the QUEST
2.0 total score (r=0.252, p=0.024), suggesting a slight
association between greater marker displacement and
higher usability and satisfaction scores. No significant
correlations were found between volume inhaled and age,
or displacement and age (p>0.05), indicating that age did
not significantly affect these variables (Table 4).

Table 4. Pearson correlation coefficients between variables

. Correlation .

Variables Coefficient (1) p Interpretation

Volume inhaled vs. displacement 0.842 <0.001 stiong po§|t|ve
correlation

Volume inhaled vs. age 0.112 0.313 No S|gn|ﬁ-cant
correlation

Displacement vs. age 0.098 0.378 No 5|gn|ﬁ'cant
correlation

Volume inhaled vs. QUEST total 0274 0014 Weak pos.mve
score correlation

Displacement vs. QUEST Total 0252 0.024 Weak posltlve
Score correlation

QUEST 2.0 satisfaction survey results

Participants completed the QUEST 2.0 satisfaction sur-
vey, which includes 12 items related to assistive device
satisfaction, focusing on eight aspects mentioned in Ta-
ble-5 of the new breathing retraining device.

The Quebec User Evaluation of Satisfaction with
Assistive Technology (QUEST 2.0) satisfaction survey
revealed an overall mean score of 3.54 out of 5, indi-
cating high user satisfaction with the prototype device.
Among the eight dimensions evaluated, the highest
mean score was observed in “Ease of Use” (3.58+0.12),
followed closely by “Durability” (3.62+0.15) and “Safety
and Security” (3.5740.13).

Subgroup analysis based on participant demograph-
ics showed no significant differences in overall satis-



Design and testing of breathing retraining device a multiphasic exploratory study in healthy subjects 221

faction scores between males (3.56+0.17) and females
(3.54+0.18) (p=0.459, CI: -0.06 to 0.10). Similarly, age
groups (18-30, 31-45, 46-60 years) did not exhibit sig-
nificant variations in satisfaction scores (ANOVA, F(2,
99)=1.21, p=0.303). These findings suggest that the de-
vice’s design and functionality meet diverse user needs,
irrespective of gender or age (Table 5).

Table 5. Contains mean scores for each satisfaction item,
with a total mean score of 3.54 out of 5, indicating high
overall satisfaction.

QUEST 2.0 Mean score
Dimension 3.490196
Weight 3.578431
Ease in adjustment 3.558824
Safety and security 3.45098
Durability 3.617647
Easein use 3.519608
Comfort 3.480392
Effectiveness 3.588235
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Fig. 1. The histogram of volume inhaled (L) with the
frequency

Interpretation: Figure 1 displays, Distribution
Shape: The histogram shows a somewhat normal distri-
bution with a slight right skew, meaning the majority of
participants inhaled between 1.5 and 2.5 liters. Peaks:
The highest frequency is around 2 liters, indicating that
this is the most common volume inhaled among the
participants. Skewness: There are a few participants who
inhaled either significantly less (around 1 liter) or more
(above 3 liters), which are likely influencing the right-
ward skew of the distribution.

Interpretation: Linearity: Most of the data points
lie close to the red reference line, which suggests that
the “Volume inhaled (L)” follows a normal distribu-
tion overall. Outliers: A few data points at the higher
end of the plot (top right corner) deviate from the line,

indicating that there are some individuals with high-
er-than-normal inhaled volumes. As provided in Figure
2, the plot supports that the data is mostly normal, mak-
ing parametric tests feasible, though there are a few out-
liers that may require further investigation or treatment
depending on the analysis.
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Fig. 2. Presents the Q-Q plot for volume inhaled, further
confirming the normality of the data distribution

The findings from the validation phase demonstrate
the prototype device’s strong alignment with standard
spirometer measurements, as evidenced by the sig-
nificant correlation between inspiratory capacity and
marker displacement (r=0.842, p<0.001). These results
corroborate prior studies on the importance of feed-
back mechanisms in pulmonary rehabilitation devices,
which enhance user engagement and therapeutic effica-
cy.!! Additionally, the high satisfaction scores across all
dimensions underscore the usability and practicality of
the device in both clinical and home settings.

However, the absence of a control group and long-
term efficacy assessments limits the generalizability of
these findings. Future studies should address these gaps
by including diverse patient populations and extend-
ed testing periods. Despite these limitations, the results
highlight the device’s potential to transform pulmonary
rehabilitation by offering an innovative, user-friendly,
and effective solution for improving respiratory health.

Discussion

The Phase 1: need analysis successfully identified critical
areas for improvement in existing respiratory devices,
including size, resistance during breathing, volumetric
measurement, weight, and mouthpiece length. These
findings align with prior research that emphasizes the
role of patient-centered design in improving compli-
ance and therapeutic outcomes. For instance, Chrystyn
et al. highlighted that ease of handling and clear instruc-
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tions are essential for ensuring proper usage and adher-
ence to therapy in inhaler devices for COPD patients.'
These principles directly support our efforts to redesign
a breathing retraining device that prioritizes user com-
fort, durability, and functionality to enhance patient en-
gagement.

The expert panel’s recommendations closely reflect
existing evidence on the efficacy of feedback mecha-
nisms in respiratory devices. Studies, such as those by
Kyoung Kim et al. (2011), have underscored the im-
portance of accurate and timely feedback in improv-
ing chest expansion and pulmonary function in stroke
patients.!! This evidence validates the inclusion of vol-
umetric measurement and real-time biofeedback in
our device, which are anticipated to not only motivate
patients but also foster better self-monitoring and ad-
herence. In pulmonary rehabilitation, where sustained
engagement is critical, such features are integral to
achieving improved clinical outcomes.

The diverse composition of the expert panel further
enriched the redesign process by addressing practical
challenges commonly encountered in clinical practice.
Specific recommendations - such as improving porta-
bility, enhancing usability with a one-handed design,
and incorporating intuitive feedback mechanisms -
were directly integrated into the prototype. For example,
the mechanical floating disc was included to provide
real-time visual biofeedback, while the device’s light-
weight construction addressed the need for portabili-
ty. These innovations cater to both patient and clinician
needs, making the device versatile for use in clinical set-
tings, home-based rehabilitation, and resource-limited
environments.

Moreover, the Phase 1 findings highlight a signifi-
cant advancement in addressing psychological barriers
to therapy. By offering immediate feedback on inhala-
tion volume, the device empowers patients with a better
understanding of their lung capacity, fostering motiva-
tion and long-term adherence. This dual focus on func-
tionality and patient engagement not only improves
therapeutic outcomes but also broadens the device’s ap-
plicability to areas such as post-surgical recovery and
ICU settings, where portability and ease of use are par-
ticularly valuable.

Incorporating these insights into the design frame-
work provides a strong foundation for the next phase of
development. By integrating both clinical expertise and
user-focused design principles, the redesigned breath-
ing retraining device has the potential to redefine pul-
monary rehabilitation standards and improve overall
patient outcomes.

The design and development of the breathing re-
training device in Phase 2 directly responded to the
functional and psychological needs identified in Phase
1. By incorporating patient-centered features, the device

was conceptualized to optimize usability and therapeu-
tic effectiveness. Each design element was meticulous-
ly planned, grounded in evidence-based principles, and
supported by insights from prior research.

The Horizontal Mouthpiece Chamber was designed
to accommodate diverse user anatomies, ensuring com-
fortable inhalation and exhalation. This focus on er-
gonomics is essential, as patient comfort significantly
impacts adherence to therapy. Eltorai et al. demon-
strated that the ergonomic design of spirometry devic-
es enhances patient performance and engagement by
reducing discomfort and making therapy more acces-
sible.!? By prioritizing user comfort, this feature aligns
with established principles in respiratory device design,
ensuring that patients with varying anatomical needs
can use the device effectively.

The Cylinder with Volume Scale provides real-time
visual feedback on inhalation volumes, a critical element
for fostering patient motivation and self-monitoring.
Feedback mechanisms have been extensively validated
in respiratory therapy literature, as evidenced by Kim
et al., who highlighted the efficacy of visual feedback in
improving chest expansion and pulmonary function in
stroke patients."" By enabling users to track their prog-
ress in real time, the volume scale integrates a simple yet
powerful motivational tool, empowering patients to ac-
tively engage with their rehabilitation.

Another innovative feature is the Mechanical Float-
ing Disc, which acts as a biofeedback mechanism, ris-
ing during inhalation to indicate lung expansion. This
dynamic visual cue builds upon the principles of feed-
back-based respiratory training, which has been shown
to enhance patient engagement and adherence to ther-
apy. The floating disc’s design emphasizes accuracy and
responsiveness, ensuring that patients receive meaning-
ful feedback throughout their breathing exercises.

The Vertical Chamber and Connecting Vent were
incorporated to optimize airflow and minimize resis-
tance, addressing the needs of patients with limited
respiratory capacity. Curran et al. explored airflow dy-
namics in respiratory devices and demonstrated that
modifications to airflow pathways can improve device
performance while maintaining low resistance.”® This
principle guided the design of the vertical chamber and
vent, ensuring smooth airflow to reduce strain during
therapy. By minimizing resistance, the device becomes
accessible for individuals with compromised lung func-
tion, supporting its applicability in pulmonary rehabil-
itation settings.

The inclusion of a Vent Inlet further optimizes air
entry, reducing the effort required for breathing exer-
cises. This design choice directly addresses the needs of
patients with lower inspiratory capacity, making the de-
vice intuitive and effortless to use. By reducing physical
strain, the vent inlet ensures that therapy remains feasi-
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ble and engaging for users across a wide range of respi-
ratory conditions.

The design principles underlying these features were
rooted in enhancing patient compliance by addressing
common barriers to effective use, such as weight, size,
and complexity. By creating a portable, lightweight, and
user-friendly device, the design prioritizes accessibility
and daily usability. These improvements are expected to
increase adherence to therapy and improve clinical out-
comes, as supported by the literature on respiratory de-
vice design.

In briefing, the Phase 2 design and development
process translated the insights from Phase 1 into a tan-
gible, innovative breathing retraining device. By incor-
porating features that address both the functional and
psychological needs of patients, the device represents
a significant advancement in pulmonary rehabilitation
technology. This foundation sets the stage for Phase 3,
where the device’s effectiveness and feasibility will be
rigorously tested in a clinical setting.

The findings from the Effectiveness and Feasibility
Testing phase underscore the success of the redesigned
breathing retraining device in meeting its intended goals
of enhancing usability, effectiveness, and patient engage-
ment. By evaluating the device among 102 healthy par-
ticipants across a broad demographic, the study ensured
the robustness of its conclusions and laid the ground-
work for future applications in clinical practice.

The results demonstrated that the device effective-
ly facilitates significant lung expansion, as evidenced by
the strong positive correlation between the volume of air
inhaled and the displacement of markers in the cylinder
(r=0.842, p<0.001). This validates the mechanical design
of the device, where the floating disc provides accurate
biofeedback that reflects inhalation volume. These find-
ings align with prior research, such as Kim et al., which
highlighted that feedback mechanisms during respirato-
ry training improve both chest expansion and pulmonary
function in stroke patients." Similarly, the incorporation
of real-time visual feedback through the volume scale en-
hances patient motivation and self-monitoring, a feature
shown to foster adherence and improve outcomes in pul-
monary rehabilitation.

The gender-neutral performance of the device is
particularly noteworthy. No significant differences were
observed between male and female participants in terms
of volume inhaled, marker displacement, or user satis-
faction. This finding is consistent with studies by Lo-
Mauro and Aliverti and Sheel et al., which demonstrated
that while anatomical differences exist between genders,
they do not significantly influence outcomes in respira-
tory therapies when ergonomic and functional diversity
are considered in device design.'>'s This reinforces the
device’s versatility and its broad applicability across di-
verse patient populations, irrespective of gender.

User satisfaction was another key outcome, with
participants reporting high levels of satisfaction on the
QUEST 2.0 instrument, particularly in dimensions such
as ease of use and comfort (mean satisfaction score:
3.54 out of 5). While a weak positive correlation was ob-
served between performance measures (e.g., volume in-
haled) and satisfaction scores (r=0.274, p=0.014), these
findings suggest that factors beyond functionality, such
as ergonomic design and user experience, significantly
contribute to overall satisfaction. This is consistent with
findings by Guerreiro et al. (2022), which emphasized
that subjective aspects like comfort and ease of han-
dling are critical determinants of satisfaction with as-
sistive devices.”

While the study demonstrated a strong positive cor-
relation (r=0.842, p<0.001) between inspiratory volume
and marker displacement, other parameters exhibited
weaker or non-significant correlations, such as the re-
lationship between performance measures (e.g., volume
inhaled) and satisfaction scores (r=0.274, p=0.014).
These findings warrant further discussion in the con-
text of physiological mechanisms and user behavior.
Satisfaction and Performance: The weak positive cor-
relation between satisfaction scores and performance
metrics, such as volume inhaled, suggests that user sat-
isfaction with the device is influenced by factors beyond
measurable performance outcomes. Satisfaction is like-
ly affected by subjective elements, including perceived
comfort, ease of use, and the psychological impact of
visual feedback mechanisms. Studies have shown that
user experience with assistive devices often relies more
on ergonomic and design features than on direct per-
formance outcomes (Guerreiro et al.)."” For example,
a patient may find the device easy to handle and visu-
ally engaging, leading to high satisfaction even if their
inspiratory volume improvement is modest. Physio-
logical Factors: From a physiological perspective, indi-
vidual variations in respiratory mechanics, such as lung
compliance, airway resistance, and inspiratory muscle
strength, may influence the relationship between per-
formance and satisfaction. For instance: Patients with
better baseline inspiratory capacity may derive less
psychological benefit from visual feedback compared
to those with lower baseline function, reducing the
strength of the correlation. Variability in airway resis-
tance across participants could result in different levels
of effort for the same volume inhaled, influencing per-
ceived comfort and satisfaction differently.

The inclusion of visual and mechanical feedback
mechanisms, coupled with user-friendly features like
portability and ease of handling, positions the device as
a significant advancement in respiratory therapy. These
features address both the functional and psychological
aspects of pulmonary rehabilitation, empowering users
with the tools to monitor and improve their lung func-



224

European Journal of Clinical and Experimental Medicine 2025; 23 (1): 215-226

tion actively. The positive user feedback highlights the
success of the design process, as it effectively bridges the
gap between clinical needs and patient-centric design
principles.

While the findings from this phase provide strong
evidence for the device’s effectiveness and feasibility,
future research should focus on expanding the sample
to include clinical populations, such as patients with
COPD, post-surgical conditions, or other respiratory
pathologies. Longitudinal studies assessing sustained
engagement and long-term outcomes would further val-
idate the device’s clinical utility.

The results of the QUEST 2.0 satisfaction survey
revealed high overall satisfaction among participants,
with a mean score of 3.54 out of 5. Participants rated the
device favorably across various dimensions, including
ease of use, comfort, and effectiveness. This high level of
satisfaction highlights the device’s success in addressing
the key needs identified during the design phase, par-
ticularly in terms of user-friendly features and comfort.

The weak positive correlations between perfor-
mance measures - such as volume inhaled and mark-
er displacement - and satisfaction scores (r=0.274,
p=0.014) suggest that while higher performance may
contribute to enhanced satisfaction, other factors like
device design and user experience also play significant
roles in shaping overall satisfaction. This aligns with pri-
or findings, where factors such as ease of use, comfort,
and perceived effectiveness have been shown to contrib-
ute significantly to user satisfaction with assistive tech-
nology, beyond just performance outcomes.

As noted in the cross-cultural validation of the
QUEST 2.0 instrument by Guerreiro et al., satisfaction
with assistive devices is influenced not only by function-
al performance but also by subjective aspects such as
ease of handling and comfort, both of which were pos-
itively rated in our study. This emphasizes the impor-
tance of a holistic approach to device design, ensuring
that both functional and ergonomic needs are met to
optimize user satisfaction and engagement."”

Clinical implications

The redesigned breathing retraining device demon-
strates substantial potential for application in both clin-
ical and home-based rehabilitation settings. Its ability
to provide accurate volumetric measurements and re-
al-time visual feedback equips healthcare providers with
a reliable tool for tracking patient progress during pul-
monary rehabilitation. This feature enables clinicians to
make data-driven adjustments to therapy protocols, en-
suring tailored interventions that optimize outcomes.
Accurate measurement of inhaled volume, coupled with
a clear visual display, facilitates precise monitoring of
lung function improvement, a critical factor in acute
care and long-term rehabilitation settings.

Biofeedback systems that provide real-time feed-
back during respiratory training have shown signifi-
cant efficacy in improving patient engagement and
therapeutic outcomes, as highlighted by Shi et al.'®
The integration of such biofeedback mechanisms into
our device fosters patient awareness of progress, mo-
tivating adherence to prescribed therapy regimens.
This active involvement enhances the effectiveness of
pulmonary rehabilitation, reducing the likelihood of
therapy discontinuation and improving overall health
outcomes.

The device’s simplicity and ease of use further en-
hance its versatility, making it highly suitable for home-
based therapy programs. Portable and user-friendly
devices, as noted by Shi et al., significantly improve ad-
herence to respiratory exercises outside clinical environ-
ments.'® In patients with chronic respiratory conditions
such as COPD, home-based pulmonary rehabilitation
has been effective in maintaining lung function and
preventing exacerbations. The innovative design of this
device allows seamless integration into such programs,
offering an accessible and effective solution for long-
term rehabilitation needs.

The Phase 1: Need Analysis highlighted critical gaps
in existing breathing retraining devices through a re-
view of current literature and focus group discussions
with a multidisciplinary panel of surgeons, physicians,
and physiotherapists across India. These consultations
revealed that while breathing retraining devices are
widely recommended for patients post-surgery or with
chronic respiratory conditions, many existing models
fail to meet the diverse needs of these populations. For
instance, patients recovering from surgery often face
difficulty performing deep sustained inhalations, while
those in advanced stages of rehabilitation require tools
to strengthen respiratory muscles.

To address these challenges, a novel device was
conceptualized with features such as volumetric mea-
surement, one-handed usability, and portability. The
integration of these features provides a solution for in-
dependent respiratory exercises, addressing both the
physical and psychological barriers to effective pulmo-
nary rehabilitation. By incorporating expert insights
and addressing limitations identified in the literature,
this innovative device has the potential to significant-
ly improve patient outcomes and recovery trajectories.

The development process in Phase 2 focused on cre-
ating a lightweight, portable, and user-friendly breath-
ing retraining device. PVC material was chosen for its
durability and lightweight properties, ensuring that
the device remains easy to handle. Compared to heavi-
er materials like wood, metal, or glass, PVC reduced
the overall weight, improving usability across diverse
patient groups. To further enhance user comfort, the
device was designed as a single unit to minimize biome-
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chanical challenges, such as excessive shoulder flexion,
during use.

Key design specifications were informed by human
anatomical and physiological considerations. The hori-
zontal mouthpiece was set at 20 cm with an internal di-
ameter of 2 cm, optimized for visual far-field capacity
(25 cm) and ergonomic handling. The vertical cylinder,
measuring 17 cm in height, featured a diameter of 0.5
cm to minimize flow resistance, reflecting the average
diameter of human bronchioles. This ensured stream-
lined airflow and accurate inhalation measurements.

The inclusion of visual feedback mechanisms, such
as a foam-based floating disc calibrated with a diameter
1 mm smaller than the cylinder, provided precise volu-
metric measurements. The disc, marked for volume gra-
dations, ensured accurate tracking of inhaled volume
while preventing tilting. These features enhanced user
engagement and motivation by offering clear, goal-ori-
ented feedback, a critical element in pulmonary reha-
bilitation.

The results from the effectiveness and feasibility
testing phase revealed a statistically significant positive
correlation between marker displacement (in centime-
ters) and inhaled volume (p<0.001). The mean inhaled
volume measured was 2.13 L, while the mean marker
displacement was 5.38 cm. These findings validate the
device’s mechanical design, where the floating disc re-
liably reflects inhalation volume, ensuring precise bio-
feedback.

These results align with the foundational work by
Barach et al., which demonstrated that cylinder height
provides a simple yet effective measure of lung ca-
pacity.” Their study supports the reliability of cylin-
der-based designs for assessing respiratory function in
healthy individuals. Similarly, the current findings un-
derscore the practicality of using cylinder height and
marker displacement as robust indicators of lung func-
tion, further solidifying the device’s utility in pulmonary
rehabilitation.

The integration of these features into a single device
bridges the gap between clinical needs and patient us-
ability. By facilitating precise measurements and reduc-
ing the effort required for operation, the device supports
therapeutic goals while enhancing patient satisfaction.
This innovative design, validated through rigorous test-
ing, offers a scalable solution for respiratory rehabili-
tation, with applications in diverse settings, including
acute care, chronic respiratory management, and home-
based therapy programs.

Study limitations

While this study provides strong evidence for the ef-
fectiveness and feasibility of the redesigned breathing
retraining device, certain limitations must be acknowl-
edged. The study was conducted exclusively among

healthy adults aged 18 to 60 years, excluding clinical
populations such as individuals with chronic respirato-
ry conditions or post-surgical patients, limiting its gen-
eralizability. Additionally, the testing phase focused on
short-term assessments without evaluating long-term
outcomes, necessitating further longitudinal studies.

The absence of a control group limits comparative
analysis against existing technologies, and convenience
sampling may introduce selection bias despite an ade-
quate sample size. Finally, while user satisfaction was
measured using QUEST 2.0, qualitative feedback from
participants was not fully analyzed, leaving opportu-
nities to gain richer insights into user experiences and
preferences.

Conclusion
This multiphasic study successfully developed and val-
idated an innovative breathing retraining device that
combines training and measurement functionalities.
By enhancing inspiratory volume with visual biofeed-
back and providing precise volumetric data, the de-
vice bridges the gap between conventional spirometers
and respiratory trainers. Its dual-purpose design offers
a next-generation solution for respiratory therapy, pul-
monary rehabilitation, and sports medicine, benefiting
both clinical and home-based users.

Future research will focus on evaluating its long-
term efficacy in clinical populations and exploring dig-
ital enhancements to further broaden its applications.
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ABSTRACT

Introduction and aim. Preventing new HIV infections is crucial, particularly for women and girls at high risk. Vaginal microbi-
cides offer a female-controlled HIV prevention method. This systematic review evaluated the comparative efficacy of topical
microbicides in preventing HIV transmission.

Material and methods. Electronic databases were searched up to May 2024 for randomized controlled trials (RCTs) comparing
topical microbicides versus placebo/no treatment in sexually active women. The primary outcome was the incidence of HIV.
A random effects network meta-analysis (NMA) was employed. Relative ranking was assessed using surface under the cumula-
tive ranking curve (SUCRA) probabilities.

Analysis of literature. Thirteen RCTs were included in the review comparing the dapivirine ring, the tenofovir gel, BufferGel,
PRO 2000, Carraguard, cellulose sulfate, or SAVVY against placebos. Compared to placebo, only dapivirine significantly reduced
HIV incidence (risk ratio (RR) 0.71 [95% Cl 0.56 to 0.91]). Dapivirine was superior to BufferGel (RR 0.61 [95% Cl 0.39 to 0.94]) and
SAVVY (RR 0.52 [95% Cl 0.28 to 0.97]). Dapivirine ranked highest in efficacy (SUCRA=0.93), followed by tenofovir (SUCRA=0.76).
In general, consistent network results with some small study effects.

Conclusion. This study supports the use of the vaginal dapivirine ring for HIV prevention over SAVVY or BufferGel. More
high-quality trials are needed to validate the efficacy of tenofovir gel.

Keywords. HIV, topical microbicides, vaginal microbicides

Of particular concern, in 2022, globally, 46% of all new
HIV infections occurred among women and girls, with
approximately 4,000 adolescent girls and young women
aged 15-24 years who became infected with HIV every
week.!

To control the HIV epidemic, the prevention of new
infections is of crucial importance. Although preexposure

Introduction

Human immunodeficiency virus (HIV) infections re-
main a global health challenge, particularly in regions
with high prevalence rates and limited access to preven-
tion and treatment interventions. In 2022, approximate-
ly 39 million people lived with HIV, with 1.3 million
new infections and 630,000 reported deaths reported.
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prophylaxis (PrEP) is an effective option, it requires strict
daily adherence to oral medications.? Another approach,
male-controlled prevention methods, such as condoms
and circumcision, offer limited power to women in man-
aging their own exposure to HIV infection. Other pre-
vention methods, such as postexposure prophylaxis and
behavioral changes, also exist, but preventing HIV trans-
mission remains a major public health challenge, partic-
ularly with respect to sexually active women.

Microbicides are defined by the World Health Or-
ganization (WHO) as “compounds that can be applied
inside the vagina or rectum to protect against sexually
transmitted infections (STIs), including HIV”? Vaginal
microbicides, in particular, represent a female-controlled
approach to prevent HIV, especially in situations where
women are unwilling or unable to negotiate condom use.
Microbicides would empower women to protect them-
selves, because they are a potential preventive option that
they can easily control themselves and, most importantly,
do not require the cooperation, consent, or even knowl-
edge of the partner. Various topical microbicide formula-
tions are available and the field is advancing with recent
developments, particularly the role of nanotechnology,
specifically dendrimers, in new formulations, which have
shown promise in preclinical studies.*®

In terms of clinical studies, numerous randomized
controlled trials (RCTs)® have been conducted to evaluate
the efficacy and safety of a variety of topical microbicide
formulations including surfactants (SAVVY, nonoxy-
nol-9), vaginal defense enhancers (BufferGel), entry in-
hibitors (Carragurard and PRO 2000) and antiretroviral
drugs (tenofovir gel, dapavirine ring). In 2021, a Cochrane
systematic review was published on the efficacy of topical
microbicides in preventing sexually transmitted infections.
The review included 12 trials with 32,464 participants.® The
trials evaluated a wide range of compounds and delivery
mechanisms, including gels, creams and intravaginal rings,
each with its unique pharmacokinetic and pharmacody-
namic properties. In the review, dapivirine demonstrat-
ed potential to prevent HIV, while other microbicides had
limited success. Dapivirine may be particularly attractive
due to its use in slow-release devices, which are effective for
longer durations compared to vaginal gels and creams that
must be applied before and/or after each sexual encoun-
ter.” Overall, while some of the trials produced encourag-
ing results, others were inconclusive or even contradictory,
resulting in a fragmented evidence base that hinders the
identification of optimal microbicide candidates to be rec-
ommended for widespread distribution and use.

Aim

A major challenge in synthesizing evidence from existing
RCTs is the lack of head-to-head comparisons of differ-
ent microbicide formulations. Typically, trials evaluate a
single candidate microbicide against a placebo, making it

difficult to compare the relative effectiveness of different
interventions. Consequently, there is a pressing need in
this situation to use a comprehensive comparative anal-
ysis method that integrates data from multiple trials and
allows indirect comparisons, thereby ranking available
treatment options based on their efficacy. In this system-
atic review and network meta-analysis, our aim was to
comprehensively evaluate the efficacy of available topical
microbicides in preventing HIV transmission.

Material and methods

The protocol for this study was registered with Open
Science Framework (https://osf.io/5tknw). This review
followed the PRISMA extension statement for system-
atic reviews that incorporate network meta-analyses.®

Search strategy and study selection

We identified relevant studies by systematic search of
PubMed, EMBASE, and the Cochrane CENTRAL Reg-
ister of Controlled Trials from January 2020 to the 7* of
May 7, 2024. The search was restricted to studies pub-
lished from 2020 onward because studies published up
to 2019 could be identified from previously published
systematic reviews.® In addition, we manually checked
the reference lists of published systematic reviews. In
this study, we did not consider conference abstracts. The
general search strategy is provided in Appendix S1. Two
reviewers (E.L. and K.K.) independently performed
screening of titles and abstracts for relevance and then
selected the studies for inclusion after examining the full
text of the potentially eligible articles. Any discrepancies
were resolved by discussion with a third reviewer (S.V.).
We included randomized controlled trials (RCTs), which
followed participants for at least 12 months and com-
pared the use of topical microbicides including detergent-
like products (surfactants), vaginal defense enhancers,
entry inhibitors, and antiretroviral drugs with placebo
or without treatment. Eligible participants were sexual-
ly active nonpregnant heterosexual women (i.e. women
who have sex with men), 16 years and above in any set-
ting, who had no laboratory-confirmed HIV at baseline.
Studies investigating nonoxynol-9 were excluded from
the review because current evidence from a WHO report
indicates that nonoxynol-9-containing spermicides do
not protect against HIV infection and may even increase
the risk of HIV infection in women who use these prod-
ucts frequently.’ The outcome of interest in this review
was laboratory-confirmed incidence of HIV. We excluded
quasirandomized trials because such studies produce ef-
fect sizes that indicate more extreme benefits when com-
pared with randomized trials."

Data extraction and quality assessment
Data extraction was performed independently by two
reviewers (EL and N.N.) using standard data extraction
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forms. For the result, we used the initial number of par-
ticipants randomized to each trial arm and performed the
analyzes regardless of how the authors of the original tri-
als had analyzed the data (intention-to-treat principle).”
Two reviewers (EL and S.S.) independently assessed the
risk of bias within each study using the Cochrane Risk of
Bias tool."! The tool covers the following domains: selec-
tion bias (random sequence generation, allocation con-
cealment), performance bias (blinding of participants
and personnel), detection bias (blinding of outcome as-
sessment), attrition bias (incomplete outcome data), re-
porting bias (selective reporting) and other bias. Each
domain was assessed and categorized into low, high, or
unclear risk of bias. Discrepancies were resolved by con-
sensus. Each study will be classified with an summary
risk of bias assessment according to Cochrane’s criteria:'!
“low risk of bias” if the study is assessed as low risk across
all key domains; “unclear risk of bias” if the study is as-
sessed with low or unclear risk across all key domains;
and “high risk of bias” if the study is assessed with a high

risk of bias in one or more key domains.

Data synthesis and statistical analysis

The outcome measure was estimated as the risk ra-
tio (RR), which is the ratio between the incidences of
HIV in the intervention arm and those in the control
arm along with a 95% confidence interval (CI). For di-
rect comparisons, we performed standard pairwise me-
ta-analyses using the DerSimonian and Laird random
effects model to estimate the pooled effect size."? If a di-
rect comparison was based on two or more trials, we as-
sessed heterogeneity between trials using I? statistics. We
used a random-effects NMA using a consistency mod-
el within a frequentist approach to incorporate indirect
evidence with direct evidence.” ‘Control or placebo was
used as a common comparator in the network model. The
inconsistency assumption was evaluated using the glob-
al inconsistency test by fitting design-by-treatment into
the inconsistency model.”” The network inconsistency as-
sumption, which refers to a disagreement between direct
and indirect estimates, was evaluated using the loop-spe-
cific approach.'" We used surface under the cumulative
ranking curve (SUCRA), which estimates the probabili-
ties for all treatments to obtain a treatment ranking based
on efficacy.”” Higher SUCRA scores (ranging from 0 to 1)
indicated that the intervention has a high likelihood of
being best. We examined the effects of the small study us-
ing a comparison adjusted for comparison.'* To assess the
robustness of our findings, we performed sensitivity ana-
lyzes excluding small-sized (<25% percentiles) trials'® and
high risk bias trials. For statistical analysis, we used Stata
version 16.0 (StataCorp, College Station, TX, USA). We
used the Grading of Recommendations, Assessment, De-
velopment, and Evaluation (GRADE) approach, adapted
to network meta-analysis, to rate the quality of evidence.

Analysis of the literature

The database search resulted in 1440 records. After
eliminating 15 duplicates, 1425 titles and abstracts were
selected based on the predefined eligibility criteria. Sub-
sequently, 16 records underwent further screening, but
all were excluded because they did not assess HIV in-
cidence as an outcome or investigated oral pre-expo-
sure prophylaxis medications only. Consequently, the
13 studies incorporated into this network meta-analy-
sis were those previously included in other systematic
reviews (Fig. 1).

Records identified from”
Databases (n = 1440)
- Medine (n = 1384)
- Embase (n=56)
- CENTRAL (n=0)

}

Records screened Records excluded™
(n=1425) (n=1400)

}

Reports sought for retrieval
(n=16)

Records removed before
Screening.
Duplicate records removed
(n=15)

Studies included in
previous versions of
review (n = 13)

Identification

Reports assessed for eligibility
18]

(n=16) Reports excluded:
Not outcome of interest (n = 14)
Oral medications (n = 2)

New studies included in review
(n=0)

g \
v

Total studies included in review
in=13)

=

Fig. 1. PRISMA flow diagram

Characteristics of studies

The characteristics of the 13 included studies are sum-
marized in Table 1. All 13 trials were parallel RCTs con-
ducted in sub-Saharan Africa, one study also having
a site in the USA and another in India.”’”*® The vag-
inal microbicides tested included BufferGel and PRO
2000 (1 trial, 3101 women), Carraguard (2 trials, 6602
women), cellulose sulfate (2 trials, 3069 women), C31G
(SAVVY) (2 trials, 4295 women), dapivirine ring (2 tri-
als, 4588 women), PRO 2000 (1 trial, 9385 women), and
tenofovir gel (3 trials, 4958 women).'”'#?528 All microbi-
cides were compared to placebo in these RCTs.

Two trials used vaginal rings,”* while the others used
vaginal gels. In the ring trials, women in the intervention
group used vaginal rings containing 25 mg of dapivir-
ine, worn continuously for a month, and replaced at each
monthly follow-up visit. In two trials,?*** women used 1%
tenofovir gel, inserting one dose within 12 hours before
and another after vaginal sex, with a maximum of two
doses over a 24-hour period. In the third study,” the teno-
fovir gel was inserted up to one hour before intercourse.
The gels were supplied in prefilled single-use applicators.
For the five other types of vaginal microbicide gels (cel-
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lulose sulfate, SAVVY, PRO 2000, BufferGel, and Carra-
guard), women were instructed to insert the gel within
an hour before vaginal intercourse. All of those gels were
provided in pre-filled single-use applicators.

Figures 2 and 3 show the risk of bias assessment
for each included study. Most of the studies were rat-
ed as overall low risk of bias. The two studies rated as
overall high risk of bias were due to incomplete out-
come data.
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Fig. 2. Risk of bias assessment for each included study
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Fig. 3. Summary of the risk of bias assessment for included
studies

Network meta-analysis findings: HIV incidence

All 13 RCTs provided dichotomous data for HIV in-
cidence. The resulting network plot is provided in
Figure 4. The network meta-analysis suggested that,
compared to placebo, dapivirine (RR, 0.71 [95%ClI,
0.56 to 0.91]) statistically significantly reduces the risk
of acquiring HIV infection (Fig. 5). The other micro-
bicides, when compared with placebo, appear to re-
sult in little to no difference in the risk of acquiring
HIV. In this category were tenofovir (RR 0.83, [95% CI
0.66, 1.03]), Carraguard (RR, 0.89 [95% CI 0.68,1.16]),
PRO 2000 (RR, 0.92 [95%CI, 0.71,1.19]), Buffer-
Gel (RR, 1.17 [95%CI, 0.81,1.70]), cellulose sulphate
(RR, 1.20 [95%CI, 0.72,1.99]), and SAVVY (RR, 1.37
[95%CI, 0.77, 2.44]) (Fig. 5). These findings are similar
to those obtained using standard pairwise meta-ana-
lyzes (Fig. 5 and 6).

Table 1. Summary of characteristics of included studies

Author, . Trial
ip U Country Age Intervention ~ Comparator . "a,
year discontinued

ir 19
Abdool South Affca 18t040years Tenofovir 1% gel  Placebo gel

Karim, 2010 andcondom  and condom
Malawi,
) Abdool So;at:ﬁgca, 18yearsand  1.BufferGel  1.Placebo gel No
Karim, 2011 _ ! older 2.0.5%PRO2000  2.Nogel
Zimbabwe,
and USA
Malawi,
Baeten,  South Africa, Dapivirine 25mg  Placebo
2016 Uganda, and 181045 years vaginalring  vaginal ring No
Zimbabwe
Delany-
4 Moretlwe, SouthAfrica 18to30years Tenofovir1%gel Placebo gel No
2018
Feldblum, o (31G (SAVVY) 1.0%
5 2008 Nigeria  18to35years geland condomn Placebo gel Yes
Halpem, o Cellulose sulphate  Placebo gel
6 2008 Nigeria -~ 181035 years and condom  and condom Yes
Marmazzo South Africa,
" Uganda, 18to45years Tenofovir1%gel Placebo gel Yes
2015 -
Zimbabwe
South Afric, 183’&:0' 1.PRO 2000 2% gel
McCormack,  Uganda, (>16 e.‘;rsin and condom2.PRO  Placebo gel Yes— 2% el
2010  Zambia, and y. 20000.5% geland and condom °g
— Tanzaniaand
Tanzania condom
Uganda)
9 Nel,2016 South Afica 18 t0 45 years Dap|V|-r |ne?5mg Placebo No
Uganda vaginal ring
Peterson, (31G (SAVVY) 1% Placebo and
10 2007 Ghana  18to35years and condom condom Yes
Skoler-
1 Kaoff,  SouthAfica 16yearsand Carraguard geland Placebo gel No
older condom and condom
2008
South Afica Cellulose sulphate
VanDamme, Uganda, 18yearsand 6% elar’: q Placebo gel Yes
2008 Benin, and older °g and condom
! condom
India
(arraguard,
Phaselll . 18yearsand
13 South Africa South Africa older Carraguard Placebo No
Team 2010

GEL

Fig. 4. Network plot, notes: The size of the nodes
corresponds to the number of trials that study the
treatments. Directly comparable treatments are linked with
a line; The thickness of the line corresponds to the number
of trials that assess the comparison, DAP dapavirine, CAR

- carraguard, CSE cellulose sulphate, GEL - BufferGel, PLB
placebo, PRO - PRO 2000, SAV SAVVY, TEN - tenofovir
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When we evaluated comparative efficacy among dif-
ferent microbicides, dapivirine was superior in reducing
the risk of HIV infection compared to BufferGel (RR,
0.61 [95%CI, 0.39, 0.94]) and SAVVY (RR, 0.52 [95%ClI,
0.28, 0.97]) (Fig. 4). No statistically significant differ-
ences were observed between other interventions. The
SUCRA plot revealed that dapivirine (SUCRA=0.93)
was ranked first for efficacy followed by tenofovir (SU-
CRA=0.76), Carraguard (SUCRA=0.64), PRO 2000
(SUCRA=0.60), BufferGel (SUCRA=0.25), cellulose
sulfate (SUCRA = 0.25) and SAVVY (SUCRA=0.15)
(Fig. 7).

NA NA NA NA NA NA 0.89
(0.79,1.11)
0.75 NA NA NA NA NA 1.15
(0.42,1.32) (0.59,2.25)
1.25 1.68 NA NA NA NA 0.71
(0.87,1.80) | (0.96,2.95) (0.57,0.89)
0.76 1.02 0.61 1.49 NA NA 1.05
(0.48,1.20) | (0.54,1.90) | (0.39,0.94) (0.99,2.22) (0.73,1.52)
0.97 1.30 0.78 1.28 NA NA 0.88
(0.67,1.41) | (0.74,2.29) | (0.54,1.11) | (0.87,1.89) (0.63,1.25)
0.65 0.87 0.52 0.86 0.67 NA 1.35
(0.34,1.23) | (0.40,1.88) | (0.28,0.97) | (0.43,1.70) | (0.36,1.26) (0.70,2.58)
1.08 1.45 0.86 1.42 111 1.66 0.82
(0.76,1.53) | (0.83,2.51) | (0.62,1.20) | (0.92,2.19) | (0.79,1.55) | (0.89,3.08) (0.65,1.05)
0.89 1.20 0.71 1.7 0.92 1.37 0.83
(0.68,1.16) | (0.72,1.99) | (0.56,0.91) | (0.81,1.70) | (0.71,1.19) | (0.77,2.44) | (0.66,1.03)

Fig. 5. Pairwise (upper right portion) and network (lower
left portion) meta-analytic results for HIV incidence,

notes: results are expressed as risk ratios (95% Cl). For
pairwise meta-analyses, RR <1 indicates that the treatment
specified in the row is more effective. For the NMA, RR <1
indicates that the treatment specified in the column is
more effective. Green shaded results indicate statistical
significance, DAP dapavirine, CAR - carraguard, CSE
cellulose sulphate, GEL - BufferGel, PLB placebo, PRO -
PRO 2000, SAV SAVVY, TEN - tenofovir

risk %
ID  Author ratio (95% Cl) ~ Weight
TENvs. PLB I
1 Abdool Karim 2010 - 0.63(0.43,0.93) 29.39
4 Delany-Moretiwe 2018 - o 0.98 (0.69, 1.38) 34.55
7 Marrazzo 2015 - 0.87(0.62, 1.21) 36.06
Subtotal (I-squared = 30.9%, p = 0.235) <>I 0.82 (0.65, 1.05) 100.00
GEL vs. PLB
2 Abdool Karim 2011 —— 1.05(0.73, 1.52) 100.00
Subtotal (I-squared =.%, p =.) 1.05(0.73,1.52) 100.00
PROvs. PLB
2 Abdool Karim 2011 0.71(0.47,1.07) 37.80
8  McCormack 2010 =gl 1.01(0.81,1.27) 62.20
Subtotal (l-squared = 55.0%, p = 0.136) <P 0.88 (0.63, 1.25) 100.00
PRO vs. GEL
2 Abdool Karim 2011 = 0.67 (0.45,1.01) 100.00
Subtotal (I-squared =.%, p =.) <> 0.67 (0.45,1.01) 100.00
DAP vs. PLB
3  Baeten 2016 — 0.73(0.55,0.99) 5552
9  Nel 2016 - 0.69 (0.49,0.96) 44.48
Subtotal (l-squared = 0.0%, p = 0.767) < 0.71(0.57, 0.89) 100.00
SAVvs. PLB
5  Feldblum 2008 -——+— 1.75(0.87,3.54) 61.30
10  Peterson 2007 — 0.89(0.34,2.29) 38.70
Subtotal (l-squared = 21.9%, p = 0.258) <— 1.35(0.70,2.58) 100.00
CSE vs. PLB
6 Halpern 2008 —_—— 0.77 (0.34, 1.75) 42.17
12 Van Damme 2008 T—+— 154(0.83,286) 57.83
Subtotal (I-squared = 42.6%, p = 0.187) = 1.15(0.59, 2.25) 100.00
CARvs. PLB
11 Skoler-Karpoff 2008 == 0.89(0.71,1.11) 94.70
13 Carraguard Phase Il South Africa Team 2010 ——=#——  0.95(0.36, 2.48) 5.30
Subtotal (I-squared = 0.0%, p = 0.888) <> 0.89(0.71, 1.11) 100.00
NOTE: Weights are from random effects analysis
T T
282 1 3.54

Fig. 6. Results of the meta-analysis of the pairwise analysis,
DAP dapavirine, CAR - carraguard, CSE cellulose sulphate,
GEL - BufferGel, PLB placebo, PRO - PRO 2000, SAV SAVVY,
TEN - tenofovir

CAR CSE DAP
-4 — =1 -4 —
21 = 21 sucra=0.25 H sl=
] = ] ]

= o = -4 < < 4 SUCRA=0.93

7 7 isuchas S ———= <1
2 123456 78 123456 7 8 12345678
. GEL PLB PRO
a8 zeid] wf
2 5] © ] T al =
& ©4 SUCRA=0.25 © © | —r
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Fig. 7. SUCRA ranking of efficacy, DAP - dapavirine, CAR
carraguard, CSE - cellulose sulfate, GEL — BufferGel, PLB -
placebo, PRO PRO 2000, SAV - SAVVY, TEN - tenofovir

Network consistency and small study effects
The global inconsistency using the ‘design-by-treat-
ment’ interaction model and the loop-specific approach
did not demonstrate evidence of inconsistency (Fig. 8).
The comparison-adjusted funnel plot demonstrated
some evidence of small study effects (Fig. 9).

Test of global inconsistency

Testing for inconsistency:
(1) [_y_Fldes_EF =8

chi2( 1)
Prob > chi2

2.22
0.1360

Note: Global inconsistency in a network can be evaluated
and detected using inconsistency models. These models
differ from the consistency models by relaxing the consis-
tency equations and allowing intervention effects to vary
when estimated directly and indirectly. A p-value less
than 0.05 indicates the presence of inconsistency.

Loop-specific approach

95%CI Loop-specific

Loop ROR (fruncated) Helerugene\ly(f)

D-E-F —— 1.432 (1.00.2.60) 0.000

T
1 3

Note: The loop-specific approach considers only triangular
and quadratic loops. In this case, only one triangular loop
is formed (Gel-PRO-PLB) as in Figure 1 (network plot). The
plot shows that only one triangular loop is formed and
there is no statistically significant inconsistency as the
confidence intervals for RoRs are compatible with zero
inconsistency (RoR is close to 1)

Fig. 8. Inconsistency testing
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Standard error of effect size
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Fig. 9. Comparison-adjusted funnel plot, DAP dapavirine,
CAR - carraguard, CSE cellulose sulphate, GEL - BufferGel,
PLB placebo, PRO — PRO 2000, SAV SAVVY, TEN - tenofovir

Sensitivity analysis and GRADE summary of evidence
The results were not affected by the sensitivity analyzes
based on excluding small-sized studies and trials of high
risk of bias (Table 2). Overall, the quality of evidence based
on the application of GRADE criteria to the findings of the
NMA was generally rated as very low to moderate quality
(Table 3). We had moderate confidence in estimates sup-
porting the use of vaginal dapivirine compared to placebo
in terms of reducing the risk of HIV acquisition.

Table 2. Sensitivity Analyses for primary outcome*

to the indirect estimate of the comparison of interest as
first-order loops. In the presence of intransitivity, indi-
rect estimate can be further rate down from the lower of
the confidence ratings of the contributing direct com-
parisons. Finally, if both direct and indirect evidence is
available, then the higher of the two quality ratings can
be assigned to the quality rating for NMA estimates.

Table 3. Grading of Recommendations, Assessment,
Development, and Evaluation (GRADE) Summary of
evidence*

Direct evidence

Comparison Primary Excluding high ROB trials Excluding small sized
studies
Risk ratio (95% ()

CARvsPLB  0.89(0.68,1.16) 0.89(0.69, 1.15) 0.88(0.67,1.19)
CSEvsPLB  1.20(0.72,1.99) 1.54(0.82, 2.90) 1.30(0.62,2.11)
DAPvsPLB  0.71(0.56,0.91) 0.71(0.56, 0.90) 0.71(0.53,0.94)
GELvsPLB  1.17(0.81,1.70) 1.18(0.82, 1.69) 1.13(0.80, 1.75)
PROVSPLB  0.92(0.71,1.19) 0.92(0.71,1.19) 0.90(0.68, 1.30)
SAVvsPLB  1.37(0.77,2.44) 0.89(0.34,2.30) 1.32(0.67,2.98)
TENvsPLB  0.83(0.66, 1.03) 0.83(0.67,1.03) 0.80(0.61,1.34)

* DAP dapavirine, CAR - carraguard, CSE cellulose sulphate,
GEL - BufferGel, PLB placebo, PRO - PRO 2000, SAV SAVVY,
TEN - tenofovir

The GRADE approach adapted to network me-
ta-analysis was used to rate the quality of evidence into
four levels: high, moderate, low, and very low quality. In
this approach, direct estimates from RCTs rated at high
quality and can be graded down to moderate, low, and
very low quality based on risk of bias, indirectness, im-
precision, inconsistency, and publication bias. The rat-
ing of the quality of the indirect estimates starts at the
lowest rating of the two direct estimates that contribute

. - Indirect evidence Network meta-
Comparisons (from pairwise meta- . N
. (from node-splitting) analysis
analysis)
c::h:t/e R Ay Q“::'ty RR  Quality of
PIEtE  rosopcn 5% % [95%(I] evidence
resolution evidence evidence
0.89
CARvsPLB 089(0.79, Low NA NA (0.68, Low
1.11)
1.16)
1.20
(SEvs PLB 115059, Very low NA NA (0.72,  Verylow
2.25)
1.99)
0.71
DAP vs PLB 071(0.57, Moderate NA NA (0.56, Moderate
0.89)
0.91)
-0.7705791 117
GEL vs PLB 1'015 ;%73’ Low (SE Verylow (0.81,  Verylow
’ 0.4411362)# 1.70)
0.92
PROvs PLB 0.8 (0.63, Low NA NA 0.71, Low
1.25)
1.19)
137
SAV vs PLB 135070, Very low NA NA (0.77,  Verylow
2.58)
2.44)
0.83
TENvs PLB 0'812(()2')65’ Low NA NA (0.66, Low
' 1.03)
0.61
DAP vs GEL NA NA 0'6(: ;%39' Low (0.39, Low
' 0.94)
0.52
DAP vs SAV NA NA 0'502 é(;')zg’ Low (0.28, Low
’ 0.97)
0.86
DAPvsTEN NA NA 0.86(0.62, Llow  (0.62, Low
120 1.20)

Randomized controlled trials (RCTs) without important limitations are rated high on the
GRADE scale. However, the above results are from long-term observational follow-up of
RCTs with proper random sequence generation during the intervention phase. Hence, the
initial quality rating starts with moderate level.

a. risk of bias

b. imprecision

¢ Imprecision (close to null effect)

d. Based on rating of the two pairwise estimates that contribute to the indirect estimate
(first-order loop)

e. Inconsistency

f. Intransitivity

g. Indirectness

* DAP dapavirine, CAR - carraguard, CSE cellulose sulphate,
GEL - BufferGel, PLB placebo, PRO - PRO 2000, SAV SAVVY,
TEN - tenofovir, # — log form
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Discussion

This systematic review and network meta-analysis evalu-
ated the efficacy of available topical microbicides in pre-
venting HIV transmission. Despite our search for new
RCTs from 2020 to 2024, no new studies were identi-
fied. The absence of recent publications may be attributed
to several factors. There have been no significant break-
throughs in the development of widely available topical
microbicides for HIV prevention, and challenges related
to efficacy, safety, and user acceptability continue to im-
pede their broad adoption.?**® Furthermore, recent re-
search trends, as highlighted in the AIDS 2024 Research
Roundup,* highlighted a focus toward long-acting inject-
able PrEP rather than topical microbicides. However, it is
crucial to recognize that the field is evolving. For exam-
ple, a safety study for a vaginal ring containing dapivirine
and levonorgestrel is currently underway,’? and several
preclinical studies are investigating various combinations
of antiretroviral drugs (eg, dapivirine, islatravir) with
hormonal contraceptives (e.g., ethinylestradiol, etonoges-
trel) that demonstrated potential.*® There may also be on-
going clinical trials or preclinical studies not yet widely
published. Further exploration and continued monitor-
ing of emerging studies are essential to understanding the
future direction of research in this area.

Conventional meta-analysis has previously indicat-
ed that the vaginal dapivirine ring may be an effective
intervention for preventing HIV.* Other interventions
such as tenofovir, carraguard, cellulose sulfate, BufterGel,
PRO 2000 and SAVVY have also been tested for this pur-
pose. But in the absence of adequate head-to-head tri-
als, their relative efficacy remains unclear. Conventional
pairwise meta-analyzes offer only limited information
because they compare interventions in pairs and do not
use all available data to inform decision-making optimal-
ly. In contrast, NMA combines direct and indirect evi-
dence from a network of RCTs to compare the efficacy
of all available interventions. Thus, NMA improves the
precision of the efficacy estimates, even if there are no di-
rect comparisons. This is the first systematic review with
NMA to assess the comparative effectiveness of topical
microbicides for HIV prevention.

Overall, the findings of this NMA revealed that
dapivirine ranks first for efficacy and was the only sta-
tistically significant intervention compared to place-
bo in preventing HIV. This aligns with the findings of
a Cochrane systematic review, which indicated that
dapivirine probably reduces the risk of developing HIV
infection, while other topical microbicides may result in
little or no difference in the risk of acquiring HIV.* Ad-
ditionally, this NMA contributes strong evidence that
dapivirine is statistically significantly more effective
than SAVVY and BufferGel.

The only current licensed pharmaceutical HIV pre-
vention methods are injectables or daily oral pills for

PrEP.>** While these PrEP methods are safe and effec-
tive when used as prescribed, maintaining a daily pill
regimen or receiving regular injections can be challeng-
ing for some people. Consequently, other forms of HIV
prevention, such as microbicides, are being developed
and studied. Microbicides may offer specific advantages
for some women, as they can be used without requiring
negotiation with a sexual partner, making them pref-
erable to condoms for HIV prevention. Given the high
risk of HIV for women and girls in many regions,' it
is crucial to have an effective, appealing, women-initi-
ated HIV prevention method. Almost half of the glob-
al population living with HIV is women, who primarily
contract the virus through heterosexual contact.’** Ev-
idence, including findings from this NMA and previous
systematic reviews,** suggests that the vaginal dapivir-
ine ring likely reduces the risk of HIV acquisition in het-
erosexual women.

One main issue with topical microbicides is adher-
ence. The dapivirine ring, which is longer-acting and
only needs to be left in place for a month, has poten-
tial advantages over coitally dependent or daily-use
products. However, data from the two dapivirine tri-
alsindicated poor adherence of the rings, as measured
by residual amounts of dapivirine in those rings.””** Re-
ports of non-adherence included removing the rings
for sex, bathing, in menses or extended periods, and re-
inserting them shortly before clinic visits. Reasons re-
ported for non-adherence included hygiene concerns,
external influences, and interest solely in study benefits,
with some women removing the ring to get pregnant or
use other vaginal products. Despite these challenges,
two expanded open-label trials involving HIV-negative
women who had participated in previous phase 3 tri-
als demonstrated that the dapivirine ring is acceptable.
These trials reported a reduction in the risk of HIV se-
roconversion under conditions closer to real-world set-
tings, with less frequent clinic visits and HIV tests than
the more rigorously controlled RCTs.”” These findings
support the probability that improved adherence will
occur once women are aware of the ring’s efficacy and
safety of the ring and, in turn, suggest that the dapi-
virine ring is a feasible and acceptable HIV prevention
method for women.

In 2020, the European Medicines Agency issued
a positive scientific opinion on the monthly dapivirine
vaginal ring.** Subsequently, the WHO recommended
the ring as part of combination prevention strategies for
women at high risk of acquiring HIV.*® The dapivirine
ring has been approved in Zimbabwe and several other
countries in eastern and southern Africa, with addition-
al approvals pending.*! If further approved by national
regulatory agencies, the monthly dapivirine ring would
offer women a discreet and long-acting HIV prevention
option that they can control, enhancing its potential as
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a vital tool in reducing HIV transmission among wom-
en worldwide. Another key consideration is the eco-
nomic implications, as cost-effectiveness studies for the
dapivirine ring are currently limited.*** More research
is needed to evaluate its cost-effectiveness in different
settings, considering factors such as user demand and
adherence.

In this NMA, tenofovir ranked second but was not
statistically significant. The comparative efficacy of
dapivirine and tenofovir is also not statistically signif-
icant. The direction of effect indicates a beneficial effect
of tenofovir in preventing HIV, although this finding
did not achieve statistical significance. As such, addi-
tional high-quality clinical trials are needed to further
evaluate the effectiveness of tenofovir.

Study limitations

This review is the first to integrate data from multiple tri-
als into a network meta-analysis to evaluate the efficacy
of topical microbicides in preventing HIV transmission.
However, several limitations must be acknowledged.
Our search strategy was limited to English-language
publications only, thereby excluding relevant studies
published in other languages. Findings should be in-
terpreted with caution due to heterogeneity between
studies, which arises from variations in microbicide for-
mulations, study locations, sample sizes, and follow-up
durations. Most of the trials were conducted in low and
middle-income countries, primarily in Africa, with
varying durations of follow-up. Given the lower inci-
dence of HIV among women in high-income countries,
studies assessing the effectiveness of these interventions
may be predominantly limited to sites in low-income
countries. Thus, the generalizability of the findings in
various countries or regions with diverse sociocultur-
al contexts is limited. The most promising interventions
to prevent HIV infection were dapivirine and tenofo-
vir, respectively, both exclusively tested in African trial
sites. However, the limited sample size and number of
studies may restrict the broad applicability of these find-
ings. Furthermore, there is a potential for publication
bias, with some evidence suggesting small study effects.

Conclusion

In conclusion, the findings of this review support the
use of the dapivirine vaginal ring for the prevention of
HIV, demonstrating its superiority over SAVVY and
BufferGel. Integration of dapivirine into comprehen-
sive HIV prevention programs holds promise for sig-
nificantly reducing HIV transmission rates, particularly
in regions where women face disproportionate risks. Al-
though tenofovir gel shows promise, more research and
high-quality clinical trials are necessary to confirm its
efficacy.
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ABSTRACT

Introduction and aim. Antibiotic therapies induce diarrhea by disrupting the intestinal microbiota, prompting research into
probiotics to prevent antibiotic-associated diarrhea (AAD). The aim of this study was to systematically identify and summarize
meta-analyses of randomized controlled trials (RCT) on probiotics for AAD prevention.

Material and methods. Databases including PubMed, EMBASE, Epistemonikos, and the Cochrane Database were searched up
to December 11, 2023. Systematic reviews and meta-analyses of RCTs on probiotics for AAD prevention in any age group were
included. Meta-analyses were re-performed to calculate pooled risk ratios (RR) with 95% confidence intervals (Cl). Evidence
quality was assessed using GRADE criteria.

Analysis of the literature. The review included 16 articles with 39 unique meta-analyses. Probiotics reduced AAD risk across
various groups: adults (RR 0.47, 95% Cl 0.40-0.56), all ages (RR 0.58, 95% Cl 0.50-0.68), and outpatients (RR 0.49, 95% Cl 0.36-
0.66) with a moderate level of evidence. For the use of any probiotics in pediatrics, the initial high-quality evidence (RR 0.48,
95% Cl 0.44-0.63) was downgraded to moderate after a sensitivity analysis excluding small studies.

Conclusion. Probiotics are beneficial in preventing AAD, but evidence quality varies from low to moderate. High-quality trials
are needed to identify the most effective probiotic species and strains, dosages, and target patient populations.
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Introduction
Diarrhea is a common adverse effect of antibiotic ther-
apies, primarily attributed to significant disruptions in
the intestinal microbiota induced by most antibiotics.'
The direct adverse effects of antibiotics on the intes-
tines involve disruptions in digestive function stem-
ming from diminished concentrations of gut bacteria or
the proliferation of pathogenic microorganisms."? An-
tibiotic-associated diarrhea (AAD) is characterized by
the occurrence of three or more unformed stools per
day, manifesting within hours to up to 8 weeks after ini-
tiating antibiotic treatment.! Studies indicate that the
prevalence of AAD ranges from 5% to 35% among indi-
viduals exposed to antimicrobials, with variations based
on the antibiotic class, host health, and susceptibility to
pathogens.’ In most cases, AAD is benign and can be
resolved with symptomatic treatment. However, when
AAD is attributable to a Clostridium difficile infection,
symptoms tend to be more severe, potentially leading
to a fulminant, relapsing, and occasionally fatal pseu-
domembranous colitis.>* The consequences of AAD ex-
tend beyond the immediate health impact, contributing
to prolonged hospital stays and increased medical costs,
particularly in cases involving C. difficile infection.>>”
Probiotics are defined as ‘live microorganisms that,
when administered in adequate amounts, confer a health
benefit on the host’® Given that AAD primarily aris-
es from an imbalance in the natural intestinal flora, re-
search has concentrated on exploring the advantages of
introducing living organisms, such as probiotics, to rein-
state the normal flora. Various strains from bacterial spe-
cies have been tested in clinical studies for the prevention
and/or treatment of AAD including those from the Bacil-
lus, Bifidobacterium, Clostridium, Lactobacillus, Lactococ-
cus, Leuconostoc, and Streptococcus genera. Additionally,
the fungi Saccharomyces boulardii has been investigated
for its potential impact on AAD.® Among the probiotics,
Lactobacillus rhamnosus strain GG and S. boulardii strain
CNCM I-745 were the most extensively studied.'®"
Several systematic reviews and meta-analyses have
demonstrated the benefits of probiotics in the preven-
tion of AAD in different populations.'*'¢ Umbrella re-
views make it feasible to summarize the evidence from
multiple meta-analyses on the same topic and enable
the grading of evidence.""" To date, there has been lit-
tle synthesis of the strength and quality of this evidence
in aggregate. This umbrella review aims to systematical-
ly identify relevant meta-analyses of randomized con-
trolled trials (RCTs) of probiotics for the prevention of
AAD, summarize their findings, and assess the strength
of evidence.

Material and methods
The protocol of this review was registered with PROS-
PERO (CRD42023465792). We report following the

Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA).

Search strategy and eligibility criteria
We conducted a comprehensive search on PubMed, EM-
BASE, Epistemonikos, and the Cochrane Database of
Systematic Reviews (CDSR) from database inception
to December 11, 2023 (S1). We also manually searched
the cited references of the retrieved articles and reviews.
The process of study selection was independently carried
out in EndNote by two reviewers. After removing dupli-
cates, the titles and abstracts of the identified articles were
screened for relevance. Full-text articles of potentially eli-
gible studies were retrieved and assessed against the eligi-
bility criteria. Any discrepancies in the selection process
were resolved through discussion with a third reviewer.
We included studies that fulfilled the following eli-
gibility criteria: systematic reviews and meta-analyses of
RCTs investigating the effects of probiotics for the preven-
tion of AAD in any population of any age. No restriction
was applied for comparators. In instances where multi-
ple meta-analyses addressed the same research question,
we selected the meta-analysis with the largest dataset, as
previously described.'”*"** Articles without full-text and
meta-analyses that did not provide sufficient or adequate
data for quantitative synthesis were excluded.

Data extraction and quality assessment

Data extraction and quality assessment were conduct-
ed independently by two reviewers. Discrepancies were
resolved through consensus by engaging in discussions
with the third reviewer. The quality of the meta-analyses
was evaluated using AMSTAR-2 (A Measurement Tool
to Assess systematic Reviews), where quality of the me-
ta-analysis is rated into four categories - high, moderate,
low, or critically low.?

Data synthesis

Effect sizes were categorized based on the population,
intervention, comparator, and outcomes to create a list
of unique meta-analyses (association). For each as-
sociation, we extracted effect sizes of individual stud-
ies included in each meta-analysis and re-performed
the meta-analyses to calculate the pooled effect sizes
as risk ratio (RR) with corresponding 95% ClIs using
the DerSimonian and Laird random-effects model, or
the Hartung-Knapp-Sidik-Jonkman approach for me-
ta-analyses with less than five studies.** p<0.05 was
considered statistically significant in 2-sided tests. Het-
erogeneity was evaluated using the I statistic. The evi-
dence for small-study effects was assessed by the Egger
regression asymmetry test.”® p<0.10 was taken as statis-
tical evidence of the presence of small-study effects. Sta-
tistical analyses were conducted using Stata version 16.0
(StataCorp, Texas, USA).
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We assessed the quality of evidence per association
by applying the GRADE criteria (Grading of Recommen-
dations, Assessment, Development, and Evaluations) in
five domains, including (1) risk of bias in the individual
studies, (2) inconsistency, (3) indirectness, (4) impreci-
sion, and (5) publication bias.” We graded the strength of
evidence (high, moderate, low, and very low) using GRA-
DEpro version 3.6.1 (McMaster University).

Sensitivity analyses

Sensitivity analyses were performed for those me-
ta-analyses graded as high quality in the primary anal-
ysis by excluding small-size studies (<25th percentile)
and excluding primary studies having a high risk of bias
rated by the Cochrane’s risk of bias 2 tool (RoB 2) for
RCTs from the identified associations.?**

Analysis of the literature

In total, we identified 1617 articles, scrutinized 78 full-
text articles, and included 19 eligible articles (1.18%) for
preliminary data extraction (Fig. 1). After the selection
criteria for the overlapping meta-analyses were applied,
16 articles were ultimately selected for evidence synthe-
sis.!>1>34 Agreement between reviewers for eligibility
of articles was excellent (k statistic=0.8). The list of ex-
cluded articles after applying the selection criteria for
the overlapping meta-analyses is provided in Table S2.

[ Identification of new studies via databases and } [wmufmmmmm ]
registers

Records identified
from databases: Records excluded
=165 before screening

Duplicate records

Records identified from:

EMB ;;SE =023 Websites (n=133)

MEDLINE = 361 removed Organizations (2= 0)
EPISTEMONIKQS = (2=363) Citation searching (n=42)
263
CDSE.= 103 l
Records sought for
Records screened Ret;md:: retrieval (a = 0)
(n=1089) — (:f 1“01 Y (Duplicatss)

2

Records sought for retrieval (n = 78)

‘ Records excluded (a1 = 59)

Not the outcome of interest = 31
Not the intervention = 9
Not a meta-analysis = 17

l Language other than English=2

Records assessed for eligibility (n=78) | —

Studies excluded by applying criteria for
overlapping meta-analysis (n = 2)

Studies included in quantitative syathesis (n
=19) *

$

Studies included in Evidence synthesis | Studies excluded due to
(a=17) inadequate information (n = 1)

¥

Total studies involved in review

(=18

Fig. 1. PRISMA flow diagram

Description and summary of meta-analyses

A total of 39 unique meta-analyses were identified from 16
articles.'*>*** The included meta-analyses were published
between 2002 and 2022. The median number of studies
per meta-analysis was 10 (interquartile range [IQR], 6-22)

and the median meta-analysis sample size based on 38 me-
ta-analyses was 1847 (IQR: 795-4014). Based on the AM-
STAR-2 methodological quality rating, the meta-analyses
were classified as follows: six were graded as high quality
(15.4%), sixteen as moderate quality (41%), thirteen as low
quality (33.3%), and four as critically low quality (10.3%)
(Table 1). The descriptive characteristics of meta-analyses
were provided in Table 1 and Tables S3 and S4.

Grading of meta-analyses

A summary of evidence of all 39 meta-analyses is pre-
sented in Table S4. Ten were supported by a very low
level of evidence (25.6%), followed by low (15 meta-anal-
yses (38.5%)), moderate (8 meta-analyses (20.5%)), and
high (1 meta-analysis (2.6%)) levels of evidence in the
primary analysis. Thirty-two of the 39 meta-analyses
(82.05%) were statistically significant at p<0.05 based
on random-effects models and demonstrated the use of
probiotics reduce the risk of AAD (Table S4).

Three meta-analyses demonstrated that the use of
probiotics as a whole reduced the risk of AAD in adults
(RR 0.47, 95% CI 0.40 to 0.56), any age group (RR 0.58,
95% CI 0.50 to 0.68) and outpatients (RR 0.49, 95% CI
0.36 to 0.66) with moderate level of evidence (Figure 2).
The associations between risk reduction of AAD and
the use of S. boulardii (RR 0.50, 95% CI 0.38 to 0.64) in
adults, the use of bifidobacteria (RR 0.33, 95% CI 0.29 to
0.39) in pediatrics and the use of Lactobacillus GG and S.
boulardii together (RR 0.40, 95% CI 0.28 to 0.59) in any
age group patients*' were also graded as moderate level
of evidence.”?*>* One meta-analysis finding was sup-
ported by high quality evidence (use of probiotics as a
whole in the pediatric population (RR 0.48, 95% CI 0.44
to 0.63)) in the primary analysis.** However, a sensitivity
analysis that excluded studies with small sizes downgrad-
ed the evidence to moderate quality (Table S5).

Discussion
This umbrella review systematically identified 39 unique
meta-analyses of RCTs investigating the efficacy of pro-
biotics for the prevention of AAD and ascertained the
overall strength of evidence using GRADE approach.
Opverall, findings from this umbrella review indicat-
ed that using probiotics, in general, reduces the risk of
AAD. However, there is a caveat — the finding is based
on a limited number of high-quality RCTs. The over-
all strength of evidence from this umbrella review is
moderate to low. Despite the promising findings, it is
essential to acknowledge that systematic reviews and
meta-analyses have consistently reported favorable find-
ings with moderate quality of evidence with regard to
the effects of probiotics on the prevention AAD, primar-
ily attributed to concerns related to trial quality, spe-
cifically the high risk of bias for some studies, and the
notable differences in the spectrum of probiotics and



240 European Journal of Clinical and Experimental Medicine 2025; 23 (1): 237-244

Table 1. Characteristics of meta-analyses*

Author, year Population Intervention Comparison Outcome No of studies  Total participants AMSTAR
Agamennone et al., 2018 Any age group Probiotic dairy products Placebo Incidence of AAD 7 488 (ritically low
Agamennone et al., 2018 Any age group Probiotic fO(.’d supplements (Non- Placebo Incidence of AAD 25 3232 (ritically low

dairy products)
Blaabjergetal., 2017 Outpatients of any age group Any probiotics Placebo Incidence of AAD 17 3631 Low
Blaabjergetal., 2017 Outpatients of any age group Saccharomyces boulardii Placebo Incidence of AAD 5 139 Low
. . Lactobacillus acidophilus and .
Blaabjerg etal., 2017 Outpatients of any age group Bifidobacterium lactis Placebo Incidence of AAD 2 455 Low
) ) - Incidence of WHO
Blaabjerg etal., 2017 Outpatients of any age group Any probiotics Placebo defined diarthoea 7 1724 Low
Cremonini et al., 2002 Any age group Lactobacilus GG, Saf(haromy “ Placebo Incidence of AAD 7 881 (ritically low
boulardii
Hempel et al., 2012 Any age group Any probiotics Placebo Incidence of AAD 63 181 Moderate
Hempel et al., 2012 Any age group Genera blends Placebo Incidence of AAD 25 3446 Moderate
Hempel et al., 2012 Any age group Genus, Bacillus Placebo Incidence of AAD 2 367 Moderate
Hempel et al., 2012 Any age group Genus, Enterococcus Placebo Incidence of AAD 3 1448 Moderate
Hempel et al., 2012 Any age group Genus, Lactobacillus Placebo Incidence of AAD 17 2534 Moderate
Hempel et al., 2012 Any age group Genus, Saccharomyces Placebo Incidence of AAD 15 3940 Moderate
Jafamejad et al., 2016 Inpatients Any probiotics Placebo Incidence of AAD 22 6435 Low
Jafamejad et al., 2016 Elderly Any probiotics Placebo Incidence of AAD 5 3434 Low
Jafamejad et al., 2016 Adults Lactobacillus sp. Placebo Incidence of AAD 22 5828 Low
Jafamejad et al., 2016 Adults Saccharomyces boulardii Placebo Incidence of AAD n 1832 Low
Jafamejad et al., 2016 Adults Bifidobacteria sp. Placebo Incidence of AAD 13 4511 Low
Kale-Pradhan etal., 2010 Paediatric and adult patients Lactobacillus Placebo Risk of AAD 10 1862 Moderate
Ritchie et al., 2012 Any age group Any probiotics Placebo Incidence of (DD 6 NA High
Szajewska et al., 2005 Adults and children Saccharomyces boulardii Placebo Incidence of AAD 5 1076 High
Szajewska et al., 20154 Adults and children Lactobacillus rhamnosus GG Placebo Incidence of AAD 12 1499 High
Videlock et al., 2012 Any age g'roup p.a t}eryts treated Any probiotics Placebo Incidence of AAD 34 4138 Moderate
with antibiotics
Guoetal., 2019 Paedmtr{c p aTlents treated with Any probiotics Placebo/control  Incidence of AAD 33 6352 High
antibiotics (any dose)
Paediatric patients treated with - ) .
Guoetal., 2019 antibiotics (5 bilion CFU) Any probiotics Placebo/control  Incidence of AAD 20 4038 High
Pediatric patients treated with  Lactobacillus rhamnosus (strains: ) )
Guoetal., 2019 antibiotics 66, ATCCS3103 and EAN, Oxy, Pen) Placebo/control  Incidence of AAD 6 686 High
Kale-Pradhan etal., 2010 Pediatrics Lactobacillus Placebo Risk of AAD 4 585 Moderate
Szajewska etal., 2015 Children Lactobacillus rhamnosus GG Placebo Incidence of AAD 4 381 High
Szajewska et al., 2006 Pediatric |npat|ents o Any probiotics Placebo Risk of AAD 6 766 High
outpatients
Videlock et al., 2012 Pediatric patu-an‘ts -treated with Any probiotics Placebo Incidence of AAD 10 1246 Moderate
antibiotics
- . . Risk and »
Xuetal, 2017 Pediatrics Bifidobacterium Placebo 30 7225 Critically low
treatment of AAD
Zhang etal., 2022 Elderly on antibiotics Any probiotic Placebo Incidence of AAD 8 4691 Moderate
Zhang etal., 2022 Elderly inpatients Any probiotic Placebo Incidence of AAD 6 624 Moderate
Zhang et al., 2022 Elderly inpatients Probioticgiven during antibiotic Placebo Incidence of AAD 5 420 Moderate
treatment
Avadhanietal, 2010 Adult hospitalized population Any probiotic Placebo Incidence of AAD 8 1220 Moderate
Avadhanietal, 2010 Adult hospitalized population Any probiotic Placebo Incidence of CDAD 4 4an Moderate
Liao et al., 2020 Adult |npat!ents and Any probiotic Placebo Incidence of AAD 36 9312 Low
outpatients
Jafarnejad et al., 2016 Adults Any probiotic Placebo Incidence of AAD 25 3826 Low
Videlock et al., 2012 Adult pa:::;:i::iim with Any probiotic Placebo Incidence of AAD 24 2921 Moderate

* AAD - antibiotic associated diarrhea, CDAD - Clostridium difficile associated diarrhea
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Author, Year Population Intervention n/N
Blaabjerg S et al., 2017 Outpatients Any Probiotics 147/3631
Cremenini F et al.,2002 Any age group L. GG, S. boulardii NA/881

Hempel S etal., 2012 Any age group Any Probiotics 584/11811
Jafarnejad S et al., 2016 Adults S. boulardii 282/1832

Videlock E J et al., 2012
XuHBetal, 2017
Jafarnejad S et al., 2016 Adults
Guo Qet al.,2018
Guo Qetal.,2019

71/1246

NA/7225
301/3826
857/6352
624/4038

Pediatrics Any probiotics

Pediatrics Bifidobacterium
Any probiotic
Pediatrics® Any probiotics

Pediatrics” Any probiotics (high dose)®

No of trials

| RR LI Ul (%) AMSTAR GRADE
|
17 —a— : 0.49 036 066 58 Low Moderate
7 —— i 040 028 0.59 2 Critically low Moderate
63 - H 058 050 068 54 Moderate Moderate
1
" —a— ! 050 038 064 28 Low Moderate
10 — ! 048 044 063 36  Moderate High®
1
30 & : 0.33 029 039 28  Critically low Moderate
25 0 : 047 040 056 43 Low Moderate
33 —— i 0.45 036 058 57 High Moderate
20 —— : 0.37 030 046 36 High Moderate
:
02 04 06 08 1 1.2
< >
Probiotics Control
better better

Fig. 2. Meta-analyses graded as moderate to high-quality in primary analysis (*Pediatric patients treated with antibiotics
with a follow-up of 5 days to 12 weeks; *high dose (= 5 billion CFU/day); *the certainty of evidence of this meta-analysis
downgraded to moderate quality after sensitivity analysis (L. GG - Lactobacillus rhamnosus GG; S. boulardii — Saccharomyces
boulardii; NA — not available; RR - risk ratio; LI — lower confidence interval; UL — upper confidence interval; n - number of

cases; N — total number of patients))

the conditions of use examined in RCTs.'*** As noted in
this review, the diversity in probiotics extends to vari-
ations in strains and species, including genera blends,
as well as differences in potency, dosage, and duration
of use. Additionally, variations in study populations, in-
cluding differences in age groups, types of infections,
and patient settings (inpatient vs. outpatient), further
complicate the interpretation of results.

Probiotics are increasingly popular globally, with
a market expected to reach $52 billion by 2030.* They
are easily accessible and come in various appealing fla-
vors and dosage forms, including capsules, powders, lig-
uids, and others. These products often contain a mix of
microbial strains, primarily from genera like Lactoba-
cillus, Bifidobacterium, and Saccharomyces, rather than
single strains.** Probiotics exert their health benefits
through a range of mechanisms that can be nonspe-
cific, species-specific, or strain-specific.**¢ Nonspecif-
ic effects mechanisms, such as inhibiting the growth of
pathogenic microorganisms in the gastrointestinal tract,
producing bioactive metabolites, and reducing luminal
pH in the colon, vary widely among strains, species, or
even genera. Species-specific mechanisms include vita-
min synthesis, gut barrier reinforcement, bile salt me-
tabolism, enzymatic activity, and toxin neutralization.
Strain-specific mechanisms, which are rare, may in-
volve cytokine production, immunomodulation, and
effects on the endocrine and nervous systems. Notably,
within the same species, distinct strains can have vastly
different activities and biological effects.*® Additionally,
combinations of various strains can result in different
activities, as certain microbial activities rely on interac-
tions between different strains.”” Given these variations,
recommendations for probiotic use should be specif-
ic to the individual and/or combination of species and
strains. In this review, the majority of included studies
focused on any (‘non-specific’) probiotics. Among the

meta-analyses graded as moderate to high quality, only
three studies examined the use of specific genera or spe-
cies.*>'"* In addition to considering species and strains,
probiotics may also exert dose-dependent effects. While
commercially available probiotic formulations typically
contain at least 10° CFUs,* the optimal dose, frequen-
cy, and duration of probiotic use to achieve clinical ef-
fect of preventing AAD is unclear. In this review, the
probiotic dosage regimen varied across studies, making
cross-comparisons difficult. Therefore, future RCTs ex-
ploring effects of specific probiotic species and strains,
as well as the optimal dose and duration of treatment
are warranted.

Another challenge arises due to a lack of thorough
evaluations specifically targeting probiotic-related ad-
verse events. While RCTs generally report low rates of
adverse events, it is important to highlight that sever-
al case studies have documented serious adverse events,
particularly in vulnerable patients. A survey of specific
populations examined in clinical trials identified an in-
stance of invasive disease in an immunocompromised
patient, and concerns were also raised about the safe-
ty of probiotics in children receiving intensive care and
adults with severe acute pancreatitis.**>' These reports
emphasized the necessity for improved documentation
regarding the safety of probiotics. Consequently, the
current state of evidence underscores the limitation in
drawing firm conclusions regarding the safety of probi-
otics in managing AAD.

Overall, it remains to be answered, specifically
which probiotics, what dosage regimen, and in which
population the use of probiotics will be safe and ben-
eficial in managing AAD. Currently, there is no global
consensus on the clinical use of probiotics for AAD. The
American Gastrointestinal Association suggests certain
strains and combinations of probiotics in adults and
children on antibiotic treatment, but this recommen-
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dation is conditional (not strong) due to limited sup-
porting evidence. The recommendation also note that
patients who are concerned about financial costs or po-
tential harms (e.g., immunocompromised), and who
have a low risk of developing C. difficile infection (e.g.,
outpatients in the community), may opt not to use any
probiotics.*” The World Gastroenterology Organiza-
tion*” and Infectious Diseases Society of America® of-
fer similar recommendations citing insufficient high
quality evidence on the efficacy and safety of probiot-
ics in AAD. In Asia, clinical practice echo a compara-
ble standpoint. For instance, a position statement from
the Malaysian Society of Gastroenterology and Hepatol-
ogy generally affirms the efficacy and safety of specific
probiotic strains in AAD, including C. difficile-associat-
ed diarrhea. However, it also advises careful scrutiny of
claimed health benefits and supportive evidence before
advocating their clinical use.* In the recent European
Society for Pediatric Gastroenterology, Hepatology and
Nutrition position paper, it is suggested that high doses
(=5 billion CFU per day) of S. boulardii or L. rhamnosus
GG may be considered for preventing AAD in outpa-
tients and hospitalized children with specific risk fac-
tors, though the evidence is of moderate certainty.> The
paper also notes that the strain designation of S. bou-
lardii was unclear in many of the trials. Therefore, until
high quality evidence becomes available, healthcare pro-
fessionals and consumers should exercise caution and
carefully weigh the potential benefits and risks associ-
ated with probiotic use. Addressing the identified gaps
through higher quality trials is essential before defini-
tive recommendations can be made regarding the role
of probiotics in AAD.

Study limitations

The present umbrella review has several limitations that
should be acknowledged. Firstly, the search strategy was
confined to English language publications only, which
may have led to the exclusion of relevant studies pub-
lished in other languages. The findings of this review are
based on moderate to low-quality evidence. Therefore,
the results should be interpreted with caution, and fur-
ther research is needed to confirm the findings of this
review.

Conclusion

The findings of this study support the use of probiotics
for the prevention of AAD. However, the quality of the
evidence was mostly low to moderate. More high-qual-
ity trials are warranted in this area. Future research
should focus on identifying the most effective probiot-
ic species and/or strains, optimal dosage regimens, and
specific patient populations (e.g., adults/children, inpa-
tient or outpatient) that will benefit from probiotic use.

Supplementary materials

S1: Search Strategy, Table S2: Excluded studies and reason
for exclusion, Table S3: Description of probiotics, Table
S4: GRADE Meta-analysis, Table S5: Sensitivity analysis
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ABSTRACT

Introduction and aim. Lung cancer (LC) is a leading cause of cancer-related deaths worldwide, with X-ray repair cross-comple-
menting gene 1 (XRCC1) playing a crucial role in DNA repair and influencing LC risk through genetic mutations. Despite nu-
merous meta-analyses, results have been inconsistent. This study systematically evaluated existing meta-analyses to clarify the
association between XRCC1 gene variations and LC.

Material and methods. A comprehensive literature search was conducted using Scopus, Web of Science, Embase, and Co-
chrane databases. The present Umbrella review followed PRISMA and MOOSE guidelines. The AMSTAR tool assessed the meth-
odological quality of the included studies.

Analysis of the literature. A total of 28 data sets were analyzed: 9 for the rs25487 (codon 399), 11 for the rs1799782 (codon
194), and 8 for the rs25489 (codon 280) polymorphisms. Significant associations were found with odds ratios ranging from
0.93to0 1.92 (p<0.05) in 16 data sets. XRCC1 rs25487/codon 399 and rs1799782/codon 194 were strongly linked to LC risk, while
rs25489 (codon 280) was not. Twelve datasets showed significant heterogeneity, and publication bias was not detected in 24
datasets. Most meta-analyses demonstrated high methodological quality.

Conclusion. These findings suggest that XRCC1 (rs25487/codon 399 and rs1799782/codon 194) gene polymorphisms have the
potential to serve as biomarkers for the early identification and management of LC risk.

Keywords. case-control, DNA repair, genetic susceptibility, lung cancer, meta-analysis, XRCC1 gene

Introduction

Lung cancer (LC) is the most prevalent form of cancer
and the leading cause of cancer-related deaths around
the world. In 2020, it was responsible for more than 1.7
million fatalities and 2.2 million new cases.! LC primar-
ily manifests in two types: non-small cell LC (NSCLC)

and small cell LC (SCLC). NSCLC is the most common
type, comprising approximately 80-85% of cases includ-
ing squamous cell carcinoma, adenocarcinoma, and large
cell carcinoma.?® SCLC represents 10-15% of LC and typ-
ically exhibits faster growth and spread compared to NS-
CLC.* The fatality rate for LC is remarkably high, with
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more than 80% of individuals dying of the illness. The
main factors contributing to this high fatality rate are de-
layed detection and cancer’s high degree of malignan-
cy.’ The prevalence of active smoking or past smoking
among patients on the day of diagnosis varies from 60%
to 90% across different global regions. Extensive epide-
miological evidence has conclusively identified tobacco
smoking and second-hand smoke exposure as predomi-
nant risk factors for the development of LC.* Among pa-
tients who have never smoked tobacco, it is identified that
19% of female LC cases are observed, in contrast to 9%
in male LC cases.” Other factors associated with a higher
risk of developing LC include exposure to environmental
air pollutants like ozone, particular matter (PM) nitro-
gen oxides, dietary habits and supplements, alcohol con-
sumption, low physical activity, air pollution, workplace
exposure, and sulfur dioxide.”® One possible rationale is
that prolonged exposure to air pollution could raise the
risk of LC by causing oxidative damage, which occurs as
a result of inflammatory injury and the generation of re-
active oxygen species (ROS), although the findings from
population studies continue to be debated due to varia-
tions in study designs and participant numbers.” How-
ever, certain studies have shown that the development of
LC is influenced by the interplay of an individual’s genet-
ic predisposition and environmental risk factors. In ad-
dition, scientific evidence suggests a strong connection
between genetic makeup and the onset of LC."° Lack of
early diagnosis often leads to fatalities from LC, as the
disease is frequently identified only in advanced stag-
es. Effective treatment of LC requires a comprehensive
knowledge of the disease’s underlying causes, reliable
early diagnostic techniques, and the appropriate use of
medications." Thus, early detection of LC is vital, partic-
ularly for high-risk groups such as smokers and individ-
uals employed in oil fields or other industries with toxic
exposures. There is an urgent necessity to uncover new
biomarkers for this purpose.'? Precise diagnosis is crucial
for tailored LC treatments. Therefore, identifying sensi-
tive biomarkers for early detection is essential.

Recent research has focused on genetic markers to
anticipate cancer onset. Single nucleotide polymorphisms
(SNPs) are emerging as potential indicators of cancer risk.
Previous studies have associated variations in DNA repair
genes with increased LC susceptibility.'>'* The human ge-
nome is protected by the DNA repair mechanism against
ongoing harm caused by oxidizing and alkylating chemi-
cals, ionizing radiation, nicotine and cigarette smoke, en-
vironmental exposures, and occupational hazards.”® The
complex DNA repair machinery in the human body in-
cludes several intricate systems, with base excision repair
(BER) playing a vital role. BER is tasked with repairing
minor DNA lesions, such as those caused by ionizing ra-
diation, potent alkylating agents, and cellular metabolic
byproducts like ROS that can harm DNA bases.'* DNA

glycosylases are a group of enzymes that remove the dam-
aged base from the DNA. Subsequently, AP endonucleas-
es, including APE1 enzymes, are tasked with breaking the
phosphodiester link at the site of damage. This cleavage
produces a 5dRP and 3’OH, which are used for DNA re-
pair and joining. The base excision repair (BER) process
has long and short repair paths. X-ray repair cross-com-
pleting gene 1 (XRCC1) is crucial for BER, binding to
DNA ligase III and polp. It also helps detect DNA breaks
with PARP.'*"

XRCCl is situated on the human chromosome
19q13.2-13.3 and contains three fairly common poly-
morphic codons at positions 399(Arg/Glu), 194(Arg/
Trp), 280(Arg/His), which have the potential to impact
the amino acid sequence.' Cells deficient in the XRCC1
gene may exhibit increased sensitivity to ultraviolet light,
mitomycin, ionizing radiation, and hydrogen peroxide.
Nonetheless, XRCC1 plays a crucial role in the BER sys-
tem. Consequently, it is plausible to suggest that gene
expression could influence cancer development.*® The re-
lationship between specific gene polymorphisms XRCC1
(rs25487/codon 399, rs1799782/codon 194, and rs25489/
codon 280) and the development of LC remains un-
clear. Extensive research, including meta-analyses and
case-control studies, has been undertaken to explore this
connection. Research findings on the link between these
genetic variations and LC risk are inconsistent. Some
studies have found no connection, while others have
identified a significantly elevated risk. Given the com-
plexities and inconsistencies in the existing literature re-
garding the association between XRCC1 polymorphisms
and LC risk, an umbrella review is proposed.

Aim

This review aims to systematically collate and assess the
findings from multiple meta-analyses, providing a holis-
tic understanding of the genetic factors involved in LC
susceptibility. These studies are synthesized to clarify
the conflicting evidence surrounding XRCC1 (rs25487/
codon 399, rs1799782/codon 194, and rs25489/codon
280) polymorphisms and their implications for LC risk.
This comprehensive approach not only addresses exist-
ing inconsistencies but also provides insights that could
inform clinical practice regarding genetic screening and
risk stratification in LC patients. The study findings may
contribute as a biomarker to identifying high-risk pop-
ulations and improving early detection strategies, which
are crucial for enhancing patient outcomes.

Material and methods

An umbrella review was performed, by systematical-
ly gathering and assessing systematic reviews and me-
ta-analyses focused on a particular research topic. The
umbrella review followed PRISMA (Preferred Re-
porting Item for Systemic Review and Meta-Analysis)
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and MOOSE (Meta-Analysis of Observational Stud-
ies in Epidemiology) guidelines. Before its initiation,
the review protocol was registered in PROSPERO (ID:
CRD42024571433).

Literature search

A comprehensive search of the literature was performed
across a various online databases, including Scopus,
Web of Sciences, Embase, and Cochrane databases of
systemic review. The focus was on meta-analyses of
case-control studies investigating LC and the XRCC1
gene, without any time limitations. The literature search
was independently conducted by two authors, Velmuru-
gan and Subbaraj using the MeSH terms and keywords
“Lung Cancer;” “XRCC1,” “gene polymorphisms,” “Me-
ta-Analysis,” “adenocarcinoma,” “non-small cell LC,
“neoplasm,” and “case-control. Duplicate data were re-
moved before the screening phase. Each retrieved article
reviewed at the title, abstract, and full-text level to assess
eligibility, and any discrepancies between the authors
were resolved through discussion to reach a consensus.

Inclusion and exclusion criteria

Meta-analyses were selected based on the following in-
clusion criteria: (i) The study included only meta-anal-
yses using case-control studies (ii) The study explored
the link between XRCC1 polymorphisms and LC risk.
(iii) The scope of this study was limited to the English
language (iv) The studies reported pooled odds ratios
(ORs) with 95% confidence intervals (CIs) to quanti-
ty the strength of the relationship. The exclusion crite-
ria comprised protocols, reviews, editorials, conference
proceedings, and abstracts as these sources do not pro-
vide the primary data or quantitative outcomes. In the
cases of multiple meta-analyses reported similar find-
ings, the analysis with the highest number of included
studies was prioritized. However, no studies were ex-
cluded based on this criterion, as all relevant analyses
contributed valuable insights to our review.

Data extraction

The data from the selected papers was independent-
ly collected by two authors, Velmurugan and Subbaraj
who used standardized form to collect details on prima-
ry author, publication year, number of studies, study de-
sign, total cases and controls, participant ethnicity, and
genotyping methods. Furthermore, ORs and their Cls
for each qualifying meta-analysis were obtained from
all available genetic models. Furthermore, the extracted
outcomes encompassed p-values for the overall pooled
effect, Egger’s test for publication bias, and the I” sta-
tistic for heterogeneity. Additionally, we documented
the quality assessment criteria used in the selected me-
ta-analyses. Data were organized and managed using
Microsoft Excel.

Assessment of methodological quality

The methodological quality of the included meta-anal-
yses of case-control studies was assessed using the
“A MeaSurement to Assess Systemic Reviews (AMSTAR)
tool”. The AMSTAR tool comprises 16 items, each ques-
tion can be answered with ‘Yes”, “No” and “Partially yes”
A score of 1 for a positive response and 0 points for oth-
er responses. The total score is the accumulation of these
16 items. A score of 28 is deemed as high quality, 4-7
points indicate moderate quality, and a score of <3 or
lower reflects low quality.”® Disagreements regarding
AMSTAR ratings were addressed through discussion.

Data analysis

The outcome data, ORs, and their corresponding 95%
CI from each of the published studies were extracted
for conducting available meta-analyses. A p-value<0.05
indicated statistically significant findings in the pooled
meta-analysis. Heterogeneity was assessed using the I?
and Q statistics at a significance level of p<0.1. The po-
tential publication bias was also examined using Egger’s
test, also at a significance level of p<0.1. Instead of re-
calculating summary estimates with 95% confidence
intervals, the existing effect sizes and 95% CI for each
varijable were directly extracted.

Analysis of the literature

Search results

The flow diagram in Figure 1 illustrates the process of
selecting articles, starting with the identification of 250
articles and the removal of duplicates.

Records identified through
database searching (1=250)

Duplicate studies were
excluded (1=65)

Sereening

Records excluded after

Records screened (n=185)
reading titles and abstracts

E— (@=110)

Full-text article assessed for
eligibility (n=75)

Studies included in umbrella
review (n=13)

1 A 4

Records were excluded (n=62)
+ Non appropriate design (n=32)
*  Non-relevant outcome (n=30)

Eligibility

Inchuded

9 studies for 11 studies for 1s1799782
1525487(codon 399) gene (codon 194) gene

polymorphism polymorphism

8 studies forrs25489
(codon280) gene
polymorphism

Fig. 1. Flowchart of literature screening for X-ray repair
cross-completing gene 1 gene polymorphisms and lung
cancer risk

Following a comprehensive assessment, 13 prima-
ry meta-analyses were discovered.”’** These analyses
delved into the connections between XRCC1 rs25487/
codon399, rs1799782/codon 194, and rs25489/codon
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Bubble Plot of AMSTAR Items.
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Fig. 2. Quality assessment of the included studies using the AMSTAR tool. The bubble plot illustrates associations with color-
coding based on their classification output, with bubble size indicating the annual number of citations received by the study.

Additionally, the bar plot summarizes the assessment

280 polymorphisms and the risk of LC. The study de-
sign included only case-control studies in all meta-analy-
ses, a total of 504 case-control studies. These 13 qualified
papers covered 28 meta-analyses across three main ar-
eas: XRCC1 rs25487/codon399 polymorphism (n=9),
XRCC1 rs1799782/codon 194 polymorphism (n=11),
and XRCCI rs25489/codon 280 polymorphism (n=8).
The eligible articles were published between 2006 and
2015. There was a median of 6,798 case subjects and
alarger median of 8,072 control subjects per meta-analy-
sis. Ten studies contained data from the Asian population,
while data from 9 studies were included for Caucasians.
Additionally, 3 studies included data from the African
population, 2 from mixed populations, 2 from the Eu-
ropean population, 2 from the Chinese population, and
1 from the Italian population. The majority of the me-
ta-analyses did not conduct methodological quality
assessments, although some studies assessed the homo-
geneity of the study population. The included primary
studies were predominantly high-quality trials and their
control groups generally adhered to Hardy-Weinberg
equilibrium (HWE). Detailed characteristics of the eligi-
ble studies are provided in Tables 1, 2, and 3.

Heterogeneity and publication bias

Out of the 28 meta-analyses conducted, the Q test re-
vealed that 16 datasets exhibited no significant hetero-
geneity among the studies (p=0.1), while 12 displayed
substantial heterogeneity (p<0.1). In terms of publica-
tion bias, 24 outcomes did not demonstrate statistical ev-
idence of it (p=0.1), whereas 4 outcomes indicated the
presence of publication bias (p<0.1) based on Egger’s test.
Quality assessment of included meta-analyses

A methodological quality assessment of the 13 includ-
ed articles was conducted using the AMSTAR criteria.
The review achieved a total score of 8-12 out of 16, cor-
responding to a percentage score of 75%, classifying it
as high quality. This indicates that the review was con-
ducted with a strong methodological approach, reflect-
ing robustness in its design and execution (Fig. 2).

The review’s strengths included the prior registration
of a protocol, which ensured transparency and minimize
bias, and a comprehensive literature search that effective-
ly captured a wide range of relevant studies. Additionally,
the review rigorously assessed the risk of bias in the in-
cluded studies and provided clear disclosure of any po-
tential conflicts of interest, enhancing the credibility of
its findings. Despite these strengths, the review had a few
minor limitations. It did not perform a sensitivity anal-
ysis, which could have explored the robustness of the
results under different assumptions. Additionally, the re-
view provided incomplete information on the sources of
funding for the included studies, which could affect the
interpretation of potential biases. Overall, however, the
high AMSTAR score confirms that this review is of high
quality (Table 4). These minor limitations do not signifi-
cantly detract from its reliability, making it a valuable and
credible source of evidence in its field.

Summary and description of association for XRCC1

The study evaluated the relationships between the
XRCCI1 rs25487/codon399, rs1799782/codon 194, and
rs25489/codon 280 polymorphisms and the onset of LC
by analyzing various genetic models including domi-
nant, recessive, and codominant models, as well as spe-
cific allelic forms (homozygote and heterozygote). In
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ken DNA strands and damaged DNA bases.** XRCC1
is crucial for repairing broken DNA. It facilitates the re-
joining of DNA strands by interacting with polynucle-
otide kinase (PNK) and coordinating the repair process.
Hence, this gene is regarded as a pivotal candidate gene
that influences susceptibility to LC.*” Although many
comprehensive population studies have explored the
correlation between XRCC1 gene variants and the like-
lihood of developing LC, the results have been inconsis-
tent and conflicting. Karaagac et al. identified XRCC1
gene polymorphisms as prognostic markers for surviv-
al and recommended considering them as predictive
markers for guiding treatment decisions in patients with
NSCLC.* Likewise, Minina et al. found a higher LC risk
in a coal-mining population associated with the XRCC1
rs25487/codon399 genetic variant.” According to Yang
et al., specific variants of the XRCC1 gene (rs25487/co-
don399) are associated with varying responses to radio-
therapy and its side effects in NSCLC patients. These
findings highlight the potential of DNA repair genes
as predictors of treatment effectiveness.*” Al-Rawi et al.
also indicated that the XRCCI rs1799782/codon 194
may be associated with LC within this specific popula-
tion group.* The study revealed that naphthalene and
phenanthrene exposure were positively associated with
LC risk and that the XRCC1 rs25487 (codon 399) poly-
morphism modified this risk through PAH-gene inter-
action analysis.”” Similarly, Ezzeldin et al. reported that
gene-gene and gene-environment interactions involv-
ing the XRCCI gene polymorphism indicated an elevat-
ed LC risk. However, no association was found between
XRCC1 rs25487 and LC in combination with ERCC1
or CHRNAS3 variants, and the association varied across
different ethnic groups. Further studies are needed to
clarify these findings.” The findings by Karaagac et al.
suggested NSCLC patients with certain SNPs exhib-
it a higher stage and more advanced disease at initial
diagnosis, with XRCC1 and TP53 gene polymorphisms
predicting metastasis risk, supporting their use in bio-
marker assessment.* The current study’s findings are in
line with these previous discoveries.

This study involved a systematic identification and
analysis of 13 meta-analyses of observational studies
to evaluate the relationship between XRCCI polymor-
phisms and LC development. The findings reveal a con-
sistent and strong relationship between the XRCC1
rs1799782/codon 194 gene polymorphisms and an in-
creased susceptibility to LC. Moreover, a clear asso-
ciation was identified between the XRCC1 rs25487/
codon399 polymorphisms and LC risk in the majority
of the studies analyzed.***3 In contrast, the major-
ity of studies did not find a significant association be-
tween XRCC1 rs25489/codon 280 polymorphisms and
LC susceptibility.*** Additionally, several factors could
have influenced the results, such as the limited number

of studies, small sample sizes, absence of study quali-
ty assessment, and HWE deviations. The considerable
heterogeneity found across the original studies is a pri-
mary contributor to these discrepancies. Among the
28 datasets analyzed, 12 exhibited notable heterogene-
ity, while 16 demonstrated a lack of heterogeneity. The
diverse range of adjusted factors such as age, gender,
environmental exposure, alcohol consumption, fam-
ily history, treatment usage, race, and smoking habits
across studies might introduce bias and heterogeneity,
affecting the reliability of our analysis. Additionally, of
the 28 datasets analyzed, 24 showed no evidence of pub-
lication bias, while four indicated potential publication
bias, suggesting that some negative study results might
be published. Selection bias may influence the find-
ings, when the researchers give priority to publishing
positive results, resulting in an overabundance of such
outcomes in academic literature. This bias can distort
the overall understanding of the relationship between
XRCC1 polymorphisms and lung cancer risk. Informa-
tion bias is another concern, as inconsistencies in how
genetic variants and lung cancer outcomes were mea-
sured across studies could introduce inaccuracies. For
example, differences in the definitions of lung cancer
stages or diagnostic criteria may lead to varying con-
clusions regarding the role of XRCC1 polymorphisms.
Additionally, the studies included in our review were
rated as high quality according to AMSTAR criteria.
They demonstrated strong adherence to methodologi-
cal standards, including rigorous protocol registration,
comprehensive literature searches, and thorough risk of
bias assessments. These factors contribute to the reliabil-
ity and robustness of this current findings, enhancing
the overall validity of the meta-analysis results.

Unlike traditional systematic reviews or meta-anal-
yses, umbrella reviews offer a broader perspective by
summarizing the findings of multiple studies on a par-
ticular phenomenon or research question.”” The present
study is the first to apply this strategy for a comprehen-
sive critical evaluation of the published associations be-
tween XRCCI rs25487/codon399, rs1799782/codon
194, and rs25489/codon 280 gene polymorphisms and
LC incidence. Additionally, the present study included
primary studies with notably large sample sizes, which
minimized the potential for bias compared to smaller
studies. Moreover, the genotype distributions for the
majority of control SNPs aligned with HWE, thereby
strengthening the robustness of our findings.

In advanced NSCLC, patients are often treated with
platinum-based chemotherapy, which induces DNA
damage. The XRCCI gene polymorphism is also a pre-
dictor of clinical outcomes in NSCLC patients receiving
platinum-based chemotherapy. The study reported by
Bushra et al. identified the XRCC1 G>A (rs25487) poly-
morphism as a predictive biomarker in advanced NSCLC
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treated with platinum-based chemotherapy. This variant
is significantly associated with severe toxicities and ther-
apeutic responses.” The results suggest that the XRCC1
rs25487-GG genotype is associated with better overall re-
sponse rates (ORR) in NSCLC patients undergoing plat-
inum-based chemotherapy. However, no association was
found between XRCCI rs1799782 and the clinical out-
comes of platinum-based chemotherapy.*® This study
elucidates the role of XRCC1 gene polymorphisms in
the development of LC, potentially enhancing our un-
derstanding of genetic susceptibility to this disease. By
identifying specific genetic markers, this research could
improve risk assessment, facilitate early detection, and in-
form personalized treatment strategies for individuals at
higher risk. The findings underscore the importance of
conducting studies across diverse populations to capture
variability in XRCC1 polymorphisms and their interac-
tions with environmental factors in LC etiology.

The umbrella review has limitations including the
exclusion of relevant data published in other languag-
es due to analysis being restricted to meta-analyses
published in English. Presence of heterogeneity in the
meta-analyses, possibly due to selection bias and oth-
er factors. Discrepancies in participant demograph-
ics and controlled variables across studies contribute
to heterogeneity. Furthermore, the individual XRCCl1
SNPs were focused, omitting haplotype analyses due
to a lack of available data. Future research should ex-
plore XRCCI1 haplotypes to provide a more compre-
hensive understanding of their association with lung
cancer risk. Most studies included in the review were
conducted in Asian and Caucasian populations. Due
to insufficient studies across diverse groups, we did not
perform a subgroup analysis by ethnicity. Future re-
search should focus on larger, multi-ethnic samples to
improve generalizability.

Conclusion

This umbrella review seeks to comprehensively examine
the collective evidence from multiple systematic reviews
and meta-analyses on the association between XRCCl
gene variations and the development of LC. This compre-
hensive approach aimed to provide a consolidated anal-
ysis of the available literature to better understand the
relationship between XRCC1 gene variations and LC sus-
ceptibility. The present review shows that there is a sub-
stantial link between XRCC1 (rs25487/codon399 and
rs1799782/codon194) gene polymorphisms and the risk
of LC. However, there is no noticeable link between the
XRCCI1 rs25489/codon gene polymorphisms and the on-
set of LC. Furthermore, the observed associations may
vary across different demographic factors, such as ethnic-
ity, age, gender, and tobacco habits. For instance, certain
populations may exhibit an increased susceptibility to the
effects of these polymorphisms due to environmental in-

teractions and lifestyle factors, including smoking, which
is a well-established risk factor for LC. Gender-specific
responses to these genetic variations could also influence
risk, with emerging evidence suggesting differential sus-
ceptibility between males and females.

Therefore, further investigation is necessary to clarify
and authenticate these results. A thorough investigation
of the potential connection between genetic and envi-
ronmental factors requires methods such as longitudinal
cohort studies to track changes over time, genome-wide
association studies to identify specific genetic variants,
environmental exposure assessments using geographic
information systems, and multidisciplinary collaboration
among researchers in genetics, epidemiology, and envi-
ronmental science. Discovering genetic markers has the
potential to aid in risk assessment, early detection, and
personalized treatment strategies. Therefore, these find-
ings emphasize the importance of conducting compre-
hensive research across varied populations.
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ABSTRACT

Introduction and aim. Virtual reality (VR) is used in various healthcare treatments. This review evaluates virtual reality therapy
(VRT) for balance rehabilitation to prevent falls in older adults.

Material and methods. Randomised control trials from January 2013 to May 2024 were searched in databases like PubMed and
Web of Science. Data were extracted and analysed using RevMan 5.4 software.

Analysis of the literature. The review included 12 studies with an average of 56 participants aged 50-80 years. Treatments last-
ed 4-10 weeks with 2-5 sessions per week, each 30-60 minutes. Meta-analyses of five studies using the berg balance scale (BBS)
showed a weak impact on balance (Z=2.07, p=0.04; SMD=1.05, 95% CI [0.06, 2.05], p<0.0001). Conversely, the Timed Up and Go
(TUG) test showed a more positive impact (Z=2.25, p=0.02; SMD=-0.74, 95% Cl [-1.39, -0.09], p<0.001), with a difference of 4.4
higher in the experimental group than the control group.

Conclusion. VRT shows promising effects in balance and gait training for older adults, but further clinical trials are needed to
compare its impact with other therapies.

Keywords. virtual reality, balance, ageing, BBS, TUG

Introduction

Ageing is a natural, progressive, and irreversible pro-
cess that affects the visual, somatosensory, and vestib-
ular systems. Globally, more than 35% of individuals
over 65 experience gait imbalance.'”* A combination of
intrinsic factors such as reduced balance, mobility, and
functional skills and extrinsic or environmental factors
are predictors of falls in older adults.* Falls, prevalent in
30% of the population, are considered one of the main
reasons for hospitalisations, morbidity, and mortality.”®
Furthermore, the psychological fear of falls limits ac-

tivities and lowers the overall quality of life.” Therefore,
correcting or reducing the intrinsic and extrinsic risk
factors associated with ageing can help prevent falls in
these individuals.*

Though balance can be assessed with sophisticated
technologies using force platforms to study the kinetics
and kinematics of movement, researchers recommend
more functional methods that challenge a person’s pos-
tural control for this purpose.’” Hence, scales, such as
the Berg Balance Scale (BBS), the Timed-Up and Go test
(TUG), the Performance Oriented Mobility Assessment
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scale (POMA), the Functional Reach test, the Clinical
Test of Sensory Integration for Balance (CTSIB), Dynam-
ic Gait Index (GTTI)," and the Balance Evaluation Systems
Test (BESTest)!! are used to assess an individual’s balance
and gait. BBS and TUG are common methods for bal-
ance and gait assessment due to their reliability, validity,
and ease of implementation. However, the intrinsic com-
plexity of fall risk calls for a comprehensive evaluation
approach.. Researchers have recommended concurrent-
ly using multiple assessment tools to assess risk and tailor
strategies to improve gait imbalances."

Multiple approaches and interventions, such as
strength training,'>'* mobility training,"” Tai Chi,'
task-specific activities training,'” Otago exercises,'
aerobic training,” Pilates,”® and audio-visual feedback
training® have significantly improved balance in old-
er adults. Recently, newer strategies, such as computer
games and virtual workouts, have shown a favourable
impact on the balance training of this population.?**

Virtual reality (VR) is a sophisticated end-user im-
mersive interactive simulation system that motivates us-
ers through real-time simulations to perform complex
tasks in real-life scenarios.”** VR systems are widely
used in gaming, and modified versions have been exten-
sively utilised in medical education and healthcare. VR
systems are advantageous as the VR therapeutic tools
sense the patient’s movements and provide audio-vi-
sual feedback that engages their sensorimotor systems
to move and control items as if they were real.?-*! The
augmented and interactive experiences within the vir-
tual environments allow learners to apply therapeutic
learning in their daily lives and help enhance the qual-
ity of movements and self-confidence.’>* This strategy
encourages patients to complete the rehabilitation tasks
with interest and enjoyment.’®! Virtual reality thera-
py (VRT) has proven to be a cost-effective therapeutic
approach, providing exceptional benefits for individu-
als, especially those in rural areas.’>>** Its compatibili-
ty with telehealth services further amplifies its reach to
the masses, making it an effective and powerful tool in
healthcare.*

Although numerous studies have demonstrated the
effectiveness of VRT in enhancing balance and prevent-
ing falls among the elderly, there is considerable hetero-
geneity in the intervention protocols and types of VR
tools employed.**® Most previous reviews have not
thoroughly analysed the assessment tools used across
various studies or conducted a meta-analysis.*® Addi-
tionally, the inclusion criteria of these studies have var-
ied significantly. For instance, Bleakley et al. included
both healthy elderly individuals and those with cognitive
deficits, whereas de Amorim et al. focused on individ-
uals with balance impairments.””** Rodriguez-Alma-
gro et al. included healthy individuals in VR combined
with occupational therapy (OT) and rehabilitation but

did not conduct a meta-analysis.”* Consequently, the
inconsistent outcomes raise questions about the effec-
tiveness of this unique balance therapy method in old-
er adults.***!

Given the need for in-depth research with consis-
tent methodologies, types of interventions, and scales
used to compare the effects of VRT to traditional exer-
cises on the balance of older adults, there is a significant
gap in the knowledge of this emerging technology and
treatment. Studies examining the positive and negative
effects of VRT in rehabilitation will broaden the scope of
geriatric rehabilitative care.

Aim

Therefore, our study aims to systematically review the
existing literature on physical therapy interventions in-
volving VR and conduct a meta-analysis of the BBS and
TUG scales frequently used in these studies. This arti-
cle is the first to conduct a meta-analysis on VR in older
adults. This study will help determine the effectiveness
of VRT in improving balance in older adults and there-
by preventing falls.

Material and methods

Search strategy

We used the (PICOTS) framework, i.e., population, in-
tervention, comparison, outcomes, timeframe, and study
type, to develop the inclusion criteria. We searched the
Scopus, PubMed, Web of Science, EMBASE, CINAHL,
ICTRP databases, CT.gov, and grey literature electron-
ically using controlled vocabulary and the following
keywords: virtual reality or “VR,” augmented reality or
“AR)” “Wii Fit)” video games, “Nintendo,” older adults
or elderly, balance measures or outcome measures, pos-
tural reactions, and postural stability. The search strat-
egy was discussed with the institutional librarian. We
also conducted an additional grey literature and manual
search of dissertations and unpublished literature to in-
clude all the relevant articles for further review.

Selection criteria

We included peer-reviewed randomised control trials
(RCT) and experimental studies with full-text articles
published in English between January 2013 and May
2024 for final inclusion. We excluded editorials, com-
mentaries, conference abstracts, observational studies
reviews, grey literature, and non-English studies. The
data screening and selection of articles is mentioned in
the PRISMA flow diagram below (Fig. 1).

Two reviewers independently screened the titles
and abstracts of articles based on the keywords and
search strategy. The reviewers resolved the discrepancy
in scoring through discussions to reach a consensus. All
trials classified as relevant by either of the two reviewers
were retrieved. A third reviewer resolved disagreements
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through discussions, and the third and fourth reviewers
helped compile the data into a final set. Figure 1 above
provides the summary of the search articles and study
analysed.

Identification of studies via databases and registers

J

Records removed before
screening:
Duplicate records removed-
(n=27)

Records identified from Medline,
scoupus,
Databases (n = 577)
Registers (n = 3)
(Including PUBMED: 32,
EMBASE: 28, CT gov: 12,
ICTRP: 6, CINAHL: 4)

]

Records screened
0]

(n=20)
|

| Reports sought for retrieval
(n=69)

Records marked as ineligible
by automation tools (n =430)
Records removed for other
reasons (n =43)

Identification

(

]

Records excluded™
(n=11)

Reporis not retrieved (n = 44)

Meurological patients (n =17)
l Reviews (n=14)

Other reason (n= 13)

Screening

Reports assessed for eligibility
(n=25)

Reports excluded: 13
Not accessible data (n=5)
Other reason (n=2)

l Pre post (n=6)
B Studies included in review
3 (n=12)
S Reporis of included studies
£ (n=12)

Fig. 1. PRISMA flow diagram

After full data extraction, the reviewers inde-
pendently assessed the risk of bias using the RoB 2
tool.*” We assessed the studies’ bias based on random
sequence generation, allocation concealment, blinding
of outcome assessment, incomplete outcome data, in-
tention-to-treat analysis, and follow-up. Items were clas-
sified as ‘low risk’ when clearly described, ‘adequate or
high risk’ when not adopted, and ‘inadequate and un-
clear’ when not clearly defined or missing in the text."!
The “incomplete outcome data” was also classified as
‘high risk’ if the drop-out rate was higher than 20%.*

Data extraction and analysis

Data from relevant articles were extracted on Excel sheet
and further synthesised using the RevMan 5.4° software
to calculate the mean differences at 95% confidence in-
tervals (95% ClIs) for continuous data and (95% CI) for
the dichotomous discrete data. Table 1 summarises dif-
ferent studies, durations, sample sizes, ages, and proto-
cols.

Results

Study characteristics

Out of 580 records identified from databases, 69 articles
were retrieved for full-text review, and 12 RCTs met the
selection criteria and were included in the final analy-
sis, as summarised in Table 1. The combined analysis
of the reviewed studies spanned healthy individuals be-
tween ages 45 and 75 years with a demographic focus on
older adults with a mean age ranging from 60.6 to 69.1

years. The sample sizes ranged between 10 and 90, with
10 studies having less than 30 participants, two hav-
ing sample sizes near 80, and only one having a sample
size of 281 participants. The reviewed studies compared
the virtual training protocols to tailored conventional
training protocols for balance, coordination, strength,
and mobility commonly employed in clinical practice.
The studies exhibited variations in weeks and session
lengths. Notably, 14.29% of studies*** considered ses-
sion lengths of 12 weeks (about three months) appro-
priate for better outcomes with VRT, 3.57% of studies
showed that 3-week VRT sessions' and 4.76% of studies
showed that 4-week VRT sessions*® proved impactful.

The included studies’ experimental and control
group intervention sessions ranged between 4 and 10
weeks, with a weekly frequency of two to three times
and an average duration of 30 minutes to an hour per
session. Two studies demonstrated results intending to
treat, eight had a post-intervention follow-up, and two
did not mention either intention to treat or post-inter-
vention follow-up.

Types of interventions

Participants in the studies were administered strength-
ening and balance exercises, treadmill walking, static
and dynamic balance training, lower leg strengthening,
and balance and coordination training with or without
VR equipment. Some studies conducted VR training
using the Xbox 360 platform and the Wii Fit Nintendo
system for their motion detection and activity tracking
features. In contrast, others used the Kinect Xbox 360 for
a three-dimensional augmented reality experience.>'*4!

As shown in Table 1, the studies showed variability
in the type of intervention and the analysed outcomes.
Of the selected 12 RCTs, two were parallel trials where
the control group received no intervention. The experi-
mental groups in these trials received either brain exer-
cises (BE), physical exercises (PE), lumbar stabilisation
exercises (LSE), or virtual reality exercises (VRE).***
Overall, 46% of studies (n=6) did not provide any in-
tervention for the control group participants, and 62%
(n=8) provided different exercise protocols such as ball
exercises, treadmill walking, cognitive training, Otago
exercises, leg strengthening with balance training, bal-
ance training alone, and balance with coordination exer-
cises. Of the different VR gadgets used in these studies,
six (46%) used the Wiifit Nintendo, and five (38%) used
Xbox and Kinect.

One study demonstrated enhanced postural con-
trol with VRT versus traditional exercises.” Likewise,
another study showed VRT’s role in improving balance
and coordination in elderly patients.” In yet another
study, researchers used a smartphone-running applica-
tion that mirrored the video from the smartphone on a
curved 65-inch screen TV for VR training.” The results
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significantly improved the TUG test and gait parame-
ters.”

Similarly, balance training with Nintendo’s Wii Fit '°
and augmented reality-based Otago exercises improved
balance and gait and reduced falls in older women.*

Assessment parameters

Table 1 demonstrates that the studies used scales such
as the BBS, TUG, POMA, and ABC tests to assess bal-
ance, gait, and fear of falls in older adults. Seven stud-
ies used BBS, and five used TUG as measuring tools to
evaluate the post-intervention balance. Almost all stud-
ies showed significant improvement in the scale assess-
ments after VR training compared to regular exercises.

Risk of bias

The risk of bias analysis of the studies using the RoB 2
tool demonstrated that nine studies had a low risk of
bias. Three studies showed bias in blinding and perfor-
mance, and three showed unclear bias in the randomis-
ation and allocation. Please refer to Figure 2 and 3.

Random sequence generation (selection bias) _

Allocation concealment (selection bias) _:l

Blinding of participants and personnel (performance bias) -
Blinding of outcome assessment (detection bias) _:l
Incomplete outcome data (attrition bias) _

Selective reporting (reporting bias) _

omer e [

0% 25% 50% 7A%  100%

| .Luwr\sk ofhias Duncleamskufblas .nghr\skufb\as |

Fig. 2. Risk of bias graph: review authors’judgments about
each risk of bias item presented as percentages across all
included studies.

Key findings

The selected studies demonstrated that of the individu-
als who underwent VRT, 92% showed improved static
and dynamic balance (n=12) as measured using the BBS
(39%, n=5) and the TUG (39%, n=>5) as the main tools
to measure the outcomes. Two studies had insufficient
data for the BBS assessment. Hence, of the seven studies
that evaluated balance using the BBS, only five had com-
plete data.*>*52°4 The post-intervention results of the
studies showed improved BBS scores of 4.29+1.27 and
TUG test scores of 2.65+1.20 seconds in the VRT group
compared to the control group. Our meta-analysis of
five studies****>5%% using RevMan® 5.4 revealed the
BBS’s overall effect z= 2.07 (P=0.04) with a Standard-
ized Mean Difference (SMD) of 1.05 at 95% confidence
interval (CI) [0.06, 2.05], p<0.001 showing a weak effect
of VR training in the experimental group as compared
to the control group. The Chi-square test (Chi*=39.73),
df=4 (p<0.00001) and I* value (90%) indicated signif-
icant heterogeneity, suggesting considerable variability
in the true effect of VR training on BBS across the in-

cluded studies. Please refer to Figure 4 below and sup-
plementary Figure S1.

Blinding of patticipants and personnel {perfarmance hias)
Blinding of outcome assessment (detection bias)

Allocation concealment {selection hias)

Bieryla 2013 20?02
Cho 2014 ? ? ?
Dockx 2017 ? ? ?
Htut 20148
Jung 2014

kristina 2018

Lee 2021

v | @

Park 2015

FPrazertsakul 2018

® OO e 0 e ® ® || sckcereportng reporting bias)

O OO0 O e e ® O |® randomsequence generation (selection hias)
. . - . .
> | @
- . .
® OO0 OO " S O O O nompeteoutomnedata atriton bias)
® OO0 6 e e e e e oternas

Schwenk 2014 ® 22O
Tsang 2016 72| @®
Yoo 2013 2|2 |2

Fig. 3. Risk of bias summary: review authors’ judgments
about each risk of bias item for each included study

The TUG test meta-analysis for VRT (please refer
to Figure 5), based on five different studies, revealed the
effect size as z= 2.25 (p=0.02) with the SMD as -0.74, at
95% CI [-1.39, -0.09], P<0.001 indicating that the ex-
perimental group showed improved results on the TUG
test.2¥4>46525 However, statistically significant hetero-
geneity was found between studies (Tau® = 0.41, Chi®
= 18.63, df=4 (p=0.0009); I’=79%, suggesting that the
actual effect sizes may vary considerably across studies.
The mean TUG Scale score in the experimental group
was 18.2 compared to the control group score of 13.8.
(Figure 5 and supplementary Figure S2).
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Fig. 4. Forest plot for meta-analysis of studies reporting BBS
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Fig. 5. Forest plot for TUG

Discussion

The analysis of the selected studies demonstrated that
exposure to VR can improve physical and cognitive
scores,’*® positively impacting the individual’s physical
and psychological well-being.** Additionally, high-func-
tioning virtual reality games helped manage the indi-
vidual’s fear of falls.* The findings of our study are
consistent with previous systematic reviews on VR train-
ing.*** However, similar to earlier studies, we found it
challenging to single out the most effective treatment
method, assessment tool, and types of VR equipment
to recommend. Individual study objectives and avail-
able technology influenced the selection of VR equip-
ment in all studies. Researchers chose devices based on
their motion detection capabilities, interaction, target
population, user-friendliness, and the intended level of
immersion and engagement - all studies aimed to con-
struct appealing virtual worlds to enhance intervention
effectiveness and collect relevant data.

The diverse assessment scales used across the stud-
ies reflected the multidimensional nature of balance,
mobility, and related factors. The results from various
studies demonstrate that selecting a singularly superi-

or measurement scale proves challenging as some scales
have distinct advantages over others,!>?22342454650-53,55,56
Our meta-analysis found that balance training did not
improve on the BBS scale assessment but showed signif-
icant improvement on the TUG test. Our meta-analysis
findings differ from those of de Amorim et al., who re-
ported improved balance training measurements with
the BBS scale but similar TUG test results.” This differ-
ence suggests that the effectiveness of a measurement
scale is context-dependent and conditional to the re-
search objectives, the population under study, and the
specific variables being measured.***>*® Therefore, mea-
surement scales should be selected based on the inter-
vention or research objective. The BBS scale can assess
an individual’s ability to sustain balance during specif-
ic tasks.!92342523355 The TUG test can capture function-
al mobility, which is particularly relevant in research
settings.?**64732% The Falls Efficacy Scale (FES) and the
ABC scale, both psychological scales, can give valuable
insights into the individual’s confidence in performing
daily activities without the fear of falling.**

Enhanced balance and mobility, confirmed by im-
proved step length, sway speed, and TUG scores,” un-
derlined the positive impact of physical therapy using
VR versus traditional ball exercises on physical perfor-
mance and balance in older adults.***? Better results with
VR training can be attributed to its immersive, interac-
tive, safe, and controlled environments that simulate re-
al-life scenarios, enhancing participants’ engagement
and motivation.”**>** VR allows precise control over
the training environment and tasks, enabling tailored
and progressive challenges that can adapt to the indi-
vidual’s performance.?>** This adaptability can lead to
more effective and personalised training outcomes.***
Furthermore, the technological advantage of VR allows
for creating consistent and repeatable training scenari-
os, which can be challenging to achieve with traditional
methods.*®' Such engaging experiences created by VR
games lead to increased patient adherence and effort
during training sessions.”>* Apart from the treatment
acceptability, VR systems provide immediate feedback
and collect detailed data on performance metrics, which
can be used to adjust training protocols in real-time
training.22'23’45’52

Studies have reported improved dynamic postural
control and functional ability in institutionalised elder-
ly individuals with VRT using video games.*” These vid-
eo games encourage the patients to adapt to the game
challenges, integrating diverse movement patterns and
moving in different directions. Hence, incorporating
wearable sensors for guided game-based training in
home and community environments may help improve
the patient’s cognitive and lower limb motor control.?>*
The reviewed studies conclusively showed the growing
acceptance of VR technology as a helpful tool for testing
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and improving the balance, mobility, and other charac-
teristics of the older population.

Our study has several strengths, primarily due to
our rigorous methodology and meta-analysis inclu-
sion. We used strict selection criteria, and two review-
ers independently assessed the articles and thoroughly
assessed their quality and risk of bias, which is also a
crucial strength of our study. Although we have report-
ed the positive effects of VRT in improving balance in
older adults for fall prevention, our study has some lim-
itations. The meta-analysis included only the BBS and
TUG scores that produced low effect sizes due to low-
er sample sizes and heterogenicity of the studies. Thus,
variations in sample sizes, methods, interventions, and
durations of the reviewed studies may have influenced
the results.

Future studies focussing on the meta-analysis of other
assessment scales used for the post-intervention balance
and gait evaluation of older adults would help conclude
the effectiveness of VRT over traditional rehabilitation.
Comparing the various assessment scales in a single study
is also warranted. There is limited research on compre-
hensive economic evaluations or cost-effectiveness anal-
yses of VRTs compared to traditional balance training.
Cost-effectiveness analysis is essential for informing fu-
ture funding decisions in rehabilitative care. We rec-
ommend that future clinical trials thoroughly compare
various VR technologies’ initial equipment costs, setup,
and operational expenses. This will provide policymak-
ers with the detailed data needed to incorporate VR into
standard rehabilitation protocols strategically.

Conclusion

Based on the findings of our systematic review, we can
conclude that VRT is a feasible and effective treatment
option for improving balance, as assessed by the TUG
test in older adults, to prevent falls. While many stud-
ies suggest promising effects, based on our meta-anal-
ysis, we recommend additional research with rigorous
study designs, larger sample sizes and meta-analysis of
a more significant number of balance assessment scales
to strengthen the evidence. One must also consider the
feasibility of implementing VRT for balance rehabilita-
tion programs for older adults.
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ABSTRACT

Introduction and aim. Lung adenocarcinoma (LADC) is the most diagnosed histological subtype of lung cancer and the lead-
ing cause of cancer death in men in Algeria. Defining the circumstances that preceded the diagnosis improves the manage-
ment options and reduces its incidence. However, data for this critical period are lacking. We report the case of a patient whose
onset of severe COVID-19 and the incidental finding of an undefined LADC overlapped and delayed care of the malignancy.
Case description. We present the case of a 65-year-old man, with invasive LADC discovered during a chest CT scan performed
for suspected severe COVID-19. We describe the diagnostic methods and the patient. Histological examination by biopsy re-
quired to confirm diagnosis could not be performed due to chronic hypoxemia in the patient, which prevented the complete
pathological diagnosis and staging of the disease.

Conclusion. Given the prevalence and aggressiveness of LADC in men in Algeria, our study underscores the critical need to
develop screening programs, aimed at identifying the disease in asymptomatic patients, in asymptomatic patients that could
significantly improve the chances of successful treatment. This is particularly important because LADC patients often develop
serious pathologies that can limit their treatment options. COVID-19 serves as a stark example of such limiting interference,
further highlighting the importance of early detection in the management of LADC.

Keywords. chest CT, COVID-19, hypoxemia, LADC, screening

Introduction has been confirmed, as it is associated with a significant-
Lung adenocarcinoma (LADC), the most common his- ly good prognosis, with a survival rate of nearly 100%
tological subtype of nonsmall cell lung cancer (NSCLC), after surgical resection.? However, advanced LADC
accounts for more than 40% of cases worldwide.' The (stages IIT and IV), with its aggressive behavior and lim-
potential for early diagnosis of LADC (stages I and II) ited therapeutic options, remains a significant cause of
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cancer-related deaths worldwide, resulting in a 5-year
overall survival rate of less than 75%.’

The circumstances of LADC diagnosis are variable.
Although early stage LADC remains asymptomatic for
an extended period, advanced LADC is often diagnosed
with symptoms such as cough, sputum, and dyspnea.* In
the general population, incidental finding as a scenar-
io preceding the diagnosis of LADC has been described
in many studies when this malignancy can be found at
56% to 66.9% in asymptomatic patients during the in-
vestigation of unrelated symptoms or by screening.” In-
terestingly, an estimable percentage of LADC could be
discovered incidentally (9.1%).° This incidental finding
represents an opportunity for the patient to have a better
chance of recovery and allows potentially curative treat-
ment, thus improving the overall survival rate.

Between 2020 and 2022, the coronavirus disease
2019 (COVID-19) pandemic caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2)
has significantly impacted healthcare systems world-
wide.”” The increased use of chest imaging to diag-
nose COVID-19 during the pandemic has led to the
incidental finding of non-COVID-19 related lung le-
sions, including malignancies.'®'" In particular, high in-
cidental findings of LADC were also found in patients
with COVID-19 at 55.6%.'? However, the combination
of COVID-19 and newly diagnosed malignancies has
been described as a complicated onset since concurrent
severity of COVID-19 could reduce the chances of pa-
tients starting cancer treatment before healing.”*** In
Algeria, the final statistics reported more than 272 thou-
sand confirmed cases of COVID-19 and over 6 thou-
sand deaths among the Algerian population.

Lung cancer is a real scourge among the Algerian
population, since it is the most prevalent cancer among
men (19.5%) with high mortality (10.4%).'S Several de-
scriptive studies of lung cancer have been carried out in
Algeria before and after the pandemic. They were main-
ly conducted to describe demographic, epidemiological
or clinicopathological features of different types of lung
cancer, including LADC, from the time of pathological
diagnosis or the time of treatment in the Oncology De-
partment.””* According to the study of the Lung Cancer
Registry in Algeria (LuCaReAl) study, a comprehensive
research initiative on lung cancer in Algeria, LADC rep-
resents 55% of newly diagnosed lung cancer patients. The
LuCaReAl study showed that the proportion of advanced
stages at diagnosis was alarming, mainly due to late diag-
nosis.”> Unfortunately, we were unable to find informa-
tion about incidental findings of lung cancer in general
or invasive LADC specifically in those reports, and stud-
ies that elaborate the clinicopathological and radiological
characteristic of incidental lung cancer during the inter-
val of imaging to pathological examination have not been
addressed. Thus, the actual effect of the pandemic on the

management of newly diagnosed cancer patients among
Algerian patients has not been well documented so far
and this lack of evidence is shared throughout the world.
Therefore, more research to understand the impact of
COVID-19 on this category of patients.

Here, we present an example of a case with simul-
taneous diagnosis of severe COVID-19 pneumonia
and newly diagnosed advanced LADC. Chest comput-
ed tomography (CT) imaging of COVID-19 diagnosis
revealed CT abnormalities that led to the suspicion of
advanced lung cancer, which could not be identified by
pathology due to COVID-19-related complications. The
diagnosis, thus remaining undefined, delayed the onco-
logic care of the patient. This case may be representative
of other cases that deserve to be studied. Additionally,
we hope that this report will provide valuable informa-
tion on the importance of screening for LADC at an ear-
ly stage before additional medical illness overshadows
the clinical picture and minimizes the chances of a cure.

Table 1. Laboratory data of the patient*

Test Day2 Day6 Day12 Units Refence range
WBC 449 11240 1417 10/ 4-10.2
Neutrophils 83.91 89.01 529 % 43.5-73.5
Lymphocytes 109, 7.61, 33.8] % 15.2-433
Red cells 490 473 555 10°uL 3.8-6.2
Monocytes 0.23) 268, 1337 % 3-13
Hemoglobin 109) 1145, 119] g/dl 13-17.5
(CMH 315 317 311 g/ 31-37
Mcv 706, 764) 690, fl 78-100
MCHC 222, 242) 214, pg 25-34
Hematocrit 346, 36.1] 3831t g/dL 40-52
Platelets 189 2469 425 10°/pL 120-450
Alanine aminotransferase 2 761 40 U/L 10-49
Aspartate aminotransferase 30 32 30 U/L 10-39
D-dimers 7661  589.6 381.0 ng/mL >50years, <age x10
CRP 91.651 - 9.67  mg/L <10.00

*| — the value was below normal,1 - the value was above
normal

Description of the case

On November 28, 2021 (Day 1), a 65-year-old Caucasian
male Algerian patient was referred to the emergency unit
of our public hospital establishment located in Ain Ber-
da, Annaba, due to shortness of breath, dry cough, fever,
chest pain, and a low percutaneous arterial oxygen satura-
tion (SpO,) at 83% breathing on room air. Due to the en-
demic location and the history of contact with confirmed
positive COVID-19 person a few days before presentation,
he was highly suspected of getting a COVID-19 infection.
However, a nasopharyngeal test for the COVID-19 antigen
was negative. In fact, a serological test of COVID-19 anti-
bodies suggested only an anterior contact with the virus.
Therefore, no sufficient evidence could rule out a develop-
ing COVID-19 infection and he was admitted to an isola-
tion box. A chest computed tomography (CT), a real-time
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polymerase chain reaction (RT-PCR), and a control sero-
logical test for the SARS-CoV-2 were prescribed. A routine
examination was realized (Table 1), and vital signs were
regularly monitored twice (Table 2).

Table 2. Clinical and laboratory data of the patient during
hospitalization at COVID-19 unit*

- 4 = >
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Reference range 0.60-1.10 1.10-1.30 >92% >92% <90/<140 <90/<140 37/37

Day4 ~ 236t 60, 67 - 120060 379
Day’5 ~ 148t 35] 48] 100160 12070 /371
Day6 1631 2531 30, 48, 1501/80 1501/100 /36
Day7 2950 2561 59, 43] 12070 140/80 391/39t
Day8 U 29t 45, 54, 1501/80  140/80 391/397
Day?9 2070 12 81, 8] 17011007 130/80 37.1/37
Day 10 2121 2261 69, 76, 130/80  1501/90 37.2/37
Day 11 3041 281 T3) 74 140/80  1601/60 37/372
Day 12 334t 2971 67, 76, 130/80  130/70 37.1/37.1
Day 13 2950 2561 67, 8 120/10  140/710 37369
Day 14 1800 120 81, 82  140/70 14070  37/369
Day 15 1870 27t 81, 71y 13070 13070 3737
Day 16 1461 - -~ 130/80 ~ 317369

*| — the value was below normal,t - the value was above
normal, hematology and biochemistry laboratory testing
were performed two times

On days 2 to 4, initial blood tests did not show a
change in white cell blood count (CBC). However, there
was an early inversion in the leukocyte formula (neu-
trophils reached 83.9% and lymphocytes decreased to
10.9%), while platelets were normal. The blood type was
O-positive. We noticed low hemoglobin and hematocrit.
Blood ionogram (kaliemia and chloremia) and creatin-
emia were normal. High levels of D-dimers (766 ng/mL)
and plasmatic C-reactive protein (CRP, ~91 mg/L) were
also noted. The patient presented new-onset hyperglyce-
mia with a high HbAlc level of 7.2%. According to the
Hashmi-Asif COVID-19 chart, the calculations of scoring
for signs, symptoms, and blood biomarkers for the early
presentation of the patient found that he was highly sus-
pected of getting COVID-19 with a score of 24 (Table 3).%

On day 5, a serological conversion of COVID-19 an-
tibodies and a positive RT-PCR for COVID-19 were ob-
tained, indicating a developing COVID-19 infection. In
addition, contrast-enhanced chest CT revealed severe in-
volvement of both lungs with peripheral, patchy ground-
glass opacities (GGO) that extended to more than 75%,
consistent with a COVID-19 infection (Fig. 1A) accom-
panied by localized emphysema (Fig. 1B). No pneumo-
thorax (Fig. 1A) or pulmonary embolism (Fig. 1C) were
observed. However, the chest CT also showed a 46.2 x 56 x
69.3 mm solid mass (Fig. 2A and 3B) abutting the thorac-
ic esophagus (Fig. 2B) in the right upper lobe of the lung,

suggesting a malignant tumor. Two lymphadenopathies
were found. The first was measured up to 0.82 x 15.3 mm
and was ipsilateral subcarinal hilar, and the second node in
the aortopulmonary window was measured 1.68x17.8 mm
(Fig. 2C). Another finding was a 14.7 x 16.8 mm nodule
in the left upper lobe, suggesting contralateral pulmonary
metastases (Fig. 2D and 3C). A severe has been made of
COVID-19 pneumonia diagnosis with a suspected possi-
ble advanced lung malignancy has been made.

Table 3. COVID-19 scoring according to Hashmi-Asif
COVID-19 Assessment Chart®*

Physical signs and symptoms Scores
Day 2 Day 6 Day 12
Temperature (39)>38 (36)<37 (37.1)<37.5
score-3 score-1 score-2
Cough Dry cough Dry cough Productive
score-3 score-3 score-2
Fatigue >2day >2day >2day
score-3 score-3 score-3
Nausea and vomiting Absent Absent Absent
score-1 score-1 score-1
Mucus membrane Dry appearance  Dry appearance Normal
score-3 score-3 score-1
Total 13 1 9
Blood biomarkers
Leukocytes 449 11.24 1.41
(3,800-1,100/pL) score-2 score-2 score-2
Lymphocytes 109 7.61 38
(1,000-3,900/pL) score-3 score-4 score-4
Neutrophils 83.9 89.0 529
(1,900-7,400/pL) score-2 score-2 score-2
Platelets 189 246.9 425
(150,000-400,000/pL) score-2 score-2 score-1
*Alanine aminotransferase 4 76 40
(10-49U/1) score-1 score-4 score-1
Aspartate aminotransferase 30 32 30
(<33U) score-1 score-1 score-1
Total n 17 12
Total score 24 28 21

* cumulative scoring 213-22/39 is considered at high risk
to be diagnosed with COVID-19,
no disease <12, mild 13-22, moderate 23-33, severe 34-39

Table 4. Drugs for treatment of the patient during
hospitalization*

Drug Hospital day Dose Usage
Cefotaxime Day 6—day 10 1gBID iv
Ciprofloxacin Day 11-day 16 200 mg BID iv
Enoxaparin Day 6—day 16 0.8 UIBID sC
Dexamethasone Day 6—day 16 8mgBID im
Budesonide Day 6-day 16 1mgBID inh
Omeprazole Day 6-day 16 40mg QD im
Paracetamol Day6-day 16  1gevery 8hiffever iv
Macrogol 4000 Day 6—day 16 10gTID po
Nicardipine Day 11 1mgonce iv
Neutral Protamine Hagedorn insulin Day 6—day 16 18 UI BID sC

* QD - one a day, BID - twice a day, TID - three times a day,
sc — subcutaneous, po — per os; iv — intravenously, inh —
inhalation, im - intramuscular
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Fig. 1. A: Representative axial-enhanced chest CT scans
(lung window) in a 65-year-old man showed a peripheral
GGO pattern in the right and left middle lobes, B:
Representative axial enhanced CT scans showing multiple
localized emphysema and anterior pulmonary bullae
(arrows headed) in bilateral upper lobes, C: The rendering
of 3D pulmonary volume for enhanced CT images
obtained with early injection time showed that the texture
of the main pulmonary artery became thicker, presenting
an intense homogenous enhancement. On the contrary,
the trachea, right pulmonary artery, left pulmonary artery,
segmental lobar and sous-segmental arteries were normal

Fig. 2. A: Representative axial images showing a tumor
process of the right upper lobe (arrow) that occupies

the posterior segment and leans against the mediastinal
pleura. The mass measured 46.2x56 mm in the axial plane,
B: and was in close contact with the esophagus (arrow), C:
CT imaging also showed that the process was associated
with an ipsilateral subcarinal hilar node measuring up

to 0.82x15.3 mm (yellow arrowhead) and another in

the aortopulmonary window measuring 1.68x17.8 mm
(orange arrowhead), D: Another suspicious pulmonary
nodule was discovered in the left upper lobe measuring
14.7x16.8 mm.

The patient was transferred to the COVID-19 de-
partment to be initially treated for his severe pneumo-
nia. With no notable medical history, he was a former
smoker with a Brinkman index of 800 (40 years of
smoking 20 cigarettes per day, one pack-year) and had
quit smoking ten years earlier. Meanwhile, the physical
examination found expectorations, marked diminished
vesicular murmur throughout the chest, marked fin-
ger crabbing, constipation, and hypertension (grade 1).
Low-flow oxygen therapy through a nasal cannula at 5
L/min was administered. He underwent 12 days of com-
prehensive treatment (Table 4) until his recovery. After
completion of therapy, no apparent side effects were ob-

served with the above drugs, except for the antibiotic
agent, cefotaxime, since the patient reported dizziness
and vertigo on day seven a few minutes after the injec-
tion of cefotaxime. Given its possible neurological side
effects, cefotaxime was stopped and replaced with cip-
rofloxacin (Table 2).

Fig. 3. A: Representative coronal images showing increased
lung emphysema with diffuse GGO in the middle and
inferior lobes and the tumor process of the right upper
lobe (arrow) leaning against the mediastina and the
nodule (head arrow) in the left upper lobe suggesting
metastasis, B: 3D volume rendered in left rotation image
from our patient demonstrating pulmonary tumor (in
magenta) extended in height to 69.3 mm, C: 3D volume
rendered image demonstrating right tumor (in green) and
pulmonary nodule (in magenta)

From day 5 to day 8, the patient’s clinical status de-
teriorated. He presented fever (>39°C, axillary tempera-
ture), intense chest pain, and a steady decrease in SpO2
to 30% (Table 4). Supplemental oxygen was given by
combining a nasal cannula (at 5 L/min) with a nonre-
breather mask (at 15 L/min). After this critical period,
his symptoms were partially relieved, and we found im-
provement in SpO, (81-85%) breathing room air. The
patient was put back on low oxygen therapy with a nasal
cannula at 5 L/min. Additionally, the improvement of
biological parameters was generally (except for a tran-
sient increase in alanine aminotransferase on day 6, Ta-
ble 1). Applying the Hashmi-Asif Covid-19 chart again,
we found that the transition in the patient’s clinical sta-
tus was correlated with the score values, which raised to
27 (day 6) and decreased with improving the situation of
the COVID-19 situation to 21 (day 12) (Table 3).

On day 16, he was discharged from the hospital and
was referred to the Oncology Department for a more ex-
tensive evaluation of the incidental finding on chest CT.

On February 2, the patient enrolled in the Oncolo-
gy department of the Annaba Cancer Center. The on-
cologist prescribed a CT-guided biopsy to perform
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a histopathological examination of the incidental mass.
Unfortunately, the patient remained hypoxemic and re-
quired long-term oxygen therapy (LTOT) for approx-
imately two months using an oxygen nasal cannula,
which prevented biopsy.

One month later (March 02), a follow-up chest CT
revealed a marked improvement in the GGO pattern,
with diffuse bilateral interstitial lesions of sequelae ap-
pearance (data not shown). Moreover, where the CT
images showed that the lymphatic nodes remained un-
changed in form and size, the solid mass was found to be
increased (87 mmx 60 mm x86 mm). We thus estimat-
ed the tumor growth rate by calculating the tumor vol-
ume doubling time (TVDT) based on the chest CT scan
measurements initially found before three months, us-
ing the Schwartz formula of exponential growth, where
V1 and V2 were the largest diameters on the CT scan
measured at two different times, and the time interval
between two measurements: TVDT=(txlog2)/[log (V2/
V1)].¥ We found that the TVDT for the tumor was 67
days.

On April 10, when its oxygenation status became
routine, the patient underwent a CT-guided biopsy. The
histopathological examination of the material collected
from the solid mass confirmed a diagnosis of non-small
cell poorly differentiated (high-grade) partially necrot-
ic carcinoma of the lung. Inmunohistochemistry stains
showed positivity cytokeratin 7 and thyroid transcrip-
tion factor-1 with negative cytokeratin 20, cluster of
differentiation 56, and p40 protein. The final patholog-
ical diagnosis confirmed the mass as a solid adenocar-
cinoma. The oncologist prescribed substantial exams to
classify the cancer. Abdominal and cerebral CT did not
reveal additional features. Using technetium 99m-la-
beled methylene diphosphonate (99mTc-MDP), skeletal
scintigraphy was performed. No other suspicious fea-
tures suggestive of metastatic bone lesions were found
on the abdomen, the brain, or the pelvis. According to
the classification of tumor node metastases (TNM) of
primary lung cancer, 8th Edition.”® We diagnosed lung
adenocarcinoma with clinical stage T3AN2MO0. Appropri-
ate treatment was initiated in the Oncology department,
and he began follow-up for 19 months of chemotherapy.
He died in December 2023 from complicated onset and
metastasis in the brain and liver.

Discussion

Taking into account the clinical, radiological and ep-
idemiological characteristics, this case study is con-
sistent with previous descriptions of common severe
COVID-19 worldwide. The patient presented two
symptoms commonly seen among this category of pa-
tients: cough (70%) and dyspnea (66%).” Indeed, chest
CT shows a typical GGO pattern that extends to more
than 75% of his lungs, consistent with pulmonary ab-

normalities found in severe COVID-19 infection, even
if he did not present other specific patterns, such as con-
solidation or pericardial effusion.’*** Epidemiologically,
this case study shared several risk factors and comor-
bidities identified in the literature as factors to develop
severe COVID-19. To begin with, his age, more than 60
years, is a confirmed risk factor for severe COVID-19.%
Second, he was a former smoker with a Brinkman in-
dex greater than 400 (800), two factors that are known
to cause an increased burden of severe COVID-19
outcomes, and sustained mechanical ventilation.**?¢
In addition to these factors, the patient developed
a new-onset hyperglycemia described as one of the crit-
ical complications observed during patients with severe
COVID-19 (41 %).%”3® Furthermore, of all comorbidi-
ties he presented, the LADC was the most burdensome
risk factor for COVID-19 severity.** Regarding this
malignancy, we found a gap in the data that described
the incidental finding of lung cancer during COVID-19
infection, including tumor characteristics and severi-
ty of COVID-19, as well as the course of events from
the first imaging to oncology management. Wang and
colleagues study conducted in China in 2024 was the
only study that reported the incidence of lung cancer as
an incidental finding since they identified that among
24390 patients who underwent a chest CT for diagno-
sis of COVID-19, 0.3% had undefined lung cancer. In-
terestingly, LADC was the predominant histological
type discovered in this cohort, accounting for 55.6%."
However, this study relied on data from an epidemio-
logical analysis that lacked several clinicopathological
characteristics and did not capture the complete clini-
cal picture of a given case, as mentioned in our study. In
addition to this single large-scale study, only one clini-
cal case, presented by Iadevaia and her co-workers, re-
ported incidental lung cancer with severe COVID-19
was shown to be a 42-year-old female, non-smoker.!
The patient has improved clinically and physically after
eight days of onset without long-term COVID-19 com-
plications.! Her oncological treatment appears to have
been timely, as she promptly received a pathological di-
agnosis of a micropapillary infiltrating LADC and be-
gan chemotherapy. In comparison, although our case
recovered from the severe infection and was discharged
after ten days of hospitalization, the pathological diag-
nosis of the suspected LADC was unfortunately delayed
by three months. During this time, he experienced pro-
longed hypoxemia that required LTOT. This finding is
consistent with many cohort studies, which have de-
scribed the persistence of chronic hypoxemia in the ear-
ly postacute phase of COVID-19, requiring LTOT up to
six months after discharge.***? In addition, hypoxemia
related to COVID-19 has been proven to result from
damage to both the pulmonary parenchyma and vas-
culature.® In this case, hypoxemia should be added to
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the list of factors that negatively affect lung cancer care
in COVID-19-affected patients, mainly as a barrier to
accessing definitive cancer diagnosis for the patient, as
mentioned by Malalasekera and colleagues or by delay-
ing the timely diagnosis and staging of the disease, ac-
cording to Barata and colleagues.***

Consistent with previous studies conducted before
the pandemic, we found that the solid LADC report-
ed here presented typical aggressive clinicopathologic
features, including a larger tumor size at initial presen-
tation, lymph node metastasis, lymphovascular and
pleural invasion, as well as a fast growth.*”* Neverthe-
less, the tumor presented a TVDT of 67 days that was
shorter than the median TDVT found in the literature
for solid LADC ranging from 140 days to 229 days.”>"'
LADC size is closely related to the hypoxic state of the
tumor microenvironment.” Interestingly, hypoxia was
shown to be a common characteristic shared in both
COVID-19 and LADC; both pathologies are known
to harbor hypoxia-associated genetic signatures that
prompt altered energy metabolism.>*** We can hypoth-
esize that hypoxemia as a long-term COVID-19-relat-
ed complication could accelerate LADC growth rate of
LADC. Future studies are needed to confirm this hy-
pothesis.

Before the COVID-19 pandemic, many countries
have established recommendations to define the inter-
vals to be respected between the incidental finding of
NSCLC and other points in the care trajectory. For ex-
ample, the suggested mean time from suspicious imag-
ing to pathological diagnosis should be between 14 and
21 days, while the median time from the first abnormal
radiographic finding to treatment should be between 52
and 84 days.**** Considering that LADC can get a rap-
id TVDT, even patients newly diagnosed with an early
LADC can be shifted to an invasive one without rapid
management due to interfering factors during the imag-
ing-pathological examination interval. A more compre-
hensive study is necessary to provide more details about
the factors impacting the management of LADC.

Incidental LADC detection is common and does
not present a novelty. However, our study’s strength is
that it constitutes the first report of incidental discov-
ery of invasive LADC in Algeria. Therefore, it is interest-
ing because it makes us aware that incidental discovery
is not well described and reported. In fact, clinical sce-
narios after incidental diagnoses of lung cancer, as well
as their radiological characteristics, are lacking in Al-
geria, both before and after the pandemic period. This
may impact the evaluation of specific variations in this
group of patients that could affect the management of
LADCG, especially in the presence of comorbidities such
as COVID-19. In this case, LADC growth is an evolv-
ing process and guidelines may be suggested to plan an
appropriate follow-up examination and management.

We can advise physicians to use the European collab-
orative group report for individual incidental findings
statements as an evidence-based approach for report-
ing and managing incidental findings.® A CT follow-up
examination can explore the natural chronologic evolu-
tion of LADC. Low-dose chest CT (LDCT) can be help-
ful in the first diagnosis and in predicting tumor growth
patterns and aggressiveness of suspected malignant sus-
pected LADC.®! We invite other teams to describe their
findings on incidental lung cancer to improve our un-
derstanding and improve patient outcomes.

According to the National Anticancer Plan, inter-
ventions to reduce the burden of lung cancer in Algeria
are limited to controlling tobacco consumption of the
risk factor tobacco.” However, given the high incidence
of invasive LADC among the Algerian population,
which reduces the chances of treatment success and sur-
vival, the health system must make judicious decisions
to reinforce this preventive approach with an early di-
agnosis procedure to reduce the incidence of aggressive
forms. Thus, screening should be an obvious first choice
for LADC early detection. Indeed, it is worth noting
that the observed decrease in mortality from pulmo-
nary malignancy in developed countries is due main-
ly to the increase in lung cancer screening in smokers
and non-smokers with other risk factors.®>® Howev-
er, it is noticeable that more different screening meth-
ods can be applied if chest-X-ray or sputum is a method
that has proved ineffective and that is not recommend-
ed as a screening tool. LDCT remains the only possibil-
ity. Several screening studies, such as the National Lung
Screening Trial (NLST) and the NELSON Trial, have
shown the effectiveness of LDCT in improving the ear-
ly diagnosis of lung cancer but also in reducing specific
lung cancer mortality (20% at 6.5 years in NLST, 24% at
ten years in NELSON).54% Interestingly, LDCT screen-
ing is effective in detecting LADC. In 3339 individual
screening trials, lung cancer has found a ratio for cancer
detection ratio, with LADC accounting for 88% (40%
early stage and 53% invasive).® Unfortunately, Alge-
ria does not have a national lung cancer screening pro-
gram. LDCT screening can be generally disseminated in
eligible Algerian populations such as high-risk smokers.
However, since LADC is also related to non-cigarette
risk factors, considerations should be taken to increase
screening, with proper guidelines for implemented
LDCT screening involving occupational exposure and
other risk factors.®” In the absence of a formal screening
program, we can advise physicians to use the European
Collaborative Group report for individual reporting of
incidental findings that can be followed during inciden-
tal lung cancer discovery as an evidence-based approach
for reporting and managing incidental findings.®

It should be noted that our study has a few lim-
itations since it represents an isolated case of inciden-
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tal cancer during COVID-19 hospitalization in our
facility. This makes the result less generalizable. Al-
though the current study describes the characteristics of
COVID-19 with LADC, we cannot emphasize wheth-
er the COVID-19 lockdown negatively affected its on-
set. We encourage the community to address the same
studies that require large-scale and longer-term obser-
vation. We, therefore, propose to examine the frequen-
cy of incidental diagnosis among an incident cohort of
patients with lung cancer, compare the characteristics of
incidentally versus nonincidentally diagnosed patients,
and examine common pathways and mechanisms that
led to the incidental diagnosis of cancer using registries.

Conclusion

Considering the high incidence of aggressive LADC in
Algeria, more attention should be paid to identifying
new procedures for its management. The described case
shows how important it is to spread the screening prin-
ciples and the need for studies about incidentally find-
ings of the disease, especially among former tobacco
people and professionals from high-risk groups in Alge-
ria. We make a call to highlight the main circumstances
leading to the late diagnosis of invasive lung cancer, par-
ticularly the lack of screening. Our case study illustrates
the importance of implementing a large-scale LDCT
screening program for lung cancer in Algeria, which can
improve options for early lung cancer detection and fol-
low-up for diagnosis and treatment.

In addition, this description underlines the critical
importance of conducting more in-depth studies to ob-
tain more information on the clinicopathological fea-
tures of incidental findings. These studies are essential
not only to define the incidental discovery of cases of
lung cancer during the COVID-19 pandemic retrospec-
tively but also to evaluate the long-term effects of the
COVID-19 pandemic, such as delayed diagnoses and
changes in patient care, on this population. The urgen-
cy and importance of this research cannot be overstated.
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ABSTRACT

Introduction and aim. This study presents a case of opsismodysplasia in a family, characterized by skeletal dysplasia and neu-
rological complications in two consecutive neonates.

Description of the case. Genetic analysis revealed that the father carries a likely benign/variant of uncertain significance (VUS)
in exon 14 of the INPPLT gene (c.1706C>T, p.Thr569Met), while the mother carries a pathogenic variant in exon 15 (c.1809del,
p.Trp604GlyfsTer17). These variants follow an autosomal recessive inheritance, confirming carrier status. Additionally, the fa-
ther is a carrier of a likely pathogenic variant in the CYP17A1 gene (OMIM*609300), specifically in exon 6 (c.1040G>A, p.Ar-
g347His, heterozygous), affecting 17,20-lyase activity and associated with isolated 17,20-lyase deficiency. Targeted sequencing
and Sanger validation elucidated the genetic basis of the condition, emphasizing the importance of genetic testing and coun-
selling in families with a history of genetic disorders. The detected variants in the INPPL1 gene disrupt SHIP2 protein function,
contributing to the observed abnormalities.

Conclusion. This study underscores the significance of early genetic diagnosis for reproductive counselling and timely inter-
vention. Further research into opsismodysplasia’s genetic mechanisms may lead to improved management and therapies for
affected individuals. Overall, this case highlights the critical role of genetic analysis in diagnosing and managing rare genetic
disorders, offering insights into personalized care and family planning.

Keywords. exome sequencing, INPPLT gene, opsismodysplasia, rare skeletal dysplasia

Introduction
Recurrent pregnancies resulting in offspring with con-
genital anomalies pose significant clinical challenges and
necessitate thorough investigation to elucidate the un-
derlying etiology.! We present a case of two consecutive
pregnancies with offspring exhibiting similar skeletal de-
formities and neurological anomalies, despite uneventful
antenatal periods and negative prenatal screenings.
Opsismodysplasia (OMIM#258480) is a rare genet-
ic disorder characterized by severe skeletal abnormali-

ties and distinct facial features. It is primarily caused by
homozygous or compound heterozygous mutations in
the inositol polyphosphate phosphatase like 1 (INPPL1I)
gene (OMIM*600829) located on chromosome 11q13.°
First described by Zonana et al. in 1977 and later des-
ignated under its current name by Maroteaux in 1984,
opsismodysplasia presents a complex array of clinical
manifestations, posing significant challenges to affect-
ed individuals and their caregivers.* Individuals with
opsismodysplasia often exhibit facial dysmorphism, in-
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cluding microcephaly, delayed ossification, a prominent
brow, enlarged fontanels, and flattened vertebrae. Addi-
tionally, they may display distinct craniofacial features
such as a depressed nasal bridge, diminutive nose, for-
ward-facing nasal openings (anteverted nares), elongat-
ed philtrum, and increased distance between the eyes
(hypertelorism), accompanied by protruding eyes (ex-
ophthalmos). These facial characteristics contribute to
the clinical diagnosis of opsismodysplasia.®

Beyond facial features, individuals with opsismo-
dysplasia typically present with skeletal abnormalities
such as rhizomelic micromelia, characterized by ex-
tremely short long bones, as well as abbreviated hands
and feet. Other skeletal manifestations include slender
thorax, profound platyspondyly, and delayed bone mat-
uration, often leading to significant functional impair-
ment. Respiratory infections are a common concern,
with fatalities resulting from respiratory failure docu-
mented within the initial years of life. However, extend-
ed survival has also been reported, underscoring the
variable clinical course of the disorder.

Radiographic examinations play a crucial role in the
diagnosis of Opsismodysplasia, revealing characteristic
skeletal abnormalities such as abbreviated long bones,
delayed epiphyseal ossification, pronounced platyspon-
dyly, and metaphyseal cupping. Additionally, distinctive
abnormalities in the metacarpals and phalanges are of-
ten observed, further aiding in the clinical assessment of
affected individuals.

The recurrence of similar congenital anomalies in
two consecutive pregnancies despite negative prenatal
screenings underscores the complexity of this case. The
absence of identifiable genetic or environmental factors
highlights the limitations of current diagnostic modal-
ities in elucidating rare and multifactorial conditions.
The presence of periventricular leukomalacia in the first
child and underdeveloped gyration with corpus callo-
sum aplasia in the second child suggests a potential neu-
rological basis for the observed anomalies.

Aim

This study presents a case of opsismodysplasia in a fam-
ily, characterized by skeletal dysplasia and neurological
complications in two consecutive neonates.

Description of the case

A detailed family history was taken to identify patterns of
inheritance and assess the likelihood of the disorder be-
ing passed on. However, the family’s medical history did
not reveal any notable anomalies. The first child, a female
born in April 2015 via Lower Segment Cesarean Section
(LSCS) in PrayagRaj, Uttar Pradesh, India, presented with
global developmental delay, microcephaly, tented upper
lip, cortical thumbs, bilateral congenital talipes equino-
varus, overlapping fingers, retrognathia, hypotonia, and

respiratory difficulties. Imaging studies revealed periven-
tricular leukomalacia on MR, indicative of cerebral white
matter injury. Despite extensive investigations including
karyotyping, biochemical assays, and TORCH screen-
ings, the underlying cause remained elusive. Tragically,
the child succumbed to complications after 35 days of life.
The second child, a male born in 2023, exhibited sim-
ilar skeletal deformities including acyanotic heart disease
with an atrial septal defect (ASD) of 3.5 mm. Imaging
studies revealed a small brain with underdeveloped gyra-
tion and corpus callosum aplasia on MRI, consistent with
neurological abnormalities observed in the first child.
Despite negative prenatal screenings and unremarkable
antenatal evaluations, the child experienced respiratory
difficulties and passed away after 30 days of life.

Investigations

Extensive investigations were conducted for both chil-
dren, encompassing karyotyping, biochemical assays
including complete blood count, renal and liver func-
tion tests, erythrocyte sedimentation rate, ultrasound
imaging, and TORCH screenings. Additionally, imag-
ing studies including X-rays and MRI were performed
to assess skeletal and neurological abnormalities.

An Indian family presenting with a clinical diag-
nosis of Opsismodysplasia was enrolled in this Case
study, comprising parents and affected siblings. Ethi-
cal approval was obtained from the Institutional Ethical
Committee at Banaras Hindu University. The research
methodology involved targeted sequencing, specifically
capturing and sequencing the protein-coding regions of
the genome or genes. This approach enhances the iden-
tification of mutations within exonic regions, which are
typically more clinically actionable compared to varia-
tions in non-coding regions.

Sample collection and DNA extraction

Blood samples were collected from the family members
(parents), and genomic DNA was extracted using Pure
Link Genomic DNA mini-Kit (Cat No. K1820-01) stan-
dard protocols. The DNA samples were isolated for tar-
geted gene capture using a custom capture kit.

Sequencing and data analysis

Sequencing of the captured libraries was performed on
the NextSeq 1000 and 2000 Systems Illumina platform,
achieving a mean coverage of >80-100X. The obtained
sequences were aligned to the human reference genome
(GRCh37/hg19) using the BWA program and analyzed
using Picard and GATK version 3.6 to identify variants
relevant to the clinical indication.®”

Variant annotation and filtering
Gene annotation of the identified variants was conducted
using the VEP program (Version 102.0) against the En-
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sembl release 87 human gene model. Clinically relevant
mutations were annotated using published variants in lit-
erature and databases such as ClinVar, OMIM, GWAS,
HGMD, and SwissVar. Common variants were filtered
based on allele frequency in population databases includ-
ing 1000 Genome Phase 3, ExAC, EVS, dbSNP147, 1000,
an internal Indian population database. Genetic varia-
tions that are present in a significant proportion of the
general population, usually with a minor allele frequency
(MAF) above a certain threshold (e.g., >1%).%°

Variant interpretation

Non-synonymous and splice site variants found in the
clinical exome panel consisting of 8332 genes were utilized
for clinical interpretation. Silent variations that did not re-
sult in any change in amino acid in the coding region were
not reported. The effect of non-synonymous variants was
assessed using multiple algorithms such as PolyPhen-2,
SIFT, Mutation Taster2, Mutation Assessor, and LRT.*12

Validation and clinical interpretation

Validation of identified variants by Sanger sequencing
3500 Series Genetic Analyzers with BigDye™ Termina-
tor v3.1, was recommended to rule out false positives.
It was advised to sequence the variants in both affected
and unaffected family members to validate their signifi-
cance (Tables 1 and 2). Genetic counseling was also rec-
ommended for further guidance and interpretation of
the genetic findings.'"*

Table 1. Sanger sequencing analysis results for father’s
INPPL1 gene

Gene name

INPPL1 (Exon 15)
Variation detected inNGS ~ chr11:71943374C>T (HET); ¢.1706C>T; p.Thr569Met
Sanger validation result

Present (Heterozygous)

In the Table 1, the Sanger sequencing analysis results
for the father’s INPPL1 gene are provided. The detected
variation corresponds to a substitution of cytosine with
thymine at nucleotide position 1706 in exon 15 of the
INPPLI gene, resulting in the amino acid change from
threonine to methionine at codon 569 (p.Thr569Met).
The Sanger validation confirms the presence of this vari-
ant in a heterozygous state.

Table 2. Sanger sequencing analysis results for mother’s
INPPL1 gene

Gene name INPPLT (Exon 15)

Variation detected in NGS  chr11:71943766delC (HET); ¢.1809del; p.Trp604GlyfsTer17
Sanger validation result ~ Present (Heterozygous)

In the Table 2, the Sanger sequencing analysis re-
sults for the mother’s INPPL1 gene are outlined. The de-
tected variation corresponds to a deletion at nucleotide
position 1809 in exon 15 of the INPPLI gene, resulting

in a frameshift mutation leading to the substitution of
tryptophan at codon 604 with glycine and a premature
termination codon (p.Trp604GlyfsTer17). The Sanger
validation confirms the presence of this variant in a het-
erozygous state.

NGS result and variant confirmation

NGS analysis identified a heterozygous mis-
sense variation in exon 14 of the INPPL1 gene
(chr11:71943374C>T), resulting in the amino acid sub-
stitution of Methionine for Threonine at codon 569
(p. Thr569Met; ENST00000298229, Table 3). The variant
lies in the catalytic domain of the SHIP2 protein, and
missense mutations in this domain have been report-
ed to inactivate the phosphatase function of the protein.
This variant was detected in the father of the patient.
Based on the evidence, this INPPLI variation was clas-
sified as a likely benign variant, warranting correlation
with the clinical symptoms Figures 1 and 2."

Table 3. Pathogenic variant identified in the mother and
likely benign/VUS variant in father of the patient are
presented, the patient’s father carries a likely benign/VUS
variant in exon 14 (c.1706C>T, p.Thr569Met), while the
patient’s mother carries a pathogenic variant in exon 15
(c.1809del, p.Trp604GlyfsTer17), these variants follow an
autosomal recessive mode of inheritance

Disease Patient’s father Patient’s mother
Opsismodysplasia Carrier Carrier
(OMIM#258480) Mode of Inheritance: AR Mode of Inheritance: AR

Gene: INPPLT (OMIM*600829) ~ Gene: INPPLT (OMIM*600829)

Exon 14, ¢.1706C>T, Exon 15, ¢.1809del,
p.Thr569Met p.Trp604GlyfsTer17

(lassification: likely benign Classification: pathogenic

Isolated 17,20-lyase ~ Carrier Non-carrier

deficiency Gene: CYP17A1 (OMIM*609300)

(OMIM#202110), Exon 6, ¢.1040G>A,

17-alpha- p.Arg347His, Heterozygous

hydroxylase/17,20-

lyase deficiency (lassification: likely pathogenic

(OMIM#202110)

Mode of inheritance: AR

| INFPL1 e,15 AAACCAEAAGAGGIGIGIGAAACGC.‘AGASAG
| E11_207015_INPPL1_for... ZnnacCZER
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Fig. 1. The figure depicts the sequence chromatogram

and alignment illustrating the observed variation in exon
15 of the INPPL1 gene (chr11:71943766delC; c.1809del;
p.Trp604GlyfsTer17), the variation is identified in a
heterozygous state in the mother
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Fig. 2. The figure displays the sequence chromatogram
and alignment, highlighting the variation identified

in exon 14 of the INPPL1 gene (chr11:71943374C>T;
¢.1706C>T; p.Thr569Met), this variation was detected in a
heterozygous condition in the father of the patient

ACMG classification of p. Trp604GlyfsTer17 mutation
The p.Trp604GlyfsTer17 mutation identified in exon 15
of the INPPLL1 gene is classified as likely pathogenic ac-
cording to ACMG guidelines. This classification is sup-
ported by strong evidence including the presence of a
frameshift resulting in a premature termination codon
(PVS1), absence from control populations (PM2), and
multiple lines of computational evidence supporting a
deleterious effect (PP3, PM4, Table 4).

Table 4. Variant interpretation based on prediction tools
and ACMG classification

Variant Prediction tools SIFTa  ClinVar ACMG

mutation taster classification
(pathogenicity)

¢.1706C>T (p.Thr569Met) in Likely benign Likely  Variant of uncertain

INPPL1 exon 14 benign  significance (VUS)

€.1809del Pathogenic Pathogenic  PVS1, PM2, PP3,

(p.Trp604GlyfsTer17) in PM4

INPPL1 exon 15

c.1706C>T (p.Thr569Met) in INPPL1 exon 14:
ClinVar support the Likely Benign pathogenicity of
the ¢.1706C>T (p.Thr569Met) variant, and it is classi-
fied as likely benign in the Leiden Open Mutation Da-
tabase. Multiple in-silico analysis tools, such as SIFT
(Sorting Intolerant From Tolerant) and Mutation Tast-
er, support a likely benign or VUS classification, in-
dicating that ACMG PP3 is not met. While the PM2
criterion is fulfilled due to the variant’s extreme rarity
(GMAF=0.00060), the PM1 criterion is not applicable
as there is no evidence of a mutational hotspot.

c.1809del (p.Trp604GlyfsTer17) in INPPL1 exon
15: Predicted as pathogenic by various tools and sup-
ported by ClinVar. ACMG classification includes PVS1
(null variant in a gene where loss of function is a known
mechanism of disease), PM2 (absent from controls),
PP3 (multiple lines of computational evidence), and
PM4 (protein length changes due to frameshift).

Discussion

The presented case involves a family with two consec-
utive neonates affected by Opsismodysplasia, a rare ge-
netic disorder characterized by skeletal dysplasia and
neurological complications. Genetic analysis revealed
that the patient’s father carries a likely benign/variant
of uncertain significance (VUS) in exon 14 of the INP-
PL1I gene (c.1706C>T, p.Thr569Met), while the patient’s
mother carries a pathogenic variant in exon 15 of the
INPPLI gene (c.1809del, p.Trp604GlyfsTer17). These
variants follow an autosomal recessive mode of inheri-
tance, confirming the parents’ carrier status for this con-
dition and this variant requires further confirmation
due to its unclear classification.

Additionally, the father was found to be a carri-
er of a likely pathogenic variant in the CYPI17AI gene
(OMIM*609300), specifically in exon 6 (c.1040G>A,
p-Arg347His, heterozygous), which affects 17,20-lyase
activity. Isolated 17,20-lyase deficiency is primarily as-
sociated with mutations in the CYP17A1 gene, which
encodes for the enzyme cytochrome P450 17a-hydrox-
ylase/17,20-lyase. This enzyme plays a crucial role in
steroid hormone biosynthesis, specifically in the pro-
duction of glucocorticoids and sex steroids. The iden-
tification of pathogenic variants to clinically significant
variants and subsequent validation by Sanger sequenc-
ing provides valuable insights into the genetic basis of
opsismodysplasia in this family. The variants detected in
the INPPLI gene, particularly in exon 14 and exon 15,
are known to disrupt the function of the SHIP2 protein,
leading to the characteristic skeletal and neurological
abnormalities observed in opsismodysplasia.'”

The detection of these variants underscores the im-
portance of genetic testing and counselling in families
with a history of genetic disorders."® By identifying car-
rier status in parents, healthcare providers can offer in-
formed reproductive counselling to mitigate the risk of
passing on genetic conditions to future offspring. Addi-
tionally, early detection of genetic disorders allows for
timely intervention and management strategies to im-
prove patient outcomes.'**

Conclusion

In conclusion, the genetic analysis of this family with
opsismodysplasia revealed likely pathogenic variants
in the INPPLI gene, confirming carrier status in both
parents. The identification of these variants highlights
the role of targeted sequencing and Sanger validation in
diagnosing rare genetic disorders and providing valu-
able genetic counselling to affected families. Moving
forward, further research into the genetic mechanisms
underlying Opsismodysplasia may lead to the develop-
ment of targeted therapies and improved management
strategies for affected individuals.



(linical exome sequencing (carrier screening) identifies the gene INPPLT in a sporadic case of opsismodysplasia 281

Acknowledgments

We sincerely gratitude to Multi-Disciplinary Research
Units (MRUs) Laboratory, a grant by ICMR-Depart-
ment of Health Research and thank the study partici-
pants, without their permission, this work would not be
possible.

Declarations

Funding

The authors have not declared a specific grant for this
research from any funding agency in the public, com-
mercial or not-for-profit sectors. Case reports provide a
valuable learning resource for the scientific communi-
ty and can indicate areas of interest for future research.
They should not be used in isolation to guide treatment
choices or public health policy.

Author contributions

Conceptualization, S.R. and R.S.; Methodology, A.A.
And S.M.; Software, A.A. And S.M.; Validation, R.S.,
S.R.and A.A,; Formal Analysis, R.S.; Investigation, S.R.;
Resources, R.S.; Data Curation, S.M.; Writing — Original
Draft Preparation, A.A.; Writing — Review & Editing,
R.S., S.R. and A.A.; S.M.; Visualization, S.R.; Supervi-
sion, R.S.; Project Administration, R.S.; Funding Acqui-
sition, S.R.

Contflicts of interest
There are no conflicts of interest.

Data availability

The detailed datasets analyzed during the current study
are available with the corresponding author. In the fu-
ture, it will be made available on reasonable request.
Data are however available from the authors upon rea-
sonable request.

Ethics approval

The studies involving human participants were reviewed
and approved by the Ethics Committee of the Institu-
tional Ethical committee before starting the study (No.
Dean/2022/EC/3827).

References

1. Krakow D, Vriens J, Camacho N, et al. Mutations in
the gene encoding the calcium-permeable ion channel
TRPV4 produce spondylometaphyseal dysplasia, Ko-
zlowski type and metatropic dysplasia. Am ] Hum Genet.
2009;84(3):307-315. doi: 10.1016/j.ajhg.2009.01.021

2. Robertson SP, Twigg SR, Sutherland-Smith AJ, et al. Loca-
lized mutations in the gene encoding the cytoskeletal pro-
tein filamin A cause diverse malformations in humans. Nat
Genet. 2003;33(4):487-491. doi: 10.1038/ng1119

3. Stenson PD, Mort M, Ball EV, et al. The Human Gene Mu-
tation Database: towards a comprehensive repository of

10.

11.

12.

13.

14.

15.

16.

17.

inherited mutation data for medical research, genetic dia-
gnosis and next-generation sequencing studies. Hum Ge-
net. 2017;136(6):665-677. doi: 10.1007/s00439-017-1779-6
Scott RM. Opsismodysplasia: Another lethal skeletal dys-
plasia among the bent bone dysplasias. Am | Med Genet
Part A. 2004;126A(1):33-36.

Li H, Durbin R. Fast and accurate short read align-
ment with Burrows-Wheeler transform. Bioinformatics.
2009;25(14):1754-1760. doi: 10.1093/bioinformatics/
btp324

McKenna A, Hanna M, Banks E, et al. The Genome
Analysis Toolkit: a MapReduce framework for analyzing
next-generation DNA sequencing data. Genome Res.
2010;20(9):1297-1303. doi: 10.1101/gr.107524.110

Picard. Broad Institute. http://broadinstitute.github.io/pi-
card/. Accessed July 20, 2024.

Van der Auwera GA, Carneiro MO, Hartl C, et al. From
FastQ data to high confidence variant calls: the Geno-
me Analysis Toolkit best practices pipeline. Curr Pro-
toc Bioinformatics. 2013;43(1110):11.10.1-11.10.33. doi:
10.1002/0471250953.bi1110s43

MacArthur J, Bowler E, Cerezo M, et al. The new
NHGRI-EBI Catalog of published genome-wide as-
sociation studies (GWAS Catalog). Nucleic Acids Res.
2017;45(D1):D896-D901. doi: 10.1093/nar/gkw1133
McLaren W, Pritchard B, Rios D, Chen Y, Flicek P, Cun-
ningham F. Deriving the consequences of genomic va-
riants with the Ensembl API and SNP Effect Predictor.
Bioinformatics. 2010;26(16):2069-2070. doi: 10.1093/bio-
informatics/btq330

Yates AD, Achuthan P, Akanni W, et al. Ensembl 2020.
Nucleic Acids Res. 2020;48(D1):D682-D688. doi: 10.1093/
nar/gkz966

Landrum MJ, Lee JM, Benson M, et al. ClinVar: impro-
ving access to variant interpretations and supporting evi-
dence. Nucleic Acids Res. 2018;46(D1):D1062-D1067. doi:
10.1093/nar/gkx1153

Amberger JS, Bocchini CA, Schiettecatte F, Scott AF, Ha-
mosh A. OMIM.org: Online Mendelian Inheritance in
Man (OMIM®), an online catalog of human genes and ge-
netic disorders. Nucleic Acids Res. 2015;43(Database issu-
e):D789-D798. doi: 10.1093/nar/gkul205

Landrum M]J, Lee JM, Benson M, et al. ClinVar: public ar-
chive of interpretations of clinically relevant variants. Nuc-
leic Acids Res. 2016;44(D1):D862-D868. doi: 10.1093/nar/
gkv1222

Lek M, Karczewski KJ, Minikel EV, et al. Analysis of pro-
tein-coding genetic variation in 60,706 humans. Nature.
2016;536(7616):285-291. doi: 10.1038/nature19057
Okada Y, Momozawa Y, Sakaue S, et al. Deep whole-geno-
me sequencing reveals recent selection signatures linked
to evolution and disease risk of Japanese. Nat Commun.
2018;9(1):1631. doi: 10.1038/s41467-018-03274-0
Nagasaki M, Yasuda ], Katsuoka F, et al. Rare variant di-
scovery by deep whole-genome sequencing of 1,070 Japa-



282

European Journal of Clinical and Experimental Medicine 2025; 23 (1): 277-282

18.

19.

20.

nese individuals. Nat Commun. 2015;6:8018. doi: 10.1038/
ncomms9018

Adzhubei IA, Schmidt S, Peshkin L, et al. A method and
server for predicting damaging missense mutations. Nat
Methods. 2010;7(4):248-249. doi: 10.1038/nmeth0410-248
Kumar P, Henikoff S, Ng PC. Predicting the effects of co-
ding non-synonymous variants on protein function using
the SIFT algorithm. Nat Protoc. 2009;4(7):1073-1081. doi:
10.1038/nprot.2009.86

Schwarz JM, Roédelsperger C, Schuelke M, Seelow D.

MutationTaster evaluates disease-causing potential of se-

21.

22.

quence alterations. Nat Methods. 2010;7(8):575-576. doi:
10.1038/nmeth0810-575

Reva B, Antipin Y, Sander C. Predicting the functional
impact of protein mutations: application to cancer geno-
mics. Nucleic Acids Res. 2011;39(17):e118. doi: 10.1093/
nar/gkr407

Greenblatt MS, Brody LC, Foulkes WD, et al. Locus-spe-
cific databases and recommendations to strengthen the-
ir contribution to the classification of variants in cancer
susceptibility genes. Hum Mutat. 2008;29(11):1273-1281.
doi: 10.1002/humu.20889



Rzeszéw University Press 2025
ISSN 2544-1361 (online)
doi: 10.15584/ejcem.2025.1.5

http://www.ejcem.ur.edu.pl
European Journal of Clinical and Experimental Medicine
Eur J Clin Exp Med 2025; 23 (1): 283-284

LETTERTO THE EDITOR

Dual challenges - the growing burden of dengue
and its associated co-infections

Fro Rzgar Khdir ', Dana Khdr Sabir @ 2

'Department of Medical Laboratory Sciences, College of Science, Charmo University, Chamchamal, Iraq
2Department of Pharmaceutical Chemistry, College of Science, Charmo University, Chamchamal, Iraq

Dear Editor,

Dengue is a viral mosquito-borne infection that is trans-
mitted to humans by Aedes mosquitoes; Aedes aegypti
and Aedes albopictus, in tropical and sub-tropical areas.'
It causes a range of nonsevere to severe clinical mani-
festations.! Around 96 million dengue infections are re-
corded annually with 21,000 deaths worldwide.? The four
serotypes of dengue virus (DEN1-4) can cause the dis-
ease with 25% to 40% heterogeneity.’ Infection with one
serotype provides lifelong immunity against that specif-
ic serotype, but subsequent infection by another serotype
often creates fatal outcomes if untreated.’

The number of Dengue cases are significantly in-
creasing.! Between 2000 and 2019, the World Health
Organization (WHO) reported a ten-fold increase in
dengue infection rate from 500,000 to 5.2 million cases
worldwide.* The rate elevated to over 7.6 million cases
with 3000 deaths by the end of April 2024 which has al-
ready exceeded the 4.6 million cases reported in 2023.°
The disease is now endemic in more than 100 countries
in the WHO regions of Africa, the Americas, the East-
ern Mediterranean, South-East Asia and the Western
Pacific.’ This increase can be caused by globalization
and increased international travel that facilitate the vi-
rus spread from dengue endemic regions to previous-
ly unaffected areas as well as the crucial role of climate
change in elevating the disease cases.*” Dengue season
is found to start 1-2 months earlier due to warmer tem-

peratures, extending the mosquito breeding season and
thus making the peak dengue season last longer.

Furthermore, in some endemic regions, dengue
co-infection has been reported, making the scenar-
io even worse and complicating patient management.”
This problem can be illustrated by the significant over-
lap in geographic regions of dengue, Zika virus, and chi-
kungunya shown in (Fig. 1). Notably, the areas marked
brown and blue on the map represent regions that are
particularly burdened by cocirculation of two or more
of the viruses, highlighting the increased risk of co-in-
fection. Furthermore, the areas indicating transmission
of a single virus for now remain susceptible for possi-
ble future co-infection due to the mobility of popula-
tions and the adaptability of the Aedes mosquito vector.
This simultaneous occurrence of dengue co-infections
can result in worsening of the symptoms, increasing the
severity of the disease and mortality rate.

Additionally, the presence of these simultaneous
infections can complicate the diagnosis and treatment
course.” Due to similar initial symptoms, misdiagnos-
es and misreporting as monoinfection are possible in
the absence of differential laboratory testing.® For exam-
ple, a study in Brazil found that 84.4% of the 828,654
suspected arbovirus cases were initially classified as
‘suspected dengue, while only 15.6% were considered
‘suspected chikungunya. However, laboratory con-
firmed cases showed the actual proportions were 65.9%
chikungunya and only 34.1% dengue.®
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Fig. 1. Countries, territories or areas with previous or current local mosquito-borne transmission of more than one Aedes-

borne virus (dengue, chikungunya and Zika) as of 30 April 2024

In summary, the increasing trend of dengue infec-
tion coupled with increasing cases of its co-infections
requires urgent global action. Future studies should fo-
cus on addressing preventive strategies and implement-
ing early detection techniques to reduce the risk of
dengue and other outbreaks in areas that are currently
unaffected. Enhanced surveillance, continued research
to find vaccines, early detection of co-infection cases,
and integrated clinical management protocols are re-
quired to reduce the impact on affected patients and the
additional burden on healthcare resources.
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Conflicts of Interest, Data Availability, Ethics Approv-
al, References.
Research manuscript sections:

— Introduction

State the objectives of the work and provide an adequate
background, avoiding a detailed literature survey or
a summary of the results.

— Material and methods

Provide sufficient details to allow the work to be
reproduced by an independent researcher. Methods
that are already published should be summarized, and
indicated by a reference. If quoting directly from a
previously published method, use quotation marks and

also cite the source. Any modifications to existing methods
should also be described.

— Results

Results should be clear and concise. The section may be
divided into subsections, each with a concise subheading.
Tables and figures central to the study should be included
in the main paper. Do not use the term “significant” unless
p-values are provided. Show p-values to 2 or 3 decimal
places. The Results section should be written in past tense.

— Discussion

This should explore the significance of the results of the
work, not repeat them. Avoid extensive citations and
discussion of published literature.

— Conclusions
Summarize the work’s findings, state their importance,
and possibly recommend further research.

Review manuscripts should comprise:

— Title page: Title, Author list, Affiliations.

— Abstract, Keywords, Literature review sections.

— Back matter: Supplementary Materials, Acknowledg-
ments, Funding Statement, Author Contributions,
Conflicts of Interest, Data Availability, References.

Structured reviews and meta-analyses should use the same

structure as research articles and ensure they conform to

the PRISMA guidelines.

Case reports should comprise:

— Title page: Title, Author list, Affiliations.

— Abstract, Keywords. Case reports should include
a succinct introduction about the general medical
condition or relevant symptoms that will be discussed
in the case report; the case presentation including
all of the relevant de-identified demographic and
descriptive information about the patient(s), and
a description of the symptoms, diagnosis, treatment,

and outcome; a discussion providing context and any
necessary explanation of specific treatment decisions;
a conclusion briefly outlining the take-home message
and the lessons learned.

— Back matter: Supplementary Materials, Acknowledg-
ments, Funding Statement, Author Contributions,
Conflicts of Interest, Data Availability, Ethics Approv-
al, References.

Requirements for case reports submitted to Eur J Clin

Exp Med:

— Patient ethnicity must be included in the Abstract
under the Case Presentation section.

— Consent for publication is a mandatory journal
requirement for all case reports. Written informed
consent for publication must be obtained from the
patient (or their parent or legal guardian in the case
of children under 18, or from the next of kin if the
patient has died).

Language Style
Manuscripts must be submitted in English (American
or British usage is accepted, but not a mixture of these).

Title page

These sections should appear in all manuscript types:
Title: The title of your manuscript should be concise
and informative. It should identify if the study reports
(human or animal) trial data, or is a systematic review,
meta-analysis or replication study. When gene or protein
names are included, the abbreviated name rather than full
name should be used.

Author list and affiliations: Authors’ full first and last
names must be provided. For each affiliation provide the
details in the following order: department, institution, city,
country. If available, the e-mail address of each author
should also be provided. At least one author should be
designated as corresponding author, and his or her email
address and other details should be included at the end
of the affiliation section.

Abstract: The abstract should be a total of about 250 words
maximum. The abstract should be a single paragraph and
should follow the style of structured abstracts: Introduction
and aim: Place the question addressed in a broad context and
highlight the purpose of the study; Material and methods:
Describe briefly the main methods or treatments applied.
Include any relevant preregistration numbers, and species and
strains of any animals used. Results: Summarize the article’s
main findings; and Conclusion: Indicate the main conclusions
or interpretations. The abstract should not contain any
undefined abbreviations or unspecified references.
Keywords: Three to six pertinent keywords need to
be added after the abstract in alphabetical order. We
recommend that the keywords are specific to the article,
yet reasonably common within the subject discipline.
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Back matter

Supplementary materials: Describe any supplementary
material published online alongside the manuscript
(figure, tables, video, spreadsheets, etc.). Please indicate
the name and title of each element as follows Figure SI:
title, Table S1: title, etc.

Acknowledgments: Thank all of the people who helped
with the research but did not qualify for authorship.
Acknowledge anyone who provided intellectual assistance,
technical help, or special equipment or materials.
Funding statement: All sources of funding of the study
should be disclosed.

Author contributions: Authors must supply an Author
Contribution Statement as described in the Author
contributions statements section.

Conflicts of interest: Authors must supply a competing
interests statement. For more details please see Competing
interests policy.

Data availability: Authors must include a Data Availability
Statement in all submitted manuscripts; see Availability of
materials and data section for more information.
Ethics approval: Example of an ethical statement: “All
subjects gave their informed consent for inclusion before
they participated in the study. The study was conducted
in accordance with the Declaration of Helsinki, and the
protocol was approved by the Ethics Committee of XXX
(Project identification code)”

References: References must be numbered in order of
appearance in the text (including table captions and
figure legends) and listed individually at the end of the
manuscript. We recommend preparing the references
with a bibliography software package, such as EndNote,
Reference Manager or Zotero to avoid typing mistakes
and duplicated references.

References style

In-text citations and references should be prepared accor-
ding to the American Medical Association (AMA) style.
Each item should be listed in numerical order.

In-text citations

Each reference should be cited in the text using super-
script arabic numerals. These superscript numbers
should be outside periods. If you are citing sequential
references, these should be indicated with a hyphen.
Nonsequential references should be separated with
commas. There should not be a space between numbers.
For example: The degree of respiratory muscles
fatigue depends on the applied exercise protocol
and the research group’s fitness level.'» The greatest
load with which a patient continues breathing for at
least one minute is a measure of inspiratory muscles
strength.> Diabetes mellitus is associated with a high
risk of foot ulcers.*

Sample Reference
In listed references, the names of all authors should be
given unless there are more than 6, in which case the
names of the first 3 authors are used, followed by “et al.’. If
the source does not have any authors, the citation should
begin with the title.
To find the proper abbreviation of journal go to
the National Library of Medicine PubMed Journals
Database at http://www.ncbi.nlm.nih.gov/entrez/query.
fcgi?db=Journals.
Page number(s) should be inserted in full (for example:
use 111-112, not 111-2).
The following are examples of individual citations made
according to the required rules of editing and punctuation:
— Article from a journal, number of authors from 1
to 6
Author AA, Author BB, Author CC. Title of article. Accepted
Abbreviated Journal Title. Year;Volume(Issue):Page-Page.
doi (if available)
Lee JC, Seo HG, Lee WH, Kim HC, Han TR, Oh BM.
Computer-assisted detection of swallowing difficulty.
Comput Methods Programs Biomed. 2016;134(2):72-78.
doi: 10.1016/j.cmpb.2016.07.010
Morris A. New test for diabetes insipidus. Nat Rev
Endocrinol. 2019;15(10):564-565. doi: 10.1038/s41574-
019-0247-x
— Article from a journal, number of authors more
than 6
Author AA, Author BB, Author CC, et al. Title of article.
Accepted Abbreviated Journal Title. Year;Volume(Issue):
Page-Page. doi (if available)
Gonzalez ME, Martin EE, Anwar T, et al. Mesenchymal
stem cell-induced DDR2 mediates stromal-breast
cancer interactions and metastasis growth. Cell Rep.
2017;18:1215-1228. doi: 10.1016/j.celrep.2016.12.079
Jordan J, Toplak H, Grassi G, et al. Joint statement of the
European Association for the Study of Obesity and the
European Society of Hypertension: obesity and heart
tailure. ] Hypertens. 2016;34:1678-1688. doi: 10.1097/
HJH.0000000000001013
— Websites
Author AA (if indicated). Webpage title. Name of Website.
URL. Published or Updated date. Accessed date.
Cholera in Haiti. Centers for Disease Control and
Prevention Web site. http://www.cdc.gov/haiticholera/.
Published October 22, 2010. Updated January 9, 2012.
Accessed February 1, 2012.
Address double burden of malnutrition: WHO. World
Health Organization site. http://www.searo.who.int/
mediacentre/releases/2016/1636/en/. Accessed February
2,2017.
— Book
Author AA, Author BB. Title of Work. Location: Publisher;
Year:Page-Page
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Doane GH, Varcoe C. Family Nursing as Relational Inquiry:
Developing Health— Promoting Practice. Philadelphia, PA:
Lippincott Williams & Wilkins; 2005:25-28.

London ML, Ladewig PW, Ball JW, et al. Maternal & Child
Nursing Care. Upper Saddle River, NJ: Pearson Education;
c2011:101-103.

— Chapter in a book

Chapter Author AA. Title of chapter. In: Name of Book.
Edition Number. Editor AA, ed. Location: Name of
Publisher; Year:Page-Page.

Grimsey E. An overview of the breast and breast cancer.
In: Breast Cancer Nursing Care and Management. 2nd
ed. Harmer V, ed. Chichester, UK: Wiley-Blackwell;
2011:35-42.

NOTE: The Editorial Board requires consistent and
carefully made references prepared according to the
above-mentioned AMA standards. Otherwise, the work
will be sent back to the authors.

Preparing figures, schemes and tables

File for Figures and Schemes must be provided during
submission and at a sufficiently high resolution (minimum
1000 pixels width/height, or a resolution of 300 dpi or
higher). Common formats are accepted, however, TIFE,
JPEG, EPS and PDF are preferred.

Please ensure the figures and the tables included in
the single file are placed next to the relevant text in the
manuscript, rather than at the bottom or the top of the
file. The corresponding caption should be placed directly
below the figure (not on the figure itself) or above the

table. All figures, schemes, and tables should be numbered
following their number of appearance (Figure 1, Scheme
1, Figure 2, Scheme 2, Table 1, etc.).

Tables should present new information rather than
duplicating what is in the text. Readers should be able to
interpret the table without reference to the text.

All table columns should have an explanatory heading.
To facilitate the copy-editing of larger tables, smaller fonts
may be used, but no less than 8 pt. in size. Tables must
be provided in an editable format in appropriate place in
the main text. Tables provided as jpeg/tift files will not
be accepted. Do not submit your tables in separate files.

Abbreviations

The journal requires using only standard abbreviations.
Common abbreviations such as DNA and RNA do not
require definitions. Abbreviations should be defined in
parentheses the first time they appear in the abstract,
main text and in figure or table captions and used
consistently thereafter. Ensure consistency of abbreviations
throughout the article. Use the following abbreviations for
measurement units: gram (g), litre (L), milligram (mg),
kilogram (kg), seconds (s), minutes (min), and hours
(h). Do not add ‘s’ to indicate plural forms of units. Keep
abbreviations to a minimum.

SI Units

SI Units (International System of Units) should be used.
Imperial, US customary and other units should be
converted to SI units whenever possible.
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