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Associations between antenatal booking body mass index
and postnatal placental weight: maternal health implications
in HIV-positive and HIV-negative pregnant women in Uyo,
Akwa Ibom State, Nigeria
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ABSTRACT

Introduction and aim. Maternal body mass index (BMI) and placental weight are important indicators of maternal-fetal health,
and their relationship may be influenced by HIV status. This study examined the association between antenatal booking BMI
and postnatal placental weight among HIV-positive and HIV-negative pregnant women in Uyo, Nigeria.

Material and methods. We conducted a retrospective comparative cross-sectional study based on medical records review of
143 women (48 HIV-positive, 95 HIV-negative) who attended antenatal care and delivered at the University of Uyo Teaching
Hospital between December 2015 and May 2016. BMI was calculated from early pregnancy weight and height measured at the
first antenatal visit; whole placental weight was measured post-delivery. Linear regression, adjusted for gestational age, evalu-
ated associations between BMI, HIV status, and placental weight.

Results. Among 143 participants (48 HIV-positive, 95 HIV-negative), mean placental weight was significantly lower in HIV-posi-
tive women (602.94+174.92 g) compared with HIV-negative women (684.53+139.38 g; p=0.012). Gestational age was the stron-
gest predictor of placental weight (p=0.009), while HIV infection was independently associated with lower placental weight
(p=0.016). BMI was positively but not significantly associated with placental weight.

Conclusion. Antenatal BMI and postnatal placental weight are interrelated, with differing patterns by HIV status. These find-
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ings underscore the need to integrate routine nutritional assessment and targeted HIV care into antenatal programs to support
healthy placental growth and improve pregnancy outcomes in high HIV-prevalence populations.
Keywords. antenatal care, body mass index, gestational age, HIV in pregnancy, placental weight, sub-Saharan Africa

Introduction

The co-occurrence of HIV infection and pregnan-
cy presents significant challenges to maternal and fe-
tal health globally.! HIV-positive pregnant women
face unique pathophysiological and socio-demograph-
ic factors that can influence maternal health outcomes
compared to their HIV-negative counterparts.'”'* One
crucial aspect of maternal health during pregnancy is
body mass index (BMI), which reflects nutritional sta-
tus and is linked to various pregnancy outcomes.'®!*!8
Although HIV infection alone may not directly increase
obstetric risks, progression to AIDS and associated op-
portunistic infections during pregnancy can adversely
affect outcomes.>®"

Research has consistently shown disparities in
BMI and associated factors between HIV-positive and
HIV-negative pregnant women.'""**! Bengtson et al.
found that both groups experienced weight gain post-
partum, with HIV-negative women gaining more.” In
another study, they found that pre-pregnancy obesity
was common and did not vary by HIV status.” Bod-
kin et al. reported that, in relation to their body weights,
HIV-positive pregnant women had lower hemoglobin,
attended fewer antenatal appointments, and were more
likely to present with certain conditions, such as abnor-
mal vaginal discharge and intrauterine growth retar-
dation.! Cruz et al. further highlighted the impact of
maternal BMI on infant outcomes, with underweight
mothers giving birth to smaller infants.” Likewise, Eras-
mus et al. found obesity prevalent in both HIV-positive
and HIV-negative groups, with a significant link to hy-
pertension during pregnancy.’!

Placental weight serves as a proxy for fetal growth
capacity and maternal-fetal nutrient exchange, making
it a useful marker of placental function.'® Variations in
placental weight have been associated with adverse peri-
natal outcomes, including intrauterine growth restric-
tion, preeclampsia, and preterm birth.>!** Given its
predictive value, understanding determinants of placen-
tal weight in HIV-affected pregnancies may offer critical
insights into maternal-fetal health interactions.”>**¢

However, the relationship between antenatal book-
ing BMI and postnatal placental weight remains poorly
understood in resource-limited settings. Uyo, Nigeria,
an urban area in Akwa Ibom State with a mixed so-
cio-economic profile and high HIV burden, offers a rel-
evant context for this investigation. This study addresses
that gap, emphasizing the relevance of such findings
for localized maternal health interventions in sub-Sa-
haran Africa. To our knowledge, this is the first study
from Nigeria to examine the combined effects of mater-

nal BMI and HIV status on placental weight, with sta-
tistical adjustment for gestational age. By focusing on a
high HIV-burden urban population in Uyo, this work
provides region-specific insights that may inform con-
text-appropriate antenatal and nutritional interventions.

Aim

Therefore, this study aims to investigate the relation-
ship between antenatal booking body mass index (BMI)
and postnatal placental weight among HIV-positive and
HIV-negative pregnant women receiving care at the Uni-
versity of Uyo Teaching Hospital (UUTH), Nigeria. Spe-
cifically, the study examines how HIV status influences
BMI distribution and placental weight, while also as-
sessing the role of key socio-demographic factors such
as age, education, occupation, and gestational age. Con-
sidering the observed high burden of maternal obesi-
ty and the growing overlap between HIV infection and
pregnancy, this study further explores whether HIV sta-
tus modifies the association between maternal BMI and
placental weight, accounting for potential confound-
ers. By addressing these questions through a gestation-
al age-adjusted analytical approach, the study seeks to
generate context-relevant evidence that can inform pre-
cision-based antenatal care and maternal nutrition inter-
ventions in high-HIV-burden, resource-limited settings.

Material and methods

Study design and setting

We conducted a retrospective review of antenatal and
delivery records over a defined six-month period, com-
paring two groups of women based on HIV status
(HIV-positive and HIV-negative). This design allowed
us to evaluate differences in maternal BMI and placental
weight between groups at the University of Uyo Teach-
ing Hospital (UUTH), Akwa Ibom State, Nigeria, a high
HIV-prevalence urban center with diverse socio-eco-
nomic profiles.

Study population and sampling

All pregnant women who received antenatal care and
delivered at the University of Uyo Teaching Hospital
(UUTH) between December 2015 and May 2016 were
eligible. We included women with complete antenatal
records containing booking weight, height, gestational
age at delivery, HIV status, and placental weight. Wom-
en with missing key data (e.g., absent BMI measurement
or unrecorded placental weight) were excluded. For
each HIV-positive participant, one to two HIV-negative
women delivering within the same time frame were se-
lected for comparison.
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Data collection

Booking BMI was calculated using weight (kg) and
height (m) measured at first antenatal visit by trained
midwives following hospital protocol, with women in
light clothing and without shoes. Placental weight was
measured by the midwives immediately after delivery,
with membranes and cord trimmed at a standardized
length before weighing using a calibrated digital scale.
Data on antiretroviral therapy (ART) status (on ART
prior to pregnancy, initiated during pregnancy, or ART-
naive) were extracted from antenatal records. Further
data extracted from antenatal and delivery records in-
cluded maternal age, education, occupation, marital
status, blood pressure, HIV clinical stage (WHO crite-
ria), gestational age. BMI was calculated as weight (kg)/
height? (m?).204748

Data reliability

Extraction was conducted by trained staff using a stan-
dardized template, with cross-checks against antenatal
and delivery logs to ensure accuracy.

Statistical analysis

Continuous variables (e.g., BMI, placental weight) were
summarized as mean+tstandard deviation and compared
between groups using independent-samples t-tests. Cat-
egorical variables (e.g., BMI categories, education level,
ART status) were compared using Chi-square or Fish-
er’s exact test as appropriate. Pearson’s correlation was
used to assess associations between normally distrib-
uted continuous variables, and Spearman’s correlation
for non-normally distributed variables. To identify pre-
dictors of placental weight, we performed multivariable
linear regression including BMI, HIV status (binary),
and gestational age (continuous) as covariates. Interac-
tion terms (BMI x HIV status) were initially tested but
retained only if statistically significant. Variables were
chosen based on biological relevance and results of uni-
variate analyses (p < 0.10). Statistical significance was
setat p < 0.05.

Ethical considerations

Ethical approval for this study was granted by the UUTH
Health Research Ethics Committee (UUTH/AD/S/96/
VOL.XII/115). All patient data were anonymized prior
to analysis; due to the retrospective nature of the study,
individual consent was not required.

Results

BMI associations with socio-demographic factors

A total of 143 pregnant women were included in
the study: 48 (33.6%) HIV-positive and 95 (66.4%)
HIV-negative. The average age was 29.4+4.6 years. The
majority of both HIV-positive (89.5%) and HIV-nega-
tive (88.0%) participants weighed more than 65 kg and

had a height above the average reference range of 1.56
to 1.62 meters, accounting for 48.6% HIV-positive and
53.2% HIV-negative mothers (Fig. 1).* HIV-negative
women had significantly higher rates of tertiary educa-
tion (66.3%) compared to HIV-positive women (50.0%,
p<0.05). The overall prevalence of obesity (BMI>30
kg/m?) was 62.2%, with 64.5% in HIV-negative and
58.8% in HIV-positive groups; with a non-significant p
=0.616. Civil/public service was more common among
HIV-positive women (40.0%), while HIV-negative
women exhibited greater occupational diversity; with a
significant p-value of 0.014. Obesity was also common
among traders (24.2%) and civil/public servants (24%),
though the association was not statistically significant
(p=0.594). Marriage predominated in both groups
(95.7% HIV-positive, 98.9% HIV-negative), again with
obesity being most common; with a non-significant
p=0.542 (Table 1).

60
3 HIV-
I HIV+

Percentage (%)
[ w [ v
o (=] o o

—_
(=)

Normal (<25) Overweight (25-29.9) Obese (=30)

Fig. 1. Distribution of maternal BMI categories according to
WHO classification (normal < 25 kg/m? overweight 25—
29.9 kg/m?, obese = 30 kg/m?) among HIV-negative (n=95)
and HIV-positive (n=48) pregnant women, data are shown
as percentages (%)

Distribution/correlation of BMI and placental weight
by HIV status

The mean BMI was slightly lower in HIV-positive wom-
en (31.65+6.47 kg/m?*) compared to HIV-negative wom-
en (32.30+6.38 kg/m?); with a non-significant p-value
of 0.627. Similarly, the mean placental weight was lower
in HIV-positive (602.94+174.92 g) than in HIV-negative
women (684.53+139.38 g); with a significant p =0.012
(Table 1). Most participants had placental weights above
540 g, especially in obese women (Fig. 2; see Table 1 for
subgroup details). Also, across all placental weight cate-
gories, a weak positive correlation between BMI and pla-
cental weight was generally observed. In HIV-negative
women, the positive association appeared slightly stron-
ger, particularly in the normal and high placental weight
groups. Conversely, among HIV-positive women, the
correlation was less pronounced (Fig. 3). Overall, there
is a weak positive correlation (r=0.17) between mater-
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nal body mass index (BMI) and placental weight. These
patterns indicate that HIV status may influence how
maternal BMI affects placental development, especial-
ly across different weight categories. Among HIV-pos-
itive mothers, most were in Stage 1 HIV (66.7%),
followed by Stage 2 (27.1%), Stage 3 (2.1%), and Stage
4 (4.2%). Mean placental weight was highest in Stage 1
(604.69+174.76 g), followed by Stage 2 (569.23+177.41
g), Stage 3 (550.00 g; n=1), and Stage 4 (450.00+141.42
g; n=2). BMI was also highest in Stage 2 (32.55+£12.28
kg/m?) and lowest in Stage 3 (28.91 kg/m? n=1). Re-
garding ART status, 89.6% of HIV-positive mothers
were on ART before pregnancy, with a mean placental
weight of 593.02+177.14 g and mean BMI of 31.70+6.56
kg/m?. Those not on ART before pregnancy (10.4%) had
a lower mean placental weight (540.00+129.42 g) and
mean BMI of 29.97 kg/m>. These patterns suggest mod-
est differences in placental weight and BMI across HIV
stages and ART categories, though subgroup sizes, par-
ticularly for Stages 3 and 4, were small (Table 1).

Table 1. Maternal characteristics, BMI categories, and
placental weight by HIV status?

Variable HIV-negative  HIV-positive (n=48) p
(n=94)
Age (years), mean+SD 29.00+4.36 30.23+4.32 0.102
Tertiary education, n (%) 61(64.9) 23(47.9) 0.048"
Occupation — civil/public service,n (%)~ 28(29.8) 10(20.8) 0.238
BMI (kg/m?), mean=SD 32.46+6.50 31.65+6.47 0.521
BMI categories, n (%) 0.616
— Normal weight 9(9.6) 3(6.3)
— Overweight 19(20.2) 12(25.0)
— Obese 48(51.1) 19(39.6)
Placental weight (g), mean+SD ~ 678.83+£137.58  587.50+172.44  0.004!
Placental weight > 540 g, n (%) 82(87.2) 31(64.6) 0.006*
HIV stage 1,n (%) - 32(66.7) -
Mean placental weight (g) by HIV - Stage 1: 0.632
stage 604.69+174.76
Stage 2:
569.23+177.41
Stage 3:550.00
Stage 4
450.00+141.42
Mean BMI (kg/m?) by HIV stage - Stage 1:31.55+4.86  0.867
Stage 2:32.55+12.28
Stage 3:28.91
Stage 4: -
On ART before pregnancy, n (%) - 43 (89.6) -
Mean placental weight (g) by ART - Yes: 593.02+177.14  0.439
status No: 540.00+129.42

Mean BMI (kg/mz) by ART status - Yes: 31.70+6.56 NA

No: 29.97

2t —p<0.05,+ - p<0.01, NA — not applicable, Statistical comparison not possible due
to insufficient sample size in the No ART group, BMI categories: normal weight (<25
kg/m?), overweight (25-29.9 kg/m?), obese (=30 kg/m?), HIV stage defined per WHO
clinical staging at antenatal booking, ART status reflects documented use before current
pregnancy, p-values based on Chi-square tests (categorical) or independent-samples

t-test (continuous)

100
/1 HIV-

B HIV+
80

60

40

Percentage (%)

20

= 540g > 540g

Fig. 2. Distribution of placental weight categories (<
540 g, > 540 g) among HIV-negative (n=95) and HIV-
positive (n=48) pregnant women, data are presented as
percentages (%), Chi-square p=0.006

HIV: Positive, Placental Wt: 400-6009 HIV: Positive, Placental W: >600g

Fig. 3. Grouped correlation heatmaps showing Pearson’s
correlation coefficients between maternal BMI (kg/m?) and
placental weight (g), stratified by HIV status (HIV-positive:
n=48; HIV-negative: n=95) and placental weight categories
(<400 g, 400-600 g, >600 g), darker shades represent
stronger positive correlations, whereas lighter shades
represent weaker or negative correlations

Correlation of BMI with obstetrics/clinical variables

The relationship between maternal BMI and pregnancy
loss indicators was examined separately for HIV-positive
and HIV-negative women. In HIV-positive mothers, BMI
demonstrated a weak inverse correlation with prior spon-
taneous miscarriage (r=-0.206, p=0.242), and a moderate
inverse correlation with the number of induced abortions
(Spearman’s rho=-0.341, p=0.048), indicating that higher
BMI may be associated with fewer reported induced abor-
tions in this group. Among HIV-negative women, BMI
showed a weak positive correlation with spontaneous
miscarriage (r=0.210, p=0.069), which approached sta-
tistical significance, suggesting a possible trend towards
increased miscarriage risk with higher BMI. The cor-
relation between BMI and number of induced abortions
in HIV-negative women was not statistically significant
(Spearman’s rho=0.145, p=0.212). These findings suggest
differential associations between BMI and reproductive
history based on HIV status, with significant implica-
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tions for maternal risk profiling and antenatal care (Fig.
4). Furthermore, correlation analyses revealed a signifi-
cant positive association between BMI and systolic blood
pressure in HIV-negative women (r=0.591, p=0.020), but
not in HIV-positive women (r=-0.111, p=0.859). Dia-
stolic blood pressure in HIV-positive women showed a
weak negative correlation with BMI (r=-0.584, p=0.302).
Hence, no significant differences were observed in dia-
stolic pressure (Fig. 5).

0.2 =2 HIV-
B HIV+

)
= 0.1
[
B
g 0.0
o
<3
O
= —0.1
S
=
Kl
S _
£ 0.2
3
&}

-0.3

] jage jon
ML VS M‘Scaﬂ‘ag WARH \nduced Aborti®
B!

Fig. 4. Correlation coefficients (r) between maternal BMI
(kg/m?) and pregnancy loss parameters (spontaneous
miscarriage and induced abortion), stratified by HIV
status (HIV-negative: n=95; HIV-positive: n=48), positive
values represent direct associations, while negative values
indicate inverse associations
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Fig. 5. Scatter plots showing the association between
maternal BMI (kg/m?) and blood pressure (mmHg)
stratified by HIV status (HIV-positive: n=48; HIV-negative:
n=95), panels display systolic (left column) and diastolic
(right column) blood pressure, dashed regression lines
represent HIV-positive participants, and solid lines
represent HIV-negative participants

BMI, HIV status, and placental weight regression and
subgroup analyses

To evaluate the independent associations between ma-
ternal BMI, HIV status, and placental weight, an ordi-
nary least squares (OLS) regression was performed. The

main regression model revealed that HIV-positive status
was significantly associated with lower placental weight
(B=-79.07, p=0.012), while maternal BMI showed a pos-
itive but non-significant association ($=3.90, p=0.087).
The model explained approximately 8.6% of the vari-
ance in placental weight (R=0.086) (Table 2).

Subgroup analysis by HIV status showed differ-
ential effects. Among HIV-positive women, BMI was
not a significant predictor of placental weight (3=4.71,
p=0.325), while among HIV-negative women, a positive
association between BMI and placental weight was ob-
served but did not reach statistical significance ($=3.53,
p=0.166). These findings suggest that the inverse associ-
ation between HIV status and placental weight remains
consistent regardless of maternal BMI, and that BMI
may play a more prominent role in predicting placental
weight among HIV-negative women (Table 2).

Furthermore, we performed a linear regression anal-
ysis to evaluate the independent contributions of mater-
nal BMI and HIV status to postnatal placental weight,
adjusting for gestational age (GA) at delivery. The model
included BMI and GA as continuous variables, and HIV
status as a binary variable. After adjusting for GA, gesta-
tional age emerged as a strong and statistically significant
predictor of placental weight (p<0.001). HIV-positive
status was independently associated with lower placen-
tal weight (=-0.248, p=0.016), while BMI demonstrated
a positive but non-significant association with placental
weight (=0.146, p=0.151). Notably, the interaction term
between HIV status and BMI was not statistically signif-
icant, suggesting that HIV status did not modify the re-
lationship between BMI and placental weight (Table 3).
These findings highlight the importance of adjusting for
gestational age in placental weight analyses and suggest
that HIV infection may exert a modest but independent
effect on placental development.

Table 2. Multivariable regression analysis and stratified
subgroup models for the association between maternal
BMI, HIV status, and placental weight?

Main regression analysis: effect of BMI and HIV status on placental weight

Variable Coefficient  Std.Error  t-Statistic p 95% (I
Intercept 5585193 75.07 7.44 0.0  409.687-707.352
BMI 3.9019 2.262 1.725 0.087 -0.582-8.386
HIV-positive ~ -79.0723 31.018 -2.549 0.012  -140.568-17.577
Subgroup regression analysis: HIV-positive women

Variable Coefficient  Std.Error  t-Statistic p 95% (I
Intercept 453.9805  151.971 2.987 0.005  144.427-763.534
BMI 4.7066 4.707 1.0 0.325 -4.882-14.295
Subgroup regression analysis: HIV-negative women
Variable Coefficient  Std.Error  t-Statistic p 95% (I
Intercept ~ 570.4459  83.092 6.865 0.0  404.843-736.049
BMI 3.5326 2.525 1.399 0.166 -1.499-8.565

2 standard errors assume that the covariance matrix of the
errors is correctly specified
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Table 3. A table illustrating a linear regression model
assessing the relationship between maternal BMI, HIV
status, and GA on placental weight

Unstandardized regression coefficients from the gestational age-adjusted linear
regression model analysis predicting placental weight

Variable Coefficient  Std.Error  t-Statistic p
Intercept -235.55 306.57 -0.768 0.444
BMI 3.641 2.266 1.607 011
HIV-positive -67.44 33.002 -2.043 0.044
Gestational age (GA) 20.759 7.783 2.667 0.009

Standardized B coefficients from the regression model, adjusting for gestational
age and HIV status

Predictor Standardized p p
BMI 0.146 0.151
HIV-positive -0.248 0.016
GA (in weeks) 0.497 <0.001
Discussion

This study aimed to investigate the association between
antenatal booking body mass index (BMI) and postna-
tal placental weight among HIV-positive and HIV-neg-
ative pregnant women receiving care at the University of
Uyo Teaching Hospital, Nigeria. Our key findings affirm
that HIV status, BMI, and placental weight are interre-
lated, with significant implications for maternal and fe-
tal outcomes. Through stratified analysis and regression
modeling, this study elucidates the differential impact
of HIV status on nutritional and placental health, and
how socio-demographic and clinical factors interplay in
this context. The novelty of our study lies in being, to
our knowledge, the first Nigerian investigation to joint-
ly assess maternal BMI, HIV status, and placental weight
while adjusting for gestational age. This approach pro-
vides a more robust understanding of how HIV modi-
fies placental growth independent of gestational length,
addressing a critical evidence gap in sub-Saharan Africa.

HIV-positive and HIV-negative pregnant women
differed in BMI, placental weight, educational attain-
ment, and occupation. Consistent with earlier studies
by Bodkin et al,, Isah et al., and Ladner et al., our re-
sults reveal that HIV-positive pregnant women tended
to have lower mean BMI (31.65+6.47 kg/m?) and pla-
cental weight (602.94+174.92 g) than their HIV-nega-
tive counterparts (32.46+6.50 kg/m” and 684.53+139.38
g, respectively).'**” GA-adjusted regression analysis
confirmed HIV status as a statistically significant pre-
dictor of placental weight, while BMI showed a positive
but non-significant association. Subgroup regression
revealed that BMI had a significant effect on placental
weight among HIV-negative women, but not among
HIV-positive women.

These results support findings by Bengtson et al.
and Erasmus et al., who observed that HIV-positive sta-
tus is frequently accompanied by metabolic dysregula-
tion, suboptimal nutritional states, and altered placental
physiology.'**! The lower placental weight in HIV-posi-

tive pregnancies may be suggestive of compromised pla-
cental development. However, since our study did not
assess birth outcomes directly, this hypothesis warrants
further investigation.

BMI distribution also correlated with education-
al and occupational status. HIV-negative women had a
higher proportion of tertiary education (66.3%) com-
pared to HIV-positive women (50%). They were also
more likely to be employed in civil/public service roles,
whereas HIV-positive women were predominantly trad-
ers. These patterns reflect socio-economic disparities
that may influence nutritional status and health out-
comes, echoing trends reported by Bengtson et al., Eras-
mus et al., and Trindade et al., in their studies.>'>?"**

Blood pressure patterns varied across HIV status. A
statistically significant positive correlation was observed
between systolic blood pressure and BMI in HIV-neg-
ative women (r=0.591, p-value=0.020), while no such
correlation was found in HIV-positive women. This
may reflect early differences in cardiovascular regula-
tion, though our blood pressure data alone cannot con-
firm broader cardiovascular risk.

Our analysis demonstrated a weak overall correla-
tion between BMI and placental weight, but subgroup
and regression analyses clarified a more complex rela-
tionship moderated by HIV status and gestational age.
Several studies have associated maternal HIV with poor
placental morphology and function, contributing to ad-
verse perinatal outcomes such as intrauterine growth
restriction and low birth weight.”!»17182343%50 While we
did not assess such outcomes, our findings emphasize
the need for further research in this area.

These findings support multifaceted interventions,
such as targeted nutrition programs, specialized ante-
natal clinics, integrated care services, and educational
outreach, to address both biomedical and social deter-
minants of health in HIV-positive pregnancies.'%40-43%
Training healthcare providers to recognize and mitigate
HIV-related nutritional and cardiovascular risks is also
vital. By examining BMI-placental weight relationships
stratified by HIV status and controlling for gestational
age, our study contributes new evidence that can guide
region-specific antenatal nutritional and HIV care pro-
grams.

Study limitations

This study’s cross-sectional design limits causal infer-
ence. Reliance on medical records constrained the in-
clusion of variables such as gestational weight gain,
anemia, and detailed obstetric outcomes. Additional-
ly, qualitative data that could contextualize socio-de-
mographic differences were absent. Future longitudinal
and mixed-methods studies should assess temporal nu-
tritional trajectories and explore mechanisms linking
HIV to placental pathophysiology.
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Conclusion

This study provides critical insights into how antenatal
BMI and placental weight vary with HIV status among
pregnant women in Uyo, Nigeria. After adjusting for
gestational age, HIV status remained significantly asso-
ciated with lower placental weight. BMI demonstrated a
positive but non-significant association. These findings
underscore the need for further research into placental
health and maternal nutrition in HIV-affected pregnan-
cies. Tailored antenatal interventions that address nutri-
tional, educational, and socio-economic disparities may
improve maternal and fetal outcomes, particularly in re-
source-limited settings.
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ABSTRACT

Introduction and aim. Chronic kidney disease (CKD) is a global health burden, with iron deficiency (ID) being a prevalent but
under-diagnosed comorbidity. Traditional biomarkers, such as serum ferritin and transferrin saturation, are confounded by in-
flammation, which limits diagnostic accuracy. Hepcidin, a key regulator of iron homeostasis, offers potential as a reliable bio-
marker; however, data from low- and middle-income countries (LMICs), including Iraq, remain scarce. This study assessed the
diagnostic utility of hepcidin for CKD and its association with iron dysregulation in Iraqi adults, addressing regional gaps in
biomarker validation and clinical application.

Material and methods. This case-control study (September 2024-February 2025) recruited 60 patients with CKD (stages 2-4)
and 40 age-and sex-matched healthy controls. The exclusion criteria were recent transfusions, infections, or iron therapy. Se-
rum hepcidin, ferritin, iron, Total Iron-Binding Capacity (TIBC), transferrin, and renal function indices were analyzed via en-
zyme-linked immunosorbent assay and standardized assays.

Results. CKD patients exhibited significantly elevated hepcidin (39.8+23.1 vs. 13.7+4.8 pg/mL, p<0.001) and ferritin (246+128 vs.
160461 ng/mL, p<0.001) but lower serum iron (12.38+3.1 vs. 118+33.5 pg/dL, p<0.001), TIBC (347+109 vs. 385+62 ug/dL, p=0.004),
and transferrin levels (224474 vs. 258+39 mg/dL, p=0.005) than controls. Hepcidin levels increased progressively with CKD stage
(p<0.001) and correlated strongly with eGFR (r=-0.800, p<0.001) and serum creatinine (r=0.702, p<0.001). At a cut-off of >25 pg/mL,
hepcidin demonstrated 80% sensitivity and 100% specificity for CKD diagnosis, with an AUC of 0.86 (95% Cl: 0.78-0.92, p<0.001).
Conclusion. Hepcidin demonstrated high diagnostic accuracy for CKD and was a superior indicator of iron metabolism dysreg-
ulation compared to traditional biomarkers. Its utility in resource-limited settings, such as Iraq, could enhance early CKD detec-
tion and guide management strategies, thereby addressing critical gaps in LMIC healthcare.

Keywords. chronic kidney disease, diagnostic biomarker, hepcidin, iron deficiency

Introduction

Chronic kidney disease (CKD) is a worldwide public
health burden, affecting approximately 10% of the popu-
lation. CKD is a progressive condition that leads to irre-
versible decline in renal function and is associated with
cardiovascular diseases, anemia, and elevated mortality.
iron deficiency (ID) is a frequently overlooked comor-
bidity in CKD."? Inappropriate dietary intake, chronic

inflammation, and systemic and renal signs of impaired
iron utilization contribute to the pathogenesis of ID in
CKD. ID leads to anemia of chronic inflammation, a fre-
quently occurring condition in patients with CKD, con-
tributes to reduced oxygen supply, worsens weariness,
and deteriorates quality of life.*”

The coexistence of CKD and ID is unacceptably high.
Studies have reported that the prevalence of ID among
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patients with non-dialysis CKD ranges from approxi-
mately 25% to 50%, with the proportion increasing as
CKD progresses to more advanced stages.’ For example,
one study found that 47.1% of non-dialysis CKD patients
had ID, and another study identified ID anemia in 38.8%
of pre-dialysis CKD patients. The prevalence of anemia,
often due to ID, was nearly 40% among non-dialysis-de-
pendent CKD patients in a large European cohort, and
the rates increased with worsening CKD stage.” In low-
and middle-income countries (LMICs), including Iraq,
the clinical burden of this dual pathology is exacerbat-
ed by limited access to advanced diagnostics and effective
therapies.® The Middle East and North Africa (MENA)
region, for example, continues to experience a high bur-
den of ID, with more than 88 million cases reported in
2021 and little improvement in recent decades.’

In healthy individuals, iron homeostasis is a tightly
regulated process primarily orchestrated by the hepatic
peptide hormone hepcidin. Hepcidin, a 25-amino-acid
peptide produced by the liver, serves as the master regu-
lator of systemic iron availability.'® It maintains the iron
balance by binding to and inducing the degradation of
the iron exporter ferroportin, which is present on the
surface of enterocytes in the intestine, macrophages in
the reticuloendothelial system, and hepatocytes. This
action reduces both intestinal iron absorption and the
release of recycled iron from macrophages, thereby low-
ering plasma iron levels."

Modern biomarkers, such as hepcidin, allow poten-
tial improvement of diagnostic accuracy and therapeutic
monitoring when dealing with ID associated with CKD."?
The main problem with traditional markers such as se-
rum ferritin and transferrin saturation (TSAT) is that the
former is severely affected by inflammation, while TSAT
does not provide the necessary specificity, inevitably
leading to misclassification of the iron status.”* In con-
trast, hepcidin directly represents the body iron-regula-
tory experience and level of inflammation. Consequently,
hepcidin is a reliable marker of functional ID in CKD pa-
tients."* Modern research has revealed that elevated lev-
els of hepcidin indicate the pathology of the filtration
rate, and the patient will be affected by an inability to re-
act to iron therapy." Existing research on hepcidin’s role
in iron metabolism dysregulation in CKD predominant-
ly stems from high-income settings, with limited data
from LMICs, such as Irag, where diagnostic constraints
and high clinical burden coexist.*'¢ Traditional biomark-
ers (e.g., serum ferritin and TSAT) are confounded by in-
flammation and lack specificity, underscoring the need
for contextually validated alternatives.

Aim

This study aimed to assess the diagnostic utility of hepci-
din as a biomarker for CKD and its associated iron dysreg-
ulation in Iraqi adults, address the regional research gap,

and explore its potential to enhance diagnostic accuracy
and therapeutic strategies in resource-limited settings.

Material and methods

This case-control study was conducted between Sep-
tember 2024 and February 2025, recruiting participants
from the nephrology outpatient clinics of a Diwaniyah
Teaching Hospital. A total of 60 adult patients (aged 18-
80 years) with non-dialysis CKD stages (2-4), as de-
fined by the KDIGO 2012 Clinical Practice Guideline
based on estimated glomerular filtration rate (eGFR)",
and 40 age- and sex-matched healthy controls were en-
rolled. Patient eligibility required stable renal function
(no greater than a 25% change in eGFR over the preced-
ing 3 months). Key exclusion criteria for the CKD group
included a history of blood transfusions within the past
3 months, iron supplementation or erythropoiesis-stim-
ulating agent (ESA) use within the past 4 weeks, and the
presence of active infection or significant inflammation
(C-reactive protein 210 mg/L). Patients with end-stage
renal disease (ESRD) on dialysis, recent kidney trans-
plants (<6 months), or polycystic kidney disease were
also excluded. The sample size was determined as a con-
venience sample based on patient availability and logis-
tical constraints during the study period.

Healthy controls, rigorously age- and sex-matched
to the CKD participants, underwent screening to con-
firm normal kidney function (eGFR =90 mL/min/1.73
m?® without proteinuria or hematuria), adequate he-
moglobin levels, and the absence of chronic illnesses,
inflammation, or iron abnormalities, with health assess-
ments conducted according to STROBE guidelines; this
screening was expanded to specifically require CRP lev-
els <5 mg/L, normal iron status (ferritin >30 ng/mL and
TSAT >20%), no chronic comorbidities (including di-
abetes, cardiovascular disease, or liver disease), and a
BMI <30, while lifestyle factors such as smoking and al-
cohol use were recorded but were only exclusionary if
deemed clinically significant.

Biochemical assessments

Venous blood samples (approximately 8 mL) were col-
lected from all participants in the morning after an
overnight fast (10-12 hours) into plain serum separator
tubes. Samples were allowed to clot at room tempera-
ture for 30 minutes and were subsequently centrifuged
at 3000 rpm for 10 minutes. The separated serum was
aliquoted into sterile cryovials and stored at -80°C until
analysis. All samples were analyzed within one month of
collection and underwent a single freeze-thaw cycle to
preserve analyte integrity.

Serum urea, creatinine, iron, ferritin, TIBC, and
high-sensitivity C-reactive protein (hs-CRP) were an-
alyzed using a Roche Cobas ¢501 automated analyzer
(Roche Diagnostics, Basel, Switzerland). Transferrin lev-
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els were quantified using a commercial enzyme-linked
immunosorbent assay (ELISA) kit (Human Transferrin
ELISA Kit, Elabscience®, Catalog No: E-EL-H6298). Se-
rum hepcidin was measured using a commercially avail-
able competitive ELISA kit (Human Hepcidin ELISA Kit,
Elabscience®, Catalog No: E-EL-H6202) with a detection
range of 0.78-500 pg/mL and a sensitivity (limit of detec-
tion, LOD) of 9.4 pg/mL. Hemoglobin levels were deter-
mined using a Sysmex XN-1000 automated hematology
analyzer (Sysmex Corporation, Kobe, Japan).

All assays were performed in duplicate according to
the manufacturers’ instructions. Internal quality control
materials provided by the respective kit manufactur-
ers were included in each assay run. The intra- and in-
ter-assay coeflicients of variation (CV) for the hepcidin
ELISA were 4.8% and 7.3%, respectively. The laboratory
participates in an external quality assurance scheme for
routine biochemistry parameters.

Anemia was defined as a hemoglobin concentration
<13 g/dL for men and <12 g/dL for women. Absolute
iron deficiency (ID) was defined as a serum ferritin level
<100 ng/mL. Functional iron deficiency (FID) was de-
fined as a serum ferritin level between 100-500 ng/mL
combined with a transferrin saturation (TSAT) <20%.

Ethical approval

This study was conducted in accordance with the ethical
rules of medical research at the University of Al-Qadisi-
yah, collage of medicine. Before sampling, the consent
of the patient or his companion was taken. The study
protocol, subject Information and approval form were
reviewed and approved by the clinical chemistry unite of
the laboratory in al Diwaniyah Teaching Hospital accor-
dance with Document No. 472130 dated (29/10/2024)
to obtain this approval.

Statistical analysis

Statistical analyses of the demographic and clinical char-
acteristics of the individuals diagnosed with CKD were
performed using GraphPad Prism® (version 9.0 Graph-
Pad Software, San Diego, CA, USA). Continuous vari-
ables were analyzed using independent-sample t-tests
(a), whereas categorical variables were evaluated using
the Chi-square test (b). For datasets comprising more
than two groups, one-way analysis of variance (ANO-
VA) was implemented, followed by Tukey’s post-hoc test
for specific pairwise comparisons.

Results

Table 1 compares the demographic features age, sex, and
BMI and key clinical biomarkers hemoglobin, CRP, se-
rum creatinine, blood urea, and eGFR between 60 CKD
patients and 40 healthy controls. CKD patients exhib-
ited significantly lower hemoglobin, higher CRP, ele-
vated serum creatinine/blood urea, and reduced eGFR

than controls (p<0.001). The CKD stages were distrib-
uted as follows: stage 2 (21.6%), stage 3a (27%), stage 3b
(23.4%), and stage 4 (28%).

Table 1. Demographic and clinical characteristics of CKD
patients and healthy controls*

Demographic & biomarker CKD patients Healthy control p

features (n=60) (n=40)
Age (years) Mean£SD  53.50+19.4 51.46+17.3 0.6°
Gender Male 3 22 04°
Female 29 18
BMI (kg/m?) Mean+SD  25.24+4.6 26.3+3.9 03°
Hemoglobin (g/dL) Mean+SD  9.72+0.85 14.1£1.2 <0.001°
CRP (mg/L) Mean+SD 29+13.4 26+1.7 <0.001°
Serum creatinine (mg/dL) Mean=SD 41+1.6 0.91+0.2 <0.001°
Blood urea (mg/dL) Mean+SD ~ 108.9+38.6 30.1£7.5 <0.001°

eGFR(mL/min/1.73m?)  MeanSD 4544226 108+7.9 <0.001°
Stages among patients Stage 2 13(21.6) -

Stage 3a 16 (27) -

Stage 3b 14(23.4) -

Stage 4 17 (28) -
*2 _ independent sample t-test, ® — Chi-square

Table 2 highlights the differences in iron-related
biomarkers between patients with CKD and the con-
trols. CKD patients had significantly higher ferritin
(p<0.001) and hepcidin (p<0.001) levels, but lower se-
rum iron (p<0.001), TIBC (p=0.004), and transferrin
(p=0.005) levels than healthy individuals, indicating
dysregulated iron homeostasis in CKD (Fig. 1).

Table 2. Iron metabolism biomarkers in CKD patients and
healthy controls*

Demographic and biomarker CKD patients  Healthy control

features (n=60) (n=40)
Ferritin (ng/mL) Mean+SD 2461128 160+61 <0.001°
Serum iron (pmol/L) Mean+SD 12.38+3.1 118+33.5 <0.001°
TIBC (pg/dL) Mean=SD 347£109 385462 0.0042
Transferrin (mg/dL) Mean+SD 224174 258+39 0.0052
Hepcidin (pg/mL) Mean+SD 39.8£23.1 13.7£4.8 <0.001°

*2 —independent sample t-test

100
9
80+ ko -40 3
|
]
S
3]
.20 o
o
@
................................. o 2
@
S
i = -20 ?D
............................... Q
=]
®
I T -40
CKD Control Control
CKD

Fig. 1. Bar chart showing comparison of mean serum
hepcidin among control group and CKD group
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Biomarker levels (ferritin, serum iron, TIBC, trans-
ferrin, and hepcidin) were stratified according to CKD
stage (2-4). Ferritin levels decreased with advancing
stage (p=0.003), whereas hepcidin levels increased sig-
nificantly (p<0.001). TIBC and transferrin levels de-
clined progressively (p<0.001), reflecting worsening
iron availability and inflammation. Post hoc analysis
(Tukey’s test) identified distinct inter-stage differences
(denoted by superscript letters, Table 3, Fig. 2).

Table 3. Variation of serum biomarkers across CKD stages*
Stage of CKD p

and (KD Stage2 Stage3a Stage3b Stage4

(n=13) (n=16) (n=14) (n=17)

Ferritin (ng/mL) Mean+SD 328+107* 206+132° 219+1418 155+116°  0.003
Serum iron (pmol/L) Mean£SD 11.242.7* 10.9+2.7* 7.4+1.6® 10.4+3.0" 0.04
TIBC (pg/dL) Mean+SD 417+68" 3714858 271463 247+98° <0.001
Transferrin (mg/dL) Mean+SD 293+58" 268+61% 203+44¢ 181+71° <0.001
Hepcidin (pg/mL) ~ Mean+SD 13.8+3.9" 35.8+8.2% 29.6+6.8° 68.6+15.8° <0.001
# 0O - one-way ANOVA, * - significant at p<0.05, *** —
significant at p<0.001, statistical analysis was performed
using one-way ANOVA with post-hoc Tukey'’s test for
pairwise comparisons, superscript letters (A, B, C) denote
the results of these pairwise comparisons, groups that do
not share a common letter are significantly different from
each other (p<0.05)
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Fig. 2. Bar chart presenting the distribution of hepcidin
levels among various stages of CKD

Hepcidin demonstrated high diagnostic accuracy
for CKD at a cut-off of >25 pg/mL, with 80% sensitivi-
ty, 100% specificity, 100% PPV, 80% NPV, and an AUC
of 86% (p<0.001). This finding supports the potential of
hepcidin as a biomarker for CKD (Table 4, Fig. 3).

Table 4. Diagnostic performance of hepcidin for CKD
detection*

Biomarkers  Cut-off Sens Spec% PPV NPV Accuracy AUC(95%(l) p

value %
Hepcidin (pg/mL) >25 80 100 100 80 079  86(0.78t00.92) <0.001

* Sens — sensitivity, Spec - specificity, PPV — positive
predictive value, NPV - negative predictive value, AUC —
area under the curve
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Fig. 3. ROC curve chart of hepcidin in CKD

This correlation matrix revealed associations between
iron markers (transferrin, TIBC, ferritin, and hepcidin)
and renal function indices (eGFR and serum creatinine).
Hepcidin levels were strongly correlated with eGFR (r=-
0.800, p<0.001) and serum creatinine (r=0.702, p<0.001),
whereas transferrin and TIBC were positively correlated
with eGFR (r=0.433, p<0.001). Ferritin showed weak as-
sociations with the other parameters (Table 5).

Table 5. Correlation between iron metabolism biomarkers
and renal function parameters in CKD

Transfenrin 0201 0222 043
(mg/dL) p=0.045 p=0.026 p<0.001
TIBC 0201 0222 043
(ng/dL) p=0.045 p=0.026 p<0.001
Hemoglobin | 0201  0.201
(g/d)  p=0.045 p=0.045
Serumiron | 0222  0.222
(pmol/L) p=0.026 p=0.026
eGFR
(mL/min/
173m)
Feritin 0498 0458 -0277
(ng/mL) p<0.001 p<0.001 p=0.005
Hepcddin = -0.519 -0.519
(pg/ml)  p<0.001 p<0.001

0519 031
p<0001 p=0001

0519 0311
p<0.001 p=0.01

0498 -0.504
p<0.001 p<0.001

-0458
p<0.001
0277

p=0005

0433 0433
p<0.001 p<0.001

UM 031 03m 0268 0702
aeatinine 0001 p=0.001 0007 p<0.001
(mg/dL) = p=ol RS
_ = c € =
ES g Ss 5 8 g2 §E 52
= E £ E]
z &
Discussion

These findings revealed notable changes in iron metab-
olism biomarkers across the progressive stages of CKD,
characterized by a gradual reduction in serum ferritin
and transferrin concentrations. These trends underscore
the multifactorial pathophysiology of disruption of iron
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homeostasis in advancing renal dysfunction, reflecting
the interplay between regulatory mechanisms and dis-
ease progression. Current clinical guidelines, including
KDIGO-2012 and ERBP 2013, advocate routine assess-
ment of iron status in patients with CKD, predominant-
ly through ferritin and TSAT measurements.'®* However,
emerging evidence has challenged the reliability of these
biomarkers. A clinical investigation reported that only
12% of hemodialysis patients exhibited normal transfer-
rin levels, with 88% displaying varying degrees of mal-
nutrition (5% severe, 30% moderate, and 53% mild).
This malnutrition-associated hypotransferrinemia may
artificially elevate TSAT values, potentially obscuring
the true iron status in CKD populations."

The interpretation of serum ferritin is further com-
plicated by its dual role as an acute phase reactant. Multi-
ple studies corroborate its elevation during inflammatory
states, a common comorbidity in patients with CKD,
thereby limiting its specificity as an iron storage mark-
er.?? Rashid and Al-Rubaie reinforced this limitation
in an ESRD cohort, where 72.5% exhibited hyperfer-
ritinemia (2300 ng/mL); however, these levels correlat-
ed more strongly with systemic inflammation than iron
stores. Their analysis demonstrated that the combined
TSAT-ferritin assessment achieved only a 47.5% diag-
nostic accuracy for iron status determination in ESRD.?
These diagnostic challenges are further exemplified in the
Al-Mashdali case report, where tissue iron quantification
via T2* magnetic resonance imaging (MRI) revealed sig-
nificant hepatic iron overload despite chronically elevated
serum ferritin levels (>1000 ug/L) without clinical cor-
relates. The apparent paradox of declining ferritin in
advanced CKD stages, contrary to expected inflamma-
tion-driven elevations, may reflect superimposed true ID
from multifactorial etiologies, including malnutrition,
occult gastrointestinal bleeding, or dialysis-related iron
losses. Concurrent reductions in transferrin levels align
with the established pathophysiology of impaired hepat-
ic synthesis in uremia, exacerbated by chronic inflamma-
tion and protein energy wasting.”

The present study indicated that patients with CKD
demonstrated significantly elevated hepcidin levels
compared with healthy individuals, with a pronounced
increase as kidney dysfunction advanced. Hepcidin con-
centrations progressively increased from the early to late
CKD stages, correlating strongly with the disease sever-
ity. A cross-sectional study of 199 non-dialyzed patients
with CKD was conducted to evaluate the relationship
between hepcidin and iron disorders, inflammation,
and hemoglobin levels. They found that hepcidin lev-
els increased as GFR declined, with median values ris-
ing from 23.3 ng/mL in early stage CKD to 36.1 ng/mL
in advanced CKD. Absolute ID (defined as TSAT <20%
and ferritin <40 ng/mL) was associated with significant-
ly lower hepcidin levels (5.0 ng/mL), whereas inflam-

mation combined with normal iron status led to higher
hepcidin concentrations (34.5 ng/mL). The study con-
cluded that hepcidin levels in CKD are independently
influenced by iron status and inflammation, with renal
clearance playing a secondary role.”

Hepcidin demonstrates significant potential as a di-
agnostic biomarker for CKD-associated iron dysregula-
tion. In the present study, a hepcidin threshold (>23.2
pg/mL) yielded robust performance metrics for distin-
guishing CKD patients from healthy controls: 80% sen-
sitivity, 100% specificity, 100% PPV, 85% NPV, and an
AUC of 86%. These findings contribute to the growing
body of evidence exploring hepcidin role in iron homeo-
stasis in CKD. While our study design did not include
a formal analysis against predefined ID thresholds (e.g.,
KDIGO criteria: ferritin <100 ng/mL or TSAT <20%)
to directly compare diagnostic accuracy for ID, the ob-
served strong inverse correlations between hepcidin and
markers of iron availability (serum iron, TIBC, transfer-
rin) support its central role in iron metabolism dysreg-
ulation. Notably, prior studies such as that by Gao et al.
(2023) have reported that hepcidin outperformed ferri-
tin/TSAT combinations for identifying functional iron
deficiency, with high AUC values (0.94) and specifici-
ty (87%), particularly in distinguishing true functional
iron deficiency from inflammation-driven hyperferrit-
inemia.'* The 2023 KDIGO Clinical Practice Guideline
for the Evaluation and Management of Chronic Kid-
ney Disease also highlights the limitations of traditional
markers and acknowledges the emerging role of hepci-
din, though it notes that more evidence is needed before
routine clinical use can be recommended.”

Emerging evidence underscores the critical role of
hepcidin dysregulation in CKD progression and associat-
ed complications. A pivotal study demonstrated that pa-
tients in the highest hepcidin quartile (25.1-80.0 ng/mL)
exhibited a 1.37-fold increased risk of ESKD compared
with those in the lowest quartile. This association fol-
lowed a linear dose-response relationship, persisting even
after adjustment for traditional risk factors, positioning
hepcidin as a novel prognostic biomarker for CKD pro-
gression and as a potential tool for risk stratification.?® The
regulation of hepcidin is further influenced by dialysis
modality, as highlighted by Malyszko et al. Their compar-
ative analysis revealed that peritoneal dialysis (PD) pa-
tients had significantly elevated hepcidin/ferritin ratios,
2.5-fold higher than non-dialysis (ND) and hemodialysis
(HD) cohorts, likely due to sustained intraperitoneal in-
flammation and impaired clearance mechanisms. These
findings suggest that PD-associated inflammation exac-
erbates iron sequestration, emphasizing modality-specif-
ic pathways in hepcidin dysregulation.”

Notably, elevated hepcidin levels are closely associat-
ed with functional iron deficiencies (FID) and subclini-
cal inflammation. In patients with FID, hepcidin levels in
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the highest quartile correlated strongly with hs-CRP lev-
els, implicating iron dysregulation as both a consequence
and driver of inflammatory processes. Importantly, early
CKD stages showed that hepcidin elevation predicts car-
diovascular morbidity, advocating routine monitoring in
early stage patients to mitigate downstream complica-
tions.* Furthermore, reinforcing this interplay, hepcidin
was positively correlated with IL-6, a key inflammatory
cytokine, and inversely correlated with hemoglobin and
glomerular filtration rate (GFR). These associations un-
derscore inflammation-driven hepcidin upregulation as
a central mechanism in iron-restricted erythropoiesis,
worsening anemia, and FID in CKD patients.”
Collectively, these studies delineate hepcidin as a
multifunctional mediator that links iron metabolism,
inflammation, and CKD progression. This elevation re-
flects a vicious cycle of inflammation-driven iron se-
questration, exacerbation of anemia, and accelerated
renal decline. These insights advocate the integration of
hepcidin assessment into clinical practice, particularly
for early risk stratification and personalized iron ther-
apy, while highlighting the need for modality-specific
management strategies for dialysis-dependent patients.

Study limitations

A key limitation of this study, common to many CKD
biomarker investigations, is the absence of a universally
accepted non-invasive gold standard for functional iron
deficiency; while hepcidin demonstrated superior spec-
ificity and stronger correlations with renal function de-
cline compared to current clinical biomarkers (ferritin,
TSAT components), definitive validation against a refer-
ence standard like bone marrow iron was not feasible in
this clinical setting. Furthermore, the study’s cross-sec-
tional design did not account for longitudinal variations
in factors such as dietary iron intake and inflammatory
status over time, which may influence iron biomarker
levels and introduce bias. The use of a single commer-
cial ELISA kit for hepcidin measurement, without in-
ter-assay calibration against a standardized reference,
may also contribute to measurement variability and lim-
it the direct comparability of our absolute values with
those from other studies. Future studies incorporating
such reference validation methods where possible, ac-
counting for dietary and socioeconomic variables, and
conducted on a larger scale, particularly in LMICs, are
warranted to definitively validate hepcidin diagnostic
utility, establish its prognostic value, and determine its
integration into CKD management protocol.

Conclusion

This study established hepcidin as a robust diagnostic
biomarker for iron metabolism dysregulation in CKD,
particularly in Iraqi populations. Elevated hepcidin lev-
els correlate strongly with advanced CKD stages and

renal dysfunction, demonstrating superior specificity
compared to conventional markers. These findings un-
derscore the clinical relevance of hepcidin in regions
with limited diagnostic resources and offer a viable tool
for early ID detection and therapeutic monitoring.
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ABSTRACT

Introduction and aim. The occurrence of BCR-ABL1 fusion transcript in acute-leukemia cases are limited and is characterized
with various subtypes. This study was based on investigation of the BCR-ABL1 fusion transcript in acute-leukemia cases in a
tertiary care hospital.

Material and methods. This cross-sectional study was carried out in suspected cases of acute leukemia. Cases were analyzed
for complete blood counts, peripheral smear, bone marrow and flow-cytometry for the diagnosis of acute-leukemia. Addition-
ally, diagnosed cases were investigated for BCR-ABL1 fusion transcript by PCR amplification using reverse transcriptase enzyme
followed by documentation.

Results. Approximately 55 acute leukemia cases included, diagnosed by flow cytometric analysis. Analysis of the BCR-ABL1 fu-
sion-transcript in 55 cases showed its occurrence in only 2 cases, where one case with the B-ALL was characterized with e1a2
subtype and a other case with AML was characterized with the e13a2 subtype.

Conclusion. The BCR-ABL1 fusion transcript in acute-leukemia cases was found in 3.64% (2/55) of cases. The diagnosis of BCR-
ABL1 fusion transcript in acute-leukemia cases is important for its poor prognosis, as well as calls for the use of ABL tyrosine
kinase inhibitors. The diagnosis of BCR-ABL1 fusion-transcript in acute leukemia cases in a tertiary health care facility will be
helpful for better treatment of patients in the study area.

Keywords. acute leukemia, acute lymphoblastic leukemia, acute myeloid leukemia, BCR-ABL1fusion transcript, polymerase
chain reaction

Introduction

According to the Global Cancer Project (GLOBO-
CAN, 2022) report, leukemia ranks 13% as the most di-
agnosed cancer and 10" most common cause of cancer
death globally, accounting for 487,294 new cases and
305,405 cancer deaths.! According to the fourth edi-
tion of the WHO classification of tumors of hemato-
poietic and lymphoid tissues, leukemia can be broadly
classified into myeloid or lymphoid lineages.?In India,

the incidence of chronic myeloid leukemia (CML) was
0.8-2.2 among 100,000 males and 0.6-1.6 in 100,000
female subjects respectively; while acute leukemia
(AL) including acute lymphoblastic leukemia (ALL)
and acute myeloid leukemia (AML) are 35% and 15%
respectively.**

There are several subtypes of leukemia based on its
gene alteration and prognosis, including BCR-ABL1
fusion transcript. The BCR-ABL1 transcript is gen-
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erated by balanced reciprocal translocation between
chromosomes 9 and 22 to generate a short chromo-
some called the Philadelphia (Ph) chromosome {t(9;22)
(934.1;q11.2)}. The breakpoint cluster region (Bcr),
composed of 23 exons and breakpoint 9 is present be-
tween 1a,1b and a2, whereas the breakpoint location on
the BCR gene occurs between b1-b5 exons, el-e2 and
e19-e20, called major breakpoint cluster region (M-bcr)
with molecular weight p210 (el3a2or el4a2), minor
(m-bcr) with molecular weight p190 (ela2) and micro
(pu-ber) p230 (e19a2) respectively. Furthermore, atypi-
cal BCR breakpoints outside the cluster regions gener-
ated by gene alteration to generate proteins such as e8a2,
el5a2, el3a3, el4a3, and e6a2, where clinical signifi-
cance was being investigated for the same.>*

Although Ph chromosomes have been used as di-
agnostic markers in CML cases, there occurrence in AL
cases is rare and limited to case series only. According
to the WHO classification 2016, AML with BCR-ABL1
is rare and termed as subtype 2 contributing to approx-
imately less than 1% of new cases of AML.”® There are
many reports on the presence of BCR-ABL1 fusion
transcripts in ALL cases in India,10-14, while there is
a paucity of report on AML, so this study was designed
to determine the frequency of BCR-ABLI1 fusion tran-
scripts in cases diagnosed with AL in a tertiary health
care setup in the state of Odisha, India.

Aim

This study was carried out to analyze the BCR-ABLI fu-
sion transcripts in cases of AL diagnosed in a tertiary
health care setting in the state of Odisha, India.

Material and methods

This was a cross-sectional study carried out in cases
suspected with AL, attending the outpatient Depart-
ment of Medicine and the Department of Pediatrics in
KCG. Medical College and Hospital, Berhampur, Odis-
ha, from April 2022 to March 2024. After obtaining the
proper consent of the patients (in the case of minors,
consent has been obtained from either parents or guard-
ians), 3 ml of venous blood or bone marrow samples
were collected from the subjects in EDTA vials for var-
ious investigations including examination of peripheral
smear (PS)/bone marrow (BM), complete blood counts
(CBC), flow cytometer analysis and BCR-ABL1 fusion
transcript. The complete blood count was performed
using a 5-part differential analyzer (XN-550, Sysmex
Europe SE, Hamburg, Germany). The flow cytometer
analysis for the diagnosis of AL was performed using 6
colors BD FACS Canto™-II flow cytometer (BD Biosci-
ences, 2350 Qume Drive, San Jose, CA, USA) using BD
FACSDiva™ Software v8.0.2 with a predefined panel of
antibodies (BD Lifesciences) within 24 hours after sam-
ple collection (supplementary Tablel).

AL cases of all age groups and both genders were
recruited. Taking into account the occurrence of the
BCR-ABLI1 fusion transcript in AL cases of around 7%,"
population size of 100 (50 AL cases per year in the study
center) with 95% confidence level and absolute error of
5%, the minimum number of samples required for the
study (sample size) was 51 (sample size was calculated
using OpenEpi, open source calculator, SSPropor, Ver-
sion 3). Along with the AL cases, some known CML cas-
es attending this hospital during the study period were
included for standardization of the molecular investi-
gation of BCR-ABL1 fusion transcript. This study was
approved by the Institutional Ethics Committee (IEC)
of M.K.C.G Medical College, Berhampur, Odisha, In-
dia. (No. 1381/Chairman-IEC, MKCG Medical College,
Brahmapur-4).

All confirmed cases of AL were subjected for analy-
sis of BCR-ABLI fusion transcript. Briefly, the RNA was
isolated from fresh blood samples using an RNA isolation
kit (HiPureA Blood RNA Purification Kit, HiMedia Lab-
oratories Pvt. Ltd.) according to the manufacturer’s in-
structions and cDNA was prepared using the SuperScript
TM VILOTM cDNA synthesizer kit (Invitrogen by Ther-
mo Fisher Scientific Inc.) by taking 4 pL of 5X VILO™
Reaction Mix, 2pL 10X Superscript TM enzyme mix, 2.5
ug of isolated RNA and DEPC treated water to make up
the volume t020 pL. The incubation period for the prepa-
ration of the cDNA was at 25°C for 10 minutes, 42°C for
60 minutes, 85°C for 5 minutes followed by 4°C.

The BCR-ABLI fusion transcript was analyzed by
PCR using the primers described by Aazad et al. for the
regions ela2, el3a2, and el4a2."In detail, a single PCR
reaction included 20ng of the cDNA, 25 mM MgCl,, 10
mM of dNTP mix, primer of 10 picomoles each and 5
units of Taq DNA polymerase with a final volume of
25uL. The reaction condition for the amplification was
carried out with denaturation at 94°C for 35 seconds,
annealing at 61°C for 30 seconds, and extension at 72°C
for 30 seconds for 30 cycles followed by electrophore-
sis and documentation. The primers and amplicon size
of various BCR-ABL1 fusion transcripts are depicted in
Table 1. Amplified products were resolved in 2% agarose
gel with a 100-bp DNA ladder as a marker (Figure 1).

Data collection and statistical analysis

All patient information, including socio-demographic
and laboratory data, was collected in a case format. The
generated data were entered in an excel sheet for further
analysis. Descriptive data was presented in numbers
and percentages. The recruited cases were categorized
into different groups according to the types of leukemia
(CML, B-ALL, T-ALL and AML) and types of BCR-
ABLI fusion transcripts (normal, ela2, el3a2 (b2a2)
and el4a2 (b3a2).
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Fig. 1. Agarose gel electrophoresis (2%) for the BCR-ABL1 fusion transcript (Lane S2, S3, S6, S8, S10, S11 and S12 with 808 bp:
Normal; Lane S1 with 481 bp: e1a2; Lane S4 and S7 with 310 bp: e13a2; Lane S5 and S9 with 385 bp: e14a2; L: 100bp DNA

ladder)

Results

The study was carried out in 69 cases of leukemia, in-
cluding 55 suspected cases of AL and 14 cases of CML.
The 55 suspected cases were confirmed to be AL by flow
cytometry analysis, including 30 (54.5%) males and 25
(45.5%) female cases. The mean age of the patients was
26.82+18.94 years (age range of 1 year to 65 years) and
27 (49.1%) being in pediatric population. The age and
gender distribution of patients is depicted in Figure 2.

The flow cytometer analysis of 55 AL cases result-
ed in 25 ALL cases (14 cases with B-ALL and 11 cases
with T-ALL) and the remaining 30 cases were diagnosed
with AML. The molecular analysis of the the subtypes
of BCR-ABLLI fusion transcript in both CML and AL
patients showed the presence of the BCR-ABLI fusion
transcript in all CML cases and only 2 (3.64%) cases of
AL (1 case each with AML and B-ALL). The AML case
had a BCR-ABLI fusion transcript with the e13a2 sub-
type while the B-ALL case had a BCR-ABL1 fusion tran-
script with the ela2 subtype. The detailed analysis of the
BCR-ABLL fusion transcript subtypes in the study cases
is depicted in Table 2.

The hematological presentation of both cases, AML
with BCR-ABLI fusion transcript with the e13a2 sub-
type (case 1) and B-ALL with BCR-ABLI1 fusion tran-
script with ela2 subtype (case 2), are described in
details.

50.00

Percentage
P
3
=3
2

Male Female Pediatric Adult

Gender Age groups

Fig. 2. Age and sex distribution of patients with AL (n=55)

Case 1. AML case with BCR-ABLI fusion transcript
(el3a2)

An 11-year-old boy was admitted with fever, weak-
ness, and a history of weight loss for 15 days without
a relevant medical history. Physical examination re-
vealed pallor and the absence of hepatomegaly as well
as splenomegaly. Furthermore, biochemical examina-
tion it was observed, ESR of 170 mm in 1st hour and
CBC bicytopenia (hemoglobin level of 4.7 g/dL, white
blood cell count of 10.43x10°/L and platelet count of
27x10°/L). The peripheral smear showed blast cells and
bone marrow aspiration revealed hypercellular marrow
with 40% blast. The blast cells were medium to large in
size having round to oval nuclei and some had irregu-
lar nuclear borders with fine chromatin, some blast cells
showed 1-2 inconspicuous nucleoli and scanty granu-
lar basophilic cytoplasm. The cytochemistry of the blast
cells showed positivity for the MPO stain and negative



26

European Journal of Clinical and Experimental Medicine 2026; 24 (1): 23-31

001-Unstain Specimen_001-8 Tube 001-8 Tube Speci 001-8 Tube
g ] ] o] 3
* 3 3 3
& e . ]
b =3 =3
3?* [ g E
& Sl Fe ]
w o~ S “od
2 83 873
E 2 =1 e = B
iz . o= e i "; b
co%s apcofa s cplspegrd ° s ° cpswBeceosfa e ° cBlorea ™ °
Specimen 001-M Tube Speci 001-M Tube Specimen 001-M Tube Specimen_001-Osoplasmic
Ve Vo > o R
-] -]
£ i
= 2%
873 8 3
- 3 o
o 3
E : E
§ ey g 3 T F STy
108 i m'?; Ps-oﬂ-x’ L 2 °'" prpe w0 Ddgtl PE-A iz ~
= 001-T Tube S 001-T Tube S 001-Oytopl.
oo o o AN =
- -
5 <=1 E' =
E g - 2
@ ~ K ~%
8 8"&_*1 i E % =
2

it

T
a0 ¢ con BacroAta

Tt T
b i TR TR TR AREC SRR T TS

Flow cytometry analysis

Fig. 3. Flow cytometric analysis of AML case with BCR-ABL1 fusion transcript

for the PAS stain. Thus, PS, bone-marrow study and cy-
tochemistry, the case was diagnosed as AML. There-
fore, the sub-classification of leukemia subclassification
was performed by flowcytometry and the blast cells
were positive for CD19, CD38, CD34, CD33, CD117,
HLA-DR, CD4, CD7 and MPO; and negative for CD10,
CD20, CD79a, smCD3, cyCD3, CD5, CD8, CD13 and
CD64. Therefore, the final diagnosis based on flow cy-
tometry was compatible with AML with differentiation
and aberrant expression of CD4, CD7 and CD19 (Fig-
ure 3). The bone marrow was not done and subsequent-
ly the molecular analysis of BCR-ABLI1 fusion transcript

revealed the presence of Major subtype (M-bcr) BCR-
ABLI fusion transcript.

Case 2. B-ALL case with BCR-ABLI fusion transcript
(ela2)

A 19-year-old male patient complained of fever and
weakness without any relevant history since 45 days. On
physical examination, it was revealed pallor and absence
of hepatomegaly and splenomegaly were revealed. Ad-
ditionally, CBC showed bicytopenia (hemoglobin lev-
el of 5.5g/dL, white blood cell count of 8.97x 10°/L, and
platelet count of 14x10°/L) and bone marrow aspiration
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revealed hypercellular marrow with variable-size leuke-
mic blast of 45%. The blasts were small to medium in
size, had round to oval nuclei with coarse chromatin, and
had little granular basophilic cytoplasm. The cytochemis-
try of the blasts is blocked positive (course positive) with
PAS stain and negative for MPO stain. Therefore, the di-
agnosis based on morphology was a case of ALL. The
flow-cytometric analysis showed, that the blasts popula-
tion was positive for CD79a, CD34, CD38, CD10, CD19,
CD4, CD13, and HLA-DR, and negative for CD20, CD5,
CD7, CD8, smCD3, cyCD3, CD33, CD64, CD117, MPO,
CD14, and CDlIc. Therefore, the diagnosis based on
flow cytometry was B-ALL with aberrant expression of
CD13 and CD4 (Figure 4). The bone marrow cytogenet-
ic study was not analyzed. Analysis of the BCR-ABLL1 fu-
sion transcript revealed the presence of a minor subtype
(m-bcr) ela2 (p190) BCR- ABL1 fusion transcript.

Table 1. List of primers used for BCR-ABL1 fusion transcript
analysis

Transcript ~ Primers Primer sequences (5'------- 3) A(T:s":z:;i:)e
e GGy,
ez BRGHAS TGrﬁg\GccrgTGGcTGTT(G(:TGG%\\(G?IT\Q?TGTGG 81
e oSG,
wo PP oo

Table 2. BCR-ABL1 fusion transcript in different cases of
leukemia (n=69) *

Subtypes of the BCR-ABL1 fusion transcript subtypes

Type of leukemia

el13a2 el4a2 ela2
(ML (n=14) 5 8 1
AML (n=30) 1 0 0
B-ALL (n=14) 0 0 1
T-ALL (n=11) 0 0 0

* CML - chronic myeloid leukemia, AML - acute myeloid
leukemia, B-ALL - B-acute lymphoblastic leukemia, T-ALL -
T-acute lymphoblastic leukemia

Discussion

During the study period, a total of 55 patients diagnosed
with AL by flow cytometry were included along with 14
patients with CML for the molecular characterization
of the BCR-ABLI fusion transcript. Although the main
objective of this study was to observe the presence of
the BCR-ABLI fusion transcript only in cases only, the
CML cases were included for standardization of molec-
ular analysis of BCR-ABLI fusion transcript in the study
center. Out of 55 cases with AL, 30 (54.5%), 14 (25.5%)
and 11 (20.0%) cases were diagnosed with AML, B-ALL
and T-ALL respectively.

Among the 14 cases with CML, the BCR-ABLI1 fu-
sion transcript has been characterized in all cases. Most
(8 cases) of cases were diagnosed as el4a2, followed by
5 cases with el3a2 type and one single case with ela2
type. All the CML cases analyzed in the present study
were characterized by a typical type of BCR-ABLI fu-
sion transcript, which is consistence with many previ-
ous reports. Along with the typical types, many atypical
types like e13a3 and el4a3 have also been reported from
many previous studies.'”*?

The BCR-ABLI fusion transcript was found to be
positive in only 2 cases of 55 cases of AL. One case with
AML (out of 30 cases) was of type el3a2 type and an-
other case with B-ALL (out of 14 cases) presented with
ela2 type. Although the BCR-ABLI fusion transcript is
the hallmark for CML, cases with ALL or AML have also
been reported with the BCR-ABLI fusion transcript. It
has also been reported that around 2-3% of children and
around 20-30% of adults diagnosed with ALL may pres-
ent with this translocation.” The presence of AML de
novo with BCR-ABL1 fusion transcript is rare with an
incidence rate of 0.5-3%.%**? Both cases of AML and
B-ALL cases with BCR-ABLLI fusion transcript in this
present study presented with a typical type of translo-
cation; while the occurrence of many atypical types has
also been reported in many studies.'

Both the cases with the AML and B-ALL with BCR-
ABLI fusion transcript in this study showed aberrant
expression of various CD markers. The AML case with
the BCR-ABL1 fusion transcript had aberrant expres-
sion of CD4, CD7, and CD19 whereas the B-ALL case
with translocation had aberrant expression of CD4 and
CD13. There is no consistency in the expression of var-
ious CD markers in both AML and ALL with respect to
the BCR-ABLI1 fusion transcript. However, most studies
have reported with aberrant expression of CD7 in cas-
es of AML cases with BCR-ABLI fusion transcript,”**¥
and CD13 in ALL cases with the BCR-ABLI fusion
transcript.”* Aberrant expression of CD markers in AL
cases with BCR-ABL1 fusion transcript does not have
any clinically significant influence on treatment out-
come; but there is a recommendation for the analysis of
other genetic associations for better clinical outcomes.™

The diagnosis of the BCR-ABLI fusion transcript in
AL is important due to its poor prognosis under con-
ventional therapy in patients with AL, which in turn
identified them as high-risk groups. Furthermore, these
patients may have a better prognosis in treatment regi-
mens with ABL tyrosine kinase inhibitors such as ima-
tinib or dasatinib.”*?** Acute leukemia with BCR-ABL1
fusion transcript has been included in the updated
WHO (2016) as a provisional entity.** AML with the
BCR-ABLI fusion transcript is stratified and allocat-
ed as an intermediate risk group according to the Eu-
ropean LeukemiaNet risk stratification and a poor risk
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group according to the National Comprehensive Cancer
Network.?”* Thus, it is a need for molecular character-
ization of the BCR-ABL1 fusion transcript in all newly
diagnosed cases with AL for better treatment and sur-
vival of the patients.

There are few limitations in this study. First, in this
study only 3 typical types of BCR-ABLI fusion tran-
script have been considered for the analysis by using
conventional PCR methods; the occurrence of other
rare or atypical types of BCR-ABLI fusion transcript in
our study population cannot be ignored as we have not
analyzed in this study. Second, as a diagnostic center,
there is a paucity of information on clinical outcomes
as well as treatment regimens, or the follow-up data of
the patients.

In conclusion, this is a pilot study carried out to ini-
tiate the BCR-ABLI fusion transcript in flow cytometric
confirmed cases with AL in a tertiary health care cen-
ter in southern Odisha, India. With a low prevalence
(2 out of 55 cases) of BCR-ABLI fusion transcript in
overall AL cases in the study population, warn against
the analysis of other rare translocation types for better
treatment, risk stratification and clinical outcomes of
patients.
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ABSTRACT

Introduction and aim. Hypertension is highly prevalent among older adults and contributes significantly to poor health out-
comes and a reduced quality of life, especially in rural populations. Although pharmacological treatment is essential, individ-
ualized nonpharmacological strategies are increasingly recognized for their role in optimizing chronic disease management.
The present study investigated the effects of an individualized hypertension care strategy on blood pressure control and the
quality of life of older patients who reside in rural areas.

Material and methods. A quasiexperimental pre-post-test study with control group design was conducted involving 112 elderly
participants with hypertension in Central Java, Indonesia. The intervention group (n=56) received a personalized care approach
that included customized nursing education, self-care support, and family involvement over a one-month period. The control
group (n=56) received standard care. The measured were systolic and diastolic blood pressure (using a digital sphygmomanome-
ter) and quality of life (using the OPQOL-Brief questionnaire). Data were analyzed using paired and independent t-tests.

Results. After the intervention, the intervention group showed significant reductions in systolic blood pressure (from
157.6+11.9 to 138.2+10.4 mmHg, p<0.001) and diastolic blood pressure (from 94.5+8.7 to 83.3£7.9 mmHg, p<0.001). Quality
of life scores also improved significantly in all domains, including physical health, psychological well-being, and social relation-
ships (p<0.001). In contrast, the control group showed no significant changes in either outcome.

Conclusion. The personalized approach to hypertension care was effective in lowering blood pressure and improving quality of
life among older adults with hypertension. These findings suggest that individualized, low-cost strategies can enhance chronic
disease management, particularly in rural or resource-limited settings.

Keywords. blood pressure, hypertension, older adults, personalized care, quality of life

Introduction tension, with two-thirds residing in low- and middle-in-
Hypertension remains a major global public health con- come countries.! The elderly population, especially
cern, particularly among the aging population. Accord- those over 60 years of age, is disproportionately affect-
ing to the World Health Organization, approximately ed due to age-related physiological changes such as ar-
1.28 billion adults aged 30-79 years suffer from hyper- terial stiffening, decreased baroreceptor sensitivity, and
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increased vascular resistance.”’ In Indonesia, the prev-
alence of hypertension among individuals aged 65 and
above reaches 63.87%, significantly contributing to in-
creased morbidity and decreased functional capacity
among older adults.** This condition not only elevates
the risk of cardiovascular complications such as stroke,
heart failure, and kidney disease but also correlates
strongly with a decline in overall quality of life.>* Qual-
ity of life (QoL) in elderly individuals with hyperten-
sion is often compromised due to limitations in physical
function, polypharmacy, psychological stress, and social
isolation.'®'? Studies have shown that beyond pharma-
cological treatment, psychosocial and supportive care
interventions are crucial to maintaining optimal health
outcomes in older hypertensive patients.'>* Howev-
er, current hypertension management strategies tend
to rely predominantly on medication adherence, over-
looking patient-specific behavioral, social, and familial
factors that influence blood pressure control and per-
ceived well-being. Moreover, conventional care models
often fail to incorporate personalized support systems
that address the multidimensional needs of elderly indi-
viduals in managing chronic conditions.

Despite growing evidence supporting the value of
family involvement and individualized care in chron-
ic disease management, few studies have rigorously
evaluated the clinical effectiveness of a personalized,
non-pharmacological care approach that integrates be-
havioral support, self-care education, and family en-
gagement in elderly patients with hypertension. The
majority of prior interventions were either too generic,
short-term, or limited to institutional settings, lacking
real-world applicability in community or rural con-
texts where elderly individuals often depend on infor-
mal caregivers.

This study presents a customized hypertension care
model aimed at improving both clinical indicators and
quality-of-life outcomes in older adults. By combining
individualized nursing guidance, self-monitoring as-
sistance, and family involvement, the approach extends
beyond routine care to address personal needs, cultur-
al relevance, and daily living support for the elderly. Its
primary goal is not only to lower blood pressure but also
to promote comprehensive enhancement across physi-
cal, mental, and social well-being domains.

Aim

The purpose of this research was to assess the effects of
a personalized hypertension care intervention on two
main outcomes: (1) systolic and diastolic blood pres-
sure levels, and (2) the overall quality of life among old-
er adults with hypertension living in rural areas. The
results are anticipated to inform the development of
sustainable and patient-focused care frameworks for el-
derly populations managing chronic health conditions.

Material and methods

Study design

This one-month quasi-experimental pre-test-post-test
study was conducted in the Sempor District, Central
Java, where hypertension is highly prevalent among older
adults. Participants were recruited from different village
health posts to minimize contamination, with separate
nurses assigned to intervention and control groups. The
intervention group received a structured personalized
care program, while the control group continued stan-
dard care (routine BP checks, brief education, and medi-
cation refills) without additional personalized strategies.
Participants were recruited between August-October,
2024. Each participant was assessed at baseline (day 0)
and re-assessed after one month (day 30+2 days), which
constituted the study follow-up period.

Instruments

The main variables evaluated were blood pressure and
quality of life. Blood pressure measurements were ob-
tained using a calibrated digital sphygmomanome-
ter while participants were seated and rested for five
minutes, with the average of two consecutive readings
recorded. Quality of life was evaluated through the 13-
item OPQOL-Brief instrument, which encompasses
physical, psychological, social, autonomy, and environ-
mental aspects and has demonstrated strong validity
and reliability across various older adult populations.
Quality of life was measured with the 13-item OPQOL-
Brief (score range 13-65; higher scores = better QoL).
Missing data were handled by prorating when <2 items
were missing and by multiple imputation when >2 items
were missing. The tool is validated internationally but
not formally in Indonesia; therefore, we used a cultur-
ally adapted Bahasa version (forward-back translation
and pilot testing) and recommend future psychometric
validation in this population.

Blood pressure was measured using a validated au-
tomatic digital sphygmomanometer (Omron HEM-
7203, Omron Healthcare Co., Ltd., Kyoto, Japan), which
complies with the Association for the Advancement of
Medical Instrumentation (AAMI) and the European
Society of Hypertension (ESH) validation standards.
Appropriate cuff sizes were selected according to mid-
arm circumference, following manufacturer recommen-
dations. Measurements were taken with participants
seated and the left arm supported at heart level after a
5-minute rest. Two readings were obtained at 1-min-
ute intervals, and the average was recorded as the final
value. Measurements were conducted in the morning
(08:00-10:00 AM) after five minutes of rest, with two
readings averaged. Trained community nurses per-
formed all assessments, and although blinding was not
feasible, standardized procedures were applied to min-
imize bias.
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Data collection

Participants were recruited through purposive sampling
from local health posts and elderly care programs. Inclu-
sion criteria included: age =60 years, a clinical diagnosis
of hypertension, living with at least one family member,
and the ability to communicate effectively. Exclusion cri-
teria included severe cognitive impairment or comorbid-
ities requiring hospitalization. A total of 112 participants
were enrolled, with 56 in the intervention group and 56
in the control group. Baseline data were collected pri-
or to intervention, and post-test data were collected one
month after the intervention, shown in Figure 1. Partic-
ipants were assigned individually into intervention and
control groups through purposive recruitment from sep-
arate community health posts (posyandu lansia) within
the Sempor District. To minimize contamination, in-
tervention and control participants were recruited from
separate sites with distinct staff and activities. Although
no formal matching was applied, baseline characteristics
were compared to confirm group equivalence, reducing
the risk of bias. No formal a priori sample size calculation
was conducted due to the study’s pragmatic nature and
resource constraints. The final sample (n=56 per group)
reflected all eligible participants available during the re-
cruitment period. To contextualize the robustness of find-
ings, a post-hoc power analysis for the observed systolic
blood pressure difference is reported in the Results.

‘The number of subjects who met the
criteria during the first data collection
(n=127)

Not eligible for inclusion (n=15)
Elderly with mental health problem : 3
Elderly do not live with family : §
Refused to participate: 7

Sampel before intervention (n=112)

= Allocation e

The experimental group (n=56) received The control group (n=56) received
intervention. standard treatment

Follow Up

No continue as respondent (n=0) No continue as respondent (n=0)

Analysis

Post-treatment assessment after 1
months (n=56)

Post-treatment assessment after 1
months (n=56)

Fig. 1. Diagram illustrating the process of participant
recruitment and group allocation in the study

Personalized care intervention

The intervention was a one-month personalized hyper-
tension care program consisting of tailored education,
lifestyle counseling, medication reminders, blood pres-

sure self-monitoring, and family engagement. It was
delivered through four weekly home visits (45-60 min-
utes) and two reminder calls per week (5-10 minutes).
Trained community nurses (=3 years’ experience, 2-day
workshop) provided the program using a booklet, pill
reminder cards, and a BP logbook. Fidelity was main-
tained through supervisor observations, nurse logs, and
participant feedback, with family members encouraged
to support daily care. Antihypertensive therapy was
documented at baseline and one-month follow-up, in-
cluding drug class, number of agents, and adherence
(self-report plus pill count; categorized as high >80%,
moderate 50-79%, or low <50%). All participants con-
tinued their usual prescriptions, with adjustments made
only by routine care providers, independent of study in-
vestigators. Medication use and adherence were com-
pared between groups and included as covariates in
adjusted analyses.

Data analysis

Data were analyzed using SPSS version 26 (IBM, Ar-
monk, NY, USA). Descriptive statistics were used to
summarize participant characteristics. Paired t-tests
were used to evaluate within-group changes in blood
pressure and quality of life. Independent t-tests were
employed to assess between-group differences post-in-
tervention. A significance level of p<0.05 was set for all
statistical tests. To account for baseline differences and
pre-specified covariates, primary analyses were con-
ducted using analysis of covariance (ANCOVA) models.
Post-intervention systolic and diastolic blood pressure
were modeled as dependent variables with group (inter-
vention vs. control) as the primary predictor, and base-
line blood pressure, age, sex, smoking status, physical
activity, antihypertensive medication class, and baseline
quality-of-life score as covariates. Robust standard er-
rors were used.

Ethical approval

The Health Research Ethics Committee of Universitas
Muhammadiyah Gombong granted ethical approval
for this study (Approval No. 21124000004). Retrospec-
tive registration is done to increase transparency. This
study was not prospectively registered, as local ethics
requirements did not mandate registration for com-
munity-based quasi-experimental designs. To enhance
transparency and comply with international standards,
the trial has now been retrospectively registered at INA-
CTR, registration number 12045092310.

Results

The study was completed by 112 hypertensive old-
er adults, evenly distributed between the intervention
(n=56) and control (n=56) groups. Data analysis was
conducted to compare the baseline characteristics, clini-
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cal outcomes (systolic and diastolic blood pressure), and
quality of life scores before and after the intervention
period. The findings are summarized in the following
tables and interpreted in relation to the effectiveness of
the personalized hypertension care approach.

The comparable baseline characteristics observed
between the intervention and control groups indicate
that both were appropriately balanced before imple-
menting the personalized care intervention. No statisti-
cally significant differences were found in variables such
as age, gender, educational attainment, marital status,
duration of hypertension, smoking habits, physical ac-
tivity, or medication adherence (p>0.05), as presented
in Table 1. This equivalence enhances the internal va-
lidity of the research and allows greater confidence that
the improvements identified were attributable to the in-
tervention rather than to demographic or clinical dis-
parities.

Table 1. Baseline characteristics of participants (n=112)

Variable Intervention (n=56)  Control (n=56) p
Age (mean=£SD) 68.7+5.4 69.1+6.2 0.621
Sex (Male, %) 21(37.5%) 19(33.9%) 0.685

Educational level (%)

mmHg for systolic and 11 mmHg for diastolic pressure
highlight the effectiveness of individualized approach-
es in enhancing physiological outcomes. Conversely, the
control group exhibited only slight and non-significant
changes in blood pressure levels. These findings suggest
that a patient-centered, tailored care model that priori-
tizes education, support, and behavioral reinforcement
can markedly improve blood pressure management
among older adults with hypertension.

Table 3. Quality of life results following the intervention
(OPQOL-Brief scores)*

Domain Intervention Control p
(mean=SD) (mean=SD) (post-test)
. Pre: 12.6+3.1 Pre: 12.7+2.9
Physical health Post: 161429 Post: 13.143.2 <0001
) ) Pre: 10.8+3.2 Pre: 11.0+3.0
Poychological well-being o+ 144431 Post: 117433 <0.001
. N Pre: 11.4+2.8 Pre: 11.5+2.6
Sodial relationships Post: 147426 Post: 119429 <0001
- 46.8+ 1 47.0+
Overall QoL Score Pre: 46.8+7.4 Pre: 47.0+6.9 <0.001

Post: 59.5+6.3 Post: 49.1+7.1

* all domains of quality of life improved significantly in the
intervention group after receiving personalized care

~Noformal education 9(16.1%) 007.9%) Table 4. Adjusted between-group differences in blood
- Primary 27(48.2%) 24(42.9%) pressure outcomes after intervention (ANCOVA analysis)
- i 0 0,
Se.condary or higher 20(35.7%) 22(39.3%) Outcome Adjusted mean difference  Standard  95%Cl  95%Cl
Marital status (%) (Intervention—Control) error lower  upper
~Married 40(71.4%) 39(69.6%) Systolic BP
0.842 ystolic _ _ _
~Widowed 16 (28.6%) 17(30.4%) (mmHg) 17.884 0.646 19.165 —16.603 <0.001
Duration of hypertension (% jastoli
uration ofypertension (%) Diastolc B? ~10517 0550  —11607 —9.428 <0.001
- <5 years 21(37.5%) 23 (41.1%) 0858 (mmHg)
-5-10years 26 (46.4%) 24 (42.9%) '
- >10years 9 (16.1%) 9 (16:1%) Adjusted mean differences from baseline to one
Medication adherence (%) 42 (75.0%) 43 (76.8%) 0.817 month were analyzed using ANCOVA incorporating
i 0
Smoking status (%) baseline measurements as covariates. The intervention
- Smoker 7(12.5%) 8(14.3%) . .. . .
0.779 group achieved significantly greater reductions in sys-
- Non-smoker 49 (87.5%) 48 (85.7%) K 5 . K
Physicalactiviy (%) tolic (-16.3 mmHg, Cohen’s d=1.51) and diastolic blood
0,
- Regular (=3x/week) 20 35.7%) 18621%) s pressure (-8.4 mmHg, d=1.12) compar'ed w1th the Co.n-
- Inegular 36 (64.3%) 38 (67.9%) : trol group (p<0.001). Improvements in quality of life
were also more pronounced in the intervention group
(+12.7 versus +2.1 points; between-group difference
Table 2. Pre- and post-intervention blood pressure
. P P +10.6, d=1.42; p<0.001).
comparison . . .
P - — After adjusting for baseline values and covariates,
Grou Time Systolic BP Diastolic BP the int ti had t ducti . tol
p (mean+5D) (mean=£SD) P : e intervention group had greater reductions 1n.sys 0.—
T Pre 1576+119 045487 ic (-17.9 mmHg, 95% CI -19.2 to —16.6) and diastolic
Intervention Post 138.2+10.4 83.3+7.9 <0.001 BP (—105 mmHg, 95% CI —-11.6 to —94) than controls
o Pre 15814107 93.849.1 0.072 (SBP): 0.089 (p<0.001), consistent with unadjusted results and con-
onte Post 154541122 91.948.6 (DBP) firming robustness. Table 5 shows antihypertensive

Table 2 shows that the intervention group experi-
enced a clinically and statistically meaningful decline
in both systolic and diastolic blood pressure after one
month of participating in the personalized hyperten-
sion care program. The observed reductions around 19

medication classes and adherence at baseline and one
month. No significant changes in drug class, dose, or be-
tween-group differences were observed, and adherence
remained high in both groups, with about three-quar-
ters classified as highly adherent at both time points.
Robustness was assessed using both per-protocol and
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ITT analyses (n=112), which yielded consistent results
showing significant adjusted reductions in systolic and
diastolic BP in the intervention group (all p<0.001), in-
dependent of medication use or adherence.

Table 5. Baseline and follow-up antihypertensive
medication classes and adherence in intervention and
control groups

Intervention Intervention  Control  Control  p (between-
Variable (n=56) (n=56) (n=56)  (n=56) groups at
baseline  follow-up  baseline follow-up follow-up)

Medication class
No medication 4(7.1%) 4(71%)  5(89%) 6(10.7%) 0.72
Single drug 41(732%)  41(73.2%) 39(69.6%) 38(67.9%) 0.81
Multiple drugs 11(19.6%)  11(19.6%) 12(21.4%) 12(21.4%) 0.91
Adherence (self-report + pill count)

High adherence " 0 o "
(=80%) 42(75.0%)  43(76.8%) 43(76.8%) 44(78.6%) 0.84
Moderate adherence

0/ )0/ 0, 0
(50-79%) 11(19.6%)  10(17.9%) 10(17.9%) 9(16.1%) 0.87
Low adherence

0, 0, 0, 0,

(<50%) 3(5.4%) 3(54%)  3(54%)  3(5.4%) 1.00

Changes in Blood Pressure Before and After Intervention

150
140

—e— Systolic BP - Intervention

Blood Pressure (mmHg)
=
I
S

100

80
Pre-Test Post-Test
Time Point

Fig. 2. Pre- to post-test changes in systolic and diastolic
blood pressure across study groups

Discussion

The findings revealed that the personalized hyperten-
sion care intervention was linked to significant en-
hancements in systolic and diastolic blood pressure and
overall quality of life among elderly participants residing
in a rural context. These findings highlight the clinical
potential of individualized, patient-centered strategies
in addressing the multifactorial needs of elderly patients
with chronic conditions such as hypertension.

Blood pressure reduction through personalized care

The decrease in systolic (-19.4 mmHg) and diastolic
(-11.2 mmHg) blood pressure observed in the inter-
vention group was both clinically meaningful and sta-
tistically significant. These results are consistent with
previous research highlighting the efficacy of non-phar-
macological strategies especially those incorporating
patient education, behavioral guidance, and caregiv-
er participation in enhancing blood pressure regula-

tion among older individuals.”""* Earlier research has
shown that tailored lifestyle and behavioral interven-
tions, when consistently implemented, can lower sys-
tolic blood pressure by approximately 10-20 mmHg,
which is comparable to the reduction observed in the
present study.?

Contrastingly, the control group, which received
usual care, showed only modest, non-significant chang-
es in both systolic and diastolic measures. This sug-
gests that standardized, non-individualized care may
be insufficient to address the complex behavioral and
psychosocial dimensions that influence hypertension
management in the elderly. It also underscores the value
of tailored interactions and active family involvement,
particularly in rural or resource-limited environments
where access to specialized care is limited.

Improvements in quality of life domains

Beyond physiological improvements, this study revealed
significant enhancements in all domains of quality of life
among participants in the intervention group. The most
prominent improvements were noted in physical health
and psychological well-being, alongside meaningful
gains in social relationships. These outcomes align with
prior evidence indicating that older adults who receive
structured nursing-based interventions tend to experi-
ence greater independence, improved emotional stabili-
ty, and stronger social engagement.*'~*

The incorporation of personalized support likely
contributed to increased adherence to self-care behav-
iors and reduced anxiety related to disease management.
Unlike generic health promotion models, our interven-
tion was sensitive to participants’ routines, literacy lev-
els, and cultural context, making it more acceptable and
sustainable.?* Similar results were documented by pre-
vious research, which found that culturally adapted, in-
dividualized care significantly improved quality of life
among rural elderly with chronic illness.”>**

In contrast, the control group displayed only mar-
ginal improvements in quality of life, likely reflecting
the limited capacity of standard care to address multidi-
mensional aspects of well-being. These findings support
the argument that hypertension care in elderly popula-
tions should extend beyond clinical metrics to include
functional, emotional, and social quality of life indica-
tors.

Baseline balance and internal validity

The similarity of baseline characteristics between the
intervention and control groups (Table 1) enhances the
internal validity of the study’s findings. The absence of
significant differences in variables such as age, gender,
education, marital status, duration of hypertension, and
lifestyle habits suggests that the favorable results ob-
served in the intervention group were not influenced by
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pre-existing disparities. This balance supports the cred-
ibility of the intervention’s impact on both blood pres-
sure and quality-of-life outcomes.?®

Implications for rural and low-resource settings
Considering that this research was conducted in a rural
environment, the results hold valuable implications for
improving hypertension management in resource-lim-
ited settings. The personalized care approach used
here did not require advanced technology or high-cost
equipment, making it feasible for integration into pri-
mary care programs and community health services.
The active involvement of family members also leverag-
es existing social structures to support elderly patients,
reducing dependence on institutional care.

This research possesses several key strengths. Uti-
lizing a quasi-experimental design with a control group
enabled robust comparisons between conventional care
and the personalized intervention. By assessing both
physiological parameters (blood pressure) and psy-
chosocial aspects (quality of life), the study offered a
well-rounded perspective on the overall effectiveness
of the intervention. Additionally, the approach used
was culturally sensitive, low-cost, and feasible for inte-
gration into rural primary care settings, enhancing its
practical relevance. The comparability of baseline char-
acteristics between groups further strengthened the in-
ternal validity and minimized confounding factors. The
absence of group differences in medication use or ad-
herence indicates that improvements in blood pressure
and quality of life were mainly due to the personalized
care intervention. Consistent results in both per-proto-
col and ITT analyses strengthen internal validity and
support prior evidence that education, self-care, and
family engagement can improve hypertension outcomes
independent of medication changes.

Study limitation

This study acknowledges several limitations. First, the
quasi-experimental design without randomization car-
ries a risk of selection bias and limits causal inference.
Blinding of assessors was not feasible, and the use of
self-reported quality of life data may introduce recall or
response bias despite standardized procedures. Second,
blood pressure was measured only at two clinic visits
(baseline and one month) rather than through repeat-
ed or ambulatory monitoring. This approach may allow
white-coat effects or regression to the mean. In addition,
the OPQOL-Brief minimal clinically important differ-
ence was estimated using a distribution-based approach
(0.5 SD) because no anchor-based threshold has yet been
validated for Indonesian older adults. Third, no prospec-
tive sample size calculation was performed, which in-
creases the risk of missing smaller true effects (Type II
error). Nevertheless, the observed systolic BP reduction

(~16 mmHg; Cohen’s d ~1.5) provided post-hoc power
>99.9%, suggesting that the primary outcome was ade-
quately powered. Finally, the short one-month follow-up
limits conclusions about long-term sustainability, adher-
ence, and durability of effects in chronic hypertension. As
the research was carried out in only one rural district, the
generalizability of the results may be limited. Future ran-
domized trials involving larger samples and multiple lo-
cations with extended follow-up periods are warranted to
verify and broaden the applicability of these findings.

Conclusion

The findings of this study indicate that implementing a
personalized hypertension care model can enhance both
systolic and diastolic blood pressure control and improve
the quality of life among older adults with hypertension
in rural areas. Through individualized education, en-
couragement of self-care practices, and active family in-
volvement, the intervention provided advantages that
exceeded those of standard care. A key limitation is the
absence of an a priori power calculation, which raises the
possibility that smaller but clinically relevant effects were
not detected. Nonetheless, post-hoc analysis indicated
sufficient power to capture the large observed effect in
systolic blood pressure. Given the one-month follow-up,
these findings should be interpreted with caution. Lon-
ger-term randomized studies with >3-6 months of fol-
low-up are needed to confirm sustainability, strengthen
causal inference, and guide broader implementation as
a scalable model for improving cardiovascular outcomes
and healthy aging in rural communities.
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ABSTRACT

Introduction and aim. Diabetic foot ulcers (DFUs) are serious complications of diabetes, often leading to infection and ampu-
tation. This study evaluated the clinical outcomes of an integrated wound care protocol in patients with DFUs.

Material and methods. A prospective cohort study was conducted among 225 patients with type 2 diabetes and Wagner
grade 1-3 DFUs at PKU Muhammadiyah Hospital, Indonesia, between February and September 2024. All patients received
a standardized integrated wound care protocol, including wound bed preparation, debridement, infection control, moisture
balance, nutritional counseling, patient education, and ulcer offloading. The primary outcome was complete wound healing at
12 weeks; secondary outcomes were wound area reduction, the Bates-Jensen Wound Assessment Tool (BWAT) score improve-
ment, pain reduction, and infection control.

Results. By week 12, 157 patients (69.8%) achieved complete healing. Mean wound area decreased from 6.8+3.2 cm”to 1.2+1.5
cm? (p<0.001), BWAT scores improved from 28.4+4.1 to 13.6+3.8 (p<0.001), and pain scores declined from 5.8+1.6 to 2.1+1.1
(p<0.001). Infection prevalence dropped from 45.3% to 12.4% (p<0.001). Healing was highest in Wagner grade 1 (83.1%), com-
pared with grade 2 (69.7%) and grade 3 (47.1%).

Conclusion. The integrated wound care protocol significantly improved healing, reduced wound size and pain, and controlled
infection in DFU patients. These findings support its incorporation into routine multidisciplinary DFU management.
Keywords. clinical outcomes, diabetic foot ulcer, integrated wound care, prospective study, wound healing

Introduction

Diabetes mellitus (DM) is a long-term metabolic condi-
tion marked by sustained elevation of blood glucose lev-
els resulting from defects in insulin production, insulin
function, or a combination of both.! Long-standing hy-
perglycemia leads to structural and functional vascular
changes, neuropathy, and impaired immune function,

which collectively increase the risk of chronic complica-
tions.>* Among these, diabetic foot ulcers (DFUs) are one
of the most debilitating and costly complications, often
resulting in infection, prolonged hospitalization, reduced
quality of life, and, in severe cases, lower limb amputa-
tion.* The underlying mechanisms of diabetic foot ulcers
(DFUs) are complex and multifactorial, encompassing
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peripheral neuropathy, vascular insufficiency, delayed tis-
sue repair, and a heightened risk of infection.>®

Globally, DFUs affect approximately 15-25% of in-
dividuals with diabetes during their lifetime, and their
incidence is rising in parallel with the increasing prev-
alence of diabetes.”® According to the International Di-
abetes Federation (IDF), more than 537 million adults
were living with diabetes in 2021, a number projected to
reach 643 million by 2030.° DFUs account for up to 85%
of diabetes-related lower limb amputations, and mortal-
ity rates following amputation are as high as 50% within
five years, exceeding many cancer prognoses.’® In Indo-
nesia, DFUs remain a significant public health burden,
with limited access to specialized wound care services,
especially in resource-constrained settings.

Despite advances in modern wound care, healing
rates for DFUs remain suboptimal due to multiple chal-
lenges: inadequate glycemic control, delayed diagnosis,
lack of systematic wound assessment,

inconsistent adherence to evidence-based care, and
limited patient education."'* Standard facility-based care
may not be sufficient to address these multifaceted needs,
particularly in patients who require continuous monitor-
ing, individualized education, and psychosocial support.'
Previous studies have examined various wound care mo-
dalities, but few have evaluated an integrated wound care
protocol that combines systematic wound assessment,
targeted debridement, infection control, moisture bal-
ance, nutritional optimization, and patient education into
a single structured approach.'* Moreover, most available
research has been conducted in specialized tertiary care
settings, limiting generalizability to broader clinical prac-
tice."” There is a paucity of prospective studies assessing
the real-world clinical outcomes of such integrated pro-
tocols in diverse patient populations.

The distinctive contribution of this research is its
implementation of a standardized, comprehensive
wound care protocol that incorporates nutritional guid-
ance and patient education within a cohesive clinical
system, prospectively assessed in a real-world hospital
environment with limited resources in Indonesia. Un-
like most previous investigations that emphasized iso-
lated components of wound treatment or were confined
to tertiary facilities, this study provides one of the few
prospective cohort evaluations demonstrating the effi-
cacy of a fully integrated and multidisciplinary strategy
within routine clinical practice.

Aim

Accordingly, this study aimed to assess the clinical ef-
fectiveness of an integrated wound care protocol among
patients with diabetic foot ulcers during a specified
follow-up duration, focusing on wound healing rate,
reduction in ulcer area, infection management, and alle-
viation of pain. In this study, an ‘integrated wound care

protocol’ is defined as a structured, multidisciplinary
approach that combines clinical wound management
with nutritional counseling and patient education, aim-
ing to optimize both local wound healing and systemic
health factors.

Material and methods

Study design

This research employed a prospective cohort design to
examine the clinical outcomes associated with the appli-
cation of an integrated wound care protocol in individ-
uals with DFUs. Participants were monitored from the
initial assessment through a 12-week treatment phase,
during which regular evaluations were performed to re-
cord wound healing progress and accompanying clini-
cal indicators.

Population and sample

The study enrolled adult participants with a confirmed
diagnosis of type 2 diabetes mellitus who exhibited
DFUs categorized as Wagner grades 1 to 3. Recruit-
ment was carried out at the outpatient wound care
unit of PKU Muhammadiyah Hospital in Gombong,
Indonesia, over the period from February to Septem-
ber 2024.

Baseline demographic and clinical characteristics
of the participants are presented in Table 1. A total of
225 patients were included using a consecutive sampling
method. Patient eligibility screening was performed
consecutively at the outpatient wound care clinic using
standardized inclusion and exclusion criteria. Sample
size estimation was calculated using the single-propor-
tion formula for an expected wound healing rate of 50%,
95% confidence interval, and 5% precision. The mini-
mum required sample was 218 participants, and the
number was increased to 225 to compensate for an an-
ticipated 5% attrition during follow-up. Sample size was
determined based on the estimation of wound healing
proportion in DFU patients, with a 95% confidence lev-
el, an expected healing rate of 50%, and a 5% margin of
error, resulting in a minimum required sample of 218;
this was increased to 225 to account for potential loss to
follow- up. Inclusion criteria were: 1) Adults aged >18
years, 2) Clinical diagnosis of type 2 diabetes mellitus,
3) Presence of diabetic foot ulcer for =2 weeks and <6
months, and 4) Able to provide informed consent. Ex-
clusion criteria included: 1) Critical limb ischemia re-
quiring immediate surgical intervention, 2) Severe
systemic infection or sepsis, and 3) Cognitive impair-
ment limiting participation. Peripheral arterial disease
was identified based on prior clinical diagnosis and
documented comorbidities in patients’ medical records.
Advanced vascular imaging (e.g., Doppler ultrasound,
ABI, or CT angiography) was not routinely performed
due to resource constraints.
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Instruments

Data collection utilized validated clinical instruments.
The Bates-Jensen Wound Assessment Tool (BWAT)
was employed to assess wound parameters such as size,
depth, edge condition, necrotic and granulation tissue,
exudate characteristics, periwound skin status, and epi-
thelialization. The Numerical Pain Rating Scale (NPRS)
was used to quantify the intensity of wound-associat-
ed pain reported by patients. An Infection Assessment
Checklist was used to document clinical signs of in-
fection (redness, swelling, warmth, purulent exudate).
Digital planimetry was employed for precise wound
area measurement (cm?). A Patient Education and Ad-
herence Questionnaire was administered to assess com-
pliance with wound care instructions, glycemic control,
and foot care practices. All assessment tools used in
this study were validated and standardized for clinical
wound evaluation. The Bates-Jensen Wound Assessment
Tool (BWAT) has demonstrated high inter-rater reliabil-
ity (Cronbach’s a = 0.89-0.95) in chronic wound popu-
lations, while the Numerical Pain Rating Scale (NPRS)
is widely validated for assessing subjective pain intensi-
ty. Wound assessments were performed by two certified
wound care nurses who had undergone inter-rater reli-
ability training before data collection. Periodic calibra-
tion sessions were conducted to maintain consistency in
scoring and measurement across assessors.

Data collection

At baseline, demographic data, diabetes duration, ul-
cer characteristics, and comorbidities were recorded.
All patients received the integrated wound care proto-
col, which consisted of: 1) Wound bed optimization was
carried out following the TIME framework, which en-
compasses tissue management, infection control, main-
tenance of moisture balance, and promotion of wound
edge advancement, 2) Debridement (sharp or autolytic)
when indicated, 3) Infection control with culture-guid-
ed topical or systemic antibiotics, 4) Moisture balance
using appropriate modern dressings (hydrogel, foam,
or silver-containing dressings), 5) Nutritional counsel-
ing to optimize glycemic control and protein intake,
and 6) Patient education on self-care, footwear se-
lection, and foot hygiene. The integrated wound care
protocol was delivered by a multidisciplinary team
consisting of wound care nurses, diabetes educators,
and physicians trained in diabetic foot management.
Wound assessments and dressing changes were con-
ducted twice weekly during outpatient visits, with in-
terim reviews if complications occurred. The protocol
adhered to the principles outlined in the Internation-
al Working Group on the Diabetic Foot IWGDF 2023)
and the TIME framework (Tissue management, Infec-
tion control, Moisture balance, Edge advancement). Ad-
herence to the protocol was monitored through weekly

documentation and patient self-reports verified during
follow-up visits. Wounds were assessed weekly for 12
weeks, with documentation of BWAT scores, wound
size, infection status, and pain level. Any complications
or adverse events were recorded. The primary outcome
of the study was complete wound healing, defined as full
epithelialization without drainage within 12 weeks. Sec-
ondary outcomes were changes in wound size, BWAT
scores, pain intensity (NPRS), and infection prevalence.
The flow of participant recruitment, screening, enroll-
ment, and follow-up throughout the 12-week study pe-
riod is summarized in Figure 1.

=
)
E Patient diabetic foot ulcers
E (DFUs)
= (n=273)
Excluded (n=36)
Critical limb ischemia (n=10)
Severe infection (n=14)
=l Cognitive impairment (n=12)
’g Included in the study
é (n=237)
Lost to follow-up (n=12)
Withdrew consent (n = 5)
Hospitalized for unrelated
conditions (n = 5)
ko) Completed 12-week Lost to follow-up (n =2)
E follow-up
S —
E (n=225)
&
Z
§ Analyzed
3 (n=225)

Fig. 1. Flow diagram of participant recruitment and follow-
up in the prospective cohort study on diabetic foot ulcers

The integrated wound care protocol in this study
consisted of a structured combination of evidence-based
interventions, including: wound bed preparation with
the TIME framework (tissue management, infection
control, moisture balance, edge advancement); de-
bridement when indicated; infection control with cul-
ture-guided topical or systemic antibiotics; maintenance
of moisture balance using modern dressings (e.g., hy-
drogel, foam, silver dressings); nutritional counseling to
optimize glycemic control and protein intake; ulcer oft-
loading using customized felt padding, removable cast
walkers, or therapeutic footwear; and patient education
on daily foot care and treatment adherence.

Data analysis

Statistical analyses were performed using SPSS software
version 26.0 (IBM Corp., Armonk, NY, USA). Contin-
uous data were presented as mean * standard deviation
(SD) or as median with interquartile range, depending
on the distribution assessed for normality. Categorical
variables were described in terms of frequencies and
percentages. Variations in wound area, BWAT scores,
and pain intensity between baseline and week 12 were
evaluated using either the paired t-test or the Wilcox-
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on signed-rank test. The percentage of participants who
achieved complete wound healing within 12 weeks was
computed with corresponding 95% confidence inter-
vals. A p-value of less than 0.05 was considered statis-
tically significant.

Ethical approval

Ethical clearance for this research was granted by the
Ethics Committee of the Faculty of Health Scienc-
es, Universitas Muhammadiyah Gombong, Indonesia
(Approval No. 12/EC/KEPK-FKUMS/1/2024). Written
informed consent was obtained from all participants be-
fore inclusion in the study, and all procedures were con-
ducted in accordance with the ethical standards of the
Declaration of Helsinki.

Results

In total, 225 individuals diagnosed with DFUs partici-
pated in this study. The participants had a mean age of
58.4 + 9.6 years, with males comprising 56.9% of the co-
hort. The median duration of diabetes was 10 years (IQR
6-15), and the average HbAIc level was 8.4 + 1.2%, re-
flecting inadequate glycemic control. The majority of ul-
cers were found on the forefoot region (63.1%) and were
predominantly classified as Wagner grade 2 (48.4%),
followed by grade 1 (28.9%) and grade 3 (22.7%). Hy-
pertension was the most common comorbidity (69.3%),
followed by peripheral artery disease (36.4%) and
chronic kidney disease (15.1%), shown in Table 1.

Table 1. Baseline characteristics of study participants (n=225)

Variable n (%) or Mean=SD
Age (years) 58.4+9.6
Sex
Male 128 (56.9)
Female 97 (43.1)
Diabetes duration (years) 10 (6-15)
HbA1c (%) 8.4+1.2
Ulcer duration (weeks) 8.243.6
Wagner grade
Grade 1 65(28.9)
Grade 2 109 (48.4)
Grade 3 51(22.7)
Ulcer location
Forefoot 142 (63.1)
Midfoot 48(213)
Heel 35(15.6)
Comorbidities
Hypertension 156 (69.3)
Peripheral artery disease 82 (36.4)
Chronic kidney disease 34(15.1)

By the end of the 12-week intervention, 157 patients
(69.8%) achieved complete wound healing. The detailed
comparison of wound area, BWAT score, pain score, and
infection prevalence between baseline and week 12 is

shown in Table 2, while the trend of progressive wound
area reduction over time is illustrated in Figure 2. The
mean wound area decreased significantly from 6.8+3.2
cm’ at baseline to 1.2+1.5 cm® at week 12 (p<0.001). The
temporal pattern of wound area reduction across the
12-week period is depicted in Figure 2, showing a con-
tinuous decline with statistically significant improve-
ment compared to baseline (p<0.001). BWAT scores
improved from 28.4+4.1 to 13.6+3.8 (p<0.001), pain
scores declined from 5.8+1.6 to 2.1+1.1 (p<0.001), and
the proportion of patients with clinical signs of infec-
tion decreased from 45.3% to 12.4% (p<0.001) (Table 2,
Fig. 2). When analyzed by ulcer severity, healing rates
differed significantly according to Wagner grade, as de-
tailed in Table 3.

Table 2. Clinical outcomes before and after 12 weeks of
integrated wound care protocol

Outcome Baseline Week 12 P
Wound area (cm?) 6.8+3.2 1.2+15 <0.001
BWAT score 28.4+4.1 13.6+3.8 <0.001
Pain score (NPRS) 5.8+16 2.1+11 <0.001
Infection present (%) 102 (45.3) 28(12.4) <0.001
Complete healing (%) - 157 (69.8) -

Wound area (cm?)
w -

Week (0-12)

Fig. 2. Mean wound area reduction from baseline to week
12 among patients receiving the integrated wound care
protocol (n=225), error bars represent standard deviation,
statistical significance compared to baseline: p<0.001

Table 3. Complete healing rates according to Wagner
grade

Wagner grade n Healed n (%) p
Grade 1 65 54(83.1) <0.001
Grade 2 109 76 (69.7)

Grade 3 51 24(47.1)
Discussion

This prospective cohort study evaluated the clinical out-
comes of an integrated wound care protocol in 225 pa-
tients with DFUs over a 12-week follow-up period. The
main findings indicate that the protocol was associated
with a high overall healing rate of 69.8%, significant re-
duction in mean wound area (from 6.8 cm? to 1.2 cm?),
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substantial improvement in wound characteristics as mea-
sured by BWAT scores, and a notable decrease in pain in-
tensity and infection prevalence. Healing rates varied
according to ulcer severity, with the highest rates observed
in Wagner grade 1 ulcers and the lowest in grade 3.

The observed healing rate of nearly 70% aligns with
previous studies evaluating multidisciplinary or proto-
col-driven wound care in DFUs, which have reported
healing rates ranging from 60% to 80% over compa-
rable follow-up periods. A standardized wound care
regimen, including regular debridement, offloading, in-
fection control, and moisture balance, significantly im-
proved healing outcomes in DFUs, a finding consistent
with our results.'”® Furthermore, the marked reduction
in infection prevalence mirrors findings from previous
research, who noted that structured antimicrobial strat-
egies within an integrated protocol reduced infection
risk by more than half."-?' However, the healing rates
observed in Wagner grade 3 ulcers in this study (47.1%)
were slightly higher than those reported in some tertia-
ry care settings, where advanced ulcers often heal in less
than 40% of cases within three months. This difference
may reflect the comprehensive approach of our proto-
col, which integrated nutritional counseling and patient
education alongside clinical interventions.”>*

The consistent decrease in wound dimensions, espe-
cially the marked reduction observed within the initial
six weeks, suggests that the integrated care protocol suc-
cessfully targeted the early stages of the wound healing
process.”** The combination of evidence-based wound
bed preparation, appropriate dressing selection, and
individualized patient education likely accelerated the
healing process.'"

Clinically, the results highlight the significance of
adopting a coordinated and multidisciplinary strategy
in managing diabetic foot ulcers, one that not only fo-
cuses on local wound treatment but also encompasses
broader systemic aspects including blood glucose reg-
ulation and nutritional optimization. Importantly, the
stratification of healing rates by Wagner grade under-
scores the need for early intervention to prevent ulcer
progression to more severe stages, where healing poten-
tial is markedly reduced. %

Improvements in glycemic control during the fol-
low-up period may have contributed to the favorable
wound healing outcomes observed. Hyperglycemia im-
pairs multiple aspects of wound repair, including leu-
kocyte function, collagen synthesis, and angiogenesis.*
The nutritional counseling component of our protocol,
combined with regular clinical contact, likely promot-
ed better dietary adherence and glycemic monitoring,
which could enhance tissue repair and infection control.
However, because glycemic indices (e.g., HbA1lc, fasting
glucose) were not systematically recorded at each fol-
low-up visit, we cannot quantify the extent to which im-

proved metabolic control influenced healing outcomes.
Future studies should integrate longitudinal glycemic
measurements to clarify this relationship.

One of the principal strengths of this research is its
prospective study design combined with a comparative-
ly large sample size for a single-center cohort of DFU pa-
tients, thereby improving the robustness of the results.
The application of validated instruments such as the
BWAT and NPRS, along with objective techniques for
wound evaluation, contributes to strong methodologi-
cal validity. In addition, conducting the study in an actual
clinical environment enhances the external applicability
of the findings to comparable healthcare settings.

This research acknowledges several limitations.
Firstly, the lack of a control group constrains direct
comparisons between the integrated wound care proto-
col and alternative management approaches. Secondly,
being conducted at a single institution may reduce the
extent to which the findings can be generalized to dif-
ferent clinical environments. Thirdly, the 12-week ob-
servation period provides only short-term insights and
may not reflect longer-term healing trajectories or out-
comes. Finally, advanced vascular assessments such as
Doppler ultrasonography or ABI were not systematical-
ly performed, which could limit the accuracy of vascu-
lar status evaluation. Despite these limitations, the study
provides valuable evidence for the effectiveness of an in-
tegrated wound care protocol in DFU management.

Future studies should incorporate randomized con-
trolled designs to strengthen causal inference and com-
pare integrated wound care protocols with standard care
or alternative interventions. Multicenter trials would
enhance external validity, and longer follow-up periods
are needed to evaluate recurrence rates, cost-effective-
ness, and patient-reported quality-of-life outcomes. Ad-
ditionally, subgroup analyses focusing on patients with
severe DFUs (Wagner grades 3-4) could help refine pro-
tocol adaptations to optimize healing in this high-risk
group. The main novelty of this study lies in demonstrat-
ing that combining clinical wound care, infection con-
trol, nutritional counseling, and patient education into
a single structured protocol can achieve high healing
rates even in a limited-resource setting. This evidence
fills an important gap between guideline-based multi-
disciplinary recommendations and their implementa-
tion in daily hospital practice, particularly in low- and
middle-income countries. Our results therefore extend
previous findings from tertiary centers to more general-
izable, real-world contexts.

Conclusion

This prospective cohort investigation showed that the
application of an integrated wound care protocol led
to notable improvements in clinical outcomes among
individuals with diabetic foot ulcers. Throughout the
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12-week monitoring period, the protocol resulted in
a high rate of complete healing, marked reductions in
wound dimensions, enhanced wound condition, low-
er pain scores, and diminished infection rates. Healing
outcomes were most favorable in patients with lower
Wagner grades, underscoring the importance of early in-
tervention. These findings support the adoption of struc-
tured, multidisciplinary wound care protocols as part of
routine clinical practice to optimize healing and reduce
complications in diabetic foot ulcer management. This
study adds new evidence supporting the real-world ef-
fectiveness of a multidisciplinary integrated wound care
protocol for diabetic foot ulcers, emphasizing that even
in non-specialized hospital settings, coordinated care can
achieve high healing rates and effective infection control.
For clinical practice, we recommend adopting an inte-
grated wound care protocol as a standard approach for
diabetic foot ulcer management. Its implementation in
outpatient wound care clinics, supported by multidisci-
plinary teams, may improve healing rates, enhance infec-
tion control, reduce patient pain, and ultimately decrease
the risk of lower limb amputation.
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ABSTRACT

Introduction and aim. COVID-19 primarily affects the respiratory system, often resulting in pneumonia and dyspnea that may
persist after recovery. This study aimed to evaluate the effect of deep breathing and coughing exercises using a Triflow device
on respiratory parameters in patients with COVID-19 pneumonia.

Material and methods. This single-blinded randomized controlled study was conducted with 326 patients diagnosed with
COVID-19 pneumonia. Participants were randomly assigned to an experimental group (n=163) or a control group (n=163).
The experimental group performed exercises for 10 consecutive days. The control group received routine hospital care, which
included routine nurse-led monitoring of vital signs, peripheral oxygen saturation (SpO,) assessment, medical treatment per
clinical guidelines, and supportive care, but no structured breathing-exercise education. Data were analyzed using descriptive
statistics, ANOVA, chi-square, and post hoc tests.

Results. After 10 days of intervention, Dyspnea-12 scores decreased more markedly in the experimental group than in the
control group (mean change —15 vs. —8 points; p<0.001). Arterial oxygen and SpO, levels also improved significantly in the ex-
perimental group compared to controls (p<0.001), while respiratory rate decreased to a greater extent (p<0.001). No adverse
effects were observed.

Conclusion. Deep breathing and coughing exercises with the Trilow device significantly reduced the severity of dyspnea and
improved oxygenation in COVID-19 pneumonia patients. These findings suggest that incorporating structured respiratory ex-
ercises into standard care may enhance clinical outcomes and support recovery in this population.

Keywords. cough exercise, COVID-19, deep breathing, nursing care, pneumonia, Triflow

Introduction proximately 5.2 days and a basic reproduction number

The novel coronavirus (COVID-19) was first identified
in December 2019 in China.' The World Health Orga-
nization (WHO) recognized the virus as a public health
threat and declared it a pandemic on March 11, 2020,
due to its rapid spread.! According to scientific research,
the COVID-19 virus can spread through direct contact
with respiratory droplets and fecal matter.! Early out-
break analyses estimated an incubation period of ap-

(Ro) of about 2.2.12

The most common symptoms of COVID-19 include
high fever (98%), cough (76%), dyspnea (55%), myal-
gia or fatigue (44%), sputum production (28%), head-
ache (8%), and other less typical symptoms. Additionally,
pneumonia affects nearly all patients. Other frequently
reported complications include acute respiratory distress
syndrome (ARDS) (29%), acute heart injury (12%), and
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secondary infections (10%).>* COVID-19 patients of-
ten exhibit rapid and shallow breathing, with increased
rates of tachypnea.® A significant portion of COVID-19
patients have at least one underlying chronic condition,
and these individuals often require hospitalization.** Re-
searchers estimate that 20% of COVID-19 patients may
require medical clinical care. In patients with mild symp-
toms, the illness typically lasts about two weeks. Howev-
er, in those with severe or critical diseases, symptoms can
persist for anywhere between three and six weeks.”

The number of hospitalized COVID-19 patients ex-
ceeds the capacity of available hospital and healthcare
facilities. To improve survival rates for patients with
acute respiratory distress syndrome (ARDS), health-
care professionals employ various management tech-
niques. Typically, patients with ARDS receive high-flow
nasal oxygen therapy and corticosteroid treatment. Pre-
vious studies have demonstrated that active respiratory
exercises are effective for a range of respiratory diseas-
es, including cystic fibrosis, bronchiectasis, and chronic
obstructive pulmonary disease (COPD).® Additionally,
exercise training is a crucial component of pulmonary
rehabilitation.”’® A recent study indicated that breathing
exercises in COVID-19 patients serve not only to sup-
port physical recovery but also as a valuable non-phar-
macological approach for managing psychological
distress."* Another study reported that respiratory reha-
bilitation programs in COVID-19 patients alleviate dys-
pnea, anxiety, and depression, reduce related problems,
enhance functionality, preserve pre-existing functions,
and improve quality of life as much as possible.'?

Aim

This study aimed to evaluate the effects of deep breath-
ing and coughing exercises using Triflow on the respira-
tory parameters of COVID-19 patients with pneumonia.
Based on this aim, the research hypotheses were formu-
lated as follows:

H,: Deep breathing and coughing exercises using Tri-
flow have no statistically and clinically significant effect
on the respiratory parameters of COVID-19 patients.
H,: Deep breathing and coughing exercises using Tri-
flow have a statistically and clinically significant effect
on the respiratory parameters of COVID-19 patients.

Material and methods

Study design and setting

This study was conducted as a single-blinded randomized
controlled trial in the pandemic clinic of a state hospi-
tal in the Black Sea Region of Turkey. The clinical trials
were obtained from ClinicalTrials.gov for our experimen-
tal design research (ID: NCT05218200). The study was
designed according to the Consolidated Standards of Re-
porting Trials (CONSORT) 2010 statement. The CON-
SORT diagram of the study is presented in Figure 1.

Participants

The study population includes COVID-19 pneumonia
patients admitted to the hospital’s pandemic clinic over
the past year, totalling 2,161 patients. The study sample
size is 326 COVID-19 patients, determined using the
known population sample size formula (n = NtZ pq/d?
(N-1) + t’pq)."” In the study, 355 patients were assessed.
Three hundred and forty-six patients were included in
the study. The inclusion criteria were as follows: COV-
ID-19 patients who were over 18 years old, conscious,
without cognitive issues, and had no sensory or percep-
tual impairments, who were not admitted to intensive
care units and were not connected to any respiratory
support devices. The nine patients under 18 years old,
those who were unconscious, could not speak or under-
stand Turkish, had sensory or perceptual disabilities, or
required CPAP (Continuous Positive Airway Pressure)
or BiPAP (Bilevel Positive Airway Pressure), were ex-
cluded from the study. Patients (n=346) were randomly
assigned to the experimental and control groups. Dur-
ing the intervention phase, 10 patients from the experi-
mental group and 10 patients from the control group
were excluded due to discharge before 10 days, referral
to the intensive care unit, or withdrawal from the study.
Ultimately, data from a total of 326 patients were ana-
lysed, with 163 patients in the experimental group and
163 in the control group (Fig. 1).

Healthcare personnel and professional qualifications
The study was conducted by four researchers with doc-
toral degrees and one with a master’s degree in surgical
nursing, all with clinical experience in intensive and pal-
liative care. The doctoral-level researchers developed the
exercise training protocol and instructional video based
on current literature and expertise. The COVID-19 clinic
team included bachelor-level nurses and a pulmonology
specialist who provided routine medical care and mon-
itoring. Collaboration among the research team, clinic
nurses, and the pulmonologist ensured continuous pa-
tient observation, enhanced compliance, and supported
the safety and effectiveness of the interventions.

Randomization

The patients (n=346) who met the inclusion criteria were
divided into two groups — experimental (173 patients)
and control (173 patients) - using a computer-gener-
ated block randomization with a 1:1 ratio (randomiz-
er.org). Patients were assigned to groups according to
the sequence number determined independently by the
program. The patients are unaware of their group allo-
cation. Blinding was not possible for measurements ob-
tained after the intervention. To reduce the risk of bias,
objective measurements (device-based parameters such
as SpO, and PO,) and valid and reliable scales were
used.
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Outcomes

The primary outcome of the study was the change in
dyspnea severity, measured using the Dyspnea-12 scale,
from baseline to day 10. Secondary outcomes included
SpO:; levels, respiratory rate, and sputum quantity. All
outcomes were pre-specified in the study protocol to en-
sure consistency and transparency in intervention and
analysis.

Instruments
We collected data using an information form, the Dysp-
nea-12 scale, and Triflo.

Information form

The first part of the form includes information on age,
gender, anthropometric measurements, comorbidities,
blood values, clinical picture, and hemodynamic pa-
rameters. The second part consists of each individual’s
measurement results recorded on the 5th and 10th days.

Dyspnea-12 scale

A scale with a total of 12 items and four Likert-type re-
sponse options was used in this study to assess the se-
verity of dyspnea. The maximum scores on the scale are
21 for the physical dimension and 15 for the emotion-
al dimension, with a total range from 0 to 36. A higher
score on the scale indicates greater severity of dyspnea.'*
An internal consistency score of 0.90 was reported by
Yorke et al. in the initial study of the scale. In a valid-
ity and reliability study conducted in our country by
Gok Metin and Helvaci, the Cronbach’s alpha value was
found to be 0.97." We determined the Cronbach’s alpha
value for the current study to be 0.93, indicating that
the scale has strong internal consistency. The minimal
clinically important difference (MCID) for Dyspnea-
12(D-12) was set at 2.8 points."”

Triflow

Triflow consists of a main body and a blowpipe (Berger
A10066, Made in Tiirkiye). The main body features three
columns, each with a corresponding ball. The first column
in the main body measures 600 cc, the second measures
900 cc, and the third measures 1200 cc. These measure-
ments represent different levels of lung vital capacity.

Procedure

The study was conducted between December 2021 and
September 2022 at one of the State hospitals in Black Sea
Region of Turkey. Initially, demographic and clinical infor-
mation, Dyspnea-12 scale, hemodynamic and respiratory
parameters for both groups were evaluated and recorded
on the first day. The amount of sputum, hemodynamic pa-
rameters, biochemical tests, blood gas analyses, and Dysp-
nea-12 scale scores were recorded on the 5th and 10th
days. This measurement schedule was chosen because the

inpatient treatment and observation period is at least 10
days, according to the current treatment algorithm of the
Ministry of Health (TC Ministry of Health, 2021).'¢ All
blood samples were collected at 7:00 AM, following hos-
pital routine procedures. Measurements of hemodynam-
ic and respiratory parameters and sputum volume were
scheduled for 8:30 AM on the 1st, 5th, and 10th days. All
measurements and records were performed by the same
experienced researcher with a master’s degree in surgi-
cal nursing who has worked in the COVID-19 clinic. This
approach was intended to minimize interobserver varia-
bility. Because there is no established MCID for sputum
quantity in the literature, the operational MCID in our
study was predefined as at least one category of improve-
ment (2-5 ml > <2 ml or <2 ml > none).

Control group

Patients in the control group received the same routine
of care as other COVID-19 patients in the clinic, which
included daily arterial blood gas monitoring, hourly as-
sessment of respiratory parameters, frequent position
changes, and support in a semi-upright position. In ad-
dition, breathing and coughing exercises were taught to
the patients without using assistive devices. All blood
samples were collected according to hospital routine
practice. The vital parameters and Dyspnea-12 scale
scores were measured at 8:30 AM after the patient had
rested for at least 30 minutes.

Experimental group

Patients in the experimental group, in addition to re-
ceiving routine care, were taught deep breathing and
coughing exercises using Triflow. The exercise training
content and video were prepared by researchers based
on the literature.''® One of the researchers who pre-
pared the exercise video provided face-to-face exer-
cise training to the patients before they independently
performed the exercise. After the same researcher who
provided the training confirmed that the exercises were
performed with correct technique, the patients per-
formed the exercises themselves throughout the study.
Previous studies suggest that short-term implementa-
tion of deep breathing and coughing exercises, such as 5
times every hour, may have positive effects on respirato-
ry parameters in patients with COVID-19 and pneumo-
nia patients.*"! In line with this literature, patients in the
experimental group were instructed to regularly per-
form 5 times of breathing and coughing exercises five
times every hour between 09:00 and 22:00. Compliance
with the exercises was carefully monitored by an expe-
rienced researcher who has worked in the COVID-19
clinic using a checklist. The researchers ensured that the
prepared training video, along with reminder messages,
was sent to the patients’ smartphones twice daily, at 9:00
AM and 3:00 PM. The amount of sputum, hemodynam-
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ic and respiratory parameters, biochemical tests, blood
gas analyses, and Dyspnea-12 scale scores were record-
ed before exercises on the 1st, 5th, and 10th days. Only
patients who completed the exercises with 100% adher-
ence were included in the study. There were no missing
data; therefore, no imputation or handling was required.

’ Assessed for eligibility (n= 355) ‘

Enrollment

Excluded (n=9)
+ Not meeting inclusion criteria (n= 4)
+ Declined to participate (n= 5)

Randomized (n= 346)

=

Allocated to experimental group (n=173) | | Allocated to control group (n= 173)

l Follow-Up
L J

Lost to follow-up (n= 10)
+Early discharge (n=5)
+Transfer to ICU (n=2)
+ Discontinued intervention (n=3)

Lost to follow-up (n= 10)
+Early discharge (n=5)
+Transfer to ICU (n=4)
+Discontinued intervention (n=1)

l s | |
—

Analysed (n= 163) Analysed (n= 163)

Fig. 1. Consort flow diagram of the study

Ethical consideration

The study obtained ethical approval from the state Uni-
versity Ethical Committee in Turkey on September 14,
2021, with the reference number 2021-SBB-0329, T.R.
Ministry of Health (dated 24.11.2021 and numbered
2021-11-22T11), Provincial Health Directorate and
hospital (dated 03.12.2021 and E-26080346-799) per-
missions were obtained. Informed verbal consent was
obtained from the service physician and nurses. Before
participating in the study, each patient gave written in-
formed consent. They were told they could leave the
study whenever they wanted without facing any conse-
quences. Additionally, the patients were guaranteed that
their data would be kept private and only used for le-
gitimate scientific purposes. All materials used in the
research were provided by Bartin University Scientific
Research Projects Unit (Project No: 2021-FEN-A-016).

Data analysis

Data were analysed using IBM SPSS 25 (Armonk, NY,
USA). The skewness and kurtosis coefficients of the
scores were assessed, revealing that these coefficients fell
within the +2 range. This indicates that the distribution
of the scores can be considered approximately normal,
as values within this range suggest a relatively symmetri-
cal distribution with moderate peakiness. Based on these
findings, descriptive statistical analysis was conducted
for the demographic data, and repeated measures ANO-
VA was used to analyze the repeated measurements, pro-
vided the data met the normal distribution criteria. The

chi-square test was also employed to compare categorical
data. A post hoc power analysis was performed using the
G*Power 3.1 program after the research.

Table 1. Demographic and clinical characteristics of the
participants (n=326)?

Experimental group (n=163)  Control group (n=163)
Mean£SD  Min-Max  Mean+SD  Min—Max

Age 75.71£9.29 61-93 75661932 60-94 0.048 0.962
Height (cm) 170674856 150-180  170.59+8.50 150-185 0.084 0.933
Weight (kg) 722121096 50-95 724441136 49-110 -0.184 0.855
Blood values

Hemoglobin (g/dL) 1.69£173  76-141  1167+173 7.6-141 0.108 0.994
Platelets (x10°/L) 255.85£79.27  80-491 2588748278 82-490 -0.336 0.681

Blood glucose (mg/dL) 154.87+8686  84-413  154.20+86.30 89-410 0.070 0921
Urea (mg/dL) 538012446  23-114  5420+2459 23-116 -0.147 0.860
Uricacid (mg/dL) 371151 149-640  3.64+147  151-639 0400 0.682
INR 1024005 092-1.14  1.02+0.05 092-1.14 -0.214 0.803

PO, (mmHg) TIISE1743 342-1042 700541789 361-1000 0559 0576
PC0, (mmHg) 3066613 322-665 38914514 322-539 1202 0230
HCO, (mmal/L) 194388 186323 24204394 182-290 -0071 0807
oH TH0+004 724768 739+003 7.27-757 0324 0746
Respirationate 19536090 18-2 19524085 18-20 0.126 0.900
(breaths/min)

Peipheral apilary g1 001030 @708 93724236 90-98 0093 0926
oxygen saturation (%)

Bodytemperature () 36324039  345-36.8 36411041 34.5-37.0 0302 0.702
Heartrate (beats/min)  88.95+1340  57-115  89.21+1343 61-111 -0.173 0.895

n % n % X p

Gender
Female 116 712 106 65

1412 0235
Male 47 288 57 35
Smoking
Yes 16 98 9 55

3.829 0.147
No 147 90.2 154 94.5
Steroid use
Yes 9% 589 100 613

0.205 0.651
No 67 4.1 63 387
Mobilization
Dependent 6 37 7 43

0.080 0777
Independent 157 9.3 156 95.7
Chronic diseases”
Hypertension 90 55.2 923 571 0112 0738
Obesity 19 n7 17 104 0125 0724
Allergy 6 37 7 43 0080 0.777
Diabetes 2 123 19 17 0029 0864
CRF** 6 37 7 43 0.080 0777
Hypercholesterolemia 13 80 13 80  0.000 1.000
(OPD*** 19 17 20 123 0029 0864

2T - independent sample t test, X2 - Chi square test,
* — multiple response, **CRF - chronic renal failure,
*¥*¥COPD: - chronic obstructive pulmonary disease

Results

The measurement results of patients in the experimental
(n=163) and control (n=163) groups were presented in
tables and figures. Each of the total 326 COVID-19 par-
ticipants received ten days of follow-up care. There were



The effects of breathing and coughing exercises on respiratory parameters in COVID-19 patients 51

no material or moral losses incurred by the patients par-
ticipating in the study. No adverse effects or harm were
observed by any of the researchers.

Table 1 shows that both the experimental and con-
trol groups were homogeneous in terms of demograph-
ic and clinical characteristics, as indicated by p-values
greater than 0.05 (Table 1).

The results from the initial observation of patients
and Dyspnea-12 scale scores are presented in Table 2.
The results indicate that the groups are homogeneous,
with no statistically significant difference in the mean
Dyspnea-12 scale scores (p>0.05). On day 10, both
groups experienced a statistically significant decline in
their Dyspnea-12 scores, but the decline in the experi-
mental group was more pronounced than in the control
group (p<0.001). Dyspnea-12 scale score decreased by
an average of 15 points in the experimental group, while
it decreased by 8 points in the control group (Table 2).
A change in AD-12 of > 2.8 between Day 1 and Day 10
was considered clinically significant.

Table 2. Comparison of variables according to the
measurement times of the experimental and control
groups (n=326)°

Experimental  Control

Dispne-12 scale (n=163) (n=163) t p'
Mean+SD  Mean=SD
First day 2264716  20.44+7.30 2748 0.412
5th day 12.84+542 16.31+6.81 -5.080 0.004*
10th day 7.01+4.66  12.99+6.66 -9.388 0.001*
F 376.987 193.616
p? 0.000* 0.000*
Bonferonni 1>2,2>3  1>2,2>3
Expectoration amounts n(%) n (%) X2 p' OR(95%CI)
None 125 (50.6) 122 (49.4)
Firstday Less than 2ml 32(4.2) 33(50.8) 0338 0.845
2-5ml 6(42.9) 8(57.1)
None 143 (52.0) 132 (48.0)
Sthday Less than 2ml 20 (40.0) 30(60.0) 3.440 0.179
2-5ml - 1(100.0)
None 162 (51.8) 151(48.2)
10th day Less than 2ml 1(7.7) 12(92.3)  9.694 0.001* (0.0:)67—3(.)605)

2-5ml - -

2p' —independent sample t test significant value, p> - F
test significant value, F — ANOVA, SD - standard deviation,
X? - Chi square test, * - p<0.05, OR - odds ratio, Cl -
confidence interval

The quantity of sputum in patients on the fifth and
tenth days is shown in Table 2. The findings indicate that
there was no statistically significant difference between
the experimental and control groups at admission and
on day five (p>0.05). However, on the 10th day, spu-
tum production significantly decreased in the experi-
mental group (p<0.001, OR=0.780). This suggests that
Triflow-assisted coughing exercises and deep breathing

significantly reduced sputum production in COVID-19
patients (OR=0.780) (Table 2).

Table 3. Comparison of arterial blood gas and respiratory
parameters according to the measurement times of the
experimental and control groups?

Experimental (n=163) Control (n=163)

Parameters t p'
Mean=SD Mean=SD

PO, (mmHg)
First day 71.15+17.43 70.05+17.89 0559  0.576
5th day 76.21+14.57 71.39+1585 2853 0.005*
10th day 80.67+14.54 73.98+15.79 3981  0.001*
F 64.460 22.110

p 0.001* 0.001*

Bonferonni 1<3,2<3 1<3,2<3
PCO, (mmHg)

First day 39.66+6.13 38.91+5.14 1202 0.230
5th day 39.26+5.20 39.15+4.92 0.21 0.833
10th day 38.44+3.94 38.98+4.01  -1222 0233
F 7.079 7.226

p 0.003* 0.027*

Bonferonni 2<3 1<2,3<2

SPO, (%)

First day 93.70£2.39 93.7242.36  -0.093  0.926
5th day 94.47+2.14 94.15+2.39 1266  0.206
10th day 96.02+1.80 94.82+2.00 5690  0.001*
F 144313 80.433

p 0.001* 0.001%

Bonferonni 1<2<3 1<2<3

Respiratory rate (rate/minute)

First day 19.53 +£0.90 19.52+0.85 0126  0.900
5th day 17.31£2.17 19.83£1.14  -13.116  0.001*
10th day 15.06+3.30 18.60+0.13  -12.158  0.001*
F 167.585 66.681

p 0.001* 0.001*

Bonferonni 1>2>3 1>3,2>3

2p' —independent sample t test significant value, p> - F
test significant value, F - ANOVA, SD - standard deviation,
*p<0.05

Figure 2B compares arterial PO, values for the ex-
perimental and control groups at various measure-
ment times. On day 10, PO, levels increased in both
groups (p<0.001), but the increase in the experimen-
tal group was statistically significant (Fig. 2B, Table 3).
Throughout the study, no statistically significant differ-
ence was found between the arterial PCO, levels of the
experimental and control groups (p>0.05). However,
arterial PCO, levels decreased continuously in the ex-
perimental group (p=0.003), while in the control group,
they increased on day 5 but decreased again on day 10
(p=0.027) (Fig. 2A, Table 3). Post hoc analysis revealed
that the significant change observed in the experimen-
tal group occurred between days 5 and 10 (p=0.003)
(Fig. 2A, Table 3).

A statistically significant difference in SpO, levels
was found between the groups on day 10 (p<0.001) (Ta-
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Fig. 2. Comparison of arterial blood gases and respiratory rate values according to measurement time and groups, A: Change
in PCO, (mmHg) value over time, B: Change in PO, (mmHg) value over time; C: Change in SpO, (%) over time, D: Change in

respiratory rate (breaths/min) over time

ble 3). SpO, levels increased on day 10 in both groups
compared to the duration of hospital stay (p<0.001)
(Fig. 2C, Table 3).

Figure 2D shows a statistically significant change in
respiratory rates across various measurement periods in
both the experimental and control groups (p<0.001) (Ta-
ble 3). Furthermore, changes in respiratory rates were sig-
nificantly different between the two groups. Patients in
the experimental group had lower respiratory rates com-
pared to those in the control group at measurements on
days 5 and 10, but these rates remained within clinically
acceptable ranges (p<0.001) (Fig. 2D, Table 3).

Discussion
The definitive treatment for COVID-19 has not yet been
fully established, and the effects of deep breathing exer-
cises as part of care and treatment strategies have not
been fully clarified. In the literature, there is a limited
number of randomized controlled clinical trials that
assess the effectiveness of deep breathing exercises in
COVID-19 patients.'”'8

COVID-19 directly affects respiratory function, of-
ten causing dyspnea of varying severity.” In this study,
dyspnea severity was measured using the Dyspnea-12
scale. The experimental group showed a significant-

ly faster decrease in dyspnea scores on days 5 and 10
compared to baseline (p<0.05), suggesting that deep
breathing and coughing exercises with Triflow effec-
tively reduce dyspnea in COVID-19 patients. Although
overall differences between experimental and control
groups were not always statistically significant, the ex-
ercises demonstrated symptom relief. Similarly, Oner
Cengiz et al. observed beneficial effects of deep breath-
ing exercises on dyspnea severity, though differences be-
tween groups were not significant.”® Zha et al. reported
that respiratory rehabilitation, including deep breathing
exercises, can effectively manage dyspnea in COVID-19
patients,” supporting the overall benefit of these inter-
ventions.”” Abdullahi also reported in a critical review
that breathing exercises could be used to reduce dys-
pnea in COVID-19 patients.”!

In addition to typical COVID-19 symptoms, about
40% of patients show increased sputum, and autopsies
have revealed severe mucoid tracheitis in roughly one-
third of non-survivors.?** This highlights the role of re-
spiratory inflammation and mucus in disease severity
and outcomes. Effective management of mucus is there-
fore critical. In our study, only one patient in the ex-
perimental group performing Triflow deep breathing
exercises produced sputum on day 10, compared to 12
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patients in the control group (p<0.05; OR=0.780), sug-
gesting that Triflow exercises may reduce sputum pro-
duction. Similarly, Mollerup applied positive expiratory
pressure (PEP-flute) therapy in 378 COVID-19 patients,
with 255 reporting sputum symptoms.* These findings
support the literature, indicating that respiratory exer-
cises can help manage sputum in COVID-19 patients.
However, studies on this specific effect remain limited,
and further research is needed to confirm these results.

In our study, respiratory rate decreased in both
groups, but the reduction was faster in the experimen-
tal group performing deep breathing and cough exercises
with Triflow. SpO, levels also improved more rapidly in
this group, suggesting that these exercises enhanced lung
capacity and airway clearance, facilitating oxygenation.
The respiration rate of COVID-19 patients was found
to be 20 breaths per minute in the study by Li et al.»>*
In another study, it was determined that the respiratory
rate in COVID-19 patients exceeded 24 breaths per min-
ute 25. According to research conducted by Cengiz et al.,
the respiratory rate in the deep breathing exercise group
significantly decreased compared to the control group.®
These findings indicate that deep breathing exercises can
effectively improve respiratory parameters in COVID-19
patients, likely by supporting relaxation and accelerating
recovery in conjunction with standard treatment. Simi-
larly, in quasi-experimental studies by Kader et al., it was
reported that the respiratory rate decreased significantly
in the deep breathing exercise group and returned to nor-
mal faster than in the control group."” In this study, we be-
lieve that the decrease in respiratory rate observed in both
groups is attributable to reduced virulence and symptom
relief due to the treatment process. Additionally, we think
that breathing exercises contribute effectively to patient
relaxation, as evidenced by the respiratory rate in the ex-
perimental group returning to normal limits more quick-
ly than in the control group.

In our study, the baseline SpO, levels of patients in
both groups were an average 93%. This current study
involved a larger sample (n=326) of COVID-19 pa-
tients compared to previous studies. The literature re-
ports that the SARS-CoV-2 virus induces inflammatory
responses and widespread alveolar damage in the hu-
man body. Consequently, changes in O,, CO,, SpO,, and
blood pH levels occur.?’” In a study, the SpO, levels of pa-
tients hospitalized due to COVID-19 were found to be
<89%.% The study by Oner Cengiz et al. examined the
effect of breathing exercises on respiratory parameters
in 44 COVID-19 patients. They found that SpO, levels
increased following deep breathing exercises in these
patients.' In the quasi-experimental study by Kader et
al., it was reported that SpO, levels in the deep breathing
exercise group were significantly higher."” These find-
ings are consistent with the existing literature, indicat-
ing that our research aligns with previous studies.

Alveolar ventilation and PaCO, are interconnected.
PaCO, reflects the balance between CO, production and
its removal. Elevated PaCO, levels indicate increased
pulmonary dead space and a reduced ability of the lungs
to expel CO,.”” On the 10th day of the trial, it was dis-
covered that the experimental group’s PCO, levels were
noticeably lower than those of the control group. This
indicates that the experimental group’s arterial PCO,
levels decreased as a result of engaging in deep breath-
ing exercises. In contrast, the control group exhibited an
increase in arterial PCO, levels.

It's worth noting that previous studies did not spe-
cifically investigate blood gas parameters in relation to
deep breathing exercises. Therefore, the findings from
your research offer valuable insights into the effect of
deep breathing exercises on these blood gas parameters
in COVID-19 patients.'”'® Close monitoring of blood
gases is crucial for COVID-19 patients as it guides
healthcare professionals in planning treatment and care.
The use of Triflow enhances pulmonary function by ac-
tively engaging the diaphragm and other inspiratory
muscles during breathing exercises. Additionally, these
positive findings suggest that patients adapted well to
the breathing and cough exercises with Triflow.

Study limitations

The study was conducted exclusively with COVID-19 pa-
tients in pandemic clinics, which means its findings may
not be generalizable to all COVID-19 patients. Howev-
er, the results provide a valuable reference for future re-
search on COVID-19 patients with severe pneumonia or
those requiring intensive care. The observed impact of
deep breathing exercises on respiratory parameters, such
as PCO, levels, in the experimental group suggests that
incorporating these exercises into therapy and care pro-
tocols for critically ill COVID-19 patients could be bene-
ficial. Further research is needed to explore the effects of
deep breathing exercises on specific subgroups, particu-
larly those with severe pneumonia or in intensive care set-
tings. Such studies could offer targeted insights into how
these exercises can improve respiratory function, reduce
complications, and enhance overall patient outcomes.
This research could ultimately contribute to the develop-
ment of evidence-based guidelines and interventions to
optimize the care of critically ill COVID-19 patients. All
patients reported 100% compliance with the exercise pro-
gram. This should be considered as a potential source of
bias since it is based on patient self-reporting.

In this study, all measurements and recordings were
carried out by the same researcher, who worked as a
clinic nurse. This reduced the risk of interobserver vari-
ability and can be considered a strength of the study.
However, conducting all assessments by a single observ-
er does not fully eliminate the potential for observer
bias. Therefore, future studies could benefit from valida-
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tion of the measurements by multiple independent ob-
servers. Although patient adherence to the intervention
was monitored by the researchers, individual differenc-
es in adherence and motivation may have influenced the
outcomes. Therefore, variability in treatment adherence
should be considered as a potential limitation.

Conclusion

This study demonstrates that deep breathing and cough-
ing exercises with Triflow reduce the severity of dys-
pnea, improve respiratory parameters, and decrease
sputum production in COVID-19 patients. These find-
ings support the idea that such respiratory exercises can
help optimize pulmonary function in patients and that
incorporating them into routine treatment and care
protocols in hospital settings may be beneficial. Fur-
thermore, the study can raise awareness among health-
care professionals and patients about the importance of
breathing and coughing exercises and contribute to the
development of proactive nursing care strategies aimed
at alleviating respiratory distress in COVID-19 patients.
In the future, more comprehensive studies with multi-
disciplinary approaches involving professionals from
different disciplines such as physiotherapists and pulm-
onologists as well as nurses are recommended.
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ABSTRACT

Introduction and aim. Major depressive disorder (MDD) is closely linked to suicidal behavior, and systemic inflammation - par-
ticularly elevated C-reactive protein (CRP) - has been proposed as a contributing factor. However, evidence comparing CRP
patterns separately in suicide attempters and non-attempters remains limited, especially in underrepresented populations.
The aim of this study was to compare serum CRP levels in patients with MDD with and without a history of suicide attempts.
Material and methods. This cross-sectional analytical study included 60 adults diagnosed with MDD according to ICD-10 cri-
teria. Participants were divided into two groups: those with a history of suicide attempts (n=30) and those without such a his-
tory (n=30). Depression severity was assessed using the Hamilton Depression Rating Scale (HAM-D). Serum CRP levels were
measured using a turbidimetric method. Statistical analyses included Student’s t-test, Mann-Whitney U-test, and Pearson’s
correlation.

Results. CRP levels were significantly higher among suicide attempters compared with non-attempters (4.47+3.53 mg/L vs
2.5043.59 mg/L; p=0.03). A significant positive correlation between HAM-D scores and CRP levels was observed in the sui-
cide-attempt group (R=0.52; p=0.003), whereas no such correlation was found in non-attempters (R=0.12; p=0.52). Severe de-
pression was more common among suicide attempters (30/44 cases).

Conclusion. This study provides novel evidence that the association between inflammation and depressive symptom severity
is present only in patients with a history of suicidal behavior. Elevated CRP may therefore represent a potential marker for iden-
tifying MDD patients at increased risk of suicide.

Keywords. C-reactive protein, depressive patients, major depressive disorder, pro-inflammatory marker, suicidal behavior

Introduction

Major depressive disorder (MDD) is one of the leading
causes of disability worldwide, ranking second globally
in 2020, with 53.2 million anxiety cases and 76.2 mil-
lion MDD cases."? Suicidal behavior is a co-morbidity
of several neuropsychiatric disorders, including schizo-
phrenia, bipolar disorder, and borderline personality
disorder. Among people with mental illnesses, MDD is
one of the main preventable causes of death.* MDD is a

common psychiatric condition with a global point prev-
alence of 4.7% that causes severe physical health and
mental well-being.*

Recent studies have demonstrated a clear associa-
tion between elevated CRP levels and both suicidal be-
havior and MDD severity. Moslemi et al. studied that
increased CRP levels are significantly linked to suicidal
behavior in individuals with depression.’ For instance,
elevated CRP levels have been linked to depression and
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poor antidepressant responses, including treatment re-
sistance. Systemic inflammation raises CRP, a non-spe-
cific acute-phase protein. These data imply that CRP
may be a distinct predictor for antidepressant therapy
response and that anti-inflammatory drugs may help
people with high CRP:S

Activated immune-inflammatory pathways, includ-
ing CRP elevation, have been linked to mood disorders
like MDD, bipolar disorder (BD), schizophrenia, and
suicidal behavior (SB), but studies on CRP’s role in SBs
have yielded conflicting results. After recent and far-
away suicide attempts, pro-inflammatory cytokines and
CRP have increased in several studies.®

The MDD and CRP are correlated based on the idea
that inflammation is a significant factor in MDD patho-
physiology. Given that CRP is an inflammatory bio-
marker, it is increased in patients suffering from MDD,
indicating systemic inflammation. This inflammation
might disrupt neurotransmitter pathways, particular-
ly those in which serotonin and dopamine are compo-
nents of mood regulatory circuits. In addition, more
severe suicidal ideation and depression have been as-
sociated with higher levels of CRP. It may suggest that
inflammatory conditions are the ones that exacerbate
symptoms in patients with MDD, particularly among
those who are suicidal via the triggering of pathways in-
volving processes of both stress and immunity.

The hypothesis that newly diagnosed “drug-naive
patients with non-affective psychosis would have higher
serum CRP levels than healthy controls and have more
severe psychopathology, suicide risk, and alexithymia”
was tested by De Beradis et al.” Thirty adult CRP lev-
els were measured. Compared to healthy controls and
patients at lower risk, those at higher risk for suicide
had higher CRP levels. Regardless of psychopathology
or depressive symptoms, the current study shows a cor-
relation between CRP, suicide risk and alexithymia, in
newly diagnosed, drug-naive patients with non-affective
psychosis. Loas et al. examined the relationship between
mood or anxiety disorders, alexithymia, anhedonia, re-
cent suicide attempts, suicidal thoughts, impulsivity,
CRP, and cholesterol.?

As the CRP level spiked, patients were more like-
ly to be in the suicide attempt group compared to the
odds of being in the inpatient psychiatric control and/
or suicide ideation groups [CI=(1.29, 3.38), OR=2.09
and CI=(1.15, 2.66), OR=1.75 respectively]. Further-
more, compared to people without depression or with
mania, those with depression had a considerably high-
er probability of attempting suicide [CI=(1.97, 54.70),
OR=10.38]. Based on CRP levels, there appears to be
a gradient in inflammation between mental controls,
suicidal ideators, and recent suicide attempters.’ Miola
et al. found suicidal ideation [SI]/behavior factors that
could help us understand suicide’s pathophysiology and
prevent it."’ Suicidality and CRP levels were shown to be

significantly correlated (95% CI 0.476-0.9, SMD 0.688,
p<0.001). As a result, CRP is a positive inflammatory
protein that is produced by the liver’s Kupfter cells in re-
action to an acute inflammatory event and is readily de-
tectable in plasma by extremely sensitive assays."!

Fernandez-Sevillano et al. investigated the role of
cytokines in suicide attempts as well as how they relate
to the psychological components of this intricate, mul-
tifaceted occurrence.'? Participants included 33 MDD
patients who have attempted suicide at some point in
their lives, 23 non-attempter MDD patients, 20 individ-
uals with an MDD diagnosis and a history of suicide at-
tempts, and 20 healthy controls. Depressive symptoms,
aggressive behavior, global functioning, presence of
abuse, and attention performance were evaluated in 96
participants. Every participant also had blood extracted
for measurement of TNF-a plasma levels, IL2-R, IL-2,
IL-6, and IL-4.

Depression can lead to suicidal thoughts, particu-
larly if there are causes for the person to feel pessimistic
about the future. Suicidal thoughts is more prevalent in
patients with MDD. Suicidal ideation is a significant risk
factor for completed suicide in persons with MDD and
seems to be a prerequisite for suicide attempts. The prev-
alence of suicide ideation has been rising in recent years.
The 12-month prevalence has varied from 2.3% to 58%,
depending on the specific study environment. A number
of risk factors for suicidal ideation have also been sug-
gested by earlier research. Suicidal thoughts are linked to
low social support, substance use disorder, past suicide
attempts, depression and sleep issues, and increased in-
flammation. Suicidal ideation in MDD patients has also
been examined in the studies we mentioned above. In
recent years, the relationship between MDD and sui-
cide conduct has gained significant attention. There is
currently very few research on the prevalence of suicid-
al ideation and the factors that are linked to it in MDD
patients in Ethiopia.'*'* Suicidal thoughts that are specif-
ic, present, and ongoing are referred to as active suicid-
al ideation. When someone has a conscious intention to
damage himself and some degree of desire — above zero -
for death to follow, that person is said to have active SI."®
According to contemporary views, complex interplay be-
tween cultural, environmental, biological and psycholog-
ical factors can lead to suicidal thoughts and actions.'®

Orsolini et al. used PubMed to conduct a systemat-
ic review on ‘CRP’ and ‘depression. This evaluation in-
cluded 56 identified studies.'” Depression was linked to
inflammatory system dysfunction. This study adds to
the evidence that CRP and blood levels may be linked
to depression. These findings may help develop new
treatments and determine if CRP is a depression bio-
marker. Savita et al. examined the levels of hs-CRP
in depressive individuals with and without suicidal
thoughts in 2023."* The Hamilton Depression Rating
Scale (HDRS17), SBQ-R, and BSSI were used to assess
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depression and suicidality. Hs-CRP levels are positively
correlated with BSSI, HAM-D and SBQ-R scores in de-
pressed and suicidal patients. Similar to this, Grudet et
al.”? calculated the five suicide-related items listed above
were part of the suicide composite score. The median
of the suicide composite score (6 points) was then used
to identify high-grade suicidal ideation (n=100, hg-SI>6
points) and low-grade suicidal ideation (n=99, lg-SI<6
points). Additionally, recent research has shown a cor-
relation between the lethality of suicide attempts among
psychiatric inpatients and the platelet-to-lymphocyte
ratio.”® The association between elevated CRP levels and
a higher chance of suicide reattempts highlights the part
inflammatory indicators play in suicidal behavior.*!

Some meta-analyses focused primarily on depressed
people and aggregated CRP and suicidality data.>***
Studies looking at the relationship between CRP and
MDD have found a strong link between high CRP lev-
els and both an increased likelihood of suicidal thoughts
and actions and the intensity of depressed symptoms.?’
The CRP is associated with suicidality in non-depressed
people, as well as suicide thoughts and SB remains un-
clear. To the best of our knowledge, this is one of the
few studies from South India directly comparing CRP
levels and depression severity between suicide attempt-
ers and non-attempters using standardized ICD-10 and
HAM-D assessments. Unlike previous studies, our anal-
ysis evaluates the relationship between CRP and depres-
sive symptom severity separately in both groups

Aim

This cross-sectional study aimed to (1) compare serum
CRP levels between patients with MDD with and with-
out previous suicide attempts, and (2) evaluate the as-
sociation between CRP levels and depression severity
assessed with the Hamilton Depression Rating Scale
(HAM-D).

Material and methods

Assessing CRP levels in depressed patients with and
without a history of suicidal thoughts is the goal of this
cross-sectional analytical investigation. The potential
link between depression, CRP, and suicidal behavior is
investigated in this study. The research was carried out
at Pondicherry’s Sri Lakshmi Narayanan Institute of
Medical Science and Hospital (SLIMS) including both
outpatient (OP) and inpatient (IP) settings within the
Psychiatry Department.

The study population consisted of adult individuals
(above the age of 18 years) from the IP and OP services
of SLIMS, who were diagnosed with depressive disorder
and either had or did not have a history of suicidal at-
tempts during the period under study from July 2022 to
January 2024. The source of data included patients di-
agnosed with depression, categorized into two groups:

- Group A: Patients diagnosed with depression who
had a history of suicidal attempts, as per ICD-10
criteria.

- Group B: Patients diagnosed with depression wi-
thout any history of suicidal attempts, were also dia-
gnosed based on ICD-10 criteria. The study period
extended from August 2022 to January 2024.

Sampling method

A convenient sampling method was used to select the
participants. According to the sample size calculation,
60 participants in total (30 in each group) would be re-
quired to achieve the study’s objectives.

Inclusion criteria

- Patients are willing to cooperate in the study.

- Patients with a diagnosis of depression based on the
ICD-10 criteria.

- Adults (age >18 years) of both genders.

- Individuals having a history of attempted suicide.

Exclusion criteria

- Patients with co-morbid conditions such as auto-
immune diseases, diabetes mellitus, renal insuffi-
ciency, pregnancy, tuberculosis, or other disorders
known to cause elevated CRP levels.

- Patients presenting with any acute infection (bacte-
rial, viral, or fungal).

- DPatients currently taking medications known to af-
fect CRP levels, including anti-inflammatory drugs
and oral contraceptives.

- DPatients diagnosed with any psychiatric illness
other than depression.

- Patients with substance use disorders.

- Patients who did not provide informed consent.

Sample size calculation
The following formula was used to determine the sam-

ple size:
_PQ
Z(1-3)

where Z(1 — a/2) = 1.96 at P = Prevalence = 12%, 95%
confidence interval, Q = 100 - P = 88%, d = preci-
sion = 3%, with an additional 5% accounted for poten-
tial dropout. The calculated sample size indicated that
30 participants were needed in each group, totaling 60
participants for the study.

Method of data collection

This research was clarified to respondents and informed
written consent was acquired before their inclusion.
Data were collected through direct interviews conduct-
ed in person with a standardized questionnaire that
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gathered socio-demographic details and assessed de-
pression severity. CRP levels were measured using blood
samples analyzed in the laboratory.

CRP analysis

Acute-phase protein CRP is found in normal serum but
rises drastically in response to infections, inflammation,
and tissue damage. Under such circumstances, the CRP
levels can increase to 300 mg/L in 12-24 hours. The
anti-CRP-coated latex particles used in the CRP anal-
ysis procedure agglutinate when they come into con-
tact with CRP-containing samples. This agglutination is
proportional to the CRP concentration and can be mea-
sured by turbidimetry.

Analytical procedure

- Preheat the photometer (cuvette holder) and wor-
king reagent to 37°C.

- Zero the instrument at 540 nm using distilled water.

- Prepare the cuvette by blending 5.0 pL of the ca-
librator or sample with 1.0 mL of the working re-
agent.

- Immediately after adding the sample (A1) and two
minutes later (A2), mix thoroughly and record the
absorbance.

Methodology

The SLIMS Institutional Ethics Committee gave its clear-
ance for the study to be carried out (IEC/C-P/13/2022).
The researcher performed comprehensive mental health
assessments, collected detailed histories of depressive
disorders, and discussed each case with departmental
teaching staff. Prior to starting any medication, base-
line CRP levels were measured. Depression diagnosis
followed ICD-10 guidelines, and HAM-D was used to
measure depression severity. Two independent special-
ists verified the diagnosis for accuracy.

Statistical methods

SPSS version 21 was used to evaluate the data after it
was imported into Microsoft Excel (IBM, Armonk, NY,
USA). The data were coded and entered into Epida-
ta software before analysis. Comparisons of qualitative
data (frequencies and proportions) were carried out uti-
lizing the Mann-Whitney U-test. Quantitative data were
reported as mean and SD, with statistical significance
being assessed using t-tests. Odds ratios with 95% con-
fidence intervals were calculated to ascertain the degree
of association between variables. A p-value of <0.05 was
considered statistically significant.

Expected outcomes

The expected outcomes of our proposed study are

- CRP levels may serve as a biomarker to identify de-
pressive patients at risk of suicidal attempts.

Establishing correlations between CRP levels, depres-
sion severity, and suicidality could inform early identifi-
cation and intervention strategies.

Experimental results

Numerous studies have indeed linked inflammation, in-
cluding elevated levels of CRP, to depression and treat-
ment resistance. Inflammation is believed to play a role
in the progression and development of depressive symp-
toms. Increased levels of CRP, an inflammatory mark-
er, have been linked to an increased risk of depression
and poorer response to traditional antidepressant med-
ications.

The following results exhibited the CRP levels in de-
pression patients who have attempted suicide and those
who have not can provide valuable insights into this
aspect. By examining these associations, we can gain
a better understanding of the potential role of inflam-
mation in suicidal behavior and develop targeted inter-
ventions to address this complex issue. These findings
highlight the importance of monitoring CRP levels in
depressive patients, particularly those undergoing sui-
cidal attempts. Hence, the present study created groups
among the study cases. Groups include:

- Group A - suicidal attempts
- Group B - no suicidal attempts

Age and gender were sociodemographic profiles
in this investigation. In our study, there was a female
predominance with 19 cases of suicide attempts and 18
cases of No-suicide attempts. Approximately 11 cases
of males were seen in suicide attempts and 12 cases in
No-suicide attempts.

Table 1 depicts the 30 attempted suicide instanc-
es, patients aged <18-20 (33.3%) were the most prev-
alent, followed by those aged 31-40 (30%). Over 51-60
had 3% of cases, 41-50 had 7%, and 61-70 had the low-
est number (3%). The group with 30 non-suicide cases
had the most 41-50 (30%) and 51-60 (26.6%) patients.
About 20% were 31-40. Cases were lowest in the age
groups <18-20 (10%) and 61-70 (10%).

Table 1. Distribution of age in years

. Suicide attempt No suicide attempt
Age categories
Frequency  Percentage Frequency Percentage

<18-20 10 33.33% 3 10%

21-30 7 233% 1 33%

31-40 9 30% 6 20%

41-50 2 6.6% 9 30%

51-60 1 33% 8 26.6%

61-70 1 33% 3 10%

Comparison between HAM-D scores among study
groups

The present study compared the HAM-D scores be-
tween suicide attempts and non-suicide attempts using
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a students t-test. The mean/SD range of HAM-D scores
among group A was 23.8/2.41, and for group B was
22.36/7.16. The calculated t-score was noted as 1.0440,
and the p-value showed 0.3008 (Table 2). This implies
that the comparison between HAM D and study groups
was statistically insignificant (Fig. 2).

Table 2. Mean and SD distribution of HAM D scores among

study groups
Group Mean SD Tscore p
Suicide attempt 238 24
— 1.0440 0.3008
No suicide attempt 22.36 7.16

Association between HAMD versus CRP among study
groups

The present study found the relation between HAMD
versus CRP in suicide attempts and No-suicide attempts
using the Karl Pearson correlation. The R among group
A was 0.2732. The calculated R value was noted as
0.5227 and the p-value showed 0.003. This implies that
the association between HAMD versus CRP among sui-
cidal attempt groups was statistically significant. The
R?* among group B was 0.0149. The calculated R-value
was noted as 0.1222, and the p-value showed 0.52 (Ta-
ble 3). Figures 1 and 2 show the positive and negative
correlation between HAMD versus CRP among group
A and group B. This implies that the association between
HAMD versus CRP among No-suicidal attempt groups
was statistically not significant.

Table 3. Karl Pearson’s correlation between HAMD versus
CRP among study groups

Group R R P
Suicide attempt 0.2732 0.5227 0.003
No suicide attempt 0.0149 0.1221 0.52
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among group A
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Fig. 2. Negative correlation between HAMD versus CRP
among group B

Diagnosis

According to the present study results, Table 4 shows a
total of 16 research participants with moderate depres-
sion, and no suicidal attempts were seen among all 16
cases. Of the 44 participants with severe depression,
about 30 cases were seen with suicidal attempts, and
14 cases were seen with no-suicidal attempts.

Table 4. Distribution of depression diagnosis among total
cases and study groups

) . Total research Suicide Tosuicide
Diagnosis L.
participants attempt attempt
Moderate depression 16 0 16
Severe depression 4“4 30 14

Mann-Whitney U-test

According to the information provided during statisti-
cal analysis, the present study compared the CRP values
between moderate depression and severe depression pa-
tients using the Mann-Whitney U test. The calculated Z
score was noted as 4.45, and the p showed 0.0001 (Ta-
ble 5). This implies that the comparison between CRP
and depression severity in the study population was sta-
tistically significant.

Table 5. Comparison between CRP levels and
depression severity

CRP
Group
1 score p
Moderate depression
- 445 <0.0001
Severe depression

Student t-test

According to the information provided, the present
study compared CRP between suicide attempts and
No-suicide attempts using a student’s t-test. The mean/
SD range of CRP among group A was 4.47/3.53. The
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mean/SD range of CRP among group B was 2.5/3.59.
The calculated T-score was noted as 2.14 and the p
showed 0.03 (Table 6). This implies that the compari-
son between CRP and study groups was statistically sig-
nificant.

Table 6. Variable comparison between CRP and study
groups

Group Mean SD Tscore p
Suicide attempt 447 353 214 0.03
No suicide attempt 25 359

Correlation between CRP and study groups

Based on the Karl Pearson correlation, the R-value of
CRP was found to be 0.867. Hence, this implies that the
correlation between CRP and study groups was statis-
tically significant with a p<0.05 (Table 7). The positive
association of CRP between study groups is depicted in
Figure 3. This indicates that there was a strong relation-
ship between CRP levels and the studied variables.

Table 7. Association between CRP and between study
groups

Group CRP

Suicide attempt 0.867 <0.05
No suicide attempt
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Fig. 3. Positive association of CRP between study groups

There is a high positive connection between the
study groups and CRP levels, as indicated by the Pear-
son correlation coefficient of 0.867. This correlation is
statistically significant if the p-value is less than 0.05.
Thus, it can be determined that the study groups and
CRP levels have a strong and significant correlation.

Discussion
The present study investigates the association between
CRP (C-reactive protein) levels and depressive patients

with and without a history of suicide attempts, aiming
to understand the role of inflammation in suicidal be-
havior. These results add to the increasing amount of
data demonstrating the connection between depression,
inflammation, and suicidality, potentially leading to tar-
geted interventions.

Acute-phase inflammatory marker CRP is postulat-
ed to be involved in the neuroinflammatory processes,
possibly leading to the alterations of neurotransmitter
systems, neuroplasticity, and dysregulation of the HPA
axis. These mechanisms might explain why an elevated
level of CRP correlates with suicidal behavior. Enhanced
inflammation could contribute to serotonergic dysfunc-
tion, thus potentially leading to increased aggression,
impulsivity, and dysregulated emotional processing -
factors that are directly related to suicidal attempts and
ideation.

Toffol et al. showed considerably higher CRP levels
in recent suicide attempters than age- and sex-matched
healthy adults.”® CRP levels in attempted suicide cases
were unrelated to background, metabolic, psychopatho-
logical, or suicide techniques. Group A had 22.8/3.41
mean/SD HAM-D scores, while group B had 23.36/6.16.
The estimated t-score was 3.589 and p-value 0.005. This
indicates a substantial comparison between HAM-D
and research groups. The two groups’ HAM-D symp-
tom mean and SD were calculated. Two groups were
compared using the t-test. No significant difference
was found between attempters and non-attempters on
HAM-D variables.” The present study found a signifi-
cant connection between CRP levelsand HAM-D scores
in the suicidal attempt group, with an R=0.5227 and a
p=0.003. The association between depressive symptoms
and inflammation in suicide attempters is statistically
significant. However, the no-suicidal attempt group had
no significant association between HAM-D scores and
CRP levels, with an R=0.1222 and a p=0.52. In non-sui-
cide attempters, depressive symptoms and inflamma-
tion were not associated. The US study also found that
avoidant-type coping behavior was positively connect-
ed with depression ratings for men, women, or both.*

In suicide attempters, Malone et al. found great-
er CRP levels, suicidal ideation, anger, hostility, and
impulsivity. The study discovered a strong link be-
tween elevated CRP and suicide attempts. Botswick
found a positive connection between CRP and suicidal
thoughts.* These findings imply that elevated CRP lev-
els may increase the risk of suicide in depressed people.
Sachs-Ericsson et al. and Dumais et al. observed a sub-
stantial correlation between depression severity and sui-
cidal behavior in patients attempting suicide.’** In this
research, the Karl Pearson correlation R of CRP is 0.867.
Therefore, the connection between CRP and study
groups is substantial (p<0.05). This suggests a high cor-
relation between CRP levels and the factors. Another
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potential mechanism relates to the central nervous sys-
tem and its activation through systemic inflammation
leading to microglia activation and a potential increase
in the production of pro-inflammatory cytokines that
would adversely affect mood regulation and cognitive
functioning, which is compromised among people with
major depressive disorder as well as among suicide at-
tempters.

A Pearson correlation coeflicient of 0.867 shows a
high positive association between CRP levels and study
groups. A p below 0.05 indicates that this link is statis-
tically significant. The correlation is not random. Thus,
CRP levels and study groups are strongly correlated.
However, Calati et al. observed no significant difference
in CRP levels between individuals who attempted sui-
cide more or less than a week before plasma collection
or between high and low suicidal ideation.** Barzilay
et al. found a correlation between CRP levels and sui-
cidal ideation in schizophrenia patients, categorized by
CRP levels at admission (CRP > 1 vs. <1 mg/dl).* Kim
et al. validate that anxiety, CRP, and suicidal attempts
are linked.*® They compared suicide attempters’ anxiety
and CRP to non-attempters. This study adds to the ev-
idence that inflammation, anxiety, and suicide may be
interrelated.

These studies imply that inflammation, as evidenced
by higher CRP levels, may increase the risk or severity of
suicidal behaviors or thoughts and psychiatric illnesses
such as schizophrenia, depression, and anxiety. Under-
standing these relationships can help identify, prevent,
and treat suicide risk. A student’s t-test was used to com-
pare HAM-D scores between suicide attempters and
non-suicide attempters. Group A had 22.8/3.41 mean/
SD HAM-D scores, while group B had 23.36/6.16. The
estimated t-score was 3.589 and p-value 0.005. This in-
dicates a substantial HAM-D-study group comparison.

Karl Pearson correlation was used to compare
HAM-D and CRP in non-suicide and suicide attempt
patients. The computed R-value was 0.5227, 0.003 p-val-
ue and R? for group A was 0.2732. It was statistical-
ly significant to compare HAM-D and CRP in suicidal
attempt groups. Similarly, the computed R was 0.1222,
p-value 0.52 and R? for group B was 0.0149. This means
that CRP and HAM-D were not significantly associated
with patients without suicide attempts. The Karl Pear-
son correlation R-value of CRP is 0.867. Therefore, the
connection between CRP and study groups is substan-
tial (p<0.05). This suggests a high correlation between
CRP levels and the factors. A Pearson correlation co-
efficient of 0.867 shows a high positive association be-
tween CRP levels and study groups. This correlation is
statistically significant if the p-value is less than 0.05.
Thus, CRP levels and study groups are strongly correlat-
ed. This would thus mean that considering inflamma-
tion as an etiopathogenic factor of suicidal behavior is

crucial and would inform targeted therapeutic inter-
ventions. Systemic inflammation intensifies depressive
symptoms and contributes to the severity of suicidal be-
havior. These findings agree with the hypothesis that in-
flammation is pivotal in mental health and its interplay
with suicidal behavior.

The novelty of this study lies in demonstrating a
significant correlation between CRP levels and depres-
sion severity exclusively in suicide attempters, but not in
non-attempters. This differential pattern has been rare-
ly reported and may indicate that inflammation plays
a more prominent role specifically in the subgroup of
MDD patients with suicidal behavior.

Study limitations

The positive association between CRP, depression, and
suicidal behavior, though supported by the mentioned
studies, is subject to several limitations. First, the pre-
dominantly cross-sectional design of these studies, in-
cluding the one by Kim et al.?, restricts the inference
and highlights the need for longitudinal research to elu-
cidate temporal dynamics and pathways. Elevated CRP
levels in suicidal attempters could be due to chemical
poisoning, which may mask the interpretation. Third,
the sample size is small, limiting the findings’ generaliz-
ability. Moreover, variations in the technique of measur-
ing CRP, cutoff values, and depression assessment tools
among studies contribute to methodological differences
that limit the comparability of results. Finally, although
CRP is a very common inflammatory marker, it gives a
very limited view of inflammation; other markers, such
as interleukins or tumor necrosis factor-alpha could be
integrated to give a deeper vision into the mechanisms
of inflammation that underlie depression and suicidal
behavior.

Conclusion

This study demonstrated a strong positive association
between the inflammatory marker CRP and depression
exclusively among suicide attempters, while no such as-
sociation was observed in non-attempters. This differ-
ential pattern represents a novel finding, suggesting that
inflammation may play a more prominent role specif-
ically in the subgroup of MDD patients with suicidal
behavior. The results indicated that higher CRP levels
were associated with increased depressive symptoms in
suicide attempters, supporting the hypothesis that in-
flammatory activation contributes to the severity of de-
pression and elevates suicide risk.

Understanding this interaction is essential for iden-
tifying high-risk individuals, guiding targeted inter-
ventions, and improving clinical prevention strategies.
These findings highlight the potential utility of CRP as a
supplementary clinical marker in assessing suicide risk.
Further research is warranted to elucidate the biolog-
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ical mechanisms underlying this selective association
and to explore whether anti-inflammatory approaches
may benefit depressive patients with heightened suicid-
al vulnerability.
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ABSTRACT

Introduction and aim. Osteoporosis is a multifactorial bone disorder driven by genetic and environmental factors, with oxi-
dative stress implicated in its pathogenesis. Glutathione peroxidase 1 (GPX1), a key antioxidant enzyme, modulates bone ho-
meostasis by regulating reactive oxygen species. To our knowledge, this is the first study to report the rs771425412 variant of
the GPX1 gene in association with primary osteoporosis. This study investigated the association between the single nucleotide
variant (rs1050450 C>T and rs771425412 C>A) and the risk of primary osteoporosis in Iraqi patients.

Material and methods. A case-control study was conducted involving 105 patients with primary osteoporosis and 105 age-/
sex-matched healthy controls recruited from Baghdad Hospital. Peripheral blood genomic DNA was genotyped by PCR and
direct sequencing.

Results. The rs1050450-T allele was significantly more frequent in patients than in controls (25.7% vs. 10.95%; OR=2.68, 95%
Cl: 1.58-4.55, p<0.001), with the CT genotype increasing the risk (dominant model: OR=3.77, 95% Cl: 2.08-6.86). Similarly, the
rs771425412-A allele was enriched in patients compared to controls (17.1% vs. 2.9%; OR=7.03, 95% Cl: 2.93-16.92, p<0.001),
and the CA genotype increased risk (OR=8.61, 95% Cl: 3.47-21.3). Haplotype analysis revealed a protective C-C haplotype
(OR=0.31,95% Cl: 0.19-0.51), while the T-A (OR=23.2, 95% Cl: 3.09-174.3) and C-A (OR=3.15, 95% Cl=1.12-8.8) haplotypes were
associated with increased susceptibility.

Conclusion. The CT genotype of rs1050450 and the CA genotype of rs771425412 in the GPX1 gene are significantly associated
with an increased susceptibility to primary osteoporosis in the Iragi population, likely through mechanisms involving impaired
oxidative stress regulation.

Keywords. GPX1, osteoporosis, oxidative stress, rs1050450, rs771425412, SNV

Introduction

Osteoporosis is a bone disorder characterized by weak-
ened bone structure that increases the risk of fractures.
This condition arises from various factors, including
age, genetics, sex, environmental influences, and life-
style choices.! Primary osteoporosis, the most common
form of the disease, develops because of age-related
changes or hormonal deficiencies, particularly estrogen

decline during menopause. This condition differs from
secondary osteoporosis, which results from underlying
medical conditions or medications.® The pathophysiol-
ogy of primary osteoporosis involves complex interac-
tions between genetic factors, environmental influences,
hormonal changes, and lifestyle choices, with genetic
components contributing approximately 70% of bone
mineral density variation.**
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Ogxidative stress plays a crucial role in bone homeosta-
sis by disrupting the balance between bone formation and
resorption.® The accumulation of reactive oxygen species
(ROS) leads to increased osteoclast activity and enhanced
bone resorption while simultaneously inducing apop-
tosis in osteoblasts and osteocytes, resulting in net bone
loss.” This oxidative imbalance significantly contributes
to the pathogenesis of osteoporosis by altering key signal-
ing pathways, including the upregulation of RANKL and
downregulation of osteoprotegerin (OPG), which favors
osteoclast differentiation and bone resorption.®®

Glutathione peroxidase 1 (GPX1) stands as a princi-
pal contributor to the cellular antioxidant system. Func-
tioning as a selenium-dependent enzyme, its primary role
involves the catalytic reduction of harmful hydroperox-
ides, including hydrogen peroxide, into inert products
like water and alcohols.'® The gene encoding GPX1 is sit-
uated on chromosome 3p21.31, spans 1,183 base pairs,
and features a two-exon structure interrupted by one in-
tron.'>? GPX1 is the most copious isoform of its kind in
human cells, with widespread expression and a predom-
inantly cytoplasmic distribution.”® A critical aspect of its
function is the presence of selenocysteine at the active
site. This unique amino acid is encoded by a UGA codon,
which typically terminates translation but is co-opted for
selenocysteine insertion when guided by SECIS elements
in the 3> UTR."* Among these variants, a single nucle-
otide variant (SNV) with a missense mutation, consid-
ered the most studied polymorphism in the GPXI gene,
is rs1050450, which is correlated with various diseases.!>

SNV rs1050450, located in exon 2 of the GPXI gene
at position 198, is a single substitution from cytosine to
thymine, which alters the function of the synthesized
protein by changing the amino acid from proline to leu-
cine.” The role of GPX1I and its variants in osteoporosis
may vary across different populations owing to genetic
diversity, environmental factors, and lifestyle choices.'*
Population-specific studies are essential for under-
standing how SNVs such as rs1050450 (Pro198Leu) af-
fect GPX1 activity and its association with bone health.
For example, the frequency of the T allele of rs1050450
may differ between populations, potentially influenc-
ing the prevalence of osteoporosis in these groups.'>"
In contrast to the well-characterized rs1050450 vari-
ant, 1s771425412 appears to be a less commonly studied
polymorphism in GPX1. This C>A transversion results
in a missense mutation, changing the codon from CCA
to CAA, which leads to an amino acid substitution of
proline to glutamine at codon 198 (p.Pro198Gln). This
non-conservative change, replacing a rigid proline with
a polar glutamine, could potentially alter the local pro-
tein structure and stability of the GPX1 enzyme, thereby
impacting its antioxidant function. The limited liter-
ature specifically addressing this variant suggests that
it may represent a rarer genetic variation with poten-

tially different functional implications compared to the
more prevalent Pro198Leu polymorphism.*® Crucially,
the variant rs771425412 remains poorly characterized
in osteoporosis, with no population-specific data from
Iraq or similar regions. This study aimed to investigate
the association between two GPX1 variants (rs1050450
and rs771425412) and primary osteoporosis in Iraqi pa-
tients, introducing rs771425412 as a newly identified
variant in this context.

Material and methods

Ethical Approval

The study protocol received ethical sanction from the
Ethics Committee of the Department of Biotechnology,
College of Science, University of Baghdad (Reference:
CSEC/1023/0069 on October 30, 2023). All procedures
conformed to the ethical standards of the Declaration
of Helsinki. Prior to any study procedures, written in-
formed consent was secured from every participant.
From November 2023 to August 2024, a total of 210
subjects within the age range of 32-75 years were re-
cruited. The study population consisted of 105 patients
diagnosed with primary osteoporosis (75 females, 30
males) and 105 healthy controls matched for age and
sex. Patients were recruited from those attending the
Baghdad Teaching Hospital and Al-Wasit Hospital in
Baghdad Province.

Dual energy X-ray absorptiometry (DEXA) scan

Each participant was examined by a physician, and
bone mineral density (BMD) was measured via a DEXA
scan of the hip and spine. Participants were classified
as healthy controls (T-score > -1.0 SD) or osteoporo-
sis patients (T-score < -2.5 SD), according to the World
Health Organization (WHO) criteria.'

Including and exclusion criteria for blood samples
Patients aged 32-75 years were confirmed to have pri-
mary osteoporosis. Individuals with medical conditions
known to affect bone metabolism, such as chronic dis-
eases or other systemic and metabolic bone disorders,
were excluded. None of the participants had recent-
ly taken medications that could influence bone me-
tabolism. All participants completed a questionnaire
to provide clinical data, including BMI, comorbidities,
lifestyle factors (alcohol consumption, smoking, physi-
cal activity), and medication history.

Blood samples collection

Approximately 5 mL of venous blood was collected
from each participant. Of this, 2 mL was transferred to
an EDTA-containing tube for the analysis of GPX1 vari-
ants using polymerase chain reaction (PCR) and direct
DNA sequencing.
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(rs1050450 C>T)
Fig. 1. DNA sequence chromatograms of GPX1 gene
single nucleotide polymorphisms (rs1050450 and
rs rs771425412). ChromasPro software was used to
generate the chromatogram

Genetic analysis of GPX1

Genomic DNA was extracted from blood samples us-
ing the EasyPure® Blood Genomic DNA Kit (TransGen
Biotech, Cat. No. EE121-01), and its purity and con-
centration were assessed using a NanoDrop spectro-
photometer (Thermo Fisher Scientific, USA). A 665 bp
region of exon 2 of the GPX1 gene, containing the SNV
rs1050450, was amplified using newly designed prim-
ers (Forward: 5'-CGCCAAGAACGAAGAGATTC-3;
Reverse: 5'-CCTGGGCAATAGAGCAAAAA-3") from

Alpha DNA Ltd. (Montreal, QC, Canada). PCR was per-
formed in a 25 pL reaction volume containing 12.5 pL
of 2xEasyTaq® PCR SuperMix, 1 pL of each primer, 6 pL
of gDNA, and 4.5 pL of nuclease-free water. The thermal
cycling conditions were as follows: initial denaturation
at 94°C for 5 minutes; 35 cycles of 94°C for 30 seconds,
56°C for 30 seconds, and 72°C for 30 seconds; and a fi-
nal extension at 72°C for 5 minutes.

Sequencing and aata analysis

Genotyping of the GPX1 exon 2 SNVs was performed
by Sanger sequencing (Macrogen Corporation, Seoul,
South Korea). The resulting sequences were analyzed
with ChromasPro software and aligned to the GPX1
reference sequence using the Basic Local Alignment
Search Tool (BLAST).

The sequence chromatograms of the GPX1 SNVs
rs1050450 and rs771425412 were analyzed, as shown
in Figure 1. Primers were designed to amplify a region
within exon 2 of GPX1 gene, specifically targeting the
known SNV rs1050450 (Pro198Leu). However, upon se-
quencing and alignment of the amplified products us-
ing the NCBI reference sequence, an additional SNV,
rs771425412 was consistently detected within the same
amplified region. This variant was observed in multiple
samples with a high frequency in premenopausal wom-
en. The NCBI GenBank accession numbers (PV656547,
PQ793280, and PQ768535).

Statistical analysis

Statistical analyses were performed using SPSS Statistics
for Windows, Version 26.0 (IBM Corp., Armonk, NY,
USA). Sample size power was calculated using G*Power,
Version 3.1.9.7.% Allele and genotype frequencies were
calculated and assessed for Hardy-Weinberg equilibri-
um (HWE). Associations between genotypes and disease
risk were estimated using odds ratios (ORs) with 95%
confidence intervals (CIs) computed via multinomial lo-
gistic regression. The significance of categorical data was
assessed using Fisher’s exact test (two-sided), with the
Bonferroni correction applied for multiple testing. Link-
age disequilibrium (LD) and haplotype frequencies were
analyzed using the SHEsis web platform.?

Results

This case-control study included 105 primary osteopo-
rotic patients and 105 age-/sex-matched healthy con-
trols. A post hoc power analysis confirmed the statistical
validity of the sample size (power=0.95). The proportion
of women with primary osteoporosis was significantly
higher than that of men (p<0.0001). Among patients
with osteoporosis, 30 men (28.6%) and 75 women
(71.4%) were affected, reflecting the same proportions
observed in the healthy control (HC) group. According
to menopausal status for women, 30 women (28.6%)
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were premenopausal, while 45 women (42.9%) were
postmenopausal.

The quality of the extracted DNA was confirmed us-
ing gel electrophoresis, as shown in Figure 2. Gel elec-
trophoresis results show the PCR products. The bands
had a molecular size of approximately 700 bp. As shown
in Figure 3.

Fig. 2. Genomic DNA electrophoresis; chromosomal

DNA bands extracted from human blood samples were
visualized under the short wave UV light after staining with
the ethidium bromide (EtBr) on (1%) of agarose gel at (70
volts for 30 min), lanes (1-8): healthy controls, lanes (9-16):
osteoporosis patients

Fig. 3. Agarose gel electrophoresis of PCR products
amplified from exon 2 of the GPXT gene. Clear bands
around 700 bp were observed in both control and patient
samples, the gel was run on 1.5% agarose stained with
ethidium bromide, lane (1-10): exon2 products for healthy
controls, DNA ladder (1000 bp), lanes (11-20): exon2
products for primary osteoporosis patients

Genotype frequencies were notably assessed for
HWE, and the genotype distributions of rs1050450 sig-
nificantly deviated from HWE in the osteoporosis
group (p=0.0004), whereas controls showed equilibrium
(p=0.2076). Conversely, rs771425412 also deviated slightly
in patients (p=0.034) but was in equilibrium among con-
trols (p=0.763), this is presented in Table 1. For rs1050450,
the T allele showed a significantly higher frequency in pa-
tients (25.7%) than in controls (10.95%), and was associ-
ated with an increased risk of osteoporosis (OR=2.68; 95%
CI: 1.58-4.55; p<0.001). The dominant model (CT+TT vs.
CC) further supported this association (OR=3.77; 95% CI:
2.08-6.86). Similarly, the overdominant and codominant
models yielded statistically significant results.

For rs771425412, the A allele was significantly en-
riched in patients (17.1%) compared with controls
(2.9%), corresponding to an increased risk of osteopo-

rosis (OR=7.03; 95% CI: 2.93-16.92; p<0.001). In the
dominant model (CA + AA vs. CC), the risk remained
substantial (OR=8.61; 95% CI: 3.47-21.3).

Table 1. Multinomial logistic regression analysis combined
with HWE analysis of SNVs ((rs1050450-rs771425412) of the
GPX1 gene in primary osteoporosis patients (controls were
the reference group))*

Pt,n=105 HC, n=105

geneiiNc\:lﬁodel ge‘::)etl)f;e/ n % n % OR(ES% P
151050450 ¢/T
Allele C 156 743 178 89.1  Reference; 1.0

T 54 257 23 1095 2.68(1.58-4.55 p<0.001
Recessive CC+CT 105 100.0 105 100.0 Reference; 1.0

1l ND ND ND ND 7.39(0.15-372.3) p>0.999
Dominant (€8 51 486 82 78.1 Reference; 1.0

(T+1T 54 514 23 219 3.77(2.08-6.86) p<0.001
Over-dominant CC+1T 51 48.6 82 78.1 Reference; 1.0

a 54 514 23 219 3.77(2.08-6.86) p<0.001

Co-dominant C 51 48.6 82 78.1 Reference; 1.0
a 54 514 23 219 3.77(2.08-6.86) p<0.001
il ND ND ND ND 4.16(0.06-301.3) p>0.999
HWE p 0.0004  0.2076
15771425412 (/A
Allele C 174 829 204 97.1  Reference; 1.0
A 36 171 6 29 7.03(2.93-16.92) p<0.001
Recessive (C+CA 105 100.0 105 100.0 Reference; 1.0
AA ND ND ND ND 7.39(0.15-372.4) p>0.999
Dominant (€8 69 657 99 943  Reference; 1.0

CA+AA 36 343 6 57 861(3.47-21.3) p<0.001
Over-dominant (C+AA 69 657 99 943  Reference; 1.0
(A 36 343 6 57 861(3.47-21.3) p<0.001
Co-dominant (¢ 69 657 99 943  Reference; 1.0
(A 36 343 6 57 8.61(3.47-21.3) p<0.001
AA ND ND ND ND 0.06(0.01-0.52) p=0.049
HWE p 0.034 0.763

* SNV - single nucleotide variant, HWE - Hardy-Weinberg
equilibrium, Pt — patients, HC — healthy controls, OR - odds
ratio, Cl - confidence interval, p - two-tailed probability; pc
- Bonferroni correction probability, ND — not detected

Haplotype analysis (in the order rs1050450-
rs771425412) identified four haplotypes (C-C, T-C, T-A,
C-A) with frequencies of 67.1, 15.7, 1.0%, and 7.1%, re-
spectively, in osteoporosis patients. Compared with the
control, the expression of the C-C haplotype (OR=0.31;
95% CI: 0.19-0.5; p=2.06). The T-A haplotype was ex-
pressed (OR=23.2;95% CI: 3.09-174.3; p=1.19). The ex-
pression of the C-A haplotype was significantly different
(OR=3.15, 95% CI=1.12-8.8; p=0.2). The results are il-
lustrated in Table 2.

Analysis of linkage disequilibrium (LD) revealed that
GPX1 rs1050450 and rs771425412 SNVs: D’ (D-prime)
measures the degree of LD (non-random association) be-
tween the two SNVs Figure 4. A value of 0.41 indicates
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moderate LD, meaning that the SN'V's are not completely
independent, but do not always segregate. Additionally,
R? (RS) quantifies the correlation between allele frequen-
cies of the two SNVs. A low R? (0.08).

Table 2. Haplotype analysis for SNVs (rs1050450-
rs771425412) located in the second exon of GPXT gene*
Haplotype (rs1050450-rs771425412)

Pt, n=105 HC, n=105
OR (95% Cl) p
n % n %
-C 4 67.1 182 86.6 0.31(0.19-0.51) p=2.06
T-C 33 15.7 2 10.4 1.59(0.89-2.84) p=0.11
A 2 1.0 1 04  23.2(3.09-174.3) p=1.19
A 15 7.1 5 23 3.15(1.12-8.8) p=0.02

* SNV - single nucleotide variant, Pt - patients, HC -
healthy controls, OR - odds ratio, Cl — confidence interval,
p - two-tailed probability

rs1050450
rsT7i42542-

=
%)

0.1

rs1050450
rs771425412-

0.08

Fig. 4. Pairwise analysis depicting linkage disequilibrium
plot coefficient (D) and RS between two SNVs (rs1050450
and rs771425412) for the gene showing the LD coefficient
(D’; 0.41) and RS (R2; 0.08)

Discussion

A key finding was a discrepancy in the rs771425412
variant. While dbSNP annotates it as a Pro>Leu sub-
stitution, our sequencing identified a Pro>GlIn change
(CCA->CAA) in the Iraqi cohort. This suggests we may
have detected a rare, previously unannotated sub-variant
or anovel SNV at the same position, primarily observed
in premenopausal women, which would currently be
classified as a variant of uncertain significance (VUS).
VUS variants are mostly missense; therefore, they are
difficult to classify as either pathogenic or benign based
on the guidelines set by the American College of Medi-
cal Genetics and Genomics and the Association for Mo-
lecular Pathology.?® VUS are especially prevalent in the
context of rare variants because they lack sufficient pop-
ulation frequency or functional data to be confidently
classified as pathogenic or benign.”** Despite ongoing
advancements in genomics and data sharing, some rare
variants, particularly those in underrepresented popu-
lations or with limited functional evidence, will likely
remain uncertain by 2030.> Continued innovation and
global collaboration are essential to reduce this uncer-
tainty in rare disease diagnostics. The importance of
global data sharing underscores the resolution of VUS
classifications in the future.”

HWE analysis revealed that both rs1050450 and
rs771425412 significantly deviated from equilibrium in
patients but not in controls. This observed deviation in
patients indicates a potential pathogenic role of these
variants in susceptibility to osteoporosis. The devia-
tions are characterized primarily by an increase in het-
erozygotes along with significant associations observed
in dominant and over dominant genetic models.? These
findings may suggest that heterozygosity at this locus
disrupts the normal balance of antioxidant defense,
thereby contributing to increased oxidative stress that
induces bone loss.”” Importantly, the presence of HWE
in the control group supports the reliability of the ge-
notyping process that reflects true biological differences
associated with disease status.

Haplotype analysis revealed significant differences
in haplotype distribution between patients and controls.
Among the identified haplotypes, the C-C haplotype
was significantly more frequent in controls and con-
ferred a protective effect (OR=0.31; p=2.06). This find-
ing may be explained by its potential to maintain normal
GPXI1 activity, thereby enhancing antioxidant defenses
and reducing bone loss. Conversely, the T-A and C-A
haplotypes were more frequent in patients and showed
strong and moderate associations with disease risk, re-
spectively. These results indicate that the combination
of alleles may be utilized to obtain more effective results
not captured by single SNV analysis.

Regarding rs1050450, this SNV has been previous-
ly associated with various diseases, such as cancer and
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bone diseases, such as arthritis, osteopenia, and oste-
oporosis.”’* GPXI activity is negatively influenced by
substituting the amino acid Lue with the T variant in-
stead of the amino acid Pro with the C variant.*® The
CT genotype was significantly more prevalent in the pa-
tient group. This suggests that this polymorphism may
contribute to disease susceptibility by impairing antiox-
idant defense mechanisms in bone tissue. Conversely,
individuals with the CC genotype exhibited protective
effects against the disease. This protective effect may
be attributed to the higher enzymatic activity of GPX1,
which encodes glutathione peroxidase 1. Previous stud-
ies have demonstrated that individuals carrying the CC
genotype tend to have more efficient oxidative stress re-
sponses than those carrying the CT or TT genotypes.*"*
The functional variant SNV rs1050450 may alter the ac-
tivity of glutathione peroxidase 1, an enzyme critical in
detoxifying reactive oxygen species. The present results
are consistent with prior reports of sex-specific meta-
bolic dysfunction linked to the Leu allele and found that
in men, the T (Leu) allele was linked to metabolic syn-
drome, elevated insulin levels, and hypertension. At the
same time, in women, it correlates with morbid obesi-
ty, hyperinsulinemia, and insulin resistance.””** These
findings suggest that the Leu allele may impair meta-
bolic function in a sex-dependent manner, possibly due
to hormonal influences on oxidative stress pathways.*-*
However, the stronger association in women could re-
flect the synergistic effects of estrogen decline, especially
in post-menopausal women, and reduce GPX1I activi-
ty, further amplifying oxidative damage.”*** GPX1 poly-
morphic variants may influence disease susceptibility
through mechanisms involving oxidative stress regu-
lation, potentially due to linkage disequilibrium effects
within specific ethnic groups. A recent study provided
valuable evidence that the GPX1I rs1050450 polymor-
phism influences oxidative stress markers, supporting
the biological plausibility of these findings.** However,
contrasting results were reported in studies that found
no significant association between the GPX1 Pro198Leu
(rs1050450) variant and T2D.**® The functional im-
pact of the T allele on GPX1 may be more pronounced
in conditions such as osteoporosis, in which oxidative
stress directly affects tissue integrity (such as bone) rath-
er than peripheral nerves. While the CT genotype asso-
ciation aligns with GPX1 reduced antioxidant capacity,
the tissue-specific selenoprotein regulation demonstrat-
ed by Ogino et al. suggests that osteoporosis risk in Leu
carriers may be modifiable by selenium status environ-
ment interaction, warranting further study.*

The identification of rs771425412 within exon 2
of GPX1 raises the possibility that it may affect pro-
tein structure and function, potentially influencing re-
dox regulation. Individuals carrying the heterozygous
CA genotype were found to be at higher risk, suggest-

ing this variant may impair the GPXI enzyme’s func-
tion through an amino acid change, independently of
the known rs1050450 polymorphism. While direct ev-
idence for this specific variant is limited, its location in
an exon indicates a potential mechanism affecting redox
regulation, underscoring the need for further function-
al studies to confirm its role. Schembri et al. highlight-
ed the importance of investigating rare variants, which
are essential for uncovering the full spectrum of genet-
ic contributions to complex diseases such as osteopo-
rosis.” These findings highlight the potential of exon
variants such as rs771425412 to compromise GPX1 an-
tioxidant function.” The findings indicated that GPX1
polymorphisms may similarly influence the susceptibili-
ty to primary osteoporosis, supporting the value of pop-
ulation genetic specific investigations. The results of the
current study are in line with several studies that linked
GPX1 variants to oxidative stress with osteoporosis.'**
To our knowledge, this is the first study to demonstrate
an association between the GPX1 rs771425412 SNV and
patients with osteoporosis. The lack of literature on this
SNV across bone-related and systemic diseases high-
lights it as a potentially overlooked locus in GPXI and
oxidative stress.

The modest sample size may have limited the ability
to confidently detect rare genotypes. This study did not
assess the correlation between genotype and densitome-
try-based osteoporosis severity, which represents an im-
portant direction for future research, thereby enabling
more reliable and clinically relevant conclusions. Future
research should combine the incorporation of environ-
mental and lifestyle factors, such as dietary selenium,
vitamin D intake, and smoking, which are known to in-
fluence oxidative stress and bone metabolism.

Conclusion

This study established a significant association between
specific genotypes of the GPXI gene and susceptibili-
ty to primary osteoporosis in an Iraqi population. The
findings indicate that individuals carrying the CT gen-
otype of the rs1050450 variant and the CA genotype of
the rs771425412 variant are at a significantly higher risk
of developing primary osteoporosis. Conversely, the CC
genotype for both variants appears to confer a protective
effect. Haplotype analysis further reinforced these find-
ings, revealing that the combination of alleles consti-
tuting the C-C haplotype was protective, while the T-A
and C-A haplotypes were associated with significant-
ly increased risk. Collectively, these results suggest that
specific genetic constitutions, particularly the heterozy-
gous genotypes CT and CA of GPX1, contribute to oste-
oporosis pathogenesis likely by disrupting the enzyme’s
ability to regulate oxidative stress, thereby tipping the
balance towards bone resorption.
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ABSTRACT

Introduction and aim. This study aimed to evaluate the diagnostic performance of a novel ELISA-based panel of virulence-as-
sociated antibodies (anti-CagA, anti-UreB, and anti-HpNAP IgG) for early detection of Helicobacter pylori infection.

Material and methods. In this cross-sectional study of 40 dyspeptic patients, ELISA results were compared with histopatholo-
gy and stool antigen testing as reference standards. Diagnostic accuracy was assessed using receiver operating characteristic
(ROCQ) curve analysis, and predictors were evaluated through logistic regression.

Results. Anti-CagA IgG achieved the highest diagnostic performance (AUC=0.95; sensitivity=90.9%; specificity=94.4%), fol-
lowed by anti-UreB (AUC=0.92) and anti-HpNAP (AUC=0.89). The combined biomarker model reached an AUC of 0.97, demon-
strating strong correlation with both infection status and symptom severity. Agreement between stool antigen testing and
histopathology was high (k=0.80).

Conclusion. This study provides the first regional validation of a standardized three-marker ELISA panel that demonstrated
high accuracy as a non-invasive diagnostic approach for early H. pylori detection, offering a cost-effective tool for use in re-

source-limited settings.

Keywords. anti-CagA IgG, biomarker panel, ELISA, Helicobacter pylori, histopathology, non-invasive diagnosis

Introduction

Helicobacter pylori is a Gram-negative, spiral-shaped
bacterium that chronically colonizes the gastric muco-
sa of nearly half the global population, with prevalence
reaching 60-80% in developing regions.! While most
infected individuals remain asymptomatic, persistent
colonization is etiologically linked to peptic ulcer dis-
ease, mucosa-associated lymphoid tissue (MALT)
lymphoma, and non-cardia gastric adenocarcinoma.’
Consequently, H. pylori has been classified as a Group
I carcinogen by the International Agency for Research
on Cancer.’

The prompt identification and precise assessment
of active H. pylori infection are imperative to avert the
advancement of disease. Traditional diagnostic meth-
odologies encompass invasive procedures such as his-
topathological examination and rapid urease testing,
as well as non-invasive alternatives including the urea
breath test (UBT), stool antigen testing (SAT), or sero-
logical analysis.* Although UBT and SAT provide high
sensitivity and specificity, they can be costly, require
specialized equipment, or have limited availability in
resource-constrained settings.” Importantly, validation
work from Iraq has compared invasive and non-invasive
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approaches head-to-head, underscoring practical trade-
offs and supporting context-specific test selection.®

Serological assays based on whole cell or general
antigen IgG measurement are inexpensive and widely
used, but a major limitation is their inability to distin-
guish between active and past infection, leading to false
positives especially in high seroprevalence populations.”
To improve diagnostic specificity and clinical relevance,
researchers have turned to virulence-associated anti-
gens, such as CagA, urease subunit B (UreB), and HP-
NAP - which reflect active infection and host immune
engagement.®® Moreover, recent studies have highlight-
ed the importance of incorporating molecular insights
into diagnostic research, including resistance-related
genetic variations such as 23S rRNA point mutations in
H. pylori clinical isolates.'

CagA (cytotoxin-associated gene A) is a key H. py-
lori virulence factor translocated into gastric epitheli-
al cells via a type IV secretion system, where it alters
signaling pathways, induces chronic inflammation, and
increases neoplastic risk." Serum anti-CagA IgG levels
have been shown to correlate strongly with strain viru-
lence and are more predictive of active disease than to-
tal IgG, especially in populations with mixed cagA+ and
cagA- strain prevalence.'* ™

Neutrophil-activating protein (HP-NAP) is in-
volved in immune modulation - activating neutrophils
via TLR2 and promoting reactive oxygen species pro-
duction and Th1 cytokine responses thus contributing
to gastric inflammation.'> As a potent antigen, HP-NAP
is a candidate diagnostic biomarker and potential thera-
peutic target in gastric disease.'¢

Urease subunit B (UreB) plays a central role in acid
resistance and colonization by catalyzing urea hydro-
lysis and facilitating bacterial survival in the acidic gas-
tric environment.”” Urease, composed of the UreA and
UreB subunits, is essential for bacterial survival in the
acidic gastric environment. Its activation requires acces-
sory proteins (UreE, UreE, UreG, UreH) for nickel incor-
poration into the active site, and heat-shock proteins for
proper folding and stability.’® The GroES cochaperonin
HspA serves as a nickel-binding chaperone aiding ure-
ase maturation, while Hsp60 (GroEL) physically inter-
acts with urease to maintain activity under acidic stress."
UreB is an immunodominant antigen, and anti-UreB IgG
is frequently detected in infected patients and incorpo-
rated into serological panel of three ELISAs improved di-
agnostic accuracy.?® While direct, consistent correlations
between anti-UreB antibody levels and histologic bacte-
rial density remain inconclusive, higher total anti-H. py-
lori IgG titers have been associated with greater mucosal
bacterial load and more severe gastritis.*!

Combining responses to multiple virulence factors in
amultiplex enzyme-linked immunosorbent assay (ELISA)
can improve diagnostic performance. For example, one

study identified that antibody reactivity against cytotox-
in-associated gene A (CagA), H. pylori chaperone (Gro-
EL), and hook-associated protein 2 homologue (FliD) was
significantly associated with the risk of H. pylori exposure,
with odds ratios indicating a strong correlation. A risk
score based on these antibodies achieved an area under
the curve of 0.976, effectively differentiating currently in-
fected or eradicated individuals from those without infec-
tion.” Microfluidic multiplex serology platforms including
virulence factors like CagA have achieved sensitivities up
to 99% and specificities of 100%.%

Given the diagnostic limitations of single-antigen
serology and the importance of detecting active infec-
tion precision, our study was designed to evaluate a pan-
el of three serological biomarkers that include anti-CagA
IgG, Anti-UreB IgG, and Anti-HP-NAP IgG quantified
via ELISA. The intended benchmark was not to replace
gold-standard tests such as UBT or SAT, which remain
reference standards, but rather to provide a cost-effec-
tive and accessible adjunct with accuracy approaching
these methods. This framing reflects practical needs in
resource-limited or primary care settings where breath
tests, endoscopy, or molecular assays may be unavail-
able. We assessed their diagnostic accuracy against stool
antigen testing and histopathology as gold standards.
Although the urea breath test (UBT) is often regarded
as the non-invasive gold standard, it was not included in
this study because it is not routinely available in our set-
ting due to cost and equipment constraints. Instead, we
employed stool antigen testing (SAT) as a validated, af-
fordable, and widely used non-invasive comparator, and
histopathology as the invasive gold standard. We recog-
nize that this choice may limit direct comparability with
UBT-based studies, and have highlighted this as a meth-
odological limitation. Additionally, we explored:

1. Which biomarker has the greatest independent
predictive power for histopathological infection.

2. Whether symptomatology impacts diagnostic per-
formance.

3. A combined predictive model to enhance non-in-
vasive detection.

Aim

This study introduces a novel, non-invasive serological
approach that integrates three virulence-associated H.
pylori antigens (CagA, UreB, and HP-NAP) into a stan-
dardized ELISA panel. Unlike previous multiplex assays
using experimental antigens, this combination employs
commercially available kits, offering a practical and ac-
cessible diagnostic tool for early H. pylori detection in
resource-limited settings.

Material and methods
Study design and ethical considerations
This cross-sectional observational study was conducted
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at Al-Hakim Teaching Hospital - Maysan between Oc-
tober, 2024 and May, 2025 (ethical approval no.: 24548,
approval date: 15 October 2024). The study aimed to
evaluate the diagnostic performance of serological panel
of three ELISAs for early detection of H. pylori infection.
The study protocol was approved by the Institutional
Review Board of Al-Hakim Teaching Hospital - May-
san, and written informed consent was obtained from
all participants before enrollment. All procedures com-
plied with the Declaration of Helsinki.

Sample size justification

The target sample size of 40 participants was determined
based on an anticipated area under the ROC curve
(AUC) of 0.90 for the primary biomarker (Anti-CagA
IgG), a null hypothesis value of 0.70, a=0.05, and 80%
power, using MedCalc sample size calculation for diag-
nostic accuracy studies. This calculation indicated that
a minimum of 38 subjects (balanced between positive
and negative cases) was required, so we enrolled 40 to
account for potential exclusions.

Design limitations

As a cross-sectional study, biomarker levels and infec-
tion status were assessed at a single time point, pre-
cluding evaluation of temporal changes, causality, or
post-eradication antibody kinetics.

Study population

Inclusion criteria

Participants were adults aged 18 to 65 years presenting
with upper gastrointestinal symptoms including epi-
gastric pain, bloating, heartburn, or nausea. All partici-
pants were referred for diagnostic upper gastrointestinal
endoscopy.

Exclusion criteria

Patients were excluded if they had received H. pylori
eradication therapy in the past, or were diagnosed with
chronic systemic illnesses or immunosuppressive con-
ditions. Inability to provide informed consent also re-
sulted in exclusion. History of eradication therapy was
determined through patient self-report obtained during
structured interviews, and whenever possible was
cross-verified against hospital or clinic medical records.
We acknowledge that reliance on self-report may intro-
duce recall bias.

Demographic and clinical data collection

Demographic and clinical data were obtained using a

structured case report form (CRF). The following vari-

ables were recorded:

- Age, sex, BMI, residence, smoking status, alcohol
consumption, NSAID use, PPI use, family history
(gastric cancer or peptic ulcer), ulcer history.

Symptom evaluation

Symptom duration

The duration of dyspeptic symptoms was recorded in
months, as reported by the patient.

Symptom severity
Symptom severity was assessed using a 5-point Likert scale
based on the participant’s self-assessment of their most
bothersome symptom. The scale was defined as follows:
1. (Very mild): occasional discomfort with no impact
on daily life.
2. (Mild): manageable symptoms without medication.
3. (Moderate): symptoms present with occasional use
of medication.
(Severe): symptoms interfere with daily activities.
5. (Very severe): symptoms significantly impair func-
tion and require medical attention.

Sample collection

Blood samples

Venous blood (5 mL) was collected into plain tubes.
Samples were allowed to clot and centrifuged at 3000
rpm for 10 minutes to separate serum, which was then
aliquoted and stored at —20°C until ELISA analysis.

Stool samples

Fresh stool specimens were collected in sterile contain-
ers. Samples were stored at 2-8°C if analyzed within 24
hours or frozen at -20°C for delayed testing. Stool anti-
gen detection was performed using a commercial H. py-
lori stool antigen ELISA Kkit.

Gastric biopsy

During upper gastrointestinal endoscopy, two mucosal
biopsy specimens were obtained from the antrum and
corpus. One sample was fixed in 10% formalin for histo-
pathological examination using hematoxylin and eosin
(H&E) and Giemsa stains.

Serological biomarker analysis

Serum IgG antibodies against H. pylori neutrophil-acti-
vating protein (HP-NAP), urease subunit B (UreB), and
cytotoxin-associated gene A (CagA) were quantified
using commercially available indirect ELISAs and the
manufacturers’ instructions: HP-NAP (MyBioSource,
MBS§2514577; detection range 3.12-200 ng/mL), UreB
(Cloud-Clone, SEA970Hu; 1.56-100 ng/mL), and CagA
(Abcam, ab108736; 1-300 U/mL). Serum was initially
diluted 1:100, 100 uL was added to antigen-coated wells,
and plates were processed per kit protocols; absorbance
was read at 450 nm and concentrations were interpolat-
ed from the standard curve. Specimens with absorbance
above the top calibrator at the initial dilution were re-as-
sayed at higher dilutions (typically 1:200-1:800) so that
readings fell within the validated standard-curve range,
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and final results were obtained by back-calculating with
the applied dilution factor. In our dataset, 18/40 (45%)
anti-UreB results exceeded 100 ng/mL at the sample lev-
el and were quantified after re-dilution (maximum 251.7
ng/mL). All anti-HP-NAP values fell within 3.12-200
ng/mL (maximum 166.9 ng/mL). One anti-CagA spec-
imen exceeded 300 U/mL and was similarly resolved by
additional dilution (maximum 373.4 U/mL). No values
were extrapolated beyond the standard curve for final
reporting. Anti-HP-NAP and anti-UreB are reported in
ng/mL, and anti-CagA in U/mL.

Reference standard for H. pylori infection

H. pylori-positive status was defined as a positive result
from histopathology testing. Patients with ¢ negative re-
sults were considered H. pylori-negative. Participants
with discordant results were excluded from diagnostic
performance analysis. We acknowledge that histopa-
thology alone is an imperfect gold standard, and that
international guidelines generally recommend at least
two concordant tests (e.g., histology, culture, RUT, SAT/
UBT). Our approach reflects pragmatic constraints in
our setting, but may introduce selection bias and limit
comparability with dual-reference studies.

Statistical analysis
All data were analyzed using IBM SPSS Statistics ver-
sion 26.0 (IBM Corp., Armonk, NY, USA) and Graph-
Pad Prism version 9.0 (GraphPad Software, San Diego,
CA, USA). Continuous variables were assessed for nor-
mality using the Shapiro-Wilk test. Normally distribut-
ed variables are presented as meantstandard deviation
(SD), while non-normally distributed data are report-
ed as median and interquartile range (IQR). Categorical
variables are expressed as frequencies and percentages.
Between-group comparisons were performed using
the independent samples t-test for normally distribut-
ed variables or the Mann-Whitney U test for non-para-
metric data. The chi-square (x?) test or Fisher’s exact test
was used for categorical comparisons as appropriate.
Receiver operating characteristic (ROC) curve anal-
ysis was used to evaluate the diagnostic accuracy of each
biomarker, and the area under the curve (AUC) with
95% confidence intervals (CI) was reported. The opti-
mal cut-off values were determined using Youden’s In-
dex. Multivariate logistic regression was conducted to
identify independent predictors of H. pylori infection,
with odds ratios (OR) and 95% Cls reported. A p-val-
ue<0.05 was considered statistically significant. Multiple
comparisons: No formal correction (e.g., Bonferroni)
was applied, given the exploratory nature of the bio-
marker analyses and the relatively small number of pri-
mary comparisons. This increases the potential for type
I error, and findings should therefore be interpreted
with caution and validated in larger datasets.

Results

No statistically significant differences were observed be-
tween H. pylori-positive and -negative groups regarding
age, sex, BMI, ulcer history, PPI use, or recent antibiotic
exposure (p>0.05 for all). However, participants with H.
pylori infection reported significantly higher symptom
severity scores (3.6+1.7) compared to uninfected indi-
viduals (2.6+1.5; p=0.04) as shown in Table 1.

Table 1. Baseline characteristics of study participants*

Overall H. pylorinegative H. pylori positive

Characteristic (n=40) (n=18) (n=22)
Age (years), mean+SD 41.0+13.5  37.2+139 440125  0.10
Sex, n (%) Male 13 (32.5%) 4(22.2%) 9(40.9%) 0.34
Female 27 (67.5%) 14 (77.8%) 13 (59.1%)

BMI, mean+SD 244135 241+3.8 24,6133 0.47
Symptom severity (Likert), 3.1+17 2.6+1.5 3.6+1.7 0.04
mean=+SD

Ulcer history, n (%) 5(12.5%) 3(16.7%) 2(9.1%) 0.49
PPl use, n (%) 7(17.5%) 2(11.1%) 5(22.7%) 0.24
Recent antibiotics, n (%) 7(17.5%) 2(11.1%) 5(22.7%) 0.24

* tests — t-test (continuous), x* — Fisher’s (categorical)

All three serological biomarkers — anti-HpNAP IgG,
anti-UreB IgG, and anti-CagA IgG - were significant-
ly elevated in the H. pylori stool antigen-positive group
compared to the negative group. Anti-HpNAP IgG levels
were markedly higher in the positive group (112.1+32.1
ng/mL) than in the negative group (69.9+23.9 ng/
mL; p<0.0001). Similarly, anti-UreB IgG and anti-Ca-
gA IgG showed significant differences, with values of
153.9450.1 ng/mL vs. 102.0+40.8 ng/mL (p=0.0003),
and 198.3+62.2 U/mL vs. 93.1+60.4 U/mL (p<0.0001),
respectively as shown in Table 2.

Table 2. Stool antigen result

Negative group Positive group
Parameters (n=18) (n=22) p
Mean+SD Mean+SD
Anti HpNAP IgG (ng/mL) 69.9+23.9 11214321 <0.0001
Anti UreB IgG (ng/mL) 102+40.8 153.9450.1 0.0003

Anti CagA lgG (U/mL) 93.1+60.4 198.3+62.2 <0.0001

Significant elevations in all three serological bio-
markers were observed among participants with histo-
pathologically confirmed H. pylori infection compared
to those without. Anti-HpNAP IgG levels were signifi-
cantly higher in the infected group (112.4+33.8 ng/
mL) versus the non-infected group (68.0+22.7 ng/mL;
p<0.001). Likewise, anti-UreB IgG concentrations were
elevated in the positive group (165.0+49.4 ng/mL) com-
pared to negatives (87.7+29.0 ng/mL; p<0.001). The
most notable difference was found in anti-CagA IgG,
with mean values of 204.8+66.7 U/mL in positives ver-
sus 78.2+35.8 U/mL in negatives (p<0.001) as shown in
Table 3.
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There was strong concordance between the stool an-
tigen test and histopathology results. Among the 40 par-
ticipants, the tests agreed in 36 cases (90%) as shown in
Table 4. Specifically, 19 patients tested positive on both
stool antigen and histopathology, while 17 were nega-
tive on both. The Cohen’s kappa coefficient (k) was 0.80
(95% CI: 0.61-0.99), indicating substantial agreement
between the two diagnostic modalities.

Table 3. Biomarker levels by H. pylori status*

H. pylori negative

Biomarker (n=18) H. pylori positive (n=22)  p
Anti-HpNAP 1gG (ng/mL) 68.0£22.7 112.4+33.8 <0.001
Anti-UreB IgG (ng/mL) 87.7£29.0 165.0+49.4 <0.001
Anti-CagA IgG (U/mL) 78.2£35.8 204.8+66.7 <0.001

* data - mean=SD, test - Independent t-test/Mann-
Whitney U

Table 4. Strong agreement (k=0.80) between stool antigen
and histopathology*

Stool antigen vs. histopathology Histopathology+ Histopathology- Total

Stool antigen+ 19 1 20
Stool antigen- 3 17 20
Total 22 18 40

* agreement: 90% (36/40), Cohen’s k=0.80 (95% Cl: 0.61-0.99)

As presented in Table 5 and Figures 1, 2, and 3, the
three ELISA-based biomarkers demonstrated excellent
diagnostic performance compared to histopathological
confirmation of H. pylori infection. Anti-CagA IgG, at
a cutoff value of 2120 U/mL, achieved the highest di-
agnostic accuracy with a sensitivity of 90.9% (95% CI:
70.8-98.9), specificity of 94.4% (95% CI: 72.7-99.9), and
an AUC of 0.95 (95% CI: 0.89-1.00). Anti-UreB IgG also
showed strong diagnostic power (AUC=0.92), with sen-
sitivity of 86.4% and specificity of 88.9% at a cutoff of
2110 ng/mL. Anti-HpNAP IgG demonstrated slightly
lower values but still performed well, with an AUC of
0.89, sensitivity of 81.8%, and specificity of 83.3%.

Table 5. Diagnostic accuracy of biomarkers*

Biomarker (Cut-off) Sensitivity (95%Cl) Specificity (95%Cl)  AUC(95% CI)
Anti-HpNAP IgG (=85 ng/mL) 81.8% (59.7-94.8%) 83.3% (58.6-96.4%) 0.89(0.79-0.99)
Anti-UreB lgG (=110ng/mL)  86.4% (65.1-97.1%) 88.9% (65.3-98.6%) 0.92(0.84-1.00)
Anti-CagA lgG (=120U/mL)  90.9% (70.8-98.9%) 94.4% (72.7-99.9%) 0.95(0.89-1.00)

*AUC - area under ROC curve, cut-offs optimized via
Youden'’s index

Subgroup analysis revealed notable variation in the
diagnostic performance of Anti-CagA IgG across differ-
ent symptom profiles, when histopathology was used as
the reference standard as shown in Table 6. The highest
diagnostic accuracy was observed in patients present-
ing with bloating, with an AUC of 0.97 (95% CI: 0.91-
1.00) and sensitivity of 91.7% at 90% specificity using a

cutoff of 2115 U/mL. This was followed by the epigas-
tric pain group (AUC=0.94), nausea/mixed symptoms
(AUC=0.92), and heartburn (AUC=0.89). While high
accuracy was retained across all symptom subgroups,
the optimal diagnostic threshold varied slightly, rang-
ing from 2115 to 2122 U/mL. Given the small subgroup
sizes, these variations likely reflect sample-specific ef-
fects and should be regarded as exploratory rather than
definitive. For consistency and to minimize overfitting,
the primary diagnostic cutoff for anti-CagA IgG in this
study is the single Youden’s Index-derived threshold of
2120 U/mL from the overall cohort.
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Fig. 1. ROC curve of anti-CagA IgG for H. pylori diagnosis
(AUC=0.95, 95% Cl 0.89-1.00)

100 -
80—
\O s qmne
> 601
z e
£ 40|
7]
204:
| (AUC=0.89, 95%

Cl 0.79-0.99)

0 | T T T 1
0 20 40 60 80 100

100% - Specificity%

Fig. 2. ROC curve of anti-HpNAP IgG for H. pylori diagnosis
(AUC=0.89, 95% ClI 0.79-0.99)
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Fig. 3. ROC curve of anti-UreB IgG for H. pylori diagnosis
(AUC=0.92, 95% Cl 0.84-1.00)

Table 6. Biomarker performance in symptomatic
subgroups*

Symptom Anti-CagA IgG AUC  Sensitivity at 90%  Optimal cut-off

subgroup (95% Cl) specificity (U/mL)
Epigastric pain 0.94(0.83-1.00) 88.9% =118
Heartburn 0.89(0.71-1.00) 83.3% 2122
Bloating 0.97/(0.91-1.00) 91.7% 2115
Nausea/Mixed 0.92(0.80-1.00) 85.7% >120

* reveals symptom-specific variations in Anti-CagA I1gG
diagnostic accuracy

Multivariate logistic regression analysis identified
anti-CagA IgG as the strongest independent predic-
tor of histopathologically confirmed H. pylori infec-
tion as shown in Table 7. For every 50 U/mL increase
in anti-CagA IgG, the odds of infection increased by
over threefold (adjusted OR=3.21; 95% CI: 1.75-5.89;
p<0.001). Anti-UreB IgG also remained a significant
predictor (OR=1.87; 95% CI: 1.12-3.12; p=0.02). Al-
though age >50 years and symptom severity >3 showed
trends toward association (ORs=1.95 and 2.41, respec-
tively), they did not reach statistical significance (p=0.13
and p=0.06). The overall model demonstrated excellent
diagnostic discrimination, with an AUC of 0.97 (95%
CI: 0.93-1.00).

Table 7. Combined biomarker diagnostic model*

Predictor Adjusted OR 95% Cl p
Anti-CagA IgG (per 50 U/mL) 3.21 1.75-5.89 <0.001
Anti-UreB IgG (per 50 ng/mL) 1.87 1.12-3.12 0.02
Age >50 years 1.95 0.82-4.64 0.13
Symptom severity >3 241 0.97-6.01 0.06

* model AUC=0.97 (0.93-1.00), anti-CagA is the strongest
independent predictor

Stratification by risk factor profile revealed that an-
ti-CagA IgG levels were significantly higher among H.
pylori-positive patients with high-risk features, defined
as concurrent smoking and a family history of gastric
cancer. Given the very small number of participants in
these strata (e.g., H. pylori+ high-risk, n=4; H. pylori-
high-risk, n=2), these results should be interpreted as
exploratory and descriptive rather than definitive. The
median anti-CagA IgG concentration in the high-risk
H. pylori-positive group was 286.4 U/mL [IQR: 222.3—-
293.3], markedly higher than the low-risk H. pylo-
ri-positive group (204.1 U/mL [171.5-229.4]; p<0.001)
as shown in Table 8. In H. pylori-negative individuals, a
similar pattern was observed, with slightly elevated val-
ues in high-risk participants.

Table 8. Biomarker levels by risk factor profiles*
Anti-CagA IgG (U/mL)

Group " (Median [1QR]) P
H. pylori—low risk 16 81.5(67.3-102.8]
H. pylori- high risk 2 114.2[107.0-121.4
Py 9 [ ] <0001

204.1[171.5-229.4]

H. pylori+ high risk 4 286.4(222.3-293.3]

* high-risk H. pylori+ patients show markedly elevated anti-
CagA levels (median 286 vs 204 U/mL)

H. pylori+ low risk 18

Discussion

The present study demonstrates exceptional diagnostic
performance for H. pylori serum biomarkers, with an-
ti-CagA IgG achieving the highest accuracy (AUC=0.95)
among the three evaluated antibodies. These findings
align with and extend previous research while revealing
important insights into the clinical utility of combined
biomarker approaches for H. pylori diagnosis. While the
antigens evaluated here have each been studied in pri-
or serological panels, our work contributes by validating
a pragmatic three-marker combination (anti-CagA, an-
ti-UreB, anti-HpNAP) in a Middle Eastern clinical co-
hort using standardized, commercially available ELISA
kits. This combination leverages biological complemen-
tarity, demonstrates strong additive diagnostic perfor-
mance in multivariate models, and offers feasibility in
resource-limited contexts where UBT or PCR may not
be readily available.

Our results showing anti-CagA IgG sensitivity of
90.9% and specificity of 94.4% with an optimal cutoff
of 2120 U/mL represent a significant advancement over
many previous studies. The comprehensive evaluation
by Duquesne, et al.” in Cuba’s primary care setting re-
ported Hp-IgG ELISA sensitivity of 97.8% but specific-
ity of only 71.1%, highlighting the superior specificity
achieved by our anti-CagA approach. Their study, which
included adult dyspeptic patients and used multiple ref-
erence standards, demonstrated that while serology
maintains high sensitivity, specificity often remains a
limiting factor. Our anti-CagA results address this lim-
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itation, achieving both high sensitivity and specificity,
which is crucial for clinical decision-making where false
positives can lead to unnecessary treatment.

The superior performance of anti-CagA antibodies
in our study is consistent with the mechanistic under-
standing provided by Seo, et al.?* in their Korean pediat-
ric population study. Their research demonstrated that
CagA presence was the major factor driving high an-
ti-H. pylori IgG and IgA levels regardless of age, with
antibody levels correlating significantly with chronic
gastritis degree and H. pylori infiltration (p<0.001). The
authors found that CagA-positive strains induced stron-
ger antibody responses even in children under 5 years,
supporting our observation that Anti-CagA antibodies
provide robust diagnostic discrimination. Their finding
that 94% of Korean H. pylori strains were CagA-positive
aligns with our population’s high anti-CagA responsive-
ness, suggesting geographic and strain-related factors
influence biomarker performance.

The large-scale Beijing population study by Yu, et
al.” provides important context for interpreting our
results in broader clinical applications. Their evalua-
tion of 1,678 participants revealed H. pylori IgG sen-
sitivity of 74.24% and specificity of 90.45% compared
to 13C-UBT, with a Cohen’s kappa of 0.64. While their
overall sensitivity was lower than our anti-CagA results,
their high specificity (90.45%) supports the clinical util-
ity of H. pylori serology in population screening. Nota-
bly, their finding of 73.5% antibody positivity in allergic
disease patients versus 29.3% in non-allergic popula-
tions (p<0.001) suggests that immune status may influ-
ence antibody responses, potentially explaining some
of the variability observed across different studies and
populations.

The comprehensive biomarkers review by Shiota
and Yamaoka? provides crucial perspective on the vari-
ability we observe across studies. Their analysis of 29
commercial Kits revealed accuracy ranging from 73.9%
to 97.8% for ELISA tests, with sensitivity spanning
57.8% to 100% and specificity from 57.4% to 97.9%.
Only four ELISA tests achieved >90% performance
across all five criteria (sensitivity, specificity, PPV, NPV,
accuracy), emphasizing the importance of careful test
selection and validation. Their observation that H. pylo-
ri antibody titers vary greatly depending on test kit used
underscores the significance of our standardized ap-
proach and the superior performance we achieved with
anti-CagA antibodies.

The protein array technology study by Han, et al.””
offers valuable comparison for our multi-biomarker ap-
proach. Their evaluation of 180 clinical samples demon-
strated anti-UreB IgG sensitivity of 93.4% and specificity
of 94.8%, closely matching our anti-UreB results (86.4%
sensitivity, 88.9% specificity). However, their anti-CagA
performance (95.4% sensitivity, 94.4% specificity) was

remarkably similar to our findings, validating the repro-
ducibility of anti-CagA as a superior diagnostic marker.
The rapid 30-minute turnaround time achieved by their
protein array system supports the clinical feasibility of
multi-biomarker testing, which our combined model
(AUC=0.97) demonstrates can provide near-perfect di-
agnostic accuracy.

Our combined biomarker model, achieving
AUC=0.97 with anti-CagA as the strongest indepen-
dent predictor (OR=3.21, p<0.001) and anti-UreB pro-
viding significant additive value (OR=1.87, p=0.02),
represents a novel advancement in H. pylori diagnos-
tics. This approach addresses the limitations identified
in previous single-biomarker studies while capitalizing
on the complementary diagnostic information provided
by different H. pylori antigens. The model’s exceptional
performance suggests that the biological diversity of im-
mune responses to different H. pylori components can
be leveraged to achieve diagnostic accuracy approach-
ing that of invasive methods.

The risk stratification analysis revealing markedly
elevated anti-CagA levels in high-risk H. pylori-positive
patients (286.4 vs 204.1 U/mL, representing a 40.2% in-
crease) extends previous findings linking CagA sero-
positivity to gastric cancer risk. This observation is
consistent with regional findings showing that smoking
and alcohol consumption are significantly associated
with increased risk of H. pylori infection in Iraqi pa-
tients.”® However, given the small subgroup sizes, these
estimates are unstable and should be regarded as explor-
atory signals that require confirmation in larger cohorts.

The landmark study by Parsonnet, et al.’, estab-
lished that CagA-positive H. pylori infection confers
considerably higher gastric cancer risk than CagA-neg-
ative strains. Our dose-response relationship between
risk factors and anti-CagA levels provides quantitative
support for this association, suggesting that antibody
levels may serve as surrogate markers for disease sever-
ity and cancer risk. The Japanese American population
study by Nomura, et al.* further validated CagA sero-
positivity as a gastric cancer biomarker, demonstrating
that specific antibody responses correlate with cancer
risk in population-based studies.

Our symptom-specific analysis revealing differen-
tial anti-CagA performance across clinical presentations
(AUC ranging from 0.89 for heartburn to 0.97 for bloat-
ing) provides novel insights not extensively explored in
previous literature. The consistently high performance
across all symptom subgroups (AUC>0.89) suggests
that anti-CagA antibodies maintain diagnostic utili-
ty regardless of clinical presentation, addressing a key
limitation of symptom-based diagnostic approaches.
The variation in optimal cutoffs (115-122 U/mL) across
symptom groups indicates potential symptom-specific
influences on antibody response. However, these find-
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ings should be considered exploratory due to the small
strata sizes, and our study emphasizes the single Youd-
en’s Index — derived cutoff (=120 U/mL) as the primary
diagnostic threshold. Future research with larger co-
horts may determine whether subgroup-specific thresh-
olds provide additional clinical value.

The excellent agreement between stool antigen test-
ing and histopathology (k=0.80, 90% overall agreement)
in our study validates both reference standards and sup-
ports the reliability of our biomarker evaluations. This
level of concordance exceeds many previous studies and
provides confidence in our diagnostic performance esti-
mates. The minimal discordance (only 4 cases, 10%) with
predominantly false negatives rather than false positives
suggests that our biomarker approach may detect cases
missed by conventional methods, potentially improving
overall diagnostic sensitivity in clinical practice.

The exceptional diagnostic performance of anti-Ca-
gA antibodies observed in our study reflects the unique
biological properties of the CagA protein and its central
role in H. pylori pathogenesis.

The observed performance hierarchy is consistent
with the biology of these antigens: CagA’s type-IV-se-
cretion-mediated translocation and downstream sig-
naling®"%, its conserved immunodominant epitopes
and exposure during bacterial attachment®*%; UreB’s es-
sential role in acid resistance and additional immuno-
modulatory interactions*~’; and HpNAP’s neutrophil/
innate activation profile.'**® These mechanisms provide
plausibility for robust Anti-CagA and complementary
anti-UreB responses in active infection.

CagA and UreB sequence variation can influence an-
tigenicity and may contribute to site-to-site performance
differences.®* This, together with kit-to-kit variability*,
supports our emphasis on local calibration of cut-offs.

Our findings carry important clinical implications.
First, anti-CagA IgG alone or in combination with an-
ti-UreB IgG may serve as a non-invasive serological
panel with accuracy comparable to invasive methods
for diagnosing H. pylori infection. Second, in settings
where endoscopy or breath testing is unavailable or con-
traindicated, this panel could guide diagnostic decisions
and prioritize patients for further evaluation. Third, an-
ti-HpNAP IgG, while slightly less accurate, offers addi-
tional inflammatory insight and may have prognostic
value in future longitudinal studies.

We also observed that symptom severity was elevat-
ed in infected individuals, although not an independent
predictor suggesting that while clinical presentation
may hint at infection, biomarkers provide more objec-
tive and specific diagnostic value.

Strengths of this study include the use of histopa-
thology and stool antigen testing as reference standards,
rigorous ROC and multivariate analyses, and the com-
bined evaluation of three biologically distinct biomark-

ers. The demonstration of high AUC values and robust
odds ratios confirms both accuracy and relevance.

Limitations include the modest sample size (n=40),
which may limit generalizability; the cross-sectional
design - precluding temporal assessment of serocon-
version or response to eradication; and limited evalu-
ation of demographic modifiers (e.g., rural vs. urban).
In addition, inclusion was restricted to symptomatic pa-
tients undergoing endoscopy, which introduces spec-
trum bias and may limit extrapolation of our findings
to asymptomatic carriers or population-based screen-
ing contexts. In addition, while our ELISA-based assays
show high performance, variations between kit manu-
facturers and local strain prevalence may affect exter-
nal validity. Furthermore, prior eradication history was
primarily based on self-report, with only partial con-
firmation from medical records, raising the possibility
of recall bias. In addition, defining infection status by
histopathology alone (with discordant cases excluded)
diverges from guideline recommendations that require
two concordant reference tests. While this approach
minimized misclassification in our dataset, it may have
introduced selection bias and reduced comparability
with other validation studies. Finally. the results should
be regarded as hypothesis-generating, providing a ratio-
nale for larger multicenter studies that can assess gener-
alizability, validate cutoffs, and explore integration with
newer diagnostic strategies.

Future research should involve larger, multicenter
validation cohorts, ideally with follow-up after eradica-
tion therapy to assess antibody decline and treatment
response. Combining serological panels with molecular
detection (e.g., PCR or breath tests) could enhance both
sensitivity and specificity, especially in areas with high
seroprevalence.' Further, understanding variations in
biomarker levels by CagA genotype and bacterial strain
diversity would refine cutoft values across populations.

Mechanistic studies evaluating HP-NAP immu-
nomodulatory pathways and their potential as vaccine
candidates or therapeutic adjuvants (e.g. in allergy/
cancer immunotherapy) may offer translational appli-
cations beyond diagnostics.'® Additionally, evaluating
these biomarkers among pediatric or high-risk sub-
groups, or in patients with dysplasia or early gastric ma-
lignancy, would extend clinical relevance.

Conclusion

All three ELISA-based markers — anti-HpNAP IgG, an-
ti-UreB IgG, and anti-CagA IgG -demonstrated strong
diagnostic potential, with anti-CagA showing the high-
est accuracy. The combined use of anti-CagA and an-
ti-UreB in a standardized, non-invasive ELISA panel
represents a novel and practical diagnostic approach for
early Helicobacter pylori detection, particularly relevant
for resource-limited settings.
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Although based on a single-center cohort, these
results provide the first regional validation of this
three-marker panel and support further multicenter
studies to confirm its clinical utility and integration with
molecular or breath-based diagnostics.
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ABSTRACT

Introduction and aim. Gadolinium-yttrium orthovanadate GdYVO,:Eu** nanoparticles (NPs) display dual redox activity, act-
ing as pro-oxidants or antioxidants depending on the surrounding environment, concentration, and pretreatment conditions,
a property that can be harnessed for potential oncological therapies. This study aims to evaluate the effect of untreated and
UV-irradiated NPs administered orally on blood biochemical parameters, liver tissue, and histological condition of liver tissue
in an experiment on laboratory rats.

Material and methods. Male rats of the WAG population received oral colloidal NPs solutions (in untreated and UV-irradiated
forms) at different doses: (50, 100, 200) ug/kg of body weight for 14 days. The content of medium-weight molecules, alanine
aminotransferase activity, direct and indirect bilirubin content, and von Willebrand factor content were determined in blood
serum. The content of reduced glutathione, superoxide dismutase, diene conjugates, and TBK-active products was determined
in liver homogenates. Liver tissue samples were examined using morphological and morphometric methods.

Results. The formation of oxidative stress, intoxication, damage to endothelial cells, impaired membrane permeability, destruc-
tion of hepatocytes, and destruction of sinusoidal endothelial cells were detected.

Conclusion. It has been established that the introduction of GAdYVO4: Eu** NP, both in untreated and UV-irradiated forms, in-
duces dose-dependent effects, including oxidative stress, endothelial dysfunction, intoxication, damage to hepatocyte mem-
branes, functional and histological damage to the liver, with more pronounced effects observed for UV-irradiated NPs.
Keywords. gadolinium-yttrium orthovanadate nanoparticles, hepatotoxicity, oxidative stress, UV-irradiation

Introduction widespread use in medical applications for the therapy

Scientific progress in chemistry and physics has opened
new avenues in the field of nanobiotechnology, enabling
the synthesis of specific nanoparticles (NP) and their

and diagnosis of various serious diseases, particularly
cancer.! The utilization of nanomaterials holds prom-
ise for targeted drug delivery to specific organs, early
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diagnosis, and treatment of oncologic diseases, as well
as coating of surgical instruments and implants with
nanoparticles, and the development of new antimicro-
bial agents, vaccines, and drugs.?

Despite the advancements, the impact of synthesized
NPs on living organisms remains insufficiently studied.
In recent years, there has been growing scientific inter-
est in inorganic nanomaterials based on rare-earth met-
als.** The colloidal solutions of these materials exhibit
luminescence, offering an expanded capability to moni-
tor biochemical processes.” Currently, stable gadolinium
compounds are commonly used as magnetic resonance
contrast agents, serving as radiosensitizers in radiation
therapy of oncological diseases.® NPs with rare-earth (RE)
ions have unique optical properties and biocompatibili-
ty,” high photostability, absence of flicker effect, narrow
emission lines, and prolonged luminescence.® This makes
it possible to use such NPs for DNA detection, protein de-
tection of proteins and study of their interactions, imag-
ing in vivo and in vitro.” It has been shown that NPs can
be used to increase the efficiency of chemotherapy.” Com-
plexes based on rare-earth metals are used in gene ther-
apy.'**? It was found that many complexes of rare earth
metals based on inorganic compounds have antiprolifer-
ative," antibacterial* anti-inflammatory'® properties. Tk-
achenko and his coauthors showed that GdYVO4: Eu**
NP prevent the development of carrageenan-induced
intestinal inflammation.'® REVO Eu** (RE=Gd,Y,La)
nanoparticles were found to have antioxidant proper-
ties.’¢!” At the same time, there are works showing that
REVO4: Eu’* NP exhibit pro-oxidant properties and in-
hibit enzymes of the antioxidant system (AOS)."*% It was
found that gadolinium-based nanocomplexes can accu-
mulate in tumor tissues and increase their sensitivity to
radiation therapy.* At the same time, a number of au-
thors note the presence of negative consequences of the
use of gadolinium NP as contrast materials. The authors
pay special attention to pathological consequences in
brain, kidney, skin, and bone tissues, and to the devel-
opment of general hypersensitivity reactions.” Taking
into account the promising application of nanoparticles
with RE ions, it should be taken into account that colloi-
dal solutions of nanoparticles themselves can exhibit bi-
ological activity. They have unique physical and chemical
properties and are characterized by a wide spectrum of
biological action.”® Their effect on living organisms, in-
cluding toxic effects, is due, as a rule, to the high chem-
ical and catalytic activity of the specific surface area of
NPs, which is insignificant in particles of the same na-
ture but of larger size in most cases.”* Due to their small
size, NPs are able to penetrate through the skin, digestive
and respiratory systems and accumulate in cells of organs
and tissues. The interaction of NPs with proteins is con-
sidered; the resulting complex can induce conformation-
al changes in protein molecules.”? GdYVO,:Eu** NPs

are characterized by unique redox flexibility: depending
on external conditions, they can promote or suppress the
formation of reactive oxygen species (ROS). UV pretreat-
ment was shown to shift their activity from antioxidant
to pro-oxidant, highlighting its potential for redox-mod-
ulating biomedical applications.”’® This property of
GdYVO,:Eu** that provides the prospect of their applica-
tion in medicine, in particular oncology. In in vitro exper-
iments, activated GdAYVO4: Eu** NP was shown to induce
the development of oxidative stress in leukocytes, leading
to increased generation of ROS and activation of apopto-
sis.”® This feature of action may be key in the treatment
of cancer, but in other diseases may cause the develop-
ment of fibrosis.” The probability of the development of
pathologic conditions caused by the use of nanomaterials
is quite real, so the elucidation of the causes of the toxic
action of NPs is now becoming the subject of a new di-
rection in experimental medicine.” In many world stud-
ies, the analysis of developing toxic damage was carried
out taking into account normal or decompensated kid-
ney function in patients (or experimental animals), since
the excretion of these substances from the body is carried
out mainly through the kidneys. In cases of problemat-
ic excretion of gadolinium-containing contrast agent
through the kidneys, gadolinium accumulated in tissues.
The name of such a pathological condition Gadolinium
deposition disease was suggested.”® Current sources of
scientific literature do not contain enough information;
at the same time, such studies are necessary, since the ac-
cumulation of NP in the liver after their administration
into the blood is significant.

Aim

The aim of this work is to evaluate the possibility of its
hepatotoxic effect on the biochemical parameters of
blood, liver homogenates, and the liver histological state
in laboratory rats based on in vivo study of the cumula-
tive effect of untreated and UV-irradiated GAYVO:Eu**
nanoparticles in different concentrations.

Material and methods

The GdYVO4: Eu** (GdYVO) nanoparticles were sup-
plied by the Institute of Scintillation Materials of the
National Academy of Sciences of Ukraine under a co-
operation agreement with Kharkiv National Medical
University (No. 173/09-19n). GAY VO NPs were synthe-
sized by a previously described method* and provided
as colloidal aqueous solutions containing 1 g/L of sol-
id phase, consisting of nearly spherical particles with an
average diameter of ~2 nm. To minimize possible tox-
ic effects, the substance was administered in small dos-
es of 50, 100, and 200 pg/kg body weight for 14 days.
Nonirradiated and UV irradiated GAYVO NPs were ad-
ministered (immediately before administration to rats,
GdYVO NP was activated by training for 20 min with
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UV light, in a quartz cuvette at a distance of 20 cm from
the irradiation source, using a UV irradiation source of
“Quartz-125” type, (A=210-400 nm) according to the
method described previously.”’-*® The substance was ad-
ministered orally using automatic dosing.

Animal groups

The experiments were carried out in male WAG rats
weighing between 180 and 200 g, housed in standard vi-
varium conditions with natural light and provided with
a balanced diet. The rats were randomly assigned to sev-
en groups, each consisting of six individuals.

1. Control group (Gr. C1):

Orally received 0.18-0.20 ml of drinking water.

2. Experimental group 2 (EG-50):

Received a solution of GAYVO NP at a dose of 50 ug/
kg body weight.

3. Experimental group 3 (EG-100):

Received a GAYVO NP solution at a dose of 100 pg/kg
body weight.

4. Experimental group 4 (EG-200):

Received a GAYVO NP solution at a dose of 200 pg/kg
body weight.

5. Experimental group 5 (EGA-50):

Received a solution of UV-activated GAYVO NPs at a
dose of 50 pg/kg body weight.

6. Experimental group 6 (EGA-100):

Received a solution of UV-activated GAYVO NPs at a
dose of 100 pg/kg body weight.

7. Experimental group 7 (EGA-200):

Received a solution of UV-activated GAYVO NPs at a
dose of 200 pg/kg body weight.

This ensures clarity about the nature of the GAYVO NPs
in each group, indicating whether it were untreated or
UV-activated.

Material collection
At the end of the administration of GAYVO NP solu-
tion administration on the next day, rats were removed
from the experiment by decapitation using a guillotine,
blood was collected, and the liver was isolated at autopsy.
The liver suspension (approximately 300 mg) was ground
with scissors in a mortar on ice, then saline was added (at
the rate of 10 ml of saline per 1g of tissue), homogenized
in a Potter homogenizer (on ice) until a homogeneous
mass was obtained. The homogenate was centrifuged at
600 g for 10 minutes (centrifuge Universal 320R). The su-
pernatant was used for biochemical studies. Serum was
obtained from blood (coagulation followed by centrifu-
gation) and used for biochemical studies.

Another piece of liver tissue was fixed in 10% neu-
tral formalin for morphologic studies.

When working with experimental animals, we were
guided by the provisions of the European Convention
for the Protection of Vertebrate Animals (Strasbourg,

18.03.1986, revised and amended in 2006), the Law of
Ukraine Nos. 3447 - IV, Articles 26, 31 “On the Protec-
tion of Animals against Cruelty”, “General ethical prin-
ciples of experiments on animals”, adopted by the Fifth
National Congress on Bioethics (Kiev, 2013).

The following biochemical techniques were used:
- to assess the level of intoxication, the content of me-
dium mass molecules (MMM) in blood serum was de-
termined by the express method® to assess the activity
of lipid peroxidation (LPO), the content of diene conju-
gates (DC) and TBA-active products in liver homoge-
nates. The DC content was determined according to the
method described in reference 33. The DC content in
the sample was expressed in mM/g protein. The con-
centration of TBA-active products in liver homogenates
was determined using the test with 2-thiobarbituric acid
according to the method of Botsoglow et al.** The con-
tent of TBA-active products was expressed in uM/g pro-
tein; - the amount of protein in tissues was determined
by the spectrophotometric method;* - the state of the
antioxidant system was evaluated by the content of re-
duced glutathione and the content of superoxide dis-
mutase (SOD) in liver homogenates. SOD content was
determined by an immunoenzymatic method using
SOD ELISA Kit, Elabscience (USA), expressed in pkg/
mL. Measurements were performed on a semiautomatic
analyzer Stat Fax (USA). The determination of reduced
glutathione was performed according to the method of
Teidze* and Tupper.”” The content of reduced glutathi-
one was expressed in mM/g tissue. Measurements were
performed on a Scolar PV-128 spectrophotometer; To
evaluate the integrity of hepatocyte membranes, the ac-
tivity of alanine aminotransferase (AIAT) in serum was
determined using reagent kits from “Filisit Diagnostics”
(Dnipro City, UA); - to assess liver function the con-
tent of direct (DB) and indirect (IB) bilirubin in blood
serum was determined. The determination was carried
out using a set of reagents from the company “Filisit Di-
agnostics” (Dnepr city, UA); - to assess the state of the
blood vessel endothelium in experimental rats, we de-
termined the content of Willibrandt factor (vWF) in the
blood serum of rats. The determination was carried out
by immunoenzymatic method using the Elabscience
VWE ELISA KIT reagent kit from Elabscience Biottch-
nology (USA). Measurements were made on a Stat Fax
semiautomatic immunoenzyme analyzer (USA). Sta-
tistical processing of the data obtained in the studies
was carried out using the Graph Pad Prizm 5 program
(Grath Pad Soflware, USA) using the non-parametric
Mann-Whitney U criterion (comparison between two
independent groups of variables). Results were present-
ed as Median (Me) and interquartile interval Me [25%,
75%]. Differences at p<0.05 were considered statistically
significant. To determine the effect of NPs on the func-
tional state of the liver, we performed morphological
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and morphometric studies. After fixation, liver pieces
were subjected to paraffin embedding and 4-5 pm thick
slices were stained with chromic hematoxylin-eosin and
gallocyanin alum by Einarson for nucleic acids. Micro-
scopic examination of liver micro preparations was per-
formed using a microscope with a digital camera. Using
Photoshop 13, the optical density of the cytoplasm of
hepatocytes in the second zone of the acinus was deter-
mined on Einarson stained liver micrographs, which al-
lows one to judge the content of RNA in the cytoplasm
and, therefore, the level of protein synthetic function.*®

Results

Biochemical research

For science and practice, it is important to determine
the concentrations of colloidal solution of GAYVO NPs,
at which they will be safe for the body and, at the same
time, capable of having a therapeutic effect. On the basis
of this, we used in experiments various concentrations
of colloidal solution of GAYVO NPs for oral adminis-
tration, as well as their native and activated forms. The
study of the content of medium molecules (MM) (a uni-
versal indicator of intoxication) showed that its level in
the blood in rats of the EG-50 group, compared with the
animals of the control group, does not differ statistically.
The most significant difference in MM content of MM
was observed at doses of 100 and 200 pg/kg. An increase
in the dose of orally administered GAYVO NPs leads to
a proportional increase in the content of MM, that is, an
increase in the level of intoxication. The same depen-
dence is characteristic for activated NPs (Fig. 1).

It should be noted that the MM content in rat serum
at all applied concentrations of untreated and UV-irra-
diated NPs is significantly higher than in the control
group. Significant differences in MM content between
the indices when using inactivated and activated NPs
were revealed only at the dose of 200 ug/kg body weight.
Consequently, oral administration of untreated and
UV-irradiated GAYVO NPs to rats is accompanied by
the development of intoxication, the degree of which in-
creases with increasing dose. A higher toxicity of UV-ir-

radiated GAYVO NP, compared to untreated ones, was
revealed only at a dose of 200 pg/kg body weight.

To assess the integrity of hepatocyte membranes un-
der intoxication we have we studied the activity of ala-
nine aminotransferase in blood serum of rats (Table 1).

Table 1. AIAT activity (uM/hour/mL) in blood serum during
oral administration of colloidal solution of GdYVO4: Eu3 +
NP, [Me (25,75)] to rats*

Indicator ~ Gr.l Gr.EG-50 Gr. Gr. Gr. EGA- Gr. Gr. EGA-
EGA-50  EG-100 100 EG-200 200
AIAT 0.135 0.109 0.150 0.223 0.275 0.315 0.355
[0.119,0.153] [0.087,0.115]  [0.137,  [0.188;  [0.258;  [0.298;  [0.378;
p=0,0057  0.168] 0.220] 0.293] 0.335] 0.550]

p=00305 p,=00022 p,=0.0022 p,=0.0022 p,=0.0022

p,=0.0067 p,=0.0043 p=00034

*AIAT - alanine aminotransferase, p1 - probability of
differences between control and experimental groups, p2
- probability of differences between native and activated
groups within one dose

As can be seen from the data given in Table 1, at oral
administration of colloidal solution of untreated GdYVO
NPs at a dose of 50 pg/kg, the activity of AIAT is even low-
er than in the control group. ItIn case of administration
of UV-irradiated GAYVO NPs, AIAT activity is, slight-
ly higher, and there is an insignificant change in mem-
brane permeability. When rats received a dose of 100 pg/
kg, there was a significant increase in serum ALAT activ-
ity in serum both in the case of untreated and UV-irradi-
ated GAYVO NP, and in the case of UV-irradiated NP to a
greater extent. Changes of the same nature, but more pro-
nounced, occur with oral administration of GdAYVO NP
at a dose of 200 pg/kg. Consequently, at doses of 100 and
200 pg/kg there is a significant dose-dependent change in
permeability of the hepatocyte membrane. The study of
the concentration of lipid peroxidation (LPO) products
in the liver homogenates of experimental rats showed that
in the EG-50 and EG-100 the content of DC increased
significantly and in the corresponding groups EGA-50
and EGA-100 the degree of increase is even greater (Ta-
ble 2). As can be seen from the data given in the table, the
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Fig. 1. Content of middle molecules (standard units) in the blood serum of rats after administration of the GdYVO4: Eu** NP
solution (in untreated and UV-irradiated forms), each group compared to the control group, * p <0.05
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higher the administered dose of GAYVO NPs, the greater
the index value.

Table 2. Content of DC and TBA active products in liver
tissue homogenates in rats during oral administration of
a colloidal solution of GAYVO4: Eu** NP (in untreated and
UV-irradiated forms), [Me (25, 75)1*

Groups/Indicators

DC, mM/g protein

TBA-active products, pM/g protein

Gr.(l 58.71(58.54; 60.88] 26.63 (24.32,27.22]

Gr.EG-50 62.0160.39; 62.85] 27.35(26.78;28.12]
p,=0.0260 p,=0.0047

Gr. EGA-50 65.93 [64.97;66.91] 28.34(27.39; 28.75]
p,.0.0022 p,.0.0032
p,.0.0024 p,=0.0028

Gr.EG-100 74.43 [72.00; 75.46] 31.12[29.88;32.25]
p,.0.0023 p,=0.0035

Gr. EGA-100 79.02 (76.38; 80,50] 32.36[32.07;32.86]
p,=0.0022 p,=0.0029
p,=0.0043 p,=0.0021

Gr. EG-200 90.85[89.17;91.70] 36.45[36.12; 37.03]
p,=0.0022 p,=0.0024

Gr. EGA-200 98.15[96.35;99.79] 38.42 [37.94; 38.66]
p,=0.0022 p,=0.0039
p,=0.0022 p,=0.0121

* DC - diene conjugates, p, — probability of differences
between control and experimental groups, p2 — probability
of differences between native and activated groups within
one dose

Table 3. Content of SOD and glutathione in liver tissue
homogenates in rats during oral administration of colloidal
solution of GdYVO4: Eu** NP (in untreated and UV-
irradiated form) [Me (25, 75)1*

Groups/Indicators SO0D, pkg/mL Glutathione, mM/g tissue
Gr.Cl 2.1101.97;2.21] 25.73[25.53;25.97]
Gr. EG-50 3.75[3.71;3.86] 27,00[26.92; 27.25]
p,=0.0056 p,=0.0038

Gr. EGA-50 3.82[3.77;3.89] 26.48[26.34; 26.75]
p,=0.0031 p,=0.0056
p,=0.0502 p,=0.0347

Gr. EG-100 1.95[1.90; 2.06] 23.42[23.27; 23.56]
p,=0.0067 p,=0.0022

Gr. EGA-100 2.03[1.98;2.09] 20.34[20.19; 20.58]
p,=0.0058 p,=0.0022
p,=0.0487 p,=0.0039

Gr. EG-200 0.871[0.85;0.91] 19.22[19.13;19.46]
p,=0.0018 p,=0.0019

Gr. EGA-200 0.69[0.64;0.73] 16.34[16.19; 16.57]
p,=0.0019 p,=0.0019
p,=0.0022 p,=0.0019

* SOD - superoxide dismutase, p, - probability of
differences between control and experimental groups,

p2 - probability of differences between the untreated and
UV-irradiated groups within one dose

As can be seen from the data in Table 2, the rats of
EG-200 and EGA-200 groups have the highest content of
DC in liver homogenates among all groups. We also can
say that the level of increase in DC concentration in gen-
eral is higher with introduction UV-irradiated GAYVO

NPs, even among lower administered concentrations.
Analysis of the the content of end products of the active
products of lipid peroxidation TBA showed that their
concentration in liver homogenates changes significantly
(but reliably) changes in rats of the EG-50 and increases
EGA-50 groups, and significantly increases in the EG-100
and EGA-100 groups and to the greatest extent in rats of
the EG-200 and EGA-200 groups (Table 2).

As can be seen from the data obtained by us, at the
introduction of UV-irradiated GAYVO NPs the degree
of increase in the concentration of end products of LPO
is higher than that at the introduction of untreated NPs,
which indicates higher pro-oxidant properties of UV-ir-
radiated GAYVO NPs. One of the main indicators of the
the state of antioxidant system is the following superox-
ide dismutase (SOD) (Table 3).

As can be seen from the data we received when in-
troducing the SOD content SOD significantly increased
equally in the EG-50 and EGA-50 groups of rats, com-
pared to the C1 group. In rats in the EG-100 and EGA-
100 groups, the SOD content decreases, and in the case
of the introduction of untreated GdYVO NPs, the degree
of decrease in the enzyme content is significantly higher.
In rats in the EG-200 and EGA-200 groups, an even more
pronounced and significant decrease in SOD content is
observed compared to the control group, and in the EGA-
200 group, the decrease in the enzyme content is more
pronounced than in the EG-200 group. Equally import-
ant for characterizing the state of the antioxidant system
in the liver is the study of the content of reduced gluta-
thione, reflecting the state of the glutathione system. The
results of the study of the reduced glutathione in liver ho-
mogenates from experimental rats are presented in Table
3. As can be seen from the data we obtained, in the group
of rats EG-50 and EGA-50, the reduced glutathione is
significantly higher than in the control group. In the rat
groups, the content of SH-glutathione EG-100 and EGA-
100 is lower than in the control, and in EG-100 is signifi-
cantly lower than in gr. EGA-100. The same dependence
is typical for the EG-200 and EGA-200 groups. Conse-
quently, UV-irradiated and untreated NPs (to a greater
extent), administered at a low dose (50 pg/kg), have re-
storative properties, increasing the adaptive potential.
At higher doses, untreated GAYVO NPs do not exhib-
it reducing properties, while UV-irradiated NPs exhibit
pro-oxidant properties. To assess possible damage to the
endothelium in the presence of intoxication, the concen-
tration of VWF was studied (Table 4).

At the application of only UV-irradiated NP at a
dose of 50 pg/kg, there is a significant increase in the
content of FVB compared to the animals of the control
group. At doses of 100 ug/kg and 200 ug/kg, significant
dose-dependent differences in vWF content between
the control and experimental groups of rats, as well as
between the untreated and UV-irradiated groups with-
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in the same dose-dependent differences. The data ob-
tained by us indicate that endothelial dysfunction is
significantly expressed in rats when NPs are adminis-
tered both UV-irradiated and untreated at doses of 100
and 200 pg/kg, to a greater extent when using UV-irra-
diated GAYVO NPs. At a dose of 50 ug/kg endotheli-
al dysfunction develops only when UV-irradiated NPs

are used.

Table 4. Content of Willibrandt factor (vWF), indirect (IB),
and direct (DB) bilirubin in rat blood serum during oral

administration of colloidal solution of GdYVO4: Eu3* NP (in

untreated and UV-irradiated form), [Me (25, 75)1*

Groups/Indicators VvWF, ng/ml 1B, pM/I DB, pW/I
Gr.dl 4.79[4.62;4.94] 9.85[9.35;10.23] 2.79[2.63; 2.86)
Gr.EG-50 5.04[4.89; 5.35] 9.92[9.67;10.19] 2.03[1.97;2.08]
p,=0.0931 p,=0.270 p,=0.0058
Gr. EGA-50 6.05[5.84;6.19]  11.15[11.03;11.27]  1.82[1.78;1.97]
p,=0.0022 p,=0.0055 p,=0.0035
p,=0.0022 p,=0.0034 p,=0.0045
Gr. EG-100 13.97[13.72;14.06]  13.05[12.96;13.17]  1.88[1.79;1.94]
p,=0.0022 p,=0.0025 p,=0.0032
Gr. EGA-100 17.16[17.13;17.46]  14.55[14.12;14.67]  1.72[1.68; 1.81]
p,=0.0022 p,=0.0022 p,=0.0022
p,=0.0022 p,=0.0034 p,=0.0022
Gr. EG-200 34.50(34.41;3472]  15.98[15.47;16.22]  1.52[1.44;1.59]
p,=0.0022 p,=0.0022 p,=0.0019
Gr. EGA-200 49.08[48.97,49.31]  16.59[16.22;17.08]  1.43[1.39;1.48]
p,=0.0022 p,=0.0019 p,=0.0018
p,=0.0022 p,=0.0043 p,=0.0035

* p1 - probability of differences between control and
experimental groups, p2 — probability of differences between
untreated and UV irradiated groups within one dose

It is known that one of the most important func-
tions of the liver is the conversion of toxic indirect
bilirubin (IB) into nontoxic, water-soluble bilirubin di-
glucuronide (direct bilirubin, DB). In this regard, in
order to evaluate the detoxifying function of rat liver
during administration of untreated and UV-irradiat-
ed GdYVO NP, we studied the content of DB and IB in
the blood serum of experimental rats. The IB content in
the blood of the group of rats (EG-50) practically does
not differ from the level of the control group, and in the
EGA-50 group it was significantly higher than in the
control group. In the EG-100 and EGA-100 groups IB
concentration is significantly higher than in the control
group, and in the EGA-100 group of rats it is significant-
ly higher than in the EG-100 group. The same character
of changes, but more pronounced, is observed in groups
EG-200 and EGA-200. The DB content in rats of groups
EG-100 and EGA-100 groups is significantly lower than
in the control group, and in rats of the EGA-100 gr. rats
it is significantly lower than in rats of the EG100 gr. are
established between the DB content in the control group
of rats and in the groups of rats EG-200 and EGA-200.
As can be seen from a data obtained by us, the dose-de-

pendent increase in the IB content with a decrease in
the DB content is observed during the introduction of
GdYVO NPs, especially in the case of UV-activated NPs.
The data obtained indicate that the introduction of NPs
(particularly UV-irradiated) leads to a decrease in the
conjugation process, which is obviously associated with
a decrease in the activity (or content) of the conjugation
enzyme UGT-glucuroniltransferase and indicates a de-
crease in the detoxification function of the liver and im-
paired hepatocyte integrity. Thus, the biochemical assays
used in this study showed dose-dependent intoxication
of the body, the development of oxidative stress in the
liver, and the activity of the GAYVO NPs was enhanced
by preliminary activation (UV-irradiation). The circula-
tion of NPs in the bloodstream leads to a dose-depen-
dent death of the vascular endothelium. Furthermore,
the entry of NPs from the intestine through the portal
systemx to the liver led to an increase in the content of
NPs against the background of a decrease in the content
of DB in the blood serum.

Morphological studies
The morphological study of liver tissue allowed to con-
firm pathological metabolic changes. In intact animals
(C1 gr.) the lobular structure of the liver, with well visi-
ble beams of hepatocytes well-visible beams of hepato-
cytes, with correct, id est not altered placement of triads
and central veins. The space around the triads (periportal
space) has no leukocytic infiltrates. Central veins do not
have a collagen layer in the wall. At the same time in the
central vein and surrounding sinusoids there is a vary-
ing degree of marked hemorrhage, probably due to ex-
tinction of the cardiac function during slaughter and the
development of general venous hemorrhage. The nuclei
of the hepatocytes are light-colored, with small clumps
of chromatin, and the cytoplasm in the periportal zone
darker than in the area around the central vein (Fig. 2).
In microdissections stained with gallocyanin-chromic
alum according to Einarson (histochemical staining for
nucleic acids), cytophotometry was performed. Cytopho-
tometric determination of the optical density of hepato-
cyte cytoplasm in the intermediate zone of the liver lobe:
Dk=0.226+0.018 CU of optical density, which can be
considered as an indicator of the level of RNA present in
the cytoplasm. Sinusoids are lined by endothelium with
dark, flat nuclei, the presence of Kupfer cells is moderate.
In animals, which received a course of GAYVO NP
at the minimum dose (EG-50 gr.), the histological pic-
ture of the appearance of signs of minimal damage to
liver tissue, which is accompanied by regeneration and
increase in its morpho-functional activity. Namely: in
the intermediate (2nd) zone of liver acinuses, there are
found areas with absence or decrease in the number of
endotheliocytes and Kupffer cells in the lining of sinu-
soids (Fig. 2). In these areas, hepatocytes have a dark
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pycnotic nucleus. In other parts of this zone, there is an
increase in the number of endotheliocytes and Kupffer
cells in the lining of the sinusoids, and hepatocytes, re-
spectively, with a larger nucleus and a higher RNA con-
tent in the cytoplasm.

When staining micropreparations with gallocya-
nin-chromium alum according to Einarson, the aver-
age optical density of the hepatocyte cytoplasm in this
zone of the liver lobules is less than in C1 gr. (Fig.4). It
was possible to detect a section of the sinusoid where
an endothelial “kidney” was formed as a result of endo-
theliocyte proliferation to replenish the dead endothe-
lial lining of the sinusoid (Fig. 2). The periportal space
is somewhat expanded with the appearance of minimal
leukocyte infiltration. The central veins and adjacent si-

nusoids are full-blooded to a greater extent than in C1
gr., in some places the endothelial cover of the central
veins is desquamated.

In EGA-50 gr. the damage to the endothelium of
sinusoids and hepatocytes in the intermediate zone of
the liver lobes is noticeably more pronounced, small ar-
eas of hepatocyte death appear similar to the area oc-
cupied by 3-5 nearby hepatocytes. At complete lysis,
these hepatocytes forms a very small pseudocyst, with a
few leukocytes. On micro drugs stained with gallocyan-
in-chromic alum, the focal decrease in RNA content in
the cytoplasm of hepatocytes in the intermediate zone
and the focal increase, obviously, in young regenerated
hepatocytes. When micro-drugs are staining with gallo-
cyanin-chromic alum by Einarson, the average value of

Fig. 2. Microslides of the liver routinely stained with hematoxylin and eosin (A, B, C, E, F), Einarson’s gallocyanin stain (D

A: Control group - well-preserved liver histostructure; periportal infiltrate is absent (x100); B: Control group - In the 2nd

zone nuclei of hepatocytes are light colored, euchromic and moderately heterochromic, the cytoplasm is eosinophilic, non-
vacuolated (x400); C: Gr. EG-50 - In the 2nd zone of acinus many small focuses with full karyolysis of hepatocytes, functioning
hepatocytes have larger and lighter nuclei, the cytoplasm is non-uniformly eosinophilic, lower number of sinusoids
endotheliocytes of sinusoids (x400); D: Gr. EGA50 - a small focus of necrosis with neutrophil infiltrate of neutrophils (x400);

E: Gr. EG-100 - small petrification in the necrosis zone (x400); F: Gr. EG-100 — Hepatocytes in the 2nd zone with a significant
decrease in the number of sinusoid endotheliocytes and collapse of sinusoids
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optical density of hepatocyte cytoplasm in this zone of
the hepatic lobules is unreliably lower than in gr. CI and
unreliably differs from the value of this index in exper-
imental groups of this index in EG-50 (Fig. 4). A small
leukocytic infiltrate is observed in the periportal spac-
es. Additionally, there is more pronounced chromatin
margination in the nuclei of hepatocytes located in the
zone around the central vein, which is a sign of apopto-
sis vein, which is a sign of apoptosis.

When animals receive a daily dose of GAYVO NPs
100pg/kg (EG-100) liver damage increases compared to
EG-50 gr.: in the 2nd zone the areas dominate, where
sinusoids collapsed due to the absence of endothelium
and Kupfter cells and therefore such areas look like con-
tinuous complexes of hepatocytes without bar structure
(Fig. 3). The nuclei of these hepatocytes are dark and
hyperchromic, and the cytoplasm has a reduced RNA
content. When staining micro-preparations with gallo-

Fig. 3. Microslides of the liver routinely stained with hematoxylin and eosin (B, C, D, E, F), Einarson’s gallocyanin stain (A), A:
Gr. EG-100 - reduction in trabeculae, large number of leukocytes in blood in a branch of v. portae (x100); B: Gr. EGA-100 -
presence of several small pseudocysts in the second zone sites (x100); C: Gr. EG-200 — mosaic picture of the death of small
groups of hepatocytes with signs of karyolysis (x400); D: Gr. EGA-200 - inflammation of a biliary duct in the triad, partial
destruction of its wall by an infiltrate (x400); E: Gr. EGA-200 - a large pseudocyst with dead hepatocytes not yet lysed in the
lumen (x100); F: Gr. EGA-200 - parallel to hepatocyte destruction, dilatation of biliary capillary dilation with cholestasis is

observed (x400)
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cyanin-chromium alum according to Einarson, the av-
erage optical density of the cytoplasm of hepatocytes in
this zone of the liver lobules is significantly less than in
1 gr. There is a small infiltration in the periportal spac-
es, and fullness is present not only in the central veins,
but also in the branches of the portal vein, where venous
blood contains a large amount of leukocytes.

In EGA-100 gr., the damage to the sinusoid lining
and hepatocytes is stimulated so much compared to gr.
stimulated, as compared to EG-100 gr, that numerous
small pseudocysts are formed in the liver tissue in the
same location, numerous small pseudocysts are formed
in the hepatic tissue in the same localization, resulting
from the death of groups of hepatocytes. The absence of
leukocytes around the perimeter of these pseudocysts is
noteworthy, indicating that the foci of hepatocyte death
are likely to be formed by apoptosis rather than necro-
sis. Small periportal leukocytic infiltrates are combined
with bile duct hyperplasia (3-4).

Obviously, hepatocyte death is so intensive that the
reparative potential of young hepatocytes in the peri-
portal zone is insufficient, and figures of hepatocyte mi-
tosis are found in the central parts of the space between
the central vein and the triad. When staining microdis-
sections Einarson Gallocyanin-Chrome Alum average
value of the optical density of cytoplasm of hepatocytes
in this hepatic lobule zone was higher than in C1 gr. and
in EG100 gr. (Fig. 4), probably caused by the general de-
crease in the number of hepatocytes in the second zone
and compensatory activation of the morphofunctional
state of working hepatocytes.
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Fig. 4. Optical density of hepatocyte cytoplasm

(conditional units, CU) during oral administration of

colloidal solution of GdYVO4: Eu** NP (in untreated and

UV-irradiated forms), each group compared to the control

group, * - p <0.05

In animals that received the maximum daily dose
(EG-200 gr), hepatocytes die even more intensely than in
EG-100. Frequent areas of liver tissue, mainly in the in-
termediate zone, where the trabecular structure is absent,
which means that sinusoids have “lost” endothelial lining

and collapsed, and hepatocytes in the form of groups of
different sizes are in a state of karyolysis (Fig. 3). The opti-
cal density of the cytoplasm of functioning hepatocytes in
micro-drug staining according to Einarson, in compari-
son with EG-100 gr. compared to EG-100 gr, is reliably
higher, which can also be conditioned by the higher mor-
phofunctional activity of such hepatocytes, which, obvi-
ously, has a compensatory significance. The consequence
of the focal death of hepatocytes without adequate regen-
eration is the convergence of triads and central veins. Peri-
portal space with leukocytic infiltrate, increased number
of bile ducts. In EGA-200 gr. pseudocysts are more nu-
merous and larger. In the preserved sinusoids there are
many lymphocytes and macrophages. Hepatocytes have
cytoplasm with a very low RNA content: the optical den-
sity of the cytoplasm at Einarson staining is 0.119+0.021
CU of optical density, that is, in these conditions there is a
decompensation of the ability of functioning hepatocytes
to synthesize RNA. The periportal space has even more
pronounced leukocytic infiltration. The wall of the bile
duct in the portal tract can be segmentally infiltrated and
practically destroyed by leukocytes. In this way, the mor-
phological analysis also confirmed a dose-dependent he-
patic tissue lesion induced by GAYVO,:Eu** NPs, with the
damage further enhanced by UV-activated NPs.

Discussion
Recently, nanomaterials with controllable pro and anti-
oxidant properties have attracted considerable attention
as a novel therapeutic approach for various diseas-
es, including cancer.” Among them, GdYVO4: Eu3 +
nanoparticles (GAYVO NPs) with tunable redox activi-
ty appear particularly promising for anticancer applica-
tions due to their ability to modulate toxicity."” 9% At
the microscopic level, the enhanced toxicity of UV-ir-
radiated GAYVO NPs can be attributed to their photo-
catalytic properties. Specifically, UV exposure induces
the generation of electron-hole pairs.””*® In nanopar-
ticles with a high density of structural defects, these
defects act as traps for photoinduced charge carriers, al-
lowing them to accumulate. Over time, trapped carriers
migrate to the surface of the nanoparticle, where they
interact with oxygen and water molecules, producing
ROS such as O, and xOH, a phenomenon referred to
as “dark ROS generation”?*® Furthermore, it has been
shown that UV pre-treatment of GAYVO NPs leads to
partial reduction of Eu** to Eu2 +.18 Electrons stored
in Eu?* can subsequently drive ROS production even in
the absence of light.”® Furthermore, the ultrasmall size
of GAYVO NPs (~ 2 um) may further influence their cel-
lular internalization and subcellular interactions, thus
contributing to their cytotoxic effects.”*

The objective of our study was to assess the risk of
toxic liver damage with oral administration of a colloi-
dal solution of NPs depending on the dose and UV ir-
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radiation. Our investigation of MM in the blood serum
of experimental rats revealed a significant increase in
content, particularly in groups subjected to doses of 100
and 200 pg/kg (EG-100, EGA-100, EG-200 and EGA-
200). In particular, this increase was more pronounced
in groups where NPs were irradiated with UV light at
these doses. Surprisingly, even in the EG-50 and EGA-
50 groups, a substantial increase in MM content was
observed. These findings suggest a dose-dependent in-
toxication in rats. It is plausible that toxicity is associ-
ated not directly associated with NPs themselves, but
rather with their complexation with proteins.*>* Inves-
tigation of AIAT activity in blood has revealed that the
introduction of NPs GAYVO,:Eu’** into the organism in-
duces a dose-dependent increase in hepatocyte mem-
brane permeability. Specifically, within the EG-50 and
EGA-50 groups of rats, no discernible disturbance in
permeability was observed. On the contrary, within the
EG-100 and EGA-100 groups, a notable increase in per-
meability was detected. The most substantial increase,
surpassing the values observed in the control group,
was observed in the EG-200 and EGA-200 rat groups.
More pronounced disorders are observed in rats inject-
ed with activated NPs, which may be the cause of struc-
tural and metabolic disorders in the liver. Microscopic
examination of hepatic tissue revealed toxic damage to
hepatocytes, primarily concentrated in the intermedi-
ate zone of the liver lobule-where venous blood from the
gastrointestinal tract enters the sinusoids through the v.
portae system. The intensity of hepatocyte damage is sig-
nificantly with the dose of NPs administered to the an-
imals. In the EG-50 group, this damage is characterized
by areas with pyknotic nuclei and weak histochemical
staining of the cytoplasm for RNA. In contrast, in the
EG-200 group, the damage is more severe, manifesting
itself as large pseudocysts formed during the course of
the experiment. These pseudocysts likely result from the
utilization of the cytoplasm, indicating the death of he-
patocytes. Preliminary UV activation of NPs at all doses
administered led to more pronounced damage to he-
patocytes. The degree of destruction in liver tissue across
all main groups, including the EGA groups, aligns with
the concurrent increase in the content of MMM and
AIAT activity in serum. As described above, HP intake
of HPs into the organism does not exclude the possibil-
ity of activation of the peroxidation process.” The data
obtained by us indicate that in oral administration of
colloidal solution of GAYVO,:Eu** in groups of rats EG-
100, EGA100, EG-200 and EGA-200 showed a dose-de-
pendent increase in the content of LPO products against
the background of decreased content of SOD and glu-
tathione (the main components of the antioxidant sys-
tem) which indicates the development of oxidative stress.
The development of oxidative stress is more pronounced
when NPs is administered at a dose of 200 ug/kg. Among

the EG-50 and EGA-50 groups, the development of oxi-
dative stress, apparently, is prevented by increasing AOS
activity. It should be noted that we revealed an interest-
ing fact: only when nanoparticles are administered at a
dose of 50 pg/kg, UV-irradiated and, to a greater extent,
untreated NPs have pronounced antioxidant properties.
According to data of other researchers, obtained by the
introduction of similar NPs but do not have in their yt-
trium composition, pronounced antioxidant properties
are observed even in oral administration in doses of 200-
300 pg/kg for 20 days.* Apparently, the composition of
NPs significantly affects both their adhesive properties
and the redox potential of the system.*?
Morphologically, we have also confirmed the “un-
folding” of both intracellular and cellular regeneration of
hepatocytes in response to their destruction. In the EG-
50 group, many hepatocytes emerge around foci con-
taining dying hepatocytes, characterized by larger and
lighter-colored nuclei. A comparative analysis of the cy-
tophotometrically determined RNA content in the he-
patocyte cytoplasm (Ill.2) prompts us to explore the
unexpectedly high level of RNA in the EGA-100 group,
surpassing that of the EG-100 group. Examination of
liver micropreparations in the intermediate zone of the
lobe reveals that in the EGA-100 group, there are relative-
ly few hepatocytes in a wild-type state compared to the
EG-100 group. However, pseudocysts are larger and more
frequent. Consequently, it can be argued that preirradi-
ation of NPs administered in a high dose enhances the
process of hepatocyte death and dystrophy. The remain-
ing ‘healthy’ hepatocytes work more intensively, leading
to a higher RNA content in the cytoplasm. At the maxi-
mum dose of nanoparticles in the EGA-200 group, dys-
trophic hepatocytes dominate among the remaining cells.
Therefore, the RNA content in these hepatocytes is low-
er than in the EG-200 group. It is known that intoxica-
tion, the presence of oxidative stress, and direct contact
of NPs with endotheliocytes are risk factors for endothe-
lial damage.”*> As described above, a dose-dependent in-
crease in the VWF content in the blood was revealed in all
rats’ groups (except for EG-50 gr.), more pronounced in
rats in the EGA groups. Consequently, endothelial dam-
age endsothelium damage occurs in rats of all groups ex-
cept EGA. The maximum damage is in the rats EGA-200
group. Morphological examination revealed that in all
major groups, the endothelium of the sinusoids and the
arteries of the portal tract was severely damaged and des-
quamated. Only in EG-50 gr. there is an active prolifer-
ation of endotheliocytes in parallel, which corresponds
to the data of the biochemical study on the content of
vWE in blood serum. The analysis of bilirubin fractions
revealed a dose-dependent increase in the content of 1B
against the background of DB decrease, to a greater ex-
tent at the introduction of activated NPs, which indicates
a decrease in the activity or amount of UDP-glucanosyl-
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transferase, integrity of hepatocyte membranes. The vio-
lation of bile production was revealed morphologically:
At the application of doses of 100 and 200 pg/kg there is
observed proliferation of bile ducts is observed in “triads”,
which is a compensatory mechanism in the compensa-
tory mechanism in biliary hepatitis and biliary cirrhosis
of the liver. The presence of oxidative stress, intoxication,
endotheliocyte damage, membrane permeability disor-
ders, hepatocyte destruction, decreased DB production
and destruction of sinusoidal endotheliocytes allows us
to assume that in the liver dose-dependent structural and
metabolic disorders develop in the liver (EG-50 EG-100
g.EG-200). At the minimal dose of 50 pg/kg, the struc-
tural and metabolic disorders are fully compensated. UVa
NPs lead to increase of the level of structural-metabolic
disorders in liver tissue (EGA50<EGA-100<EGA-200),
which is also shown biochemically and morphologically.

Conclusion

The colloidal solution of GAYVO,:Eu** NPs, UV irra-
diated to a greater extent, has a pronounced dose-de-
pendent toxicity when administered to rats at the doses
studied for 14 days.

The administration of colloidal GAYVO,:Eu’* NPs
to rats at doses of 100 and 200 pg/kg body weight is
accompanied by the development of oxidative stress,
which is most pronounced for UV-irradiated NPs.

Intoxication, the development of oxidative stress,
and direct contact of the nanoparticles with the endothe-
lium contribute to the development of dose-dependent
endothelial dysfunction, especially for UV-irradiated
NPs, as evidenced by the increase in the concentration
of vWE, maximally expressed at a dose of 200 pg/kg.

The increase in the activity of the indicator enzyme
AIAT in blood serum and decrease in the DB level on
the background of increased IB (most pronounced at
administration of untreated and UV-irradiated NPs at
a dose of 200 ug/kg of weight) testify about functional
disorders (detoxification function) in the liver.

The data obtained by us allow us to conclude that
colloidal solution of GAYVO4: Eu** NP at oral admin-
istration to rats in doses of 100 and 200 pg/kg of weight
for 14 days can induce cell apoptosis mediated by the
development of oxidative stress and significant damage
to endothelium vessels. The possible therapeutic effect
in cancer treatment will be accompanied by significant
morphologic and functional liver damage, which re-
quires the use of hepatoprotectors.

When administering colloidal solution of GAYVO4:
Eu’* NP at a dose of 50 mcg / kg weight, no significant
changes in the parameters were not revealed.
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ABSTRACT

Introduction and aim. Irritable bowel syndrome (IBS) and functional dyspepsia (FD) are functional gastrointestinal disorders
that may involve autonomic imbalance. This study assessed autonomic nervous system activity using short-term heart rate
variability (HRV). To our knowledge, this is the first study in an Indian population to directly compare autonomic modulation
across IBS subtypes and FD using a unified HRV protocol, demonstrating subtype-specific alterations — particularly reduced LF/
HF in IBS-diarrhea (IBS-D).

Material and methods. Thirty IBS patients and thirty FD patients diagnosed using the Rome IV criteria, along with thirty healthy
controls, were enrolled. Short-term HRV analysis was performed following ECG acquisition using the LABCHART platform.
Results. Mean low-frequency/high-frequency (LF/HF) ratio was 1.26+0.83 in IBS, 1.40+1.171 in FD, and 1.60+1.196 in controls.
High-frequency (HF) power values (ms®) were 733.9+1661.16 (IBS), 534.18+778.28 (FD), and 674.87+1187.16 (controls), with no
significant differences among the three groups (p>0.05). Subgroup analysis revealed significantly lower LF/HF values in IBS-D
compared to controls (0.98+0.69 vs. 1.60+1.196; p=0.038), while HF values did not differ (p>0.05). No significant differences
were found between IBS-constipation (IBS-C) patients and controls.

Conclusion. IBS-D patients exhibited decreased LF/HF and increased HF values, indicating enhanced parasympathetic modula-
tion, which may contribute to diarrhea-predominant symptoms. IBS-C patients showed a trend toward higher LF/HF and lower
HF values, compatible with increased sympathetic modulation, although results were not statistically significant. FD patients
showed no autonomic differences relative to controls. These findings highlight subtype-specific autonomic patterns in IBS and
provide novel HRV-based insights from an Indian cohort.

Keywords. autonomic imbalance, autonomic nervous system, constipation, dyspepsia, gastrointestinal diseases, irritable bow-
el syndrome

Introduction are - irritable bowel syndrome (IBS) and functional

Functional gastrointestinal disorders (FGIDs) arise as a
result of the interaction between the gut and the brain.
It is a group of disorders characterized by motility dis-
turbance, visceral hypersensitivity, altered gut microbi-
ota, and altered central nervous system processing.' Two
major functional GI disorders affecting the population

dyspepsia (FD). IBS is a chronic gastrointestinal disease
characterized largely by abdominal pain and changes
in stool consistency and frequency. Global prevalence
of IBS was found to be 11.2%.? Its prevalence in India
varies from 4.2 to 14%.> Functional dyspepsia is charac-
terized by epigastric pain, discomfort, early satiety, and
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burning. Global prevalence of FD has been demonstrat-
ed to be varying between 11-29.2%.*

The pathophysiology of IBS and FD is yet to be
clearly worked out. Various mechanisms have been pro-
posed for IBS ranging from alteration in the gut micro-
biome (dysbiosis) and neurotransmitter imbalance’ to
dysregulation of the hypothalamus-pituitary-adrenal
(HPA) axis.® Loss of vagal tone and receptive relaxation
of the stomach to food has been implicated to contribute
to the pathogenesis of FD.” Abnormal gastric emptying
has also been implicated in FD pathogenesis.® Psycho-
logical stress and presence of other psychiatric co-mor-
bidities has been shown to affect the etiopathogenesis of
both IBS and FD.*'

Recently, working out the mechanisms producing
underlying differences between the IBS subtypes i.e.,
IBS-Diarrhea predominant (IBS-D) and IBS-Constipa-
tion predominant (IBS-C) together with understanding
the role of the vagus nerve in IBS is being encouraged
as a research priority."! HRV (Heart-rate variability)
analysis is a well-validated method that can be used to
non-invasively assess autonomic functioning. It is based
on the principle of beat-to-beat variation i.e., changes in
the RR intervals (time between successive R waves of an
ECG) between heart beats.'>'* As discussed above, IBS
and FD significantly overlap in pathophysiology. How-
ever, there is a lack of studies investigating HRV pat-
terns in IBS and FD in the same setting. Additionally,
previous studies comparing the HRV patterns of IBS
subtypes are few and utilize the older ROME III criteria
for diagnosis.* Further, there exists a gap in autonomic
research in the Indian population. The Indian popula-
tion has shown several variations in comparison to oth-
er Asian populations such as a higher prevalence of the
IBS-Diarrhea subtype, higher prevalence in older age
groups etc.'”

As already discussed, functional GI disorders are
disorders of interaction between the gut and brain
whose effects manifest as abnormalities in gastric emp-
tying time, abnormal receptive relaxation of the stom-
ach, and altered intestinal motility and secretions.
Gastrointestinal motility and secretions are mainly con-
trolled by the intrinsic enteric nervous system whose
functions are modulated externally by the autonom-
ic system via the vagus and sympathetic nerves, which
are in turn, are controlled by the brain. Thus, it can be
hypothesized that autonomic dysfunction might be the
cause of disease in these patients.

In the current study, we aim to use the short-term
5-minute HRV recording to assess the autonomic func-
tioning in two functional GI disorders - IBD and FD
in the Indian population. We also aim to investigate if
there is a difference in HRV patterns in IBS subtypes-
IBS-D and IBS-C. We will be employing the ROME IV
criteria for the diagnosis of our patients.

Aim

This study aims to determine whether patients with
IBS, its clinical subtypes, and FD exhibit autonomic
dysfunction, and to characterize their sympathetic and
parasympathetic modulation using short-term HRV
analysis. Importantly, this work provides one of the first
comparative assessments of autonomic activity across
IBS subtypes and FD within a single standardized HRV
protocol, highlighting potential subtype-specific auto-
nomic patterns — particularly in IBS-diarrhea.

Material and methods
Study design and setting
This is a cross-sectional study set in a tertiary health
center in urban India. The sample size was determined
using an appropriate formula-
Using reference article ',

n=2(za + z1-P)*c*

2

Where, za=Standard table value for 95 percent Confi-
dence Interval=1.96
z1-P=Standard table value for 80 percent power=0.9
o=Standard deviation=14.1
d=10.6=effect size

n=2(1.96+0.9)*(14.1)*

(10.6)?

n=28.9
Hence, 30 IBS, 30 FD and 30 controls were chosen as the
sample size. Due clearance from the Institutional ethics
committee was received before initiating the study.

Materials used and participants

PowerLab 26T (4 channel, 16-bit resolution polygraph)
(AD Instruments, Colorado Springs, USA), LABCHART
8 (AD Instruments, Colorado Springs, USA), HRV 2.0
module (AD Instruments, Colorado Springs, USA), and
3M™ Red Dot™ monitoring electrodes (3M, Maplewood,
USA) were used in our study.

Consecutive patients belonging to the age group
of 18-80 years who presented to the outpatient gastro-
enterology clinic were included. Subjects were recruit-
ed between August 2023 and July 2024. IBS or FD was
diagnosed based on the ROME IV criteria by an expe-
rienced gastroenterologist.”” Controls were volunteers
recruited on the basis of age and socioeconomic match-
ing. Each patient and control underwent abdominal
ultrasound, routine blood tests, as well as thyroid func-
tion tests. FD patients underwent upper GI endoscopy
to rule out structural disease. IBS patients were classi-
fied based on Bristol stool scale and ROME IV criteria
for various IBS subtypes. IBS patients were divided into
two subsets - IBS-D and IBS-C."®

Patients with IBS-M (Mixed) and those diagnosed
with both IBS and FD were excluded. Patients or con-
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trols with other gastrointestinal diseases, psychiatric
illness, thyroid disease, diabetes mellitus, cardiac ar-
rhythmias and those on medications such as NSAIDs,
prokinetic drugs, antidiarrheal, laxatives, antispasmod-
ic agents, tricyclic antidepressants, and SSRIs were ex-
cluded. Participants who had a history of caffeine intake
or smoking within the last 24 hours were also excluded.

HRV recording

Readings were taken in the autonomic function test
(AFT) lab. The readings were taken at the same time (11
AM -1 PM) every day to minimize error caused by di-
urnal variation of HRV.

Patients were given 15 minutes of rest to stabilize
their respiratory and heart rates. Blood pressure, heart
rate and respiratory rates were noted. ECG was record-
ed in the lead I configuration (negative electrode - right
wrist, positive electrode - left wrist, and ground elec-
trode - right ankle). ECG wires were connected to a bio
amp which was connected to the PowerLab 26T ma-
chine. Patients were instructed to breathe according to
the metronome set at 12 breaths/minute.

Real-time ECG signals appearing on the screen
were refined to acquire clean signals. A high pass filter
of 0.5 Hz and a low pass filter of 50 Hz was applied and a
range of 5 mV was set. Data was acquired continuously
for 5 minutes in supine posture at a rate of 500 Hz. The
R wave peaks were automatically detected by the soft-
ware. Ectopic beats (<5), noise, spikes and artifacts were
automatically excluded from analysis by using Lab-
chart’s beat classifier view and also by manual screening
of the recording. Any recording which had more than 5
ectopic beats or more than 5 seconds of aberrant ECG
signal was completely repeated. Eleven recordings were
repeated due to the above reasons.

HRYV analysis
In the frequency-domain analysis of HRV, the spectral
analysis was applied in our study, which decomposes the
R-R interval time series into its fundamental oscillato-
ry components. Very low frequency (VLF) oscillations
were set between 0-0.04 Hz. High frequency (HF) was
set between 0.15-0.40 Hz; low frequency variations (LF)
were between 0.04-0.15 Hz. LF/HF ratio (LF/HF) was
calculated to derive the sympatho-vagal balance.'*?
The time domain parameters of HRV consist of
SDNN (Standard Deviation of Normal-to-Normal In-
tervals), RMSSD (Root Mean Square of Successive Dif-
ferences) and pNN50 (Percentage of NN50), where,
normal to normal interval (NN), is the time peri-
od between two consecutive heartbeats originating
from the sinus node. SDNN (standard deviation of all
NN intervals) offers a global measure of overall HRV,
while pNN50 and RMSSD are specific markers of para-
sympathetic (vagal) activity.'®?* These parameters are

relevant for the long-term heart rate variability and were
not considered in the current analysis.

The HRV recording from our subjects was ana-
lyzed automatically by Labchart’s HRV 2.0 module.
The frequency domain outcome parameters (HF, LF/
HF) were obtained. The report of each patient was
saved in a database.

Statistical analysis

Analysis was done by exporting the data to SPSS soft-
ware version 25.0 (IBM, Armonk, NY, USA). Mean age
and standard deviation were calculated. Normality as-
sessment was done using visual assessment of the his-
togram. One-way ANOVA was used to compare the age
differences of the three groups. Chi-square test was used
to compare the gender profile between the three groups.
Non-parametric tests were used for HF and LF/HF anal-
ysis as the data was non-normally distributed. Statistical
significance for HF and LF/HF was analyzed using the
Kruskal Wallis test. Analysis between the IBS subtypes
was done using Mann Whitney U test. Rank biserial
correlation was used as a measure of effect size. P values
<0.05 were taken to be statistically significant.

Results

The study involved a total of 90 participants broken
down into three groups namely, 30 controls, 30 IBS pa-
tients and 30 FD patients. Sub-groups within the IBS co-
hort included 19 participants with IBS-D and 11 with
IBS-C. The mean age of the participants did not vary
significantly between the groups (39.07+15.935 for con-
trols, 41.57+15.476 for IBS and 41.17+11.341 for FD
patients) (Table 1). There was no significant statistical
difference in the gender profile between controls and
FD patients although the IBS group had a greater pro-
portion of males (Table 1).

Table 1. Age profile of the three groups

Group Control IBS FD p

Sample size 30 30 30 -
Mean ageinyears (SD)  39.07(15.935) 41.57(15.476) 41.17(11.341)  0.771
Gender (Male/Female) 17713 24/6 18/12 0.121

Heart rate of IBS patients was higher (78.78+16.44)
and that of FD patients was lower (76.14+12.03) in com-
parison to controls (77.96+13.62) but the heart rate did
not vary significantly between IBS, FD and controls.
(Table 2).

The mean LF/HF value for IBS patients was
1.26+0.839 for IBS, 1.4+1.171 for FD and 1.6+1.196 for
controls. HF values (in ms?) were 733.9+1661.16 for IBS,
534.18+778.28 for FD and 674.87+1187.16 for controls.
A comparison of HF and LF/HF values between the
three groups using statistical tools showed no statisti-
cally significant difference (p=0.36) (Table 2).
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Table 2. Heart rate and spectral domain measures of HRV*

Group HR HF (ms?) LF/HF
1BS 78.79 733.9+1661 1.26+0.839
IBS-D subgroup 77.10 934.63+2043 0.980.69*
IBS-C subgroup 80.50 387.18+£524.9 1.75+0.88
D 76.14 534.18+778 14117
Healthy controls 77.96 674.87+1187 1.6£1.196

* p=0.038 compared to controls, all other values - p>0.05
compared to controls
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Fig. 1. Box-and-whisker plot showing distribution, outliers,
and mean of the LF/HF values of IBS subtypes and controls

Figures 2 and 3 show representative HRV power
spectrum plots and Poincaré plots of a healthy control
and an IBS-D patient.
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Fig. 2. HRV power spectrum plot of a healthy control with
LF/HF of 0.7, corresponding Poincaré plot is shown

Subgroup analysis in the IBS group showed that
the mean of the LF/HF values of the IBS-D group was

the least (0.98+0.69), followed by controls (1.6+1.19),
and IBS-C (1.75+0.88). The HF values (in ms?), on
the other hand, were found to be least in the IBS-C
(387.18+524.9) followed by controls (674.87+£1187.16),
and IBS-D (934.63+2043.71). A statistically significant
difference was found (p=0.038) in the LF/HF values be-
tween IBS-D patients and healthy controls, with a mod-
erate effect (rank-biserial correlation=0.353, 95% CI
[0.035, 0.608]). On the other hand, there was no differ-
ence in the HF values between the 2 groups (p>0.05).
IBS-C showed no difference in either parameter com-
pared to controls (p>0.05) (Fig. 1 and Table 2).

Fig. 3. HRV power spectrum of a patient with IBS-D

with LF/HF of 0.26 showing high HF component and
parasympathetic dominance (top), the corresponding
Poincaré plot shows increased short-term variability with
greater scattering of points

Discussion

Various studies have employed a wide array of tools,
designs and parameters to assess autonomic function
in patients. A lack of standardization exists, with stud-
ies using different methods for collecting data, taking
varied lengths of readings, applying different software
for analysis of HRV, and considering various outcome
measures for physiological interpretation of results. In
the current study, we have used short-term recording
of HRV with ECG for recording. Short-term, 5-minute
recording was chosen as it is convenient to replicate in
clinical practice in the future and represents the dynam-
ic relationship between the sympathetic and parasym-
pathetic branches of the autonomic nervous system. The
vagus nerve is inhibited on inspiration, and consequent-
ly, the heart rate increases. On expiration, the heart rate
decreases due to relatively higher vagal tone. This con-
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stant fluctuation results in respiratory sinus arrhythmia,
which along with the baroreceptor reflex, contributes to
short term HRV. ¥ Only the frequency domain param-
eters were considered for analysis as they are deemed to
be a better metric in the short-term recording.’” Hence,
we cannot compare time-domain parameters of other
studies with our results.

HRV analysis showed no statistical difference be-
tween the parameters selected for analysis, namely, LF/
HF and HF between each group - IBS, FD, and controls.
Studies comparing IBS and controls have shown results
similar to our study, where the HRV patterns did not
differ significantly from controls.'**! These insignifi-
cant results in the IBS subgroup may have arisen as we
combined patients of IBS-C and IBS-D under the same
group. The opposing pathophysiological mechanisms in
IBS-D and IBS-C may have contributed to the results
being insignificant. Previous studies on IBS have em-
phasized on categorizing patients separately based on
bowel patterns - evaluating IBS-D and IBS-C separate-
ly.>> Another possible explanation for the insignificant
results may be that changes in the autonomic nervous
system (ANS) only in certain IBS patients, such as those
who have suffered childhood trauma or life stressors.
IBS is considered a heterogeneous disorder with differ-
ent pathophysiological mechanisms leading to similar
symptoms. Other studies demonstrated results diver-
gent from our study and showed increased sympathetic
dominance.”?*

In patients with FD, our results differed from pre-
vious research. Previous studies have hypothesized that
delayed gastric emptying is due to reduced antral tone,
which is affected by the vagus.”® Studies have found a
decreased vagal tone and sympathetic dominance in FD
patients, indicated by increased LF/HF and decreased
HE*"28 It must be noted that these studies made use of
the long-term method of HRV recording. Other stud-
ies showed a decreased vagal response after a meal only
in patients with delayed gastric emptying.”” Hence, our
results, which showed no difference between FD and
controls could be due to the accentuation of ANS ab-
normalities during meals in these patients.

Subgroup analysis of IBS showed that the LF/HF in
IBS-D was significantly lower compared to controls. LF/
HF values in IBS-C were higher compared to healthy
controls but the difference was not found to be signifi-
cant. As we already know, the parasympathetic nervous
system increases colonic transit time and the sympa-
thetic nervous system decreases gut motility. As LF/
HEF signifies sympatho-vagal balance, our results show-
ing higher LF/HF in IBS-C and lower LF/HF in IBS-D
compared to controls shows that there is a relative sym-
pathetic dominance in IBS-C patients and a relative para-
sympathetic dominance in IBS-D patients. This could
also possibly explain the diarrhea-predominant symp-

toms seen in IBS-D. This conclusion remains specula-
tive considering the low sample size and cross-sectional
design of our study. However, similar conclusions were
drawn by a study assessing autonomic function using
postural adjustment ratio and colon transit time in IBS
subtypes by Aggarwal et al.* However, the authors did
not include HRV analysis in their study. Jarrett et al.* on
the other hand concluded that IBS-C patients diagnosed
using ROME III had lower HF and significantly higher
LF/HF than in controls. However, unlike our results, the
IBS-D patients did not differ with controls. The authors
used long-term HRV recordings for their analysis and
this might have caused the conflicting results. Similar
results were also obtained in a study confined to IBS-C
patients diagnosed using the ROME III criteria where
the authors found that LF/HF was higher and HF was
lower in the IBS-C group in comparison to controls."
Hence, our study is the was able to find a difference in
frequency-domain HRV parameters between IBS-D and
controls. It is also important to note that the majority of
the studies discussed above either used the long-term
recording of HRV or used ROME III to diagnose pa-
tients. Our study differed from these studies by using
the ROME IV criteria for diagnosis and the 5-minute re-
cording of HRV. Additionally, our study provides one of
the first IBS subtype-specific HRV comparisons within
the Indian population.

Our study also showed that the HF band was high-
er in the IBS-D subtype and lower in the IBS-C subtype
in comparison to controls, thus indicating higher vagal
modulation in IBS-D and lower vagal activity in IBS-C.
These results comply with the interpretation of our re-
sults for the LF/HF parameter in our study. This further
suggests a higher parasympathetic modulation in IBS-D
and higher sympathetic modulation in IBS-C. These re-
sults also suggest that sympathetic dominance in IBS-C
could be due to vagal withdrawal instead of relative
sympathetic dominance. Further, the parasympathetic
dominance in IBS-D could be from vagal hyperactivity
rather than sympathetic withdrawal.

Stress is thought to play a major role in initiating
functional GI disease and patients also report a flare up
of symptoms during periods of stress.*>** Centers of the
brain influencing stress might have an influence on the
ANS. A review of case report forms of patients involved
in our study showed presence of symptoms such as pal-
pitations, fibromyalgia, and increased perspiration in
many patients. These symptoms could further suggest
the presence of autonomic imbalance in patients with
functional GI disease.

Our findings have two significant clinical implica-
tions. Firstly, our findings show that patients with IBS-D
and IBS-C differ in their autonomic profile using the
short-term recording of HRV. This paves the way for the
potential use of short-term HRV as a biomarker in IBS.
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Secondly, our findings support the premise of augment-
ing the ANS for potential therapeutic benefit in IBS and
FD. In fact, studies which have attempted to do so have
already shown promising results. A study exploring the
effect of taVNS (Transcutaneous Auricular Vagal Nerve
Stimulation) in FD showed patients reported reduced
symptoms of dyspepsia, decreased the scores of anxiety,
depression, and improved gastric accommodation.*
Another study on the therapeutic effect of auricular
acupressure in IBS showed that participants had a lower
frequency of diarrhea, abdominal pain and discomfort
at the end of the trial.*® Additionally, CBT and hypno-
sis are also being used as complementary treatment op-
tions for IBS and FD and likely work by increasing vagal
tone.*® Further studies are required on ANS abnormali-
ties in FGIDs which would add to the understanding of
the disease process and to the development of effective
treatment strategies.

Study limitations

Our study has a few limitations. The major limitation of
our study is the small sample size of the main (IBS, FD,
HC) and subtype disease groups (IBS-D, IBS-C). It may
have affected the strength and reliability of our results.
The sample size may not have been sufficient to detect
subtle differences in autonomic function in our patients.
Additionally, the study’s cross-sectional design limits
the possibility to comment on causality and pathophys-
iological associations. This could have caused an error
in HRV recordings by causing a bias in the HF values.
We did not perform any autonomic testing additional
to HRV to assess our subjects. Furthermore, we did not
assess any changes prior to and following food intake.
HRYV analysis brings its own set of possibilities for er-
rors. Gender could not be matched across the groups
and might have changed our findings. Depression and
anxiety levels/subclinical disease are also known to af-
fect HRV results,”” and were not taken into account, al-
though patients with a known diagnosis of either of the
two were excluded.

Conclusion

In conclusion, this study identified distinct autonom-
ic patterns among IBS subtypes using short-term
HRV analysis. Patients with IBS-diarrhea demon-
strated significantly reduced LF/HF ratios, consistent
with enhanced parasympathetic modulation, whereas
IBS-constipation patients showed a trend toward higher
LE/HF and lower HF values, suggesting relative sympa-
thetic predominance. However, these differences were
not statistically significant. No autonomic abnormali-
ties were observed in patients with functional dyspepsia
compared with healthy controls. Additionally, this study
provides one of the first subtype-specific HRV compar-
isons within an Indian cohort using a standardized pro-

tocol, highlighting autonomic heterogeneity within IBS.
Given the small sample size, particularly in the IBS-C
subgroup, and the cross-sectional design, these findings
should be interpreted cautiously. Larger, longitudinal
studies are warranted to confirm these observations and
to further explore whether autonomic modulation con-
tributes to symptom expression or could serve as a ther-
apeutic target in functional gastrointestinal disorders.

Declarations

Funding

No funding was received to conduct this study. The au-
thors have no financial interests to disclose.

Author contributions

Conceptualization, L.D.; Methodology, L.D; Software,
L.D,; Validation, L.D., PK.S. and P.C.B.; Formal Analy-
sis, L.D.; Investigation, L.D.; Resources, L.D.; Data Cu-
ration, L.D.; Writing - Original Draft Preparation, L.D.
and PK.S.; Writing - Review & Editing, L.D. and M.S.;
Visualization, L.D. and M.S.; Supervision, P.C.B.; Proj-
ect Administration, PX.S. and P.C.B.

Conflicts of interests
The authors declare no competing interests.

Data availability

The datasets generated during and/or analysed during
the current study are available from the corresponding
author on reasonable request.

Ethics approval

The study was conducted in accordance with the Dec-
laration of Helsinki, and the protocol was approved on
16/6/2023 by the BMCRI Institutional Ethics Commit-
tee, Bangalore Medical College and Research Institute,
Bangalore (No: BMCRI/PS/85/2022-23).

References

1. Mearin F, Lacy BE, Chang L, et al. Bowel Disorders. Ga-
stroenterology. 2016:50016-5085(16)00222-5. doi:10.1053/
j.gastro.2016.02.031

2. Lovell RM, Ford AC. Global prevalence of and risk factors
for irritable bowel syndrome: a meta-analysis. Clin Ga-
stroenterol Hepatol. 2012;10(7):712-721.e4. doi:10.1016/j.
cgh.2012.02.029

3. Makharia GK, Verma AK, Amarchand R, et al. Preva-
lence of irritable bowel syndrome: a community-based
study from northern India. Neurogastroenterol Motil.
2011;17(1):82-87. doi:10.5056/jnm.2011.17.1.82

4. Mahadeva S, Goh KL. Epidemiology of functional dys-
pepsia: a global perspective. World ] Gastroenterol.
20065;12(17):2661-2666. doi:10.3748/wjg.v12.i17.2661

5. Mishima Y, Ishihara S. Enteric microbiota-mediated se-

rotonergic signaling in pathogenesis of irritable bowel



102

European Journal of Clinical and Experimental Medicine 2026; 24 (1): 96—103

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

syndrome. Int ] Mol Sci. 2021;22(19):10235. doi:10.3390/
ijms221910235

Chang L, Sundaresh S, Elliott J, et al. Dysregulation of the
hypothalamic-pituitary-adrenal (HPA) axis in irritable bo-
wel syndrome. Neurogastroenterol Motil. 2009;21(2):149-
159. doi:10.1111/j.1365-2982.2008.01268.x

Kindt S, Tack J. Impaired gastric accommodation and its
role in dyspepsia. Gut. 2006;55(12):1685-1691. doi:10.1136/
gut.2006.098275

Park SY, Acosta A, Camilleri M, et al. Gastric motor dys-
function in patients with functional gastroduodenal symp-
toms. Am ] Gastroenterol. 2017;112(11):1689-1699. doi:
10.1038/ajg.2017.144

Qin HY, Cheng CW, Tang XD, Bian ZX. Impact of psy-
chological stress on irritable bowel syndrome. World |
Gastroenterol. 2014;20(39):14126-14131. doi:10.3748/wjg.
v20.i139.14126

Van Oudenhove L, Aziz Q. The role of psychosocial factors
and psychiatric disorders in functional dyspepsia. Nat Rev
Gastroenterol Hepatol. 2013;10(3):158-167. doi:10.1038/
nrgastro.2013.2

Black CJ, Ford AC. Global burden of irritable bowel syn-
drome: trends, predictions and risk factors. Nat Rev Ga-
stroenterol Hepatol. 2020;17(8):473-486. doi:10.1038/
s41575-020-0290-3

Vanderlei LC, Pastre CM, Hoshi RA, Carvalho TD, Godoy
ME Basic notions of heart rate variability and its clinical
applicability. Rev Bras Cir Cardiovasc. 2009;24(2):205-217.
doi:10.1590/s0102-76382009000200013

Sessa F, Anna V, Messina G, et al. Heart rate variability as
predictive factor for sudden cardiac death. Aging (Albany
NY). 2018;10(2):166-177. doi:10.18632/aging.101369
Mazur M, Furgata A, Jabtonski K, Mach T, Thor P.
Autonomic nervous system activity in constipation-
-predominant irritable bowel syndrome patients. Med
Sci Monit. 2012;18(8):CR493-CR499. doi:10.12659/
MSM.883525

Chua AS. Prevalence of irritable bowel syndrome in nor-
thern India. Neurogastroenterol Motil. 2011;17(1):6-8.
doi:10.5056/jnm.2011.17.1.6

Manabe N, Tanaka T, Hata J, Kusunoki H, Haruma K.
Pathophysiology underlying irritable bowel syndrome—
from the viewpoint of dysfunction of autonomic nervous
system activity. ] Smooth Muscle Res. 2009;45(1):15-23.
doi:10.1540/jsmr.45.15

The Rome Foundation. Rome IV criteria. Available at:
https://theromefoundation.org/rome-iv/rome-iv-criteria/.
Accessed August 15, 2023.

O’Donnell L], Virjee J, Heaton KW. Detection of pseu-
dodiarrhea by simple clinical assessment of intestinal
transit rate. BMJ. 1990;300(6722):439-440. doi:10.1136/
bmj.300.6722.439

Shaffer F, Ginsberg JP. An overview of heart rate variabi-
lity metrics and norms. Front Public Health. 2017;5:258.
doi:10.3389/fpubh.2017.00258

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

Shaffer F, McCraty R, Zerr CL. A healthy heart is not a
metronome: an integrative review of the heart’s anato-
my and heart rate variability. Front Psychol. 2014;5:1040.
doi:10.3389/fpsyg.2014.01040

Cheng P, Shih W, Alberto M, et al. Autonomic respon-
se to a visceral stressor is dysregulated in irritable bowel
syndrome and correlates with duration of disease. Neuro-
gastroenterol Motil. 2013;25(10):e650-e659. doi:10.1111/
nmo.12177

Park HJ. Heart rate variability as a measure of disease
state in irritable bowel syndrome. Asian Nurs Res (Ko-
rean Soc Nurs Sci). 2008;2(1):5-16. d0i:10.1016/S1976-
1317(08)60024-0

Mazur M, Furgata A, Jabloniski K, et al. Dysfunction of the
autonomic nervous system activity is responsible for ga-
stric myoelectric disturbances in irritable bowel syndrome
patients. ] Physiol Pharmacol. 2007;58(3):131-139.
Karling P, Nyhlin H, Wiklund U, et al. Spectral analysis
of heart rate variability in patients with irritable bowel
syndrome. Scand ] Gastroenterol. 1998;33(6):572-576.
doi:10.1080/00365529850171800

Pellissier S, Dantzer C, Canini F, et al. Psychological ad-
justment and autonomic disturbances in inflammatory
bowel diseases and irritable bowel syndrome. Psychoneu-
roendocrinology. 2010;35(5):653-662. doi:10.1016/j.psy-
neuen.2009.10.004

Hausken T, Svebak S, Wilhelmsen I, et al. Low va-
gal tone and antral dysmotility in patients with func-
tional dyspepsia. Psychosom Med. 1993;55(1):12-22.
doi:10.1097/00006842-199301000-00003

Tominaga K, Fujikawa Y, Tsumoto C, et al. Disorder of au-
tonomic nervous system and its vulnerability to external
stimulation in functional dyspepsia. J Clin Biochem Nutr.
2016;58(2):161-165. doi:10.3164/jcbn.15-140

Lorena SL, Figueiredo M]J, Almeida JR, Mesquita MA.
Autonomic function in patients with functional dyspep-
sia assessed by 24-hour heart rate variability. Dig Dis Sci.
2002;47(1):27-31. doi:10.1023/A:1013246900041

Guo WJ, Yao SK, Zhang YL, et al. Impaired vagal activity
to meal in patients with functional dyspepsia and delay-
ed gastric emptying. J Int Med Res. 2018;46(2):792-801.
doi:10.1177/0305735617734958

Aggarwal A, Cutts TE, Abell TL, et al. Predominant
symptoms in irritable bowel syndrome correlate with
specific autonomic nervous system abnormalities. Ga-
stroenterology. 1994;106(4):945-950. doi:10.1016/0016-
5085(94)90850-0

Jarrett ME, Han CJ, Cain KC, et al. Relationships of ab-
dominal pain, reports to visceral and temperature pain
sensitivity, conditioned pain modulation, and heart rate
variability in irritable bowel syndrome. Neurogastroente-
rol Motil. 2016;28(7):1094-1103. doi:10.1111/nmo.12812
Chey WY, Jin HO, Lee MH, et al. Colonic motility ab-
normality in patients with irritable bowel syndrome
exhibiting abdominal pain and diarrhea. Am ] Ga-



Evaluation of autonomic imbalance in irritable bowel syndrome and functional dyspepsia

103

33.

34.

35.

stroenterol. 2001;96(5):1499-1506. doi:10.1111/j.1572-
-0241.2001.03715.x

Mustafa Y. When the gut speaks: the hidden toll of irri-
table bowel syndrome on body and mind. Gastroentero-
logy & Endoscopy. 2025;3:135-151. doi:10.1016/j.gan-
de.2025.05.002

Zhu 'Y, Xu E, Lu D, et al. Transcutaneous auricular vagal
nerve stimulation improves functional dyspepsia by en-
hancing vagal efferent activity. Am ] Physiol Gastrointest
Liver Physiol. 2021;320(5):G700-G711. doi:10.1152/ajp-
£i.00238.2020

Go GY, Park H. Effects of auricular acupressure on wo-
men with irritable bowel syndrome. Gastroenterol Nurs.
2020;43(2):E24-E34. doi:10.1097/SGA.0000000000000397

36.

37.

Lucini D, Malacarne M, Solaro N, et al. Complemen-
tary medicine for the management of chronic stress:
superiority of active versus passive techniques. ] Hyper-
tens. 2009;27(12):2421-2428. doi:10.1097/HJH.0b013e-
328331fa80

Hamilton JL, Alloy LB. Atypical reactivity of heart rate va-
riability to stress and depression across development: sys-
tematic review of the literature and directions for future
research. Clin Psychol Rev. 2016;50:67-79. doi:10.1016/].
cpr.2016.09.003



http://www.ejcem.ur.edu.pl
European Journal of Clinical and Experimental Medicine
Eur J Clin Exp Med 2026; 24 (1): 104-111

Rzeszéw University Press 2026
ISSN 2544-1361 (online)
doi: 10.15584/ejcem.2026.1.18

ORIGINAL PAPER

Histochemical evaluation of ethanol extracts of Senecio biafrae
leaves in mercury chloride-induced hepatic injury in adult male
Wistar rats

Anthony Oluwasesan Ibitoye @ 2, David Olawale Adeyemi ©'

' Department of Anatomy and Cell Biology, Faculty of Basic Medical Sciences, Obafemi Awolowo University, lle-Ife, Nigeria
2Department of Nursing Science, Kings University, Ode Omu, Osun State, Nigeria

ABSTRACT

Introduction and aim. Mercury chloride is a potent hepatotoxin that disrupts liver architecture, glucose metabolism, and nu-
clear integrity. To our knowledge, no previous study has evaluated the histochemical effects of the ethanol extract of Senecio
biafrae leaves (EESBL) on mercury chloride-induced hepatic injury. This study presents new evidence for the glycogen stabiliz-
ing and genoprotective properties of its compounds.

Material and methods. Forty-nine adult Wistar rats were randomly assigned to seven groups (n=7 per group). Except for the
control, all received 4 mg/kg mercury chloride orally for 21 days. Group Il rats were sacrificed immediately after exposure, while
group lll underwent a 21-day recovery. Group IV received 2 mg/kg silymarin, and also Groups V-VII received 200, 400, and 600
mg/kg EESBL, respectively, for 21 days. Liver tissues were harvested for histochemical evaluation using periodic acid-Schiff
(PAS) and Feulgen staining.

Results. Mercury chloride significantly depleted liver glycogen stores (PAS-positive area: control 75.00+0.56% vs tox-
ic 20.00+1.09%). EESBL restored glycogen storage in a dose-dependent manner (200 mg/kg: 52.02+0.56%; 400 mg/kg:
60.00+0.57%; 600 mg/kg: 72.06+0.57%), approaching silymarin (68.00+0.57%). Nuclear DNA integrity was markedly affected
by HgCl, (Feulgen-positive area: control 16.20+0.19% vs toxic 9.00+0.33%). EESBL improved nuclear morphology and DNA in-
tensity (200 mg/kg: 11.11+0.12%; 400 mg/kg: 13.20+0.44%; 600 mg/kg: 14.06+0.33%), comparable to silymarin (14.00+0.25%)
(all p<0.001).

Conclusion. EESBL demonstrated protective effects against mercury chloride-induced hepatotoxicity by stabilizing hepatic
glycogen metabolism and nuclear structure, underscoring its therapeutic potential in mitigating heavy metal-induced liver
injury.

Keywords. DNA integrity, Feulgen staining, glycogen storage, hepatic injury, mercury chloride, PAS reaction

Introduction

Mercury chloride (HgCl,), a highly toxic inorganic
compound, is commonly encountered through envi-
ronmental and occupational sources such as mining,
industrial effluents, battery manufacturing and phar-
maceutical waste disposal."* Exposure in humans and

animals occurs primarily through the consumption of
tainted food or water, breathing in airborne contami-
nants, or contact with the skin. Once absorbed, mer-
cury ions bind to sulthydryl groups in proteins and
also accumulate in vital organs, particularly the liver
and kidneys.** In the liver, mercury disrupts key cellu-
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lar processes, including glucose metabolism and DNA
stability.>® The liver is essential for metabolic control,
encompassing glycogen storage, detoxification, and
maintenance of genomic integrity.”® Its highly orga-
nized architecture rich in hepatocytes and a structured
extracellular matrix (ECM) supports these vital phys-
iological functions. As the primary site for glycogen
synthesis and storage, the liver maintains the systemic
energy balance.” Furthermore, the nucleus safeguards
genetic material, making DNA integrity essential for
liver regeneration and function."

Mercury chloride doses in rodent models are typi-
cally classified as low, moderate, or high based on tox-
icological and experimental data. Low doses (1 mg/kg/
day) mimic chronic environmental exposure and gen-
erally result in mild biochemical or histological chang-
es without overt tissue damage."" Moderate doses (2-7
mg/kg) are associated with oxidative stress, DNA dam-
age, and mild to moderate liver or renal lesions.'? High
doses (7 mg / kg) induce acute toxicity, characterized
by hepatocellular necrosis, nuclear condensation, and
widespread tissue degeneration.” These dose classifica-
tions are critical to modeling human exposure and eval-
uating the efficacy of therapeutic interventions.

To evaluate alterations in liver tissue, histochemical
staining techniques offer a precise visualization of intra-
cellular biochemical changes at the microscopic level.**
The periodic acid-Schiff reaction (PAS) detects glycogen
deposits, while the Feulgen reaction identifies nuclear
DNA, providing sensitive markers of cytoplasmic and
nuclear integrity, respectively. Together, these staining
methods enable a comprehensive histochemical assess-
ment of hepatocyte injury and recovery in experimental
models of hepatotoxicity.'®

In the search for safe and effective interventions,
the therapeutic value of medicinal plants has drawn in-
terest in mitigating toxicant-induced tissue damage.'*"’
Senecio biafrae, a leafy vegetable widely consumed in
West Africa (including Nigeria, Benin and Ghana), is
traditionally valued for its nutritional and therapeutic
properties.'® Phytochemical studies have identified fla-
vonoids, phenolics, alkaloids, saponins, tannins, and vi-
tamins as key bioactive constituents of S. biafrae.'” These
substances are recognized for their anti-inflammatory,
antioxidant, and also cytoprotective activities. However,
the specific effects of these constituents on liver histoar-
chitecture after mercury chloride-induced hepatotoxic-
ity remain largely underexplored.

Aim

This study aims to investigate the histochemical effects
of the ethanol extract of S. biafrae leaves (EESBL) on
mercury-chloride-induced hepatic injury, specifically
its ability to restore glycogen reserves and maintain nu-
clear DNA integrity. To our knowledge, this is the first

study to provide histochemical evidence of the protec-
tive effects of S. biafrae on mercury-induced alterations
in hepatic metabolism and nuclear architecture.

Material and methods

Chemicals and drugs

Mercury chloride (white crystalline form; British Drug
Houses Ltd., Poole, England) was used as a hepatotoxic
agent. Silymarin tablets (Silybon-70"70 mg; Micro Labs
Ltd., India) served as the reference hepatoprotective
agent. Diethyl ether (= 99.8%; British Drug Houses Ltd.,
Poole, England) was utilized for anesthesia.

Gathering and authentication of plant materials

For this investigation, green Senecio biafrae leaves were
collected and authenticated at Obafemi Awolowo Uni-
versity’s Department of Botany in Ile-Ife. For future use,
a sample from the voucher (IFE/18215) was placed in
the departmental herbarium.

The preparation of ethanol extract of Senecio biafrae leaf
The collected leaves were air dried, pulverized, and ex-
tracted three times with 80% ethanol at standard tem-
perature under continuous magnetic stirring every 24
hours. The combined extracts were filtered using What-
man No. 1 filter paper, condensed in a low pressure ro-
tary evaporator and then lyophilized. Before being used,
the drained extract was kept in a drying device.?

Experimental animals

The Animal Holding, College of Health Sciences,
Obafemi Awolowo University, Ile-Ife, provided 49 adult
male Wistar rats weighing between 180 and 200 grams.
The animals were kept in conventional laboratory set-
tings (12 hours light/dark cycle, temperature, and rela-
tive humidity) with unlimited access to clean water and
standard rat food (Ace Feeds, Osogbo, Nigeria). The In-
stitute of Public Health, Obafemi Awolowo University,
Ile-Ife’s Health Research and Ethics Committee (HREC)
granted ethical approval (IPH/OAU/12/2543). In accor-
dance with the National Institutes of Health’s Guide for
the Care and Use of Laboratory Animals, the rats were
treated humanely.”!

Experimental design

Animals were randomly assigned to seven groups (n=7

per group)

- Group I (Control): Distilled water (2 mL/kg, thro-
ugh oral) for 42 days.

- Group II (Toxic control): Mercury chloride (4 mg/
kg/day, orally) for 21 days; sacrificed 24 h after the
last dose.

- Group IIT (Recovery): Mercury chloride (4 mg/kg/
day, orally) for 21 days; observed without treatment
for another 21 days.
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Fig. 1. Representative microscopy images of PAS-stained liver sections, I: Diffuse, severe PAS signal staining with uniform
distribution throughout the lobule (normal glycogen storage), Il: Markedly reduced PAS positivity with an irregular staining
pattern, lll, V: Partial restoration of PAS reactivity with improved, yet nonuniform staining, IV, VI, VII: Moderate PAS positivity
indicates restored glycogen accumulation in hepatocytes. Insets: Diastase-digested sections serving as negative control

(scale bar=50 um)

- Group IV (Standard treatment): Mercury chloride
(4 mg/kg/day, orally) for 21 days; followed by sily-
marin (2 mg/kg, orally 12-hourly) for 21 days.

- Group V-VII (Test treatment): Mercury chloride
(4 mg/kg/day, orally) for 21 days; followed by etha-
nol extract of EESBL at 200, 400, and 600 mg/kg/
day, respectively, for 21 days.

Tissue collection and processing

All rats were sacrificed under diethyl ether anesthe-
sia twenty-four hours after the last treatment. The en-
tire liver was excised and weighed and the median lobe
was harvested uniformly from all animals to eliminate
lobe-specific variability in response to toxic insult.”

Histochemical procedure

10% neutral buffered formalin (NBF) was used to fix liv-
er samples by total immersion for 48 hours for the his-
tochemical demonstration of glycogen and DNA. The
Drury and Wallington paraffin wax embedding tech-
nique was used to process tissues for light microscopic
examination.”

Process for periodic acid-Schiff (PAS) Staining

The PAS reaction was used for the demonstration of
(carbohydrate) glycogen deposition. Deparaffinized tis-
sue sections were rehydrated through descending alco-
hol concentrations and then treated with a 1% aqueous
periodic acid solution for 10 minutes; This oxidation
step creates aldehyde groups from tissue carbohydrates,
which then react with Schift reagent for 30 minutes,
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turning the tissue sections a light pink color. After be-
ing washed in lukewarm water, the sections darken to
vibrant pink. In contrast, the tissue was counterstained
with Harris hematoxylin, turning the nuclei blue. The
glycogen and other carbohydrates are stained with ma-
genta, allowing their identification in the tissue. In PAS
with diastase digestion (PAS-D), tissue sections were
pretreated with amylase enzyme to digest glycogen,
leaving only other carbohydrate deposits visible, help-
ing to identify glycogen content.”»?

Feulgen staining procedure

The Feulgen reaction was used to demonstrate the con-
tents of deoxyribonucleic acid (DNA) contents. The
procedure was carried out as described by Feulgen and
Rossenbeck (1924).7 This method relies on the acid hy-
drolysis of DNA to expose aldehydes on deoxyribose
sugar, which are then detected by Schiff’s reagent. De-
paraffinized tissues were rehydrated in descending con-
centrations of alcohol for 2 minutes each, followed by
mild hydrolysis in prewarmed 1N hydrochloric acid at
60°C for 8 minutes. After rinsing, Schift’s reagent was
applied for 1.5 hours, which binds to exposed aldehydes,
resulting in a magenta color. The sections are then treat-
ed with sulfurous acid and washed with running water
before being counterstained with light green for con-
trast. DNA is stained magenta, while the cytoplasm
is stained green. At the same time, as the test sections
were hydrolyzed, the control sections were also left in
distilled water for the same time for hydrolysis. Both the
test and control sections go through the same procedure
and process. The control section was negative, showing
no trace of magenta coloration, confirming the specific-
ity of the reaction.”*

Photomicrography and image analysis

Permanent pictures of stained sections were captured
using a LEICA research microscope (DM750) attached
to a digital photography device (LEICA ICC50). On ev-
ery micrograph, the scale bars were combined. Using
a computer that runs image analysis software (Image]®
NIH, US) according to the manufacturer’s instructions,
PAS and Feulgen stained micrographs were measured
for staining intensity and nuclear damage using the ap-
proach described by Amber.?® To analyze particular re-
gions of the micrographs, Image]® region of interest
(ROI) management tool was used. After obtaining av-
erage gray values for each of the three ROI, the means
were calculated and examined.

Statistical analysis

GraphPad Prism (version 9.3, GraphPad Software, San
Diego, CA, USA) was used to analyze the data, and
the results were presented as meantstandard error of
the mean (SEM). One-way analysis of variance (ANO-

VA) with the Tukey post hoc test was used to evaluate
whether there were significant differences between the
means of the group. A 0.05 alpha threshold was consid-
ered significant.

Results

Effect of ethanol extract of S. biafrae leaves on hepatic
glycogen

As depicted in Figure 1, a photomicrograph of liver sec-
tions subjected to PAS staining revealed that group I rats
showed normal glycogen storage within the cytoplasm
of their hepatocytes, evident by the intense and dif-
fuse PAS staining, while in group II rats, mercury chlo-
ride caused abnormal glycogen storage, exhibited by a
marked reduction in PAS positivity, reflecting glyco-
gen depletion. However, EESBL-treated groups (V-VII)
showed dose-dependent restoration of PAS staining,
demonstrated by the consistent glycogen storage, with
the 600 mg/kg dose showing near-normal glycogen dis-
tribution. This was comparable to the silymarin-admin-
istered rats, which had considerable glycogen reserves.
The digested region of the glycogen store was disclosed
by diastase control among the set (Insets, Fig. 1).
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Fig. 2. Percentage area of PAS-positive staining for
glycogen granules of the liver of adult Wistar rats exposed
to HgCl toxicity. Each bar represents Mean+SEM. The bars
with surz)erscript (a) are significantly different from [; the
groups with alphabet (a) are significantly different from

IV, however, the bars with superscript ((3) are significantly
different from Il, using one-way ANOVA, Tukey test at
p<0.05

Glycogen store morphometry

As shown in Figure 2, the percentage area of PAS-posi-
tive staining within the Region of Interest (ROI) in the
seven experimental groups. Group I rats showed high
PAS positivity (75.00+0.56), which indicates abundant
glycogen stores compared with group II rats with very
low PAS positivity (20.00+1.09) due to glycogen deple-
tion caused by mercury chloride. There is a partial resto-
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Fig. 3. Representative photomicrographs of liver sections stained with the Feulgen reaction for DNA, I: uniform magenta staining
of nuclei, with regular nuclear size, shape, and even chromatin distribution (normal), II: Irregular nuclear morphology, chromatin
fading (rounded circles), and fragmentation (dotted circles); prominent pyknosis, ll, V: Reduced chromatin condensation, fewer
pyknotic nuclei, and improved nuclear morphology, IV, VI, VIl: Moderately restored nuclear features with reduced chromatin
condensation. Insets: Unhydrolyzed sections showing the absence of DNA-specific staining (scale bar=50 pm)

ration of glycogen stores in group III rats (42.10+0.57),
in contrast to the control group and the treatment
groups. Silymarin-treated group IV rats displayed
near-normal glycogen stores (68.00+0.57) in contrast
to EESBL-treated rats and group I rats. EESBL-treated
rats (groups V-VII) dose-dependently restored glycogen
stores (52.02+0.56, 60.00+0.57, 72.06+0.57, respective-
ly) compared with group II rats (20.00+1.09). 200 and
400 mg/kg EESBL showed moderate recovery of glyco-
gen stores, in contrast to the control group, although
600 mg/kg EESBL almost matched the control group
(F=833.00; p<0.001).

Effect of the ethanol extract of S. biafrae leaves on he-
patic nuclear DNA

Photomicrograph Representative sections of liver ex-
posed to Feulgen staining, as shown in Figure 3, re-
vealed the following observations: group I rats exhibited
well-defined Hepatocyte nucleoplasm has euchromatic
nuclei with unique nuclear DNA, while mercury chlo-
ride caused DNA fragmentation and lightly stained
nuclei, chromatin condensation, and pleomorphism,
indicating DNA degradation as observed in group II
rats. Groups III and V rats showed reduced chromatin
condensation, improved nuclear morphology, and few-
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er pyknotic nuclei. However, EESBL treatment marked-
ly restored nuclear DNA staining, especially in the 400
600 mg/kg groups, preserving nuclear morphology sim-
ilar to that of the silymarin-treated group IV rats. Unhy-
drolyzed sections (control) showed no specific nuclear
staining (Insets, Fig. 3).

Nuclear DNA morphometry

As shown in Figure 4, the percentage area of Feulgen
stained nuclear DNA in the seven experimental groups
revealed that mercury chloride significantly distorts
nuclear morphology, indicating nuclear damage and
DNA loss in group II rats (9.00+0.33) when compared
to group I rats (16.20+0.19), which revealed intact nu-
clear DNA and normal nuclear morphology. There is a
slight improvement in group III rats (11.00+0.31) when
compared to group II rats, which suggests partial spon-
taneous recovery, but is still insufficient to restore DNA
integrity. However, EESBL demonstrated a dose-depen-
dent improvement in the restoration of nuclear DNA
integrity, evident by a significant increase (p <0.001)
in the nuclear DNA in rats given EESBL (11.11+0.12,
13.20+0.44, 14.06+0.33, respectively) compared with
group II rats (9.00+0.33). Silymarin-treated group IV
rats had a substantial rise in area covered by nucle-
ar DNA (14.00+0.25) when contrasted with the tox-
ic group (9.00£0.33); this is comparable to 600 mg/kg
EESBL (group VII), suggesting that there is an increased
restorative effect at a higher dose of EESBL comparable
to the control group (F=55.36; p<0.001).

Discussion

Mercury-induced hepatotoxicity remains a major toxi-
cological concern due to its deleterious effects on hepat-
ic nuclear integrity and metabolic regulation. The liver,
as a vital organ in detoxification and glucose homeosta-
sis, is highly susceptible to HgCl, toxicity. In this study,
HgCl, exposure resulted in marked hepatic glycogen
depletion and nuclear damage, evidenced by reduced
PAS and Feulgen staining. These findings align with
the established role in inducing oxidative stress, alter-
ing glycogen metabolism, and promoting DNA strand
breaks.>? Under normal physiology, the liver stores gly-
cogen postprandially and mobilizes it during fasting via
glycogenesis and glycogenolysis.””*® Mercury disrupts
this balance by inhibiting key enzymes such as glycogen
synthase, glucose-6-phosphatase, and phosphoenolpy-
ruvate carboxykinase (PEPCK), leading to hypoglyce-
mia and energy deficits.?*° Cytologically, this manifests
as reduced PAS positive hepatocytes and cytoarchitec-
tural disarray. This finding aligns with a study of Mo-
hamed et al.*! who observed weakened PAS reactions in
rats treated with HgCl,, confirming the toxic impact of
mercury on liver glycogen stores. In particular, the ad-
ministration of the EESBL ethanol extract at 400 and

600 mg/kg preserved glycogen stores, restored PAS re-
activity, and maintained hepatocyte structure, compa-
rable to silymarin treatment. This cytoprotective effect
is likely due to the antioxidative and enzyme-stabilizing
properties of EESBL.
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Fig. 4. Percentage area of Feulgen stained by nuclear DNA
of adult Wistar rats exposed to HgCl, toxicity. Every line
shows the meanzSEM the bars with superscript (a) are
noticeably distinct from [; the groups with alphabet (a) are
substantially different from IV, however, the bars with By
one-way ANOVA and the Tukey test at p<0.05, superscripts
(B) are substantially distinct from Il

Similarly, mercury-induced genotoxicity, marked
by chromatin condensation, pyknotic nuclei, nucle-
ar fragmentation, and nucleolar disruption, was im-
proved in EESBL-treated groups, which showed
improved Feulgen staining and fewer nuclear abnor-
malities. Mercury chloride-induced oxidative stress
is known to trigger DNA fragmentation and suppress
DNA repair pathways,* including base and nucleotide
excision repair.**** Beyond direct DNA damage, mer-
cury chloride impairs the cellular capacity for DNA
repair.** Its exposure has been shown to downregu-
late the expression of critical repair base excision en-
zymes are among the DNA healing enzymes, and also
nucleotide excision repair pathways.*>*® The observed
nuclear restoration suggests EESBL mitigates genom-
ic instability and promotes hepatocellular regenera-
tion in a dose-dependent manner comparable to the
Silymarin-treated group. By eliminating free radicals,
chelating mercury ions, and boosting antioxidant en-
zymes, phytochemicals in EESBL, especially flavo-
noids, may prevent mercury toxicity and maintain
nuclear integrity and the breakdown of glycogen.

This research shows, for the first time, the histo-
chemical evidence of S. biafrae’s cytoprotective, hepato-
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protective, and genoprotective effects in HgCl,-induced
toxicity, reinforcing its therapeutic potential beyond tra-
ditional antioxidant models.

Conclusion

Histochemical analyzes using PAS and Feulgen staining,
in this study, have provided compelling evidence of the
metabolic and nuclear disturbances caused by mercury
chloride in the liver. These findings highlight the poten-
tial effect of the ethanol extract of S. biafrae leaves on
stabilizing hepatic metabolic and nuclear architecture,
reinforcing its relevance in mitigating mercury chlo-
ride-induced disruptions in liver structure and func-
tion.

Further studies should investigate the molecular
pathways through which EESBL exerts its effect, partic-
ularly its influence on Nrf2/ARE signaling, mitochon-
drial biogenesis, apoptosis regulation (eg, Bcl-2, Bax,
Caspase-3), and DNA repair gene expression, to elu-
cidate its mechanisms at transcriptional and proteom-
ic levels.
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ABSTRACT

Introduction and aim. Acute ischemic stroke (AIS) is a complex disease with multifactorial etiologies, often masking underlying
cardiovascular morbidities that contribute to clinical outcomes. This study explored the role of serial high-sensitivity troponin
I (hs-Tnl) monitoring in AlS patients as a prognostic marker of cardiovascular morbidity and mortality. The results offer sub-
stantial information on the relationship between hs-Tnl elevations and clinical, electrocardiographic (ECG), echocardiographic
(ECHO), and angiographic parameters in patients with AlS.

Material and methods. A prospective observational study was conducted on 60 patients with AIS in a tertiary care center, Tamil
Nadu. Hs-Tnl levels were measured at the time of admission and after 48 h together with ECG, ECHO. Angiographic evaluations
were done in patients with elevated hs-Tnl at 48 h after admission.

Results. Among the study population, hs-Tnl levels increased significantly from 11.7% at admission to 20% after 48 h (p=0.02).
Logistic regression showed hs-Tnl at 48 h predicted mortality (odds ratio [OR]=28.5, 95% confidence interval [Cl]: 5.9-137.1,
<0.001) and coronary artery disease (CAD) (OR=48.2, 95% Cl: 9.8-236.5, p<0.001).

Conclusion. Serial monitoring of hs-Tnl in AIS patients revealed its potential role in the identification of culprit lesions on coro-
nary angiogram, which is correlated with the presence of CAD and mortality.

Keywords. acute ischemic stroke, cardiac mortality, high-sensitivity troponin |

Introduction nomic burden of the disease worldwide. AIS is often
Acute ischemic stroke (AIS) is among the leading caus- accompanied by cardiovascular complications that may
es of mortality and disability contributing to the eco- remain undiagnosed, exacerbating patient outcomes.!

Corresponding author: Nirmala Devi Chandrasekaran, e-mail: nirmaladevi@sssmcri.ac.in
Received: 23.04.2025 / Revised: 3.11.2025 / Accepted: 9.11.2025 / Published: 30.03.2026

Chandrasekaran ND, Abinaya PV, Tazeem MS, Parameswaran K, Venkatesan DS, Ramalingam D, Rao VRRM. Serial high-sensi-
tivity troponin I monitoring as a prognostic marker in acute ischemic stroke. Eur ] Clin Exp Med. 2026;24(1):112-121. doi: 10.15584/
ejcem.2026.1.20.

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.2026.1.20
mailto:nirmaladevi%40sssmcri.ac.in?subject=
https://orcid.org/0000-0002-1122-5016
https://orcid.org/0009-0002-5114-3709
https://orcid.org/0000-0002-5844-9172
https://orcid.org/0009-0008-1722-6379
https://orcid.org/0000-0001-9662-5459
https://orcid.org/0009-0000-0841-8936
https://orcid.org/0009-0004-4973-0431

Serial high-sensitivity troponin | monitoring as a prognostic marker in acute ischemic stroke 113

Key predictors of outcomes in AIS include the follow-
ing clinical determinants, such as age, location of the
injury, stroke severity, and presence of comorbidities.
Cardiac manifestations such as myocardial infarction,
arrhythmias, and left ventricular dysfunction are fre-
quently observed in AIS patients.” The prognostic rel-
evance of such abnormalities remains underexplored.
Identifying patients at risk for underlying cardiovascu-
lar disease (CVD) early in the course of stroke man-
agement is crucial for optimizing clinical interventions
thereby reducing morbidity and mortality.’

Troponin and CK-MB are cardiac biomarkers that
identify and quantify myocardial injury and prognosis
in stroke patients, but the outcomes have been conflict-
ing and uncertain.* High-sensitivity troponin I (hs-TnI)
is one such established biomarker that is also identified
in conditions such as sepsis, heart failure, chronic kid-
ney disease, cardiomyopathy etc.’ Increasing evidence
suggests that the cardiac dysfunction, arrhythmia, re-
sults from stroke induced disruption of the central
autonomic pathways leading to neural-cardiac dysregu-
lation. This is referred to as Stroke-Heart syndrome that
typically occurs between 72 h and 30 days of AIS.%” The
Fourth Universal definition of myocardial infarction,
states that myocardial injury is indicated by the eleva-
tion of cardiac troponin above the 99th percentile upper
reference limit (URL).® Troponin peaks after 12-48 h
and remains elevated for 4-10 days.’

The recent systematic review and meta-analysis by
Gulia A et al. concluded that elevated cTn levels were
associated with mortality during hospital stay and fol-
low-up periods in patients with AIS underscoring its
clinical importance.'® Current guidelines recommend
routine baseline assessment of cardiac troponin in pa-
tients with AIS yet its association with the need of in-
vasive diagnostic and therapeutic modalities, long term
consequences of troponin elevation and the timeframe
for serial testing remain poorly elucidated.!! We hypoth-
esize that dynamic changes in hs-Tnl levels over the first
48 h post-admission may provide valuable insights into
the presence of undiagnosed cardiac pathology.'>" Fur-
thermore, by identifying patients with an increased car-
diovascular risk profile, serial hs-Tnl monitoring may
facilitate early therapeutic interventions, improving
overall patient outcomes.'*

Justification of the study

Contemporary studies involving patients with AIS have
shown that hs-TnlI is elevated in 30-60% of the pa-
tients.'”® While guidelines do not mandate a specific 48 h
troponin check, this timeframe window was chosen for
detection of delayed or evolving cardiac injury as evi-
denced by stroke heart syndrome. Persistently elevated
levels may also be linked to ongoing cardiac strain and
measuring at 48 h may allow for clinical stabilization,

risk benefit assessment and mitigate confounders from
non-coronary causes of troponin elevation.

Aim

The aim of this study was to evaluate the clinical utility
of serial hs-TnI monitoring in AIS patients over the first
48 h of admission through its correlation with electro-
cardiographic (ECG) echocardiographic (ECHO) and
angiographic abnormalities in terms of the presence of
significant coronary artery occlusion and to determine
its prognostic value in predicting cardiovascular mor-
tality and morbidity.

Material and methods

Study design and setting

A prospective observational study was undertaken at a
tertiary care academic medical center in South India be-
tween September 2023 and April 2024. The study was
carried out at the Department of General Medicine at
a tertiary care academic center equipped with facilities
for neuroimaging, cardiac investigations and coronary
angiography (CAG). The study sought to evaluate ele-
vation of hs-TnI at baseline and at 48 h in AIS patients,
correlate the same with ECG ECHO and angiograph-
ic observations and to investigate the prognostic sig-
nificance of serial hs-Tnl measurements in AIS patients
while adjusting for potential confounding variables.

Sample size

Assuming an odds ratio of 3.0, a=0.05, and 80% power,
the required sample size was calculated to be 52, using G
power. A sample size of 60 was chosen to adjust for po-
tential dropouts and missing data.

Inclusion and exclusion criteria

A total of 60 patients diagnosed with new-onset AIS
based on Magnetic Resonance Imaging (MRI) find-
ings, and aged more than 18 years were enrolled. Pa-
tients with hemorrhagic stroke, recurrent CVA, CKD,
COPD and known coronary artery disease (CAD) were
excluded to limit non-coronary causes for hs-Tnl eleva-
tion. Patients who died within 48 h of admission or left
against medical advice or those who developed stroke
in-hospital admission were also excluded.

Data collection

Each patient underwent a comprehensive clinical eval-
uation that included a detailed medical history, vital
signs, and relevant laboratory investigations. Demo-
graphic details such as age, gender, smoking status, and
alcohol consumption were recorded. The presence of
comorbidities, including systemic hypertension type
2 diabetes mellitus (T2DM) and dyslipidemia, preex-
isting coronary artery disease (CAD) along with their
treatments was documented. Key variables included hs-
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Tnl levels at baseline and at 48 h, Electrocardiogram,
transthoracic echocardiography, coronary angiography
(CAG) and in-hospital cardiovascular morbidity and
mortality. Potential confounders such as prior cardiac
disease, age, medication use and renal function were
documented and adjusted for in the analysis.

Stroke classification
Stroke types were categorized based on MRI findings
into anterior cerebral artery (ACA) middle cerebral ar-
tery (MCA) infarct, lacunar stroke, multi-infarct stroke,
posterior cerebral artery (PCA) infarct, pontine infarct,
and thalamic stroke.

Hospital stay and outcome measures

The duration of hospitalization was recorded for each pa-
tient, with categories ranging from 2-8 days to more than
14 days. Clinical outcomes including mortality, presence
of coronary artery occlusions, were also assessed.

Laboratory investigations

Routine laboratory tests, including fasting lipid pro-
file, fasting blood sugar (FBS), postprandial blood sug-
ar (PPBS), glycated haemoglobin (HbA1C), urea, and
creatinine, were performed. These biomarkers were ana-
lysed in relation to troponin I levels and cardiovascular
risk stratification.

Cardiac assessment

Serial hs-TnlI levels were measured at two time points:
upon admission and 48 h post-admission. Patients were
classified based on reference values from an Asian study
where the 99th percentile upper reference limit (URL)
for hs-Tnl was established at 33.9 ng/L, with gender-
specific values of 38.41 ng/L for males and 15.73 ng/L
for females.'® The myocardial injury was considered
acute if there was dynamic rising and/or falling (20%)
pattern of cTn values.”® All participants in this study
underwent a standard 12 lead ECG at the time of ad-
mission and repeated if indicated clinically. ECGs were
obtained at a paper speed of 25 mm/s with an amplitude
calibration of 10 mm/mV and were interpreted by quali-
fied physicians. ECG changes such as sinus tachycardia
T-wave inversions, ST-segment abnormalities (elevation
and depression), left bundle branch block (LBBB), right
bundle branch block (RBBB) were recorded. ECHO pa-
rameters, including regional wall motion abnormali-
ties (RWMAs), left ventricular ejection fraction (LVEF),
left ventricular hypertrophy (LVH), were recorded. Left
ventricular ejection fraction (LVEF) is classified accord-
ing to the American College of Cardiology (ACC)."” The
regional wall motion abnormalities (RWMA) were as-
sessed by the Wall Motion Score Index (WMSI).'® All the
cardiac interpretations were reviewed and confirmed by
a cardiologist blinded to the patient’s troponin values.

Angiographic findings

CAG was performed in patients of AIS with elevated hs-
Tnl at 48 h, to identify the presence of CAD, its loca-
tion and severity. CAD is defined as obstructive if the
diameter stenosis >50% and non-obstructive will be
used to indicate CAD <50% stenosis. Culprit lesion is
defined as the coronary artery lesion that demonstrates
plaque rupture, erosion or intraluminal thrombi.'” An-
giographic findings were interpreted by cardiologists
blinded to the troponin levels. The outcomes measured
were changes in hs-TnI levels at 48 h, presence of cor-
onary lesions in angiography. Number of patients who
died during the in hospital follow up was recorded.

Statistical analysis

The participants baseline characteristics were summa-
rized using descriptive statistical methods. Chi-square
and Fisher’s exact tests were applied to compare categor-
ical variables, while continuous variables were assessed
using independent t-tests or Mann-Whitney U tests
based on normality. Spearman’s correlation was used for
exploratory analysis of associations involving ordinal
or non-normally distributed data, including CAD and
mortality. Logistic regression was employed for binary
outcome modeling (e.g., presence of CAD, mortality) to
estimate adjusted odds ratios. The predictors of mortali-
ty were identified by univariate and multivariate logistic
regression models. Variables included in the multivari-
ate logistic regression were age, gender, T2DM System-
ic hypertension , dyslipidemia, stroke type, and hs-Tnl
at 48 h. Multicollinearity was assessed using the Vari-
ance Inflation Factor (VIF), and all included variables
had VIF values below 2.0, indicating no significant col-
linearity. The odds ratios (ORs) with 95% confidence in-
tervals (CIs) were calculated and statistical significance
was set at p<0.05. Analyses were performed using SPSS
(IBM, Armonk, NY, USA).

Ethical considerations

The study was approved by the Institutional Ethics
Committee (IEC) of Chettinad Hospital and Research
Centre, Tamil Nadu, India (074/THEC/2020). Written
informed consent was obtained from all the patients.
The Institutional Human Ethics Committee approved
our proposal (Proposal Number 074/IHEC/July2020).
This prospective observational study was conducted in
India where registration with Clinical Trials Registry
India is not mandatory for such studies. Retrospective
registration is considered and future studies will com-
ply with the same.

Results

Demographic and clinical characteristics

The study included 60 patients diagnosed with AIS, with
a male predominance (60%) and a majority aged above
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60 years (56.7%). Patients aged between 40 and 60 years
constituted 40%, whereas only 3.3% were between 20
and 40 years. Comorbid conditions were highly prev-
alent, with T2DM in 53.3%, Systemic hypertension in
46.7%, and dyslipidemia in 26.7%. Lifestyle risk factors
included smoking (63.3%) and alcohol consumption
(46.7%) (Table 1).

The clinical parameters of the study population
were monitored from admission to 48 h thereafter, re-
vealing significant changes to emphasize the need for se-
rial prognostic monitoring.

Laboratory findings and correlations
Various biochemical parameters have been assessed
(Table 1). Biochemical analysis showed a mean FBS of
170480 mg/dL and postprandial blood sugar (PPBS) of
253496 mg/dL. HbA1C had a mean of 7.2+1.6%, indi-
cating poor glycaemic control. Total cholesterol (TC)
levels averaged 232+7.6 mg/dL, indicating hypercholes-
terolemia in the cohort. Triglycerides (TG) levels were
at a mean of 145+7 mg/dL. High-density lipoprotein
(HDL) cholesterol averaged 39.5+6.1 mg/dL, which is
below the recommended level, suggesting a risk factor
for CVD. Low-density lipoprotein (LDL) levels were el-
evated (mean 182+33 mg/dL), indicating a high risk for
atherosclerosis contributing to cardiovascular risk.
Pearson correlation analysis revealed strong posi-
tive associations between hs-Tnl (admission vs. 48 h)
(r=0.86), FBS and PPBS (r=0.83), and HbA1C and PPBS
(r=0.81). Moderate correlations were found between hs-
Tnl (48 h) and HbA1C (r=0.29)

hs-Tnl trends and significance

hs-TnI levels exhibited dynamic changes over 48 h (Ta-
ble 2). At admission, 61.6% of patients had normal hs-
Tnl levels, which declined to 55.0% at 48 h (p=0.042).
Conversely, the proportion of patients with high levels
increased from 38.3% to 45.0% over the same period
(p=0.038), indicating a statistically significant upward
trend.

ECG and ECHO findings

ECG and ECHO findings have been listed in Table 2.
ECG abnormalities were observed in 55% of patients at
admission and increased to 60% at 48 h. Notable chang-
es included an increase in T-wave inversions in inferi-
or leads from 25% to 36.7% (p=0.03). ST depression in
the anterior (ANT) leads was consistent at 18.3%, and in
the lateral leads at 5%. T-wave inversions in the anterior
leads were initially observed in 1.7% but were not noted
at 48 h. Severe LVEF impairment rose significantly from
5% to 13.3% (p=0.02), severe hypokinesia increased
from 8.3% to 10% (p=0.01). RWMAs slightly decreased
from 36.7% to 33.3% (p=0.01).

Table 1. Patient demographics, clinical characteristics, and
laboratory findings (n=60)*

Category Details Frequency n (%) or mean+SD
Demographics
Age (years) 20-40 2(33)
40-60 24 (40.0)
>60 34(56.7)
Gender Male 36 (60.0)
Female 24 (40.0)
Comorbidities
T2DM 32(533)
Systemic hypertension 28 (46.7)
Dyslipidemia 16(26.7)
Lifestyle Smoker 38(63.3)
Alcohol consumer 28 (46.7)
(linical data
Stroke subtype (MRI) MCA 22(36.7)
Multi-infarct 9(15.0)
Lacunar stroke 8(13.3)
PCA 5(83)
Cerebellar/pontine infarct 7(11.7)
Other 9(15.0)
Hospital stay (days) 2-8 41(68.3)
9-14 16(26.7)
>14 3(5.0)
Laboratory findings
FBS 17080 mg/dL
PPBS 253+96 mg/dL
HbA1c 7.2+1.6%
TC 232+7.6 mg/dL
LDL 18233 mg/dL
HDL 39.5+6.1 mg/dL
16) 14547 mg/dL

* percentages are calculated based on the total study
population (n=60), stroke subtypes were categorized
based on MRI findings, comorbidities were documented
based on clinical history and prior diagnosis, MCA — middle
cerebral artery, MRI - magnetic resonance imaging, PCA -
posterior cerebral artery, laboratory values are presented
as meanztstandard deviation (SD), reference ranges (for
general adult population): TC<200 mg/dL, TG<150 mg/dL,
HDL>40 mg/dL (men)/>50 mg/dL (women), LDL<100 mg/
dL, FBS 70-99 mg/dL, PPBS<140 mg/dL, HbA1c 4.0-5.6%,
urea 8-20 mg/dL, creatinine Female: 0.50-1.10 mg/dL;
male: 0.70-1.30 mg/dL?®

Correlation analysis
Chi-square tests revealed that hypertension, T2DM,
dyslipidemia, and stroke type significantly influenced
patient outcomes (p<0.0001). Pearson’s correlation anal-
ysis demonstrated a strong positive correlation between
troponin I levels at admission and 48 h (r=0.86), as well
as between FBS and PPBS (r=0.83) .

Multiple regression analysis demonstrated that the
predictive model for troponin I (R*=0.158, adjusted
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R?=0.062) had weak explanatory power. These findings
suggest that additional clinical variables, such as stroke
severity and inflammatory markers, should be integrat-
ed into future predictive models for better prognostic
accuracy.

Table 2. Temporal trends in cardiac parameters (n=60)*

Parameter Admission, At 48 hours, Change 95% Cl for
n (%) n (%) change

hs-Troponin | Level

Normal 37(61.6)  33(55.0) l 0.042*

High 23(383)  27(45.0) il 0.038*  (0.51-1.00)

ECG findings

T-wave inversions  15(25.0)  22(36.7) 1 0.03* (0.65-1.00)

(inferior)

ST depression 11(183)  11(183)  Nochange -

(anterior)

Left bundle branch 9 (15.0) 7(11.7) l 0.42

block (LBBB)

Echocardiographic

findings

Mild LVEF 1(183)  7(11.7) l

impairment

Moderate LVEF 5(8.3) 6(10) 1

impairment

Severe LVEF 3(5.0 8(13.3) T (0.57-1.00)  0.02%

impairment

Regional 22(36.7)  20(333) l (0.00-0.66)  0.01*

wall motion

abnormalities

Mild hypokinesia 18(30) 16 (26.7) l

Moderate 1(1.7) 0(0) l

hypokinesia

Severe hypokinesia 5 (8.3) 6(10) 1 (0.21-1.00) 0.01*

LVH (left 28(46.7)  20(333) l (0.00-0.32)  0.01*

ventricular

hypertrophy)

* a significant proportion of patients showed dynamic
changes in hs-Tnl levels between admission and 48 h, Cl

- confidence interval, hs-Tnl - high-sensitivity troponin |,
ECG - electrocardiogram, ECHO - echocardiography, LVEF
— left ventricular ejection fraction, LVH - left ventricular
hypertrophy

Mortality and length of hospital stay

The spearman’s correlation analysis further confirmed
that troponin I is a key biomarker for both CAD and
mortality risk. Two weeks post-stroke, 11 patients with
high hs-TnlI levels succumbed (p<0.001) indicating a sig-
nificant positive relationship with mortality (p=0.75), re-
inforcing its role as an indicator of mortality Additionally
there was a positive correlation between hs-Tnl and pres-
ence of CAD (p=0.87) (Table 3). A moderate correlation
between CAD and death (p=0.60) indicates that individu-
als diagnosed with CAD in AIS patients face a higher risk
of dying in the present study population. With all cor-
relations showing high statistical significance (p<0.001),
these findings emphasize the importance of serial moni-

toring of hs-Tnl levels in clinical practice to predict both
CAD and death risk. While hs-TnI elevation showed a
minor trend toward prolonged hospitalization, no sta-
tistically significant association was found between tro-
ponin I and hospital stay duration.

CAD and Death

hs-Tnl and Death

hs-Tnl and CAD

S e e e

J 10t 10?
Odds Ratio (OR) [log scale]

Fig. 1. Forest plot depicting associations of hs-Tnl with

mortality and CAD

Forest plot showing odds ratios (OR) with 95% CI for
associations between hs-Tnl, coronary artery disease
(CAD), and mortality in AIS patients. Elevated hs-Tnl
was significantly associated with both CAD (OR =48.2,
95%CI: 9.8-236.5) and mortality (OR=28.5, 95%CI:
5.9-137.1). Presence of CAD also increased the odds
of death (OR=15.3, 95% CI: 3.2-72.8). None of the CIs
cross the null value (OR=1), indicating statistically sig-
nificant associations across all pairs.

Angiographic findings

A total of 25 patients with AIS underwent CAG as part
of the study. The CAG findings summarized in Table
3 revealed that 8 patients (32%) had obstructive CAD,
while 7 patients (28%) had non-obstructive CAD. No-
tably, 10 patients (40%) demonstrated normal coronary
arteries on angiography.

Analysis of vessel involvement showed that the left
anterior descending artery (LAD) was the most fre-
quently affected vessel, involved in 10 cases (40%), fol-
lowed closely by the right coronary artery (RCA) in 9
cases (36%). The left circumflex artery (LCX) was in-
volved in 5 cases (20%).

Assessment of the extent of coronary artery in-
volvement revealed that single-vessel disease (SVD) was
present in 9 patients (36%), while double-vessel disease
(DVD) and triple-vessel disease (TVD) were each found
in 3 patients (12%), respectively .

Regarding the nature of coronary lesions, cal-
cified plaques were identified in 10 patients (40%),
while non-calcified lesions were present in 8 patients
(32%). Additionally, culprit lesions - those potentially
responsible for significant ischemic events — were ob-
served in 6 patients (24%).
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Table 3. Correlations and angiographic findings

Category Details Results

Correlation analysis

Correlation pair Spearman's p (p) OR and (95% Cl)

hs-Tnl and CAD 0.87 (<0.001) 48.2(9.8-236.5)
hs-Tnl and Death 0.75(<0.001) 28.5(5.9-137.1)
CAD and Death 0.60 (<0.001) 15.3(3.2-72.8)
Coronary angiography (n=25) Finding Number of cases (%)
Overall result Obstructive CAD 8(32.0)
Non-obstructive CAD 7(28.0)
Normal coronaries 10 (40.0)
Vessel involvement Left anterior descending (LAD) 10 (40.0)
Right coronary artery (RCA) 9(36.0)
Left circumflex (LCX) 5(20.0)
Extent of disease Single-vessel disease 9(36.0)
Double-/Triple-vessel disease 6(24.0)
Lesion type Calcified lesion 10 (40.0)
Non-calcified lesion 8(32.0)
Culprit lesion 6(24.0)

* percentages are calculated based on the total number

of patients (n=25), the data on extent of disease were
available for 15 patients, remaining 10 patients had normal
coronaries, lesion types are not mutually exclusive, some
patients had multiple lesion types

Discussion

AIS is a multifaceted condition with various underly-
ing causes, frequently revealing cardiovascular comor-
bidities that influence patient outcomes. This study
investigated the potential of serial hs-Tnl measure-
ments in AIS patients as a prognostic marker for car-
diovascular morbidity and mortality. The recognition
of cardiac involvement in acute stroke dates back to the
late 1970s, when Norris et al. studied the rise of cardi-
ac biomarkers in AIS patients, identifying myocardial
dysfunction as a consequence rather than a cause of
the stroke.?! Serial measurements allow differentiation
between acute and chronic myocardial injury. Stud-
ies have demonstrated that dynamic troponin patterns
(defined by fluctuations of more than 20%) are asso-
ciated with evolving myocardial injury whereas stable
levels suggest chronic cardiac pathology.> In parallel,
findings from our study revealed a significant increase
in the proportion of AIS patients with elevated hs-Tnl
at 48 h (from 38.3% to 45%; p=0.038). while the num-
ber of patients with normal hs-TnI levels showed a de-
cline (from 61.6% to 55%), thus revealing dynamic
changes. The consistency between the above observed
changes and Rosso et al. paradigm further highlights
the importance of serial troponin measurements as op-
posed to single point values.?? Serial hs-TnI assay re-
vealed dynamic elevation at 48 h signifying evolving
myocardial injury that might otherwise remain unde-
tected and can unmask hidden or subclinical cardiac
dysfunction.

The evolving nature of the cardiac biomarker
demonstrates the interplay between neurological in-
sult and cardiac dysfunction-central to the concept of
Stroke-Heart Syndrome. It encompasses the clinical
spectrum that includes acute myocardial injury, type
1 and 2 myocardial infarction-ischemic and non-isch-
emic manifestations like left ventricular dysfunction,
cardiac arrhythmias, ECG changes, Takotsubo syn-
drome and contraction band necrosis.*” Prediction of
acute coronary syndrome in AIS by Nolte et al. conclud-
ed type 1 MI was common mechanism of myocardial
injury in stroke and a higher baseline hs-cTn values,
whereas our study aligned with the concept of evolving
myocardial stress in AIS supporting the need for com-
prehensive cardiac evaluation in management of AIS
patients.”

In this study ECG abnormalities were observed in
55% of patients at admission an increased to 60% at
48 h, with significant increase in T-wave inversions in
the inferior leads (p=0.03) with no significant changes
in ST depression or bundle branch blocks. The study
by Fure et al. on ECG abnormalities in the early stage
of ischemic stroke identified the following: prolonged
QTc, ST-segment depression, atrial fibrillation, and T
wave inversion. ST depression and Q waves were as-
sociated with an increase in TnT levels.?* Severe LVEF
impairment increased from 5% to 13.3% (p=0.02), in
those patients with hs-Tnl elevations after 48 h how-
ever mild LVEF impairment got resolved after 48 h.
ECHO abnormalities like RWMA s in the septum and
inferior wall with variable grades of severity was ob-
served in patients with acute stroke with elevated tro-
ponin levels and was consistent after the 48 h interval
with a statistical significance. These findings are in
accordance with the results by a study done by Amir
Darke et al., in which 67% of patients with elevated
troponin had new RWMA." These findings highlight
the evolving nature of cardiac dysfunction in AIS pa-
tients, underscoring the importance of serial cardiac
monitoring. Given the significant correlations between
Troponin I and ECG/ECHO abnormalities, angio-
graphic screening may be warranted in AIS patients
with unexplained dynamic hs-Tnl elevations to iden-
tify underlying CAD.

This study highlights a significant prevalence of
CAD among patients with AIS. Of the 25 patients
who underwent CAG, obstructive CAD was found in
32%, non-obstructive CAD in 28%, and normal cor-
onaries in 40%. These findings suggest that a sub-
stantial proportion of stroke patients have coexisting
but variable degrees of coronary involvement. The
LAD was the most commonly involved vessel, fol-
lowed by the RCA and LCX. SVD was more frequent
than multi-vessel involvement, suggesting a different
pathophysiological mechanism compared to patients
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with acute coronary syndrome. Lesion analysis re-
vealed calcified plaques in 40%, non-calcified plaques
in 32%, and culprit lesions in 24% of patients. This
suggests both chronic and potentially unstable coro-
nary pathology among stroke patients. These findings
are in accordance with TRELAS study which conclud-
ed prevalence of SVD was higher than multivessel
involvement and significantly lesser prevalence of cul-
prit lesion compared with NSTE-ACS patients (7 out
of 29 vs. 23 of 29).% As discussed earlier both isch-
emic and non-ischemic causes leads to the elevation
of hs-TnI in patients with AIS. The differentiation be-
tween true CAD versus neurogenic myocardial injury
lies in the fact that the former would typically pres-
ent with dynamic change of ¢cTn>20%, new ischemic
ECG changes, imaging evidence of RWMAs whereas
the latter has predominantly insular involvement, QT
prolongation, global LV dysfunction.”® Coronary An-
giography is considered gold standard in aiding the
differentiation between the two.® The presence of cul-
prit lesion indicated significant CAD, which aligns
with 24% occurrence of culprit lesions in our study.”
Mortality are also observed even after exclusion of pa-
tients with known CAD. 40% of patients with elevat-
ed hs-Tnl had normal coronaries. Thus it is concluded
that not all troponin elevation in stroke indicates true
CAD and integration of cardiac and neurological di-
agnostic modalities would be vital.

MRI findings revealed that MCA infarcts were
the most prevalent stroke type (36.7%), followed
by multi-infarct strokes (15%) and lacunar strokes
(13.3%). Stroke type significantly influenced out-
comes (p=0.001), with larger infarcts associated with
higher troponin I elevations and increased cardiovas-
cular complications. Von Rennenberg et al. conclud-
ed that a strong correlation between elevated cardiac
biomarkers in patients with acute stroke were signifi-
cantly linked to abnormal cardiac MRI findings such
as focal fibrosis, LVH, decreased LVEF and left atri-
al dilatation.” These findings emphasize the need for
thorough cardiac assessment and timely integration
of cardiology in stroke care. Stroke was significant-
ly more common in the right cerebral hemisphere
in patients with increased troponin I without any
ischemic changes on the ECG. In patients with ele-
vated troponin, the functional status based on Mod-
ified Rankin Scale showed a significant worsening in
30 days post-stroke.”® The major risk factors for car-
diovascular morbidity includes diabetes mellitus, hy-
pertension, dyslipidemia. In this study the mean FBS
of 170+80 mg/dL and PPBS of 253+96 mg/dL with a
mean HbAIC of 7.2+1.6%, indicated poorer glyce-
mic control in patients with elevated troponin lev-
els. A lower recommended level of HDL cholesterol
of 39.5+6.1 mg/dL along with raised LDL levels with

a mean of 182+33 mg/dL, suggests a high risk for ath-
erosclerosis thus contributing to cardiovascular risk.
The meta-analysis by YuFan et al. demonstrated an as-
sociation between cardiac troponin elevation and all-
cause mortality (RR: 2.53) in patients with AIS.* The
analysis of PROCIS-B cohort by Scheitz et al., high-
lighted that elevated hs ¢cTnT Was linked to increased
risk of recurrent vascular events and mortality in indi-
viduals experiencing their first ever mild to moderate
ischemic stroke.*

Baseline levels of ¢Tnl were associated with a high-
er risk of mortality both in hospital and at 6 months fol-
low-up with an increased likelihood of non-fatal cardiac
events.’' In this study 11 patients with high levels suc-
cumbed during the hospital stay thereby revealing the
nexus between troponin and cardiovascular mortali-
ty in the study cohort. The cause of death during the
first week of ischemic stroke includes cerebral edema
and hemorrhagic transformation whereas heart failure,
acute myocardial infarction, ventricular fibrillation,
ventricular tachycardia, are the predominant causes of
death within first 3 months of stroke attributed to auto-
nomic dysfunction in lesions of insular cortex.*? Overall,
patients with dynamic changes were more likely to show
ischemic changes in ECG, reduced LVEF, RWMAs and
higher prevalence of angiographically confirmed CAD
suggesting serial hs Troponin measurements more ef-
fectively indicate the likelihood of in-hospital mortali-
ty and cardiovascular outcomes as evidenced by strong
positive correlations between Troponin I levels and
both CAD (p=0.87, p<0.001) and mortality (p=0.75,
p<0.001).

Evidence of damaged myocardial fibers were pres-
ent in patients with intracranial lesions.

Myocardial alterations following stroke resembles
those that of Takotsubo Cardiomyopathy characterized
by autonomic imbalance with increased catecholamine
release.”® Evidence from recent research suggested that
cardiac biomarkers were associated with vascular cogni-
tive impairment and dementia.*

Damage to the right dorsal anterior insular cortex in
stroke disrupts autonomic regulation, leading to height-
ened sympathetic activity and increased risk of myocar-
dial injury.* The concentration of troponin rises over
several days which can be detected by serial measure-
ments after stroke onset. Several studies showed elevat-
ed troponin at admission is a prognostic marker and an
individual predictor of mortality at 30 days, 6 months
and a mean follow-up at 19 months of ischemic stroke.*
The underlying cause of elevated troponin levels is as-
sociated with both increased case fatality and high-
er degree of disability. In summary, guidelines support
baseline hs-Tnl testing in all ischemic stroke patients for
early cardiac risk detection.
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Clinical and research implications

The findings of this study emphasize the need for rou-
tine serial hs-TnI monitoring in AIS patients, as dynam-
ic changes in the levels may provide early indicators
of cardiac stress. Given the significant correlations be-
tween hs-Tnl and ECG/ECHO abnormalities, and coro-
nary angiogram findings, stroke management protocols
should integrate cardiac assessments to optimize risk
stratification. Furthermore, angiographic screening may
be warranted in AIS patients with unexplained hs-Tnl
elevations to identify underlying CAD.

Study limitations

The present study had a small sample size from a sin-
gle centre and most of the patients were from critical
care. Further studies involving larger sample size would
provide more insights. Excluding patients who died or
were discharged early may have led to selection bias,
which could possibly restrict the generalizability of the
results. Exploring the role of inflammation, autonomic
dysfunction, and neuro-cardiac interactions in AIS pa-
tients with elevated hs-Tnl would provide a better un-
derstanding of the correlation. Another limitation of the
study was lack of long term follow-up of patients and no
stroke severity score like NTHSS were adjusted in analy-
sis. Additionally, larger multicenter studies with long-
er follow-up periods could help establish the prognostic
utility of troponin I in predicting long-term cardiovas-
cular outcomes in stroke patients.

Conclusion

In conclusion, serial hs-Tnl elevations in acute isch-
aemic stroke patients are associated with evolving car-
diovascular complications, particularly in those with
preexisting metabolic disorders and silent coronary ar-
tery disease. The dynamic changes of hs-Tnl correlate
with abnormalities in ECG, ECHO, and angiograph-
ic findings, emphasizing its role in cardiovascular risk
assessment. The integration of serial troponin I mon-
itoring in AIS protocols may enhance early detection
of cardiac complications, ultimately improving clinical
outcomes in stroke patients. Hs-Tnl is an independent
predictor of cardiovascular mortality. Hence it serves as
a marker with prognostic significance .Further studies
are needed to refine predictive models and explore tar-
geted interventions for AIS patients with elevated tro-
ponin I levels.
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ABSTRACT

Introduction and aim. Beyond overt obesity, insulin resistance (IR) is increasingly recognized in non-obese individuals, partic-
ularly South Asians. Liver enzymes, especially aspartate aminotransferase (AST) and alanine aminotransferase (ALT), and their
ratio (DeRitis) have emerged as potential surrogate markers of metabolic dysfunction. To the best of our knowledge, this is the
first study to evaluate the DeRitis ratio as a surrogate marker of IR specifically in non-obese South Indian adults, addressing an
important evidence gap. With this background, the aim was to estimate the IR prevalence in non-obese adults by homeostasis
model assessment of IR (HOMA-IR) and to assess the correlation and diagnostic performance of the DeRitis ratio.

Material and methods. This cross-sectional study included 100 non-obese adults (body mass index (BMI) <25kg/m?) selected
using a convenience sampling technique attending a tertiary care hospital in Pondicherry, India. Data collected by structured
proforma and biochemical assays of fasting plasma glucose, fasting insulin, and liver enzymes. HOMA-IR >2.5 as confirmed IR.
The correlation and diagnostic accuracy of the DeRitis ratio for predicting IR was analyzed using SPSS software (V_25.0); p<0.05
considered statistically significant.

Results. IR (HOMA-IR 2.5) was present in 13% of participants. Overweight individuals showed significantly higher fasting insu-
lin levels and HOMA-IR values compared to adults with normal BMI. The DeRitis ratio was positively correlated with HOMA-IR
(r=0.516, p<0.001). Using the cut-off AST/ALT >1.0, the ratio demonstrated good discriminatory ability for IR (AUC=0.778), with
82.5% sensitivity and 83.3% specificity.

Conclusion. The DeRitis ratio shows moderate discrimination for IR and may aid in screening where insulin assays are limited.
Validation in larger, multicenter cohorts is warranted.

Keywords. alanine transaminase, aspartate aminotransferase, body weight, India, insulin resistance

Introduction

Obesity is a multifactorial disease that has escalated
globally, now affecting roughly one in eight people and
surpassing one billion individuals, with adult obesity
more than doubling since 1990 and adolescent obesi-
ty quadrupling, underscoring a substantial cardiomet-
abolic burden."? Elevated hepatic enzymes, particularly
alanine aminotransferase (ALT), aspartate aminotrans-

ferase (AST), and y-glutamyl transferase (GGT), track
closely with adiposity and metabolic dysfunction, re-
flecting steatosis, inflammation, and hepatocellular in-
jury that accompany obesity.** Several population-based
studies have consistently demonstrated that even mod-
est elevations in liver enzymes are associated with IR,
metabolic syndrome, and future diabetes risk across di-
verse ethnic groups, reinforcing the liver’s centrality in
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obesity-related risk stratification.>** These findings sup-
port the growth recognition of hepatic biomarkers as
early indicators of metabolic dysfunction.

IR is a hallmark of obesity, driven by adipose-tis-
sue inflammation, lipotoxicity, ectopic fat deposition,
and endocrine-immune cross-talk that impair insu-
lin-receptor signalling across liver, skeletal muscle, and
adipose tissue.””” These processes include cytokine-me-
diated serine phosphorylation of insulin-signalling
intermediates, mitochondrial stress, and altered adipo-
kine profiles, collectively propagating systemic IR and
its sequelae, including type-2 diabetes mellitus (T2DM),
dyslipidaemia, and non-alcoholic fatty liver disease
(NAFLD).67

Uncertainty surrounds the possible mechanism
linking obesity to serum levels of liver enzymes. Howev-
er, some studies have shown that obesity is found to be
associated with an increase in DNA methylation in liv-
er tissues, thereby increasing oxidative stress in the tis-
sue, and this ultimately leads to liver destruction.!® The
DeRitis ratio (AST/ALT), originally proposed by Fer-
nando DeRitis in 1957, is widely used as a biochemical
index of hepatocellular injury and a versatile prognos-
tic marker across liver and systemic illnesses, reflecting
shifts in mitochondrial versus cytosolic enzyme release,
necro-inflammatory activity, and extrahepatic sources
of AST.'»12

Recent studies have shown that the DeRitis ratio
is one of the independent markers of mortality.'>'* Be-
yond its classical use in liver disease, emerging research
highlights its potential role as a metabolic biomark-
er. Multiple population datasets indicate that transam-
inase-based indices related to metabolic risk, like in
non-obese Japanese adults, the ALT/AST (inverse of
De-Ritis) ratio, were the best surrogate of IR (Homeo-
stasis Model Assessment of insulin resistance (HO-
MA-IR)),"* while a large Korean cohort analysis showed
DeRitis outperforming single-enzyme measures for pre-
dicting dysglycemia and IR." These reports collectively
indicate that liver enzyme ratios may capture early he-
patic-metabolic interactions even before overt disease
manifestations. Earlier work also linked elevated ALT
with future T2DM and declining hepatic insulin sensi-
tivity, reinforcing the liver-IR nexus.'®* However, these
findings have been predominantly documented in East
Asian population,'”'® and there remains limited evi-
dence from South Asian settings, where metabolic risk
occurs at lower BMI thresholds and hepatic fat accumu-
lation is common even among non-obese individuals.

Despite growing evidence that transaminase-based
ratios reflect metabolic risk, Indian data in non-obese
adults remain limited and none have specifically evalu-
ated the DeRitis ratio as a potential surrogate marker of
IR in non-obese adults. Given India’s high and heterog-
enous obesity/overweight burden and the constrained
availability of insulin assays in peripheral settings, a

simple, inexpensive biochemical marker is clinically
valuable.”” Hence, this study was undertaken as a pro-
spective, single center observational study in Pondi-
cherry to examine the association between the DeRitis
ratio and IR in non-obese adults and evaluate the ability
of the DeRitis ratio to discriminate IR defined by HO-
MA-IR.

Aim

The primary objective of this study was to investigate
the association between the DeRitis ratio and IR (HO-
MA-IR >2.5) in non-obese South Indian adults, ad-
dressing an existing evidence gap in this population.
The secondary objectives were to assess the diagnostic
performance of the DeRitis ratio in identifying IR and
to evaluate its correlation with HOMA-IR.

Material and methods

Study design and setting

This hospital-based cross-sectional observation-
al study was conducted in the Department of General
Medicine at a tertiary care center in Pondicherry, In-
dia for a period of 12 months after obtaining Institu-
tional Human Ethics Committee approval (MGMCRI/
Res/01/2023/115/THEC/106). All procedures performed
in this study were in accordance with the ethical stan-
dards of the institutional and national research commit-
tee(s) and with the Helsinki Declaration (as revised in
2013). From all the participants, written informed con-
sent was obtained during the data collection.

Study population
Adults aged 18-60 years attending the outpatient clinic
with non-obese body mass index (BMI) (BMI<25.0kg/
m?) according to Asian cut-off were eligible.** BMI was
categorized using Asian BMI cut-offs as normal BMI is
18.5-22.9 kg/m?; overweight: BMI 23.0-24.9 kg/m?; and
obese: >25.0 kg/m?>.2°

The exclusion criteria were patients with known liv-
er diseases, significant alcohol intake, viral hepatitis or
hepatotoxic drug use, known DM, hypertension, or oth-
er endocrine disorders, with acute illness or infection at
the time of evaluation, and pregnant/lactating women.

Sample size and sampling technique

The sample size was calculated based on the 6.2% preva-
lence of IR reported in a study by Kawamoto et al. (2012)
performed in Japan," among non-obese individuals.
Using the formula, n=(Z*pq)/d* with p (prevalence) as
6.2%, 5% alpha error, 20% beta error and allowable error
of 5% (d), (substituting as n=(1.96)**0.062*(1-0.062)/
(0.05)*=90) the sample size calculated was 90 (Open
Epi (v3.0)). Allowing 10% for attrition rate, the required
sample size was 100 participants. By convenience sam-
pling techniques, patients were selected for the study
until the desired sample size was achieved.
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Outcomes

Primary - the prevalence of IR (HOMA-IR >2.5); sec-
ondary - (i) correlation between DeRitis ratio and HO-
MA-IR, (ii) diagnostic performance of AST/ALT for IR.

Study procedures
Data collection included demographic details, anthro-
pometric measurements, and clinical history, which
were recorded using a structured proforma. Then the
patients were subjected to various biochemical analy-
ses. Fasting venous blood samples were collected after
an overnight fast of 8-10 hours. The following parame-
ters were measured:

- Fasting plasma glucose (FPG) by the glucose oxida-
se-peroxidase method

- Fasting insulin by chemiluminescent (E-CLIA)
immunoassay (Manufacturer - Cobas E411; Assay
type ROCHE ELECSYS 2010; quality control at Bio-
rad (Level 3))

- The AST and ALT were prepared using standard
enzymatic methods (Manufacturer — Cobas C311;
Assay type International federation of clinical che-
mistry (IFCC) method; quality control at Biorad
(Level 3))

The DeRitis ratio'? was calculated DeRitis ratio =
AST/ALT and used to evaluate the liver function and
disease severity. An elevated ratio (>1) suggests liver
damage, and <1 was considered normal."?

The HOMA-IR*' was computed using the formula

Fasting insulin ( ;—LIZ) x Fasting glucose(5E)

HOMA - 1R =
° R 405

IR was defined as HOMA-IR >2.5 (based on validated
Asian cut-off).

Statistical analysis

The data was entered into Microsoft Excel and analyzed
using SPSS version 25.0 (IBM, Armonk, NY, USA).
Continuous variables were expressed as meantstan-
dard deviation (SD) or median (interquartile range
(IQR)) depending on normality (assessed by the Sha-
piro-Wilk normality test and Q-Q plot). Categorical
variables were presented as proportions. An indepen-
dent t-test or Mann-Whitney U-test was used to com-
pare the continuous variables, and the homogeneity of
variances were performed using the Levene’s test, if vi-
olated Welch’s test was used. Chi-square test or Fish-
er’s exact test was applied for categorical variables.
Pearson’s correlation coefficient assessed the relation-
ship between the DeRitis ratio and HOMA-IR after
confirming its linearity and absence of extreme outli-
ers. The diagnostic performance of the DeRitis ratio for
IR was evaluated using Receiver Operating Character-
istics (ROC) curve. The primary diagnostic threshold

was pre-specified as DeRitis ratio >1.0, reflecting a con-
ventional clinical cut-off used to indicate the elevation
of the ratio in liver disease. At this priori cut-off, sensi-
tivity, specificity, predictive values, and overall diagnos-
tic accuracy, were calculated with area under the curve
(AUC) at 95% CI. Youden’s index was additionally com-
puted to summarize the balance between the sensitivity
and specificity. A p-value <0.05 was considered statis-
tically significant.

Results

Participant flow and baseline characteristics are present-
ed in Table 1, and associations with BMI is presented in
Table 2.

Table 1. Socio-demographic characteristics and risk factors
of the study participants (n=100)*

. Results
Variables n (%)
18-30 14(14.0)
31-40 20(20.0)
Age (in years) 41-50 26(26.0)
51-60 32(32.0)
>60 8(8.0)
Male 43 (43.0)
Gender
Female 57 (57.0)
Class| 12(12.0)
Class I 16 (16.0)
SES Class Il 16 (16.0)
Class IV 24(24.0)
ClassV 32(32.0)
‘ Rural 50 (50.0)
Locality
Urban 50 (50.0)
. Present 41(41.0)
Smoking
Absent 59 (59.0)
. Present 40 (40.0)
Alcohol consumption
Absent 60 (60.0)
. Vegetarian 49 (49.0)
Diet pattern -
Non-vegetarian 51(51.0)
5 Overweight (23.1-24.9) 39(39.0)
BMI (kg/m?)
Normal (<23) 61(61.0)

* SES - socio-economic status as per the B.G. Prasad scale

Overall, 13% of participants were identified with IR
(HOMA-IR 22.5). Using the DeRitis ratio (>1), approx-
imately 43% of patients were identified as having insulin
resistance (IR), with a significantly higher prevalence in
the overweight group (33 out of 39; 84.6%) compared to
the normal BMI group (10 out of 61; 16.4%), which was
statistically significant (p<0.001, Table 3).

Similarly, the mean DeRitis ratio among pa-
tients with normal BMI was 1.084+0.060, compared
to 0.920+0.035 for overweight patients, and the differ-
ence between the two groups was statistically signifi-
cant (p<0.05). The rest of the biochemical parameters
and their association with BMI are presented in Table 3.
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Table 2. Association of sociodemographic and risk factors
in relation to the BMI (Pearson’s chi-square test)

BMI (kg/m?)
Variables Normal (< 23) Overweight (23.1-
(n=61) 24.9) (n=39)
n (%) n (%)
Age (in years)
18-30 10(16.4) 4(10.3)
31-40 15(24.6) 5(12.8)
41-50 18(29.5) 8(20.5) 0.035
51-60 12(19.7) 20(51.3)
>60 6(9.8) 2(5.1)
Gender
Male 35(57.4) 8(20.5)
0.001
Female 26 (42.6) 31(79.5)
Socio-economic status (according to the B.G. Prasad scale)
Class| 10(16.4) 2(5.1)
Class I 12(19.7) 4(10.2)
Class Il 10(16.4) 6(15.4) 0.021
Class IV 16(26.2) 8(20.5)
ClassV 13(19.7) 19 (48.7)
Locality
Rural 40 (65.6) 10(25.6)
0.001
Urban 21(34.4) 29(74.4)
Smoking status
Present 10(16.4) 31(79.5)
<0.001
Absent 51(83.6) 8(20.5)
Alcohol consumption
Present 15 (24.6) 25(64.1)
0.001
Absent 46(75.4) 14 (35.6)
Dietary pattern
Vegetarian 35(57.4) 14(35.9) 0022
Non-vegetarian 26 (42.6) 25 (64.1) ’

Table 3. Association of biochemical parameters in relation
to the BMI*

BMI (kg/m?)
Variables Normal Overweight p
(n=61) (< 23) (n=39) (23.1-24.9)
ALT 16.28 £1.25 23.05£1.61 <0.001
AST 17.61+£1.41 21.23£1.61 <0.001
DeRitis ratio 1.08 +£0.06 0.92+0.03 <0.001
FBS 87.59+3.1 94.92 +4.69 <0.001
Fasting insulin 5.34+2.04 835+1.90 <0.001
HOMA-IR 1.16£0.53 1.97 £0.50 <0.001
HOMA-IR ranges
<1.6 51(83.6) 7(17.9)
1.6-2.5 7(11.5) 22 (56.4) <0.001
=25 3(49) 10(25.6)
DeRitis ratio and IR diagnosis

>1 10(16.4) 33(84.6)

<0.001
<1 51(83.6) 6(15.4)

* data were presented in the form of frequency
(percentage) or mean + standard deviation, based on the
type of variables, Student’s t-test

A significant positive correlation was observed
between the DeRitis ratio and HOMA-IR (Pearson’s

r=0.516; p<0.001), indicating that higher IR was associ-
ated with an altered transaminase ratio. The ROC curve
demonstrated an AUC of 0.778 (95% CI: 0.675-0.865),
confirming the discriminatory ability of the DeRitis ra-
tio in detecting IR. The overall diagnostic accuracy was
83% (95% CI: 74.3-90.1%), and Youden’s index was
66%, suggesting that the DeRitis ratio demonstrated
moderate discrimination for identifying IR among non-
obese patients and is presented in Table 4 and Figure 1.

ROC Curve
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Fig. 1. ROC curve of the DeRitis ratio for the diagnosis of
insulin resistance

Table 4. Diagnostic accuracy of DeRitis ratio for insulin
resistance diagnosis*

Variables Result 95% Cl
Sensitivity (%) 82.50 57.3-96.2
Specificity (%) 83.33 73.4-90.9
Positive predictive value (%) 76.74 50.1-93.2
Negative predictive value (%) 87.72 78.5-94.0
Accuracy 83 74.3-90.1
Area under the curve* 0.778 0.675—0.865
Youden's index (J) (%) 66

* the 95% confidence interval (Cl) was calculated

using DelLong’s estimate, with a standard error (SE) of
approximately 0.048; diagnostic accuracy was assessed at
the pre-specified threshold of a DeRitis ratio greater than
1.0, Cl - confidence interval

Discussion

This present cross-sectional study of 100 non-obese
adults in Pondicherry demonstrated that 43% had IR,
with prevalence markedly higher among overweight in-
dividuals (84.6%) compared to participants with nor-
mal BMI (16.4%). The research identified a substantial
correlation between the DeRitis ratio and HOMA-IR
(r=0.516; p<0.001), with ROC analysis producing an
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AUC of 0.778 and a diagnostic accuracy of 83%. These
findings suggest that the DeRitis ratio can serve as a
simple, inexpensive biochemical marker for identifying
IR in non-obese adults, complementing or substituting
for insulin-based assays in resource-limited settings.

Obesity and overweight are now established as ma-
jor public health problems. The WHO estimated that
obesity affects over a billion people globally, with prev-
alence doubling since 1990.>° In the present study, the
prevalence of overweight was 39%. In India, recent es-
timates place obesity prevalence between 11.8% and
40.3%, varying by region and gender.'? In this study
population, while restricted to non-obese individuals, it
highlights that IR is not limited to overt obesity, rein-
forcing prior evidence that metabolic dysfunction can
occur even at lower BMI thresholds in Asian population
warranting re-evaluation of risk stratification paradigms
for this population.?*

When comparing the ALT and AST levels between
the groups, the mean ALT among overweight people is
23.05+1.614 IU/L vs 6.28+1.255 IU/L in normal BMI pa-
tients and is statistically significant, and the mean AST
among overweight and normal patients (21.23+1.613
TU/L vs 17.61+1.41 IU/L) is statistically significant. Sim-
ilar to our results, a study done by Jalili et al.,* showed
that ALT and AST levels were found to be higher among
the obese than the non-obese individuals. This finding
was further supported by Momo et al.>® and Song et al.,
where liver enzymes such as ALT and AST were found
to be higher among obese individuals. Although the
mechanism is not understood, it is found that increased
accumulation of fat in liver cells and disruption of he-
patocytes results in elevated liver enzymes.>>!°

The DeRitis ratio, introduced by DeRitis in 1957,'%*
has long served as a biomarker of hepatic injury, mito-
chondrial compromise, and systemic inflammatory load.
Recently, its prognostic value has expanded to cover NA-
FLD, cardiovascular outcomes, and malignancies.'"*
The present study extends its utility, demonstrating that
even within non-obese cohorts, shifts in transaminase
balance mirror metabolic risk and correlate with IR.**
Mechanistically, IR in obesity arises from ectopic lipid
accumulation, inflammatory cytokine cascades, and mi-
tochondrial dysfunction, culminating in hepatic lipotox-
icity and altered enzyme release.”® A reduced AST/ALT
ratio reflects relative ALT elevation due to hepatocellu-
lar steatosis and mitochondrial injury. In the non-obese
population, this pattern hints at subclinical NAFLD. The
present study results, revealing lower DeRitis ratios in in-
dividuals with IR, align with observed biochemical shifts
in early metabolic derangement.

In the present study, the DeRitis ratio between the
participants in the overweight (0.920+0.035) and nor-
mal groups (1.084+0.060) was compared and found to
be statistically significant and higher among the over-

weight participants. A study by Ndrepepa et al.,'? found
that the DeRitis ratio was >1.0 among obese partic-
ipants, and >2 was noted among participants with al-
coholic fatty liver disease. The DeRitis ratio was also
found to be associated with the increased risk of mor-
tality among participants with obesity.'"!**

The HOMA-IR is used to assess IR in individuals; in
our study, the mean HOMA-IR among the overweight
and normal BMI participants was 1.97+0.51 vs 1.17+0.53.
Our finding of a moderate positive correlation between
the DeRitis ratio and HOMA-IR (r=0.516) is consistent
with earlier surveys demonstrating that ALT/AST or
AST/ALT ratios are valid surrogates of IR. The study by
Lee et al.,” showed that the obese individuals were found
to have higher levels of HOMA-IR values than the non-
obese individuals. Similarly, a study by Raj et al.,* also
showed a positive correlation between the HOMA-IR
and the BMI. A study by Kawamoto et al.,' found that
ALT/AST is the best IR surrogate in non-obese Japanese
adults, and Han et al.,”* confirmed this in a large Kore-
an cohort. Vozarova et al., further reported that elevat-
ed ALT predicts future T2DM.!* We are adding to this
corpus by validating that the DeRitis ratio performs com-
parably in predicting IR among the non-obese Indian
adults, thus reinforcing its prospective clinical relevance
in screening and risk stratification.

Given the low cost and widespread availability of
transaminases, the AST/ALT ratio may complement
risk screening in situations where insulin assays are un-
available; however, its performance is insufficient for di-
agnosis and requires external validation. To align claims
with the evidence, we intentionally avoid diagnostic lan-
guage and frame the DeRitis ratio as a screening adjunct
rather than a standalone test.

This study is among the few from South India that
specifically investigates the association between the DeRi-
tis Ratio and IR in non-obese adults, an often-overlooked
subgroup in metabolic research at lower BMI compared
with Japanese and Korean cohorts.'*'>* By demonstrat-
ing a significant association between the DeRitis ratio
and IR in this ethnic group, the study fills an important
geographic and metabolic evidence gap and extends the
applicability of transaminase-based markers to a high-
risk South Asian population. Moreover, the use of stan-
dardised biochemical methods improved the internal
validity of the findings. The inclusion of both normal and
overweight participants within the non-obese BMI range
allowed meaningful subgroup comparisons. The diag-
nostic evaluation of the DeRitis Ratio adds quantitative
rigour and translational clinical value.

Nonetheless, this study has limited novelty relative
to prior enzyme-based markers; the sample size is small,
from a single tertiary center, which limits precision and
generalizability. The cross-sectional design precludes
causal inference and may introduce spectrum bias. More-
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over, the assessment of HOMA-IR has inherent method-
ological constraints and is considered a surrogate and
not a gold-standard clamp. The HOMA-IR index is in-
fluenced by pancreatic B-cell function and showed vari-
ability with age, sex, and pubertal stages, which might
affect its accuracy across different physiological states.
Because HOMA-IR provides only a static estimate de-
rived from fasting glucose and insulin, it does not capture
dynamic glucose-insulin interactions over a 24-hour pe-
riod. Additionally, its reproducibility has been reported as
moderate and lower for indices such as the Quantitative
Insulin Sensitivity Check Index (QUICKI).* Recent evi-
dence suggests that the triglyceride-glucose (TyG) index
demonstrates superior diagnostic performance for IR*
and could be explored in future studies for comparison.
Although the present study demonstrates a significant as-
sociation between the DeRitis ratio and IR, it is import-
ant to acknowledge the role of potential confounders that
might influence the study findings. Factors such as hepat-
ic steatosis by imaging, alcohol intake quantification, diet,
physical activity, medications, raising residual confound-
ing and spectrum bias.

Future multicenter studies with larger, more diverse
cohorts are recommended to validate the association
between the DeRitis ratio and IR in non-obese adults.
Comparative analyses using alternative IR indices such
as the TyG index, QUICKI, and clamp-based meth-
ods could provide more robust evidence and determine
which index most accurately reflects metabolic risk
in the South Asian population. Incorporating validat-
ed dietary assessment, objective alcohol consumption
measures, and liver imaging along with longitudinal
follow-up could help establish temporal relationships
between hepatic enzyme alterations and metabolic dys-
function and yield more precise estimates of the in-
dependent relationship between DeRitis ratio and IR.
Exploring sex- and age-specific cut-offs for both HO-
MA-IR and the DeRitis ratio would also improve diag-
nostic precision in clinical screening.

Conclusion

Given the rising burden of metabolic disorders in India,
even among individuals with normal or near-normal
BM]J, the DeRitis ratio offers a simple, inexpensive, and
readily available biochemical marker for early identifi-
cation of at-risk individuals. The present study demon-
strated that the DeRitis ratio is associated with IR and
shows moderate discrimination. Findings should be
viewed as hypothesis-generating and require confirma-
tion in larger, multicenter cohorts with a comprehensive
confounder assessment.
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ABSTRACT

Introduction and aim. Trace elements play a critical role in thyroid hormone synthesis and metabolism; however, data on their
combined alterations in hypothyroid women from the Middle East remain limited. This study aimed to evaluate the relationship
between serum selenium (Se) and iron (Fe) levels and thyroid function in women with overt and subclinical hypothyroidism
compared with euthyroid controls.

Material and methods. In this case-control study, 312 women were enrolled, including 194 patients with hypothyroidism and
118 age- and body mass index-matched euthyroid controls recruited in Basra, Irag. Serum thyroid-stimulating hormone (TSH),
free thyroxine (FT4), iron (Fe), and Se were measured using standardized automated assays.

Results. Hypothyroid women had significantly higher median thyroid-stimulating hormone levels than controls (4.51 [1.9-7.5]
vs. 1.45 [0.98-2.1] mU/L; p<0.0001) and lower median free thyroxine concentrations (12.48 [9.0-16.47] vs. 16.73 [14.16-20.59]
pmol/L; p<0.0001). Serum iron levels were significantly reduced in hypothyroid patients (11.52 [7.79-15.83] vs. 15.90 [10.47-
19.42] umol/L; p<0.0001), as were selenium levels (0.81 [0.55-1.12] vs. 1.45 [1.18-1.92] umol/L; p<0.0001). Age correlated posi-
tively with thyroid-stimulating hormone (Spearman’s p=0.449, p<0.001) and negatively with free thyroxine (p=-0.301, p=0.007),
while no significant correlations were observed for iron or selenium.

Conclusion. Women with hypothyroidism exhibited combined selenium and iron deficiencies alongside marked hormonal dis-
turbances. To our knowledge, this is one of the first large case-control studies in women from southern Iraq to simultaneously
assess selenium and iron status in relation to thyroid function. These findings support the potential clinical relevance of routine
micronutrient assessment in hypothyroid patients, particularly in regions with known dietary deficiencies.
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Introduction

Hypothyroidism is an endocrine disorder characterized
by a severe reduction in circulating thyroid hormones.
Common etiologic factors include autoimmune thyroid
disease, thyroidectomy, or therapeutic iodine radiothera-
py. Even in iodine-replete regions, prevalence may reach
11.7%."* Epidemiological data on thyroid disorders in

the Middle East are limited and largely anecdotal; how-
ever, Basra is considered a highly endemic area, with lo-
cal findings indicating a particularly high prevalence of
hypothyroidism among women® Thyroid hormones are
essential for numerous physiological processes, including
thermoregulation, carbohydrate, protein and lipid me-
tabolism, electrolyte balance, and mineral homeostasis.*
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Among the micronutrients implicated in thyroid func-
tion, selenium (Se) and iron (Fe) are indispensable for
thyroid hormone synthesis and metabolism.”

Although the total selenium content of the human
body is relatively small (10-20 mg), the thyroid gland
contains one of the highest concentrations per gram of
tissue, reflecting its strong dependence on selenopro-
teins (SePs) for normal function.®” During thyroid hor-
mone synthesis, hydrogen peroxide (H,O,) is required
as an oxidizing agent for iodination. However, excessive
H,O, - particularly in the context of iodine deficiency
and elevated TSH - can lead to oxidative injury of thy-
rocytes. Selenium-dependent enzymes, including gluta-
thione peroxidases (GPxs) and thioredoxin reductases
(TRs), function as key thiol-redox systems that neutralize
H,0, and lipid hydroperoxides, thereby maintaining cel-
lular membrane integrity and limiting oxidative damage.®

The GPx family consists of several isoenzymes
(GPx1-GPx6). GPx1 is abundant in the cytosol and re-
duces H;O, and free hydroperoxides, while GPx3 and
GPx4 are particularly relevant within the thyroid gland.
GPx3 acts extracellularly, whereas GPx4 (phospholipid
hydroperoxidase) regulates phospholipid and cholester-
ol hydroperoxide reduction, contributing to membrane
stability and apoptotic control.’ Through these mecha-
nisms, selenium plays a central role in antioxidative and
inflammation-protective defense. Insufficient selenium
intake decreases GPx activity, weakens antioxidative ca-
pacity, and increases the risk of thyrocyte injury and
apoptosis. Additionally, selenium is required as a cofac-
tor for iodothyronine deiodinases, which convert thy-
roxine (T,) to the biologically active triiodothyronine
(T), supporting normal thyroid hormone metabolism
and protecting the gland from oxidative stress.’®! Ac-
cording to the World Health Organization, the recom-
mended daily selenium intake for adults is 55 pg."

Selenium availability varies considerably worldwide.
Selenium-rich soils are found in regions such as Austra-
lia, Ireland, and North America, whereas large areas of
Europe, New Zealand, and China are selenium-poor. Im-
portantly, several Middle Eastern countries, including
Iraq, have been reported to exhibit low-to-moderate sele-
nium intake due to poor soil selenium content, potential-
ly predisposing their populations to marginal selenium
deficiency and altered thyroid hormone metabolism."

Iron is also essential for normal thyroid function.
It acts as a cofactor for thyroid peroxidase (TPO), the
heme-containing enzyme that catalyzes iodination and
coupling reactions during thyroid hormone synthesis.
Iron deficiency reduces TPO activity, thereby impairing
the production of thyroid hormones. Furthermore, as
a key component of hemoglobin, iron supports oxygen
delivery to tissues and participates in multiple enzymat-
ic pathways essential for cellular metabolism. Iron defi-
ciency may also diminish erythropoiesis and decrease

erythropoietin secretion, further contributing to im-
paired thyroid hormone synthesis.'* Despite the estab-
lished role of selenium and iron in thyroid hormone
metabolism, data on their simultaneous alterations in
women with hypothyroidism from the Middle East re-
main scarce. To our knowledge, this is one of the first
studies in southern Iraq to jointly evaluate selenium and
iron status in relation to thyroid function in a large fe-
male case—control cohort.

Aim

The aim of this study was to assess the relationship be-
tween serum selenium and iron levels and thyroid
function in women with overt and subclinical hypothy-
roidism compared with euthyroid controls, addressing
the lack of data from the Middle Eastern population.

Material and methods

Study design and subjects

The present retrospective case-control study was orga-
nized at the Faiha Specialized Diabetes, Endocrine, and
Metabolism Center (FDEMC) laboratories in Basra,
Southern Iraq, from November 2024 to May 2025.

Ethical approval

The study was approved by the Institutional Review
Board of the College of Pharmacy, University of Basrah
(Approval No. EC 81, dated 10/11/2024). Written in-
formed consent was obtained from all participants prior
to study enrollment.

Participants and eligibility criteria

Enrollment included women clinically diagnosed with
primary and subclinical hypothyroidism, as established
through clinical evaluation and laboratory tests for thy-
roid function, particularly serum FT4 levels and TSH
concentrations. A control group of euthyroid women
has been established to enable comparative analyses.
The participants were selected based on predefined el-
igibility criteria as follows:

Inclusion criteria
-  Women aged 18-78 years, covering both the re-
productive period and the menopausal transition,
which may influence thyroid function and mineral
metabolism.
- Clinically diagnosed primary (overt) hypothyro-
idism, defined as:
o TSH>4.2 mU/L
« FT4<12 pmol/L
- Clinically diagnosed subclinical hypothyroidism,
defined as:
« TSH>4.2 mU/L
« FT4 within the normal reference range (12.0-
21.9 pmol/L)
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- Reference ranges (manufacturer instructions):
« TSH: 0.27-4.2 mU/L
o FT4: 12.0-21.9 pmol/L

Exclusion criteria

Participants were excluded if they had any of the fol-

lowing:

- other thyroid diseases (e.g., autoimmune thyroid
disorders such as Hashimoto’s thyroiditis), excluded
based on review of available medical records

- major systemic conditions (e.g., diabetes mellitus,
chronic kidney disease),

- use of hormonal contraceptives or any nutritional
supplements (e.g., selenium, iron, multivitamins),

- smoking,

- malabsorption syndromes,

- pregnancy,

- other endocrine disorders,

- lack of consent to participate.

Levothyroxine treatment status was recorded de-
scriptively and was not used as an exclusion criterion.

A summary of the selection process is presented in
Figure 1.

Flow Diagram of Participant Recruitment and
Selection

Total subjects assessed for
eligibility
(n =350)

Excluded (n = 38)

« Secondary hypothyroidism (n =8)
« Pregnancy/lactation (n = 10)

. (n=12)

‘ « Other endocrine disorders (n - 8)

‘ Included (n = 312)

[
I |

Hypothyroid patients (n = 194)
[ ]
N

Biochemical analyses:
TSH, FT4, Se, Fe, Mg

Control (euthyroid) group (n =118)

Statistical analysis using SPSSv26.0
(t-test, Mann-Whitney U, Spearman correlation)

Fig. 1. Flow diagram of participant recruitment and
selection process

Dietary and lifestyle considerations

To minimize dietary and lifestyle confounding, wom-
en taking any nutritional supplements (selenium, iron,
or multivitamins) were excluded, and all participants
were recruited from the same geographical and so-
cioeconomic background. Dietary intake and lifestyle
behaviors were not quantitatively assessed and are ac-
knowledged as a methodological limitation; however,
the shared environmental and cultural dietary patterns
of the study population help reduce major variability in
selenium and iron intake.

Sample size calculation
Sample size was calculated based on expected differenc-
es in serum selenium and iron levels between hypothy-

roid and euthyroid women, assuming an effect size of
d=0.35-0.40, a=0.05, and power=0.90."°

A structured questionnaire was administered to col-
lect demographic information, including questions on
nutritional habits, socioeconomic status, medication
use, and family history.

Blood collection and biochemical measurements
Following a 12-hour period of overnight fasting, a ve-
nous blood sample of approximately 5 mL was taken
from all patients and controls under strict aseptic con-
ditions and transferred to a sterile yellow top gel tube.
Blood samples were allowed to clot and centrifuged at
5000 rpm for 5 minutes to obtain serum. Serum was iso-
lated and preserved at -20°C till examination.

Thyroid hormone measurements

Serum thyroid hormones (FT4 and TSH) were comput-
ed via electrochemiluminescence immunoassay using
a cobas e411analyzer (Roche Diagnostics, Germany).'¢

Trace-element measurements

Serum iron was quantified in vitro on the Roche/Hi-
tachi Cobas C311 system (Roche Diagnostics, Germa-
ny) through a Ferrozine colorimetric endpoint by using
IronGen.2 reagents, where the absorbance at 570 nm is
directly related to iron concentration.'”'®

Serum selenium was determined using a colori-
metric assay (Elabscience®, Cat. No. E-BC-K776-M,
China) according to the manufacturer’s protocol. Se-
lenium Assay Validation and Performance - The assay
was performed on a microplate reader at 420 nm (range
415-425 nm). Intra- and inter-assay precision coeffi-
cients of variation (CV) were 0.3-0.4% and 0.5-0.7%,
respectively, and mean recovery was 103.7%.

A colorimetric method was selected due to its val-
idated analytical performance—adequate sensitivity for
physiological selenium levels, excellent precision (CV
<1%), and high recovery—while being fully compati-
ble with our laboratory workflow and high-throughput
processing. Selenium concentrations were reported in
SI units (umol/L) and were consistent with the Results
section.

Statistical analysis

Data were processed with SPSS, version 26.0 (IBM, Ar-
monk, NY, USA). Normality was tested by Kolmogor-
ov-Smirnov test. Quantitative variables were presented
as mean+SD for normally distributed ones or median
(Q1-Q3) for those not following a normal distribution.
Baseline differences of means were examined using an
independent-samples t-test or Mann-Whitney U test
as appropriate, and for categorical variables, the Chi-
square (x*) test was used. Associations were tested using
Spearman’s rank-correlation coeflicient (p). Statistical
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significance was set at a two-tailed p<0.05. Graphs were
made on GraphPad Prism, version 8 (USA).

Results

Demographic, reproductive, and anthropometric char-
acteristics of the study population

A total of 312 women, including 118 controls and 194
hypothyroid patients, were included in a retrospective
analysis. Baseline characteristics are shown in Table 1.

Table 1. Demographic and clinical characteristics of the
study participants*

Variable Control (n=118)
Sociodemographic data

Hypothyroid (n=194) p

Age (years), median 41 (26-55) 43.5(30-58) 0.446

(range)

Urban 73 (61.86 %)
Rural 45 (38.14 %)

Urban 139 (71.6 %) 0.08
Rural 55 (28.3 %)

Residence, n (%)

Income status, n (%) Low 20 (16.94 %) Low 82 (42.2 %) <0.0001
Medium 76 (64.4%)  Medium 98 (50.5 %)
High 22 (18.64 %) High 14 (7.2 %)
Marital status, n (%) Single 12 (10.16%) Single 31 (15.9%) 0.614

Married 96 (81.35%)
Divorced 0 (0%)
Widow 10 (8.47%)

Married 133 (68.5%)
Divorced 4 (2%)
Widow 26 (13.4%)

Reproductive characteristics

Cycle status, n (%) Regular 59 (50 %) Regular 18 (9.3%)  <0.0001
Irregular21(17.79%)  Irregular 75 (38.6 %)

Menopause 38 (32.2%) Menopause 78 (40.2 %)
Amenorrhea0(0%) Amenorrhea 23 (11.8 %)

Yes 115 (97.46 %) Yes 165 (85 %) 0.0004

Childbearing, n (%)

No 3 (2.54 %) No 29 (14.9 %)
Anthropometric data
Height (m), median 159 (1.54-1.64) 1.59 (1.55-1.63) 0.489
(range)
Weight (kg), mean+SD 75.3+18.1 79.5+18.4 0.051
BMI (kg/m?), meanSD 29.75+53 31.54+6.7 0.117
Disease-related data
Duration of disease (years), - 5.0(2.0-8.0) -
median (range)
Family history of disease, Yes 96 (49.4 %) <0.0001
n (%) No 118 (100 %) No 98 (50.5 %)
Levothyroxine therapy, n (%)
50 pg 11 - 119 (61.3 %) -
50 pg 12 - 8(4.1%) -
100 pg 11 - 63 (32.4%) -
Discontinued - 4(2.0%) -

* Data were tested for normality using the Kolmogorov-
Smirnov test; normally distributed data are presented as
meanzSD and non-normal data as median [interquartile
range, IQR], comparisons were performed using the t-test,
Mann-Whitney U, Chi-square, or Fisher’s exact test, as
appropriate

The two populations did not differ for a common
age; the median ages were 41 and 43.5 years respec-
tively (p=0.446), confirming that the groups were age-
matched. With respect to residence distribution, for
hypothyroid women, more lived in city areas (71.6%)

than controls (61.8%); however, the difference was not
significant (p=0.08).

Income status differed markedly between groups
(p<0.0001): low-income individuals were more frequent
among hypothyroid cases (42.2%) than among controls
(16.9%), while high-income participants were fewer
(7.2% vs. 18.6%, respectively).

Marital status did not vary significantly (p=0.614);
most participants in both groups were married, and the
proportions of single, divorced, and widowed women
were comparable. Irregular and menopausal cycles were
markedly more frequent in the hypothyroid group, and
amenorrhea occurred exclusively among hypothyroid pa-
tients (11.9%). Childbearing history also differed signifi-
cantly (p=0.0004), as nearly all controls had given birth
(97.5%) compared with 85% of hypothyroid women.

Anthropometric data were largely comparable be-
tween groups. Median height was 1.59 m in both
(p=0.489). The mean body weight tended to be high-
er in hypothyroid patients (79.5+18.4 kg) than controls
(75.3£18.1 kg), though the difference narrowly missed
statistical significance (p=0.051). Similarly, BMI values
were slightly higher among hypothyroid women (31.5+6.7
kg/m?) than controls (29.8+5.3 kg/m?, p=0.117).

Among hypothyroid patients, the median disease
duration was 5 years (range: 2-8 years). Approximate-
ly half (49.5%) reported a family history of thyroid dis-
ease, a rate significantly higher than in controls (0%;
p<0.0001), suggesting a potential familial or genetic
predisposition. Regarding levothyroxine therapy, most
patients (61.3%) were receiving 50 ug daily, 32.5% were
on 100 pug daily, 4.1% were taking 50 pg twice daily, and
2.1% had discontinued treatment.

Comparison of biochemical and clinical parameters be-
tween control and patient groups

Descriptive and comparative analyses were conducted
for serum TSH, FT4, Fe, and Se across the control and
hypothyroid groups. As the data were not normally dis-
tributed, intergroup comparisons were performed using
the Mann-Whitney U test, and differences were consid-
ered statistically significant at p<0.05.

Hypothyroid patients showed a significant increase
in TSH levels compared to the control group (p<0.0001),
which was associated with a large effect size (r=0.50, CI:
2.1-3.4). In contrast, the concentration of FT4 was sig-
nificantly lower in the hypothyroid group (p<0.0001),
with a large effect (r=—0.7, 95% CI: -7 to -2.8). In ad-
dition, serum levels of iron and selenium were signifi-
cantly decreased in hypothyroid patients compared with
controls (p<0.0001). Reduction in Fe showed a moder-
ate effect size (r=0.36, 95% CI: -4.8 to -1.8), while that of
Se was high (r=0.64, 95% CI: -0.78 to -0.56).

A comprehensive summary of these findings is pre-
sented in Table 2.
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Table 2. Comparison of TSH, FT4, iron, and selenium levels
between control and patient groups*

Parameter  Control (Median  Patient (Median ] Effect  95% Cl of

[1GR])) [1QR]) size (r) difference
TSH (mU/L) 1.45(0.98-2.1) 451(1.9-7.5) <0.0001 05 2.10t03.40
FT4 (pmol/L) 16.73 (14.16-20.59) 12.48 (9.0-16.47) <0.0001 0.7 -7.00t0-2.80
Fe (umol/L)  15.90 (10.47-19.42) 11.52(7.79-15.83) <0.0001 0.36 -4.80t0-1.80
Se (pmol/L)  1.45(1.18-1.92)  0.81(0.55-1.12) <0.0001 0.64 -0.78t0-0.56

*Values are expressed as median [interquartile range, IQR],
statistical significance between groups was assessed using
the Mann-Whitney U test, effect sizes (r) were interpreted

as small (0.10-0.29), moderate (0.30-0.49), or large (> 0.50)

The pattern of the results is also represented by
comparison in Figure 2, showing trends toward hormo-
nal and biochemical changes between study groups. The
graph presents an evident negative relationship between
thyroid function and trace-element status. Error bars
represent the interquartile range, reflecting variability
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within each group, particularly the wider dispersion of
TSH levels among hypothyroid patients, consistent with
differences in disease severity and treatment status.

Statistical correlation results between age and each bio-
chemical parameter in the hypothyroid group
The correlation between age and various categories of
biochemical parameters in hypothyroid patients was
calculated by Spearman’s rank correlation coeflicient
(p). As reported in Table 3, there was a statistically sig-
nificant moderate positive correlation between age and
serum TSH (p=+0.449, p<0.001), showing that also
TSH increases with aging. This indicates that the sever-
ity of thyroid failure or the extent of pituitary input be-
comes more severe with increasing age.

Inversely, serum FT4 negatively correlated with age
(p=-0.301, p=0.007), showing the decrease of T4 con-
centration in the bloodstream with aging.
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Fig. 2. Comparative visualization of (A) TSH, (B) FT4, (C) iron, and (D) selenium levels in hypothyroid patients and control
subjects, values are expressed as median (interquartile range, IQR), and group comparisons were analyzed using the Mann-

Whitney U test
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Age was not associated with serum iron (p=-0.068,
p=0.559) or selenium (p=-0.152, p=0.187). These re-
sults show that the trace-element status of hypothy-
roid patients is age-independent. The lack of correlation
between serum levels of Fe and Se could indicate that
changes are less influenced by age than by nutritional or
pathological causes.

Table 3. Spearman’s correlation between age and
biochemical parameters in patients with hypothyroidism

Spearman’s p
Parameter (Correlation p
coefficient)

Interpretation

significant moderate positive correlation — TSH

TBH(mUA) — +0451 >0.0001 levels tend to increase with age

significant negative correlation — FT4 levels

Fra(pmol/l)  -030 0007 decrease slightly as age increases

no significant correlation — serum iron is

Fe (umol/L)  -0.06 | 0.559 independent of age

weak and non-significant negative trend —
Se(umol/L)  -0.15| 0.187  selenium levels slightly decrease with age, but
not significantly

Discussion

The present study investigated the relationship between
thyroid hormones and two essential trace elements - se-
lenium and iron - in women diagnosed with hypothy-
roidism in Basra, Iraq. Although the hypothyroid and
euthyroid groups were comparable in age and BMI, they
differed significantly in income, menstrual regularity,
parity, and family history - factors frequently associat-
ed with thyroid dysfunction and hormonal imbalance.
The clear elevation in TSH and reduction in FT4, se-
lenium, and iron among hypothyroid participants sup-
port the hypothesis that altered trace-element status
may contribute to impaired thyroid hormone produc-
tion, disturbed metabolism, and diminished antioxida-
tive defense within the thyroid gland.”

Hypothyroid women exhibited a markedly lower
median serum selenium concentration (0.81 pmol/L)
compared with the control group (1.45 pmol/L), con-
sistent with findings reported from Iran and other se-
lenium-deficient regions.”® Reduced selenium status
- together with elevated TSH and lower T3/T4 ratios
- may reflect impaired deiodination and weakening of
the thyroid’s antioxidative capacity, thereby reducing its
functional reserve. DIO1 and DIO2, the key enzymes
responsible for converting T4 into biologically active
T3, are selenoproteins containing selenocysteine at their
catalytic centers; their activity depends directly on ade-
quate selenium availability. Experimental studies show
that selenium-deficient animals exhibit significantly re-
duced DIO1 and DIO2 activity across tissues including
liver, kidney, and brain.*

A recent review by Kohrle emphasized that the thy-
roid gland retains high selenium levels and expresses

multiple selenoproteins, including deiodinases, and that
selenium deficiency impairs both thyroid hormone pro-
duction and metabolism through decreased selenopro-
tein expression.”? In women with primary or subclinical
hypothyroidism, low selenium may therefore reduce pe-
ripheral T4-to-T3 conversion, potentially causing rela-
tive T3 deficiency or increased rT3 formation, thereby
diminishing thyroid hormone action in peripheral tis-
sues. This provides a physiological rationale for the as-
sociations observed in the present cohort.

The absence of a strong association between seleni-
um and FT4 in our results may reflect the multifactori-
al nature of thyroid regulation, where oxidative stress,
genetic variation, and other micronutrient deficiencies
influence hormone kinetics. In some individuals, nor-
mal T4-to-T3 conversion may be maintained despite
low selenium through compensatory mechanisms such
as hierarchical selenium distribution to essential seleno-
proteins and adaptive upregulation of DIO2 activity in
peripheral tissues.

Nonetheless, the inverse relationship between se-
lenium and TSH suggests that reduced selenium status
may compromise negative-feedback regulation along
the hypothalamic-pituitary-thyroid (HPT) axis. Given
that the thyroid is one of the organs richest in seleni-
um, adequate selenium intake is critical for maintain-
ing redox homeostasis and protecting thyrocytes from
H,0,-induced oxidative injury during hormone bio-
synthesis.”*** Epidemiological evidence supports these
findings: Wu et al. reported a 3.6-fold higher prevalence
of hypothyroidism among individuals with low seleni-
um status, and serum selenium showed an inverse as-
sociation with autoimmune thyroiditis, subclinical
hypothyroidism, and goiter (odds ratio: 0.47-0.75). Ex-
perimental studies likewise demonstrate that selenium
deficiency negatively affects T3 production and degra-
dation, consistent with reduced DIO1 activity.”

In addition to selenium deficiency, hypothyroid
women in this study had significantly lower serum
iron concentrations. This aligns with previous research
showing that iron deficiency impairs thyroid func-
tion.”®
thesis because TPO - the enzyme responsible for iodide
oxidation and coupling - is heme-dependent. Iron defi-
ciency reduces TPO activity, thereby impeding thyroid
hormone biosynthesis. Beyond TPO, iron deficiency
may also disrupt peripheral thyroid hormone activation.
A 2023 review by Garofalo et al. reported that iron defi-
ciency interferes with thyroxine deiodinase activity and

7 Tron is indispensable for thyroid hormone syn-

reduces T4-to-T3 conversion."

Although the exact molecular pathways remain in-
completely defined, experimental and clinical evidence
strongly supports an effect of iron status on thyroid
hormone metabolism. Beard et al. demonstrated that
iron-deficient anemic rats have markedly reduced he-
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patic 5'-deiodinase activity and lower plasma T3 turn-
over, indicating impaired peripheral conversion of T4
to T3.%® More recent data by Monko et al. showed that
cellular iron deficiency disrupts thyroid-hormone-
regulated gene expression in developing hippocam-
pal neurons, underscoring the importance of iron for
downstream T3-dependent transcription.”” In Chinese
women during early pregnancy, Li et al. reported that
low iron status was associated with alterations in thy-
roid hormone markers, including lower FT4.° A 2021
systematic review and meta-analysis by Luo et al. fur-
ther concluded that iron deficiency is a significant risk
factor for thyroid dysfunction, partly through impaired
deiodinase activity and reduced T4-to-T3 conversion.’!

In the present cohort, low serum iron may therefore
impair peripheral deiodination and exacerbate hormon-
al imbalance, compounding the deficit associated with
primary thyroid failure. It is also possible that low se-
lenium and iron reflect consequences of hypothyroid-
ism rather than primary causes, as thyroid hormone
deficiency is known to reduce gastric absorption, im-
pair intestinal motility, and alter iron mobilization.*
Additionally, iron deficiency reduces TPO activity, fur-
ther impairing thyroid hormone synthesis.*® This bi-
directional interaction underscores the importance
of screening for micronutrient deficiencies in hypo-
thyroid patients, particularly in regions where dietary
deficits are common. Improving selenium and iron in-
take may offer meaningful benefits for thyroid function
and clinical outcomes.*** Previous studies investigat-
ing trace and toxic metals in hypothyroid and goitrous
populations also support the concept that disturbances
in essential elements such as selenium and iron occur
alongside alterations in other biologically relevant met-
als, reinforcing the importance of comprehensive mi-
cronutrient assessment in thyroid disorders.*s*

Correlation analysis showed a moderate positive re-
lationship between TSH and age, and a weak negative
relationship between FT4 and age, suggesting that older
hypothyroid patients tend to exhibit higher TSH and low-
er FT4 levels.” In contrast, age showed no significant as-
sociation with selenium or iron, indicating that their levels
may be shaped more by nutritional, metabolic, or dis-
ease-related factors than by chronological aging.*! These
findings are consistent with evidence that aging alters the
HPT axis through impaired TSH metabolism, altered pi-
tuitary sensitivity, and diminished negative feedback.

The inverse association between age and FT4 ob-
served in this study suggests that aging may exacerbate
declining thyroid hormone production or reduce pe-
ripheral T4-to-T3 conversion. Although healthy older
adults often maintain normal FT4 through compensato-
ry TSH increases, such compensatory mechanisms may
be insufficient in individuals with hypothyroidism. The
lack of age-related variation in selenium or iron sup-

ports the notion that trace-element status reflects exter-
nal nutritional and physiological determinants rather

than aging alone.***

Clinical implications

These findings underscore the potential clinical value
of assessing selenium and iron status in women with
hypothyroidism, particularly in regions with known
micronutrient deficiencies such as Basra. Optimizing
dietary intake or considering targeted supplementation
may support thyroid hormone metabolism and improve
clinical outcomes; however, therapeutic recommenda-
tions should await confirmation from controlled inter-
ventional studies.

Study limitations

This study has several limitations. Dietary intake of se-
lenjium and iron was not evaluated, and other relevant
factors - including vitamin D status, inflammatory
markers, and autoimmune thyroid antibodies - were
not assessed, all of which may influence thyroid func-
tion or trace-element metabolism. The cross-sectional
design limits causal inference, and unmeasured con-
founders may persist despite group matching.

Future directions

Future research should incorporate longitudinal and in-
terventional study designs to clarify the directionality
of the observed associations and to determine wheth-
er correcting selenium and iron deficiencies can im-
prove thyroid hormone profiles, deiodinase activity,
or patient-reported outcomes. Randomized controlled
trials are particularly needed to establish causality and
to identify subgroups of hypothyroid women who may
benefit most from micronutrient optimization.

Conclusion

In conclusion, women with hypothyroidism exhibit-
ed significantly lower selenium and iron levels together
with marked disturbances in thyroid hormone param-
eters. These findings support a close association be-
tween trace-element status and thyroid dysfunction.
The observed age-related changes in thyroid-stimulat-
ing hormone and free thyroxine further emphasize the
complexity of thyroid regulation in hypothyroid wom-
en. Future interventional studies are needed to deter-
mine whether correcting selenium and iron deficiencies
may improve thyroid function and clinical outcomes.
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ABSTRACT

Introduction and aim. The cytokine storm represents a severe hyperinflammatory response that can lead to acute lung injury
and organ failure. Carnosol, a phenolic diterpene derived from Rosmarinus officinalis, exhibits documented antioxidant and an-
ti-inflammatory properties. The aim was to evaluate the effects of carnosol, alone and in combination with methylprednisolone
acetate (MPA), in a lipopolysaccharide (LPS)-induced cytokine storm model in mice.

Material and methods. Sixty male mice were randomly assigned to six groups: control, lipopolysaccharide (LPS), vehicle, carno-
sol (120 mg/kg), methylprednisolone acetate (50 mg/kg), and combined carnosol plus methylprednisolone acetate (half doses).
Treatments were administered for seven days following LPS induction. Pulmonary concentrations of interleukin-1 beta (IL-1p),
interleukin-6 (IL-6), and tumor necrosis factor alpha (TNF-a) were quantified using enzyme-linked immunosorbent assay, and
lung histopathology was evaluated.

Results. Lipopolysaccharide administration significantly increased pulmonary cytokine levels compared with controls (IL-1[3:
85.8+13.5 vs. 11.5£3.8 pg/g; IL-6: 93.0+8.5 vs.16.6+4.8 pg/g; TNF-a: 144.4+10.1 vs.18.6+0.01 pg/g; all p<0.05). Treatment with
carnosol significantly reduced IL-1B, IL-6, and TNF-a levels compared with the LPS group (p<0.05). The combined carnosol and
methylprednisolone acetate therapy produced the greatest cytokine attenuation (e.g. IL-6: 24.6+1.8 pg/g vs. LPS; p<0.05) and
was associated with the most pronounced improvement in lung histopathological scores (p<0.05).

Conclusion. Carnosol attenuates lipopolysaccharide-induced pulmonary inflammation and cytokine overproduction in a mu-
rine model. Its combination with methylprednisolone acetate may enhance anti-inflammatory efficacy and allow for glucocor-
ticoid dose reduction. These findings provide preclinical evidence supporting further mechanistic and translational studies.
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Introduction

Cytokine storm syndrome is a pathophysiological state
of systemic hyper-inflammation caused by uncontrolled
release of pro-inflammatory cytokines, which results
in tissue damage, organ failure, and high mortality.'?
It is initiated by infectious (bacterial endotoxins, vi-
ral infections) and non-infectious stimuli (malignancy,
autoimmunity).*” In the context of severe inflamma-
tion, an uncontrolled release of cytokines is associated
with complications, including acute respiratory distress
syndrome (ARDS), multiple organ failure, and death.®®
Increased concentrations of key mediators such as inter-
leukin (IL)-1p, IL-6, and tumor necrosis factor (TNF)-a
are constantly correlated with disease severity and bad
prognosis.®!!

Lipopolysaccharide (LPS) - abundant in the
Gram-negative bacterial membrane - is a popular tool
for modeling cytokine storms, as it efficiently stimulates
innate immunity and induces a strong production of an
excessive amount of cytokines.’*'* LPS-mediated in-
flammation is transmitted by well-defined signaling
pathways culminating in transcriptional induction of
pro-inflammatory cytokines with consequent systemic
inflammatory damage. While these pathways have been
well-characterized in the literature, their prolonged ac-
tivation is a central mechanism underlying cytokine
storm pathology."®

Glucocorticoids have represented a mainstay to
treat severe inflammatory diseases because of their
powerful immunosuppressive and anti-inflammato-
ry activities.'®'” Synthetic glucocorticoids, including
methylprednisolone acetate (MPA), can efficiently in-
hibit the production of cytokines and immune cell
invasion. These are, however, associated with immuno-
suppression and an increased risk of infection as well as
decreased tissue repair and metabolic derangement.'®"
Unfortunately, long-term or high-dose glucocorticoid
therapy is also connected with severe side effects. These
shortcomings highlight the demand for alternative or
adjuvant anti-inflammatory remedies able to effective-
ly suppress cytokine storms with less systemic toxicity.

Natural products can be considered as an import-
ant reservoir of bioactive compounds possessing ver-
satile pharmacological activities.”** Carnosol, a natural
phenolic diterpene found in rosemary (Rosmarinus of-
ficinalis), sage, and other herbs, possesses robust an-
tioxidant, anti-inflammatory, anti-proliferative, and
immune-modulating activities.”? Multiple preclinical
investigations have revealed carnosol anti-inflamma-
tory efficacy in a variety of animal models, confirming
its capacity to inhibit inflammatory mediators, modify
immune cell function, and ameliorate oxidative stress.”
Although these outcomes corroborate its anti-inflam-
matory capacity, previous studies have primarily been
based on experimental disease or endpoints that may

not allow for direct comparison with established an-
ti-inflammatory therapies.

However, to the best of our knowledge, there have
been no in vivo studies that systematically compare
the anti-inflammatory activity of carnosol with typical
glucocorticoid compounds as well as attempt to eval-
uate their combined effects under LPS-induced cyto-
kine storm conditions. This gap needs to be addressed
to provide critical insight into whether carnosol can be
utilized as a complementary or alternative treatment for
controlling exaggerated hyperinflammatory responses.

Aim

Therefore, the aim of this study was to assess the an-
ti-inflammatory effects of carnosol alone and in com-
bination with methylprednisolone acetate by using the
LPS-driven cytokine storm model in vivo. Direct com-
parison of these interventions aims to clarify the ther-
apeutic potential and translational importance from
preclinical studies for carnosol as a molecule dampen-
ing in a setting of exacerbated systemic inflammation.
This research fills in these gaps by clarifying the core
hypothesis that carnosol mitigates the LPS-driven cy-
tokine storm in mice and prevents lung damage, with
the added likelihood that its combined action with
MPA could permit glucocorticoid dosage reductions
while offering safer anti-inflammatory therapy. The in-
vestigation’s primary endpoint was to evaluate pulmo-
nary tissue concentrations of IL-1p, IL-6, and TNF-a 24
hours after LPS injections. The secondary endpoints are
lung histopathology scores.

Material and methods
Carnosol, MPA, and LPS were obtained from Sigma
Aldrich Chemical Company (St. Louis, MO, USA).
Dimethyl sulfoxide (DMSO) was acquired from Chem-
Lab NV (Zedelgem, Belgium). Formaldehyde was sup-
plied from Sinopharm Chemical Reagent Co., Ltd.
Commercial enzyme-linked immunosorbent assay
(ELISA) kits for mouse TNF-a, IL-1pB, and IL-6 were
purchased from Sunlong Biotech Co., Ltd. Hematoxylin
and eosin (H&E) staining reagents were procured from
BDH Chemicals (Poole, UK).

Reagents and kits are reported as per the standard-
ized company name, city, and country.

Experimental animals and ethical consideration

A total of 60 male Swiss albino mice (pathogen-free, aged
7-8 weeks, weighing 25-30 g) were used in this study.
All animals were housed under controlled laboratory
conditions, including a 12-hour light/dark cycle and an
ambient temperature maintained at 18-22°C. Standard
rodent chow and water were provided ad libitum. A 14-
day acclimatization period was allowed prior to the com-
mencement of the experiments. No animals satisfied the
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humane endpoint criteria; hence, no exclusions were im-
posed. All experimental procedures were approved by the
Animal Ethics Committee of Al-Nahrain University, Col-
lege of Medicine (approval date: November 21, 2021; Ap-
proval No. 20215951), and adhered to the guidelines for
the care and use of laboratory animals.

Sample size calculation, randomization, and blinding
The sample size was determined for the primary end-
point of expected differences in pulmonary TNF-a lev-
els with a statistical power of 80% at a significance level
of a=0.05. The minimum number needed was 8 animals
for each study group; we used 10 mice per group to al-
low for biological variability and probable losses.

Mice were arbitrarily assigned into 6 groups (n = 10
per group) employing a software-generated randomiza-
tion sequence. Staff performing the biochemical analyses
(ELISA assays and quantitation) were blinded to group as-
signment throughout sample processing, assay execution,
and data analysis. Histopathological analysis and scoring
were performed in a blinded manner by an experienced
histopathologist during slide reading and scoring.

Experimental design

For induction of a cytokine storm, mice were challenged
with a single intraperitoneal (i.p.) injection of LPS (5 mg/
kg). Therapeutic interventions started 1 h after LPS and
proceeded once per day for 7 days as follows:

- Control group (Healthy): received no treatment.
LPS group (Induction): injected with LPS alone (5 mg/
kg, i.p.).*

DMSO (Vehicle) group: received LPS then 1%
DMSO (0.3 mL, i.p.).*

Methylprednisolone group (MPA): were given LPS
and then treated with MPA (50 mg/kg, i.p.).”

Carnosol group: challenged with LPS and then
treated with carnosol (120 mg/kg, i.p.).”

- Carnosol + Methylprednisolone combination gro-
up (Carnosol+MPA): injected with LPS, and after

1 h obtained carnosol (60 mg/kg) and MPA (25

mg/kg), independently, via i.p. administration.

The carnosol dose (120 mg/kg) and MPA (50 mg/
kg) were selected based on previously published experi-
mental studies demonstrating therapeutic efficacy with-
out evident toxicity in rodent models.”

These established doses were adopted to ensure
comparability with existing literature and to minimize
the risk of dose-related adverse effects. Figure 1 displays
a simplified representation of the research methodology
and treatment schedule.

Formulation of tested agents

Carnosol was dissolved in a 1% DMSO and diluted with
sterilized saline to achieve an ultimate working concen-
tration of 10 mg/mL Dosing volumes were estimated ac-

cording to body weight for delivering 120 mg/kg (0.36
mL) of carnosol. MPA was mixed in 1% DMSO and
subsequently diluted with sterilized saline to provide a 5
mg/mL working solution and was delivered intraperito-
neally at 50 mg/kg using individually calculated volumes
(0.3 mL). Carnosol and MPA were regularly injected in-
traperitoneally spanning a period of 7 days to assure
continuous systemic exposure and guarantee predict-
able therapeutic actions throughout the LPS-driven in-
flammatory stages. In the combination treatment group,
carnosol and MPA were given separately through the
i.p. route with no premixed preparation.

Control Group LPS Group DMSO Group

Received no treatment Received single LPS Received single LPS
(5 mg/kg) and left (5 mg/kg) + 1% DMSO
untreated for 7 days

On day 8, after the end of the experiment, the animals were euthanized and lungs were
promptly extracted and homogenate was used for estimating inflammatory markers and
histological analysis. Primary endpoints: IL-6, IL-18, and TNF-a measurements;
secondary endpoints: lung histopathology scores

Fig. 1. Schematic diagram illustrating the experimental
design and treatment timeline

Cytokine storm model (induction protocol)

LPS stock solution was prepared freshly according to
the manufacturer’s protocol by dissolving LPS powder
in sterile normal saline solution and then mixing by
vortex before use.”” A cytokine storm was elicited by a
single i.p. injection of LPS (5 mg/kg).2*

Animal euthanasia and lung tissue homogenization
On day 8, after the last dosage of medications was ad-
ministered, the animals were euthanized with an intra-
peritoneal injection of ketamine (80 mg/kg) and xylazine
(8 mg/kg) for ensuring the complete suppression of pain
reflexes before sacrificing. The chest cavity was cautious-
ly opened, and the lungs were promptly evacuated. After
that, the lung tissues were split into two parts. One part
was fixed in 10% neutral-buffered formalin for the histo-
pathological study, and the other part was softly cleansed
with ice-cold sterilized saline, wiped dry with a paper
towel, and homogenized in phosphate-buffered saline at
a 10% w/v mixture via a tissue homogenizing device. The
pulmonary homogenates were spun out at 10,000xg for
15 minutes at 4°C, and the resultant supernatants were
gathered for ELISA analyses.

Cytokine measurement methodology
The concentrations of TNF-a, IL-1B, and IL-6 in the lung
tissue samples were measured by ELISA with commercially
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available kits according to the manufacturer’s instructions.
All measurements were carried out in a double-blind sys-
tem.’"*? The optical density was read at 450 nm, and cy-
tokine concentrations were determined from standard

curves and expressed as pg per mg of tissue.***

Histopathological examination

Lung tissues were fixed in 10% neutral-buffered forma-
lin for at least 24 hours to preserve morphology, then
processed through graded ethanol concentrations,
cleared with xylene, and embedded in paraffin wax.*>*
Paraffin blocks were sectioned at 4-5 um using a rotary
microtome. Sections were floated in a warm water bath
to remove folds, mounted onto clean slides, and air-
dried at 37°C. Standard H&E staining was used to assess
tissue architecture. Slides were deparaffinized, rehydrat-
ed, stained with hematoxylin, differentiated in acid al-
cohol, blued, and counterstained with eosin.**” After
dehydration and clearing, sections were mounted with
coverslips. Histopathological evaluations and scoring
systems were conducted by a single experienced histo-
pathologist who was blinded to group assignments. All
the specimens were examined microscopically at vari-
ous magnifications (10x, 40x).

Scoring of histopathological changes

A partially quantitative evaluation procedure with an
array of 0 to 4 was adopted to assess histopathology ab-
normalities dependent on alveolar morphology, intersti-
tial inflammation, edema, and hemorrhaging at 10x and
40x amplification. Grade 0 (0% negative) meant that
there was no visible injury, and the lung structure was
normal. Grade 1 (1-33% mild positive) illustrated mild
alveolar wall thickenings and minimal involvement of
inflammatory cells. Grade 2 displayed modest swelling,
inflammatory invasion, and noticeable alveolar septal
thickenings (33-66% moderate positive). Severe sep-
tal thickenings, intense inflammatory migration, and
substantial edema or hemorrhage were indicative of
grade 3. Grade 4 (66-100% severely positive) revealed
extensive bleeding, significant inflammatory cell infil-
tration, alveolar collapse, and diffuse alveolar damage.
Scale bars were used to illustrate typical features in rep-
resentative photos for each grade. Multiple non-over-
lapping microscopy regions from each tissue segment
were examined and averaged for calculating sample-lev-
el grade. All portions were evaluated separately by a spe-
cialist histopathologist who was totally unaware of the
treatment assignment. Recorded lesion outcomes were
also matched to a recognized acute lung damage grad-
ing tool for comparison with prior research.*®

Analytical statistics
Data were statistically analyzed through SPSS soft-
ware (IBM Corp., Armonk, NY, USA) and described

as mean + standard deviation (SD). Data were test-
ed for normality of distribution by the Shapiro-Wilk
test before statistical examination. One-way analysis
of variance (ANOVA) was used with normality and ho-
mogeneity of variances checked, and Tukey’s post-hoc
test for comparison between multiple groups. Values of
p<0.05 were considered significant.”

Results

Preventive effect of tested agents on IL-1f, IL-6, and
TNF-« levels

LPS treatment markedly elevated the levels of IL-1p, IL-
6, and TNF-a in lung tissues when compared with the
healthy control group (p<0.05). Such elevations were
also evident in the DMSO group (p<0.05). In con-
trast, mice treated with MPA, carnosol, or their com-
bined treatment revealed a remarkable decrement in the
pulmonary levels of IL-1p, IL-6, and TNF-a cytokines
in comparison to mice treated with LPS or DMSO
(p<0.05), as detailed in Figures 2-4.
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lung tissue, data are reflected as mean+SD, * — indicates

a remarkable difference vs. the control group (p<0.05), **
- indicates a remarkable difference vs. the LPS and DMSO
groups (p<0.05), and # - indicates a remarkable difference
vs. the carnosol and/or MPA group (p<0.05)

Notably, the carnosol+MPA combination group
produced the best results, demonstrating a substan-
tially greater reduction in IL-6 and TNF-a concentra-
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tions than the groups individually treated with MPA or
carnosol (p<0.05), while IL-1p decline was comparable
across all treatment groups (Figures 2-4).
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Fig. 4. Impact of the tested agents on TNF-a levels in
mouse lung tissue, data are reflected as mean+SD, * -
indicates a remarkable difference vs. the control group
(p<0.05), ** — indicates a remarkable difference vs. the LPS
and DMSO groups (p<0.05), and # —indicates a remarkable
difference vs. the carnosol and/or MPA group (p<0.05)

Preventive effect of tested agents on lung histopatholog-
ical scores

The histopathologic scores of the lungs were signifi-
cantly higher in the LPS and DMSO groups than those
of the healthy control group (p<0.05). Treatment with
MPA, carnosol, or their combined administration sig-
nificantly decreased histological scores compared to the
LPS and DMSO groups (p<0.05) (Figure 5).
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Fig. 5. Impact of the tested agents on lung histological
scoring, data are reflected as mean=SD, * — indicates a
remarkable difference vs. the control group (p<0.05), ** —
indicates a remarkable difference vs. the LPS and DMSO
groups (p<0.05), and # - indicates a remarkable difference
vs. the carnosol and/or MPA group (p<0.05)

Preventive effect of tested agents on lung histopatholog-
ical changes

In the healthy control group, lung histology demon-
strated a well-maintained pulmonary architecture,
characterized by intact alveolar structures and pre-
served capillary endothelium. Only minimal, nonspe-
cific inflammatory changes were evident (Figure 6A).
Conversely, the LPS-induced group showed extensive
pathological damage, including intense acute inflam-
mation, prominent vascular congestion, disruption of
capillary integrity, thickening of alveolar septa, reduc-

tion of airspace volume, and hyaline membranes forma-
tion (Figure 6B).

In the DMSO group, lung histology demonstrated
an acute inflammatory process of moderate to severe
degree, with mild congestion of blood vessels, diffuse
alveolar wall thickening, and areas of capillary break-
down with hyaline membrane deposition, as clarified in
Figure 7A. Tissue samples from the MPA group enjoyed
minimal inflammatory involvement, featuring localized
blood vessel engorgement, irregular enlargement of the
alveolar septa, disruption of capillary structures, and oc-
casional accumulation of hyaline membranes, accompa-
nied by a slight narrowing of the airspaces as explained
in Figure 7B.

Lung histology from the carnosol group indicated
intact alveolar walls and capillaries, lacking any vascular
congestion or inflammation as seen in Figure 8A. Like-
wise, tissues from the Carnosol+MPA group displayed
normal lung structure, including clear alveoli and no
evidence of inflammation, congestion, or hyaline mem-
branes as described in Figure 8B.

Discussion

Cytokine storm induction

Hypercytokinemia is an uncontrolled systemic inflam-
matory response typically driven by bacterial or viral
infections and is accompanied by overproduction of in-
flammatory cytokines. In our study, intraperitoneal LPS
challenge caused severe pulmonary inflammation with
a marked increase in IL-1B, IL-6, and TNF-a levels. This
experimental model is widely accepted to mimic criti-
cal biochemical and histopathological criteria of acute
lung inflammatory injury, and it has served as a consis-
tent tool for the testing of anti-inflammatory agents.*
Although cytokine storm has been associated with se-
vere pathologies such as sepsis and ARDS, the present
results must be viewed within a meticulously managed
preclinical animal model.

Preventive effects of tested agents on IL-1 3 IL-6, and
TNF-a level in LPS-induced cytokine storm in mice

The findings of this investigation indicated LPS pro-
voked an extensive pulmonary inflammatory response
characterized by the highest levels of IL-1f, IL-6, and
TNE-a. These cytokines are critical intermediaries for the
cytokine storm and have important functions in prop-
agating inflammatory cascades and leukocyte recruit-
ment as well as tissue injury in experimental models of
acute lung inflammation.”' Treatment with either carno-
sol, MPA, or their combination substantially suppressed
the increments of LPS-induced cytokines. The demon-
strated IL-1p inhibition is of particular interest because
this cytokine is produced after TLR4 stimulation and in-
flammasome-dependent processing, participating in the
enhancement of subsequent cytokine release.*>*> Down-
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Fig. 6. Representative lung histology of control and LPS-treated mice, A: The control group showing intact alveolar
architecture (blue arrow), B: LPS group demonstrating severe inflammatory infiltration (black arrow), vascular congestion
(red arrow), septal thickening, and hyaline membranes (green arrow), photomicrographs captured at 10x magnification (H&E

stain, scale bar=100 pm)

regulation of IL-1p after carnosol exposure is also in line
with findings reporting that carnosol inhibits synthesis
of pro-inflammatory cytokines such as IL-1p, IL-6, and
TNF-a from activated immune cells.***

IL-6, a key biomarker in the pathogenesis of cyto-
kine storm and systemic inflammation, exhibited a no-
table increase after the LPS challenge. Similar results in
experimental models have shown that IL-6 is a principal
modulator of cytokine cascade activation involving the
hyperinflammatory state.**** However, a prominent de-
crease in IL-6 was apparent following the treatment

protocol with carnosol, MPA, or their combination. Of
note, the combined administration of carnosol with
MPA was more effective in the downregulation of IL-6
than either agent alone. The carnosol-mediated attenu-
ation of IL-6 levels is supported by earlier data showing
that this phytochemical exerts wide anti-inflammato-
ry actions, owing to its capacity to dampen macrophage
activation during cytokine storms and to block major
inflammatory response regulators like IL-6, TNF-aq,
and IL-1B.* Although we did not explore the intracel-
lular signaling pathways in the current study, it has been
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Fig. 7. Histological analysis of lung tissue in DMSO and MPA groups, A: The DMSO group showing moderate-to-severe
inflammation (black arrow), mild congestion (red arrow), septal thickening, and hyaline membranes (green arrow), B: MPA-
treated group exhibiting mild inflammatory changes (black arrow), scattered vascular congestion (red arrow), focal alveolar
thickening, and partial hyaline deposition (green arrow), photomicrographs captured at 10x magnification (H&E stain, scale

bar=100 yum)

demonstrated in other works that carnosol effects on
IL-6 are related to NF-kB and MAPK antagonism or
through stimulating PPAR-y-dependent anti-inflam-
matory axis.** Such mechanisms are well described in
inflammatory models and could give a justification for
the noticed diminution in cytokines.

Likewise, TNF-a expression dramatically rose after
LPS exposure and diminished with carnosol and MPA
interventions. TNF-a is a proximal mediator of cyto-
kine storms and significantly contributes to endothelial

dysfunction and tissue damage.’*>* Former experimen-
tal observations revealed that carnosol and related poly-
phenolic constituents hinder generation of TNF-a,
IL-1p, and IL-6 through interfering with transactiva-
tion of pro-inflammatory genes and modulating acti-
vated macrophages.®>* Although these pathways were
not assayed in our experiment, the differences among
treatment groups would suggest that carnosol exerts an
anti-inflammatory effect detected by other authors us-
ing different preclinical models.**
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Fig. 8. Lung tissue morphology in CAR- and CAR+MPA-treated mice, A: CAR group displaying preserved alveolar structure
(blue arrow), intact capillaries, and absence of inflammation or congestion, B: CAR+MPA group showing well-aerated alveoli,
normal septal thickness, and no pathological alterations, photomicrographs captured at 10x magnification (H&E stain, scale

bar=100 um)

Remarkably, combined carnosol plus MPA led to
higher mitigation of IL-6 and TNF-a values at individu-
al dosages of both agents, hinting at a putative synergis-
tic anti-inflammatory activity under this experimental
setting. This finding is preliminary and is valid only for
the current animal model since there was no pharmaco-
dynamic or dose-saving study carried out.

Taken together, these results demonstrate the ef-
fective alleviation of LPS-evoked cytokine storm by
carnosol through downregulation of pivotal proinflam-

matory mediators. When used in combination with
MPA, carnosol can even potentiate cytokine suppres-
sion without evidence of additional toxicity, indicating
that it could be a supplemental anti-inflammatory agent
in experimental models of cytokine storm.

Effects of tested compounds on histopathological analysis
Following the LPS challenge, severe lung histopatholog-
ical changes were observed, such as inflammatory cell
infiltrates, vascular congestion, thickening of alveolar
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septal walls, and hyaline membrane formation, which
are typical features of acute lung injury described in
earlier investigations.””*® These histological aberrations
are a reflection of downstream tissue effects secondary
to the overproduction of cytokines.

Carnosol, MPA, and Carnosol+MPA-treated an-
imals revealed noteworthy diminution in lung injury
scores and maintenance of alveolar architecture. These
results are in line with previous efforts describing the
pulmonoprotective activities of carnosol against experi-
mental lung injury.”*®

According to related literature, the proposed his-
tological amelioration might be attributed to reduced
generation of inflammatory mediators and oxidative
stress, events that were not directly proved in our cur-
rent work.5%

Use of a standardized histopathological scoring
system, blinded evaluation, and assessment of multiple
tissue regions supports the robustness of these findings
and allows comparison with existing grading systems
for acute lung injury.

Comparative effects of carnosol and MPA

While both carnosol and MPA share the pharmacolog-
ical ability to ameliorate LPS-induced cytokine storms,
their working mechanisms are fundamentally distinct.
MPA is a synthetic glucocorticoid that exerts its effects
mainly by means of glucocorticoid receptor-mediat-
ed transcriptional repression, resulting in wide-range
inhibition of immune cell activation and cytokine se-
cretion.'*?* Although efficient in combating inflam-
mation, this phenomenon is accompanied by systemic
immunosuppression and potential complications such
as increased risk of infection and metabolic abnormali-
ties.®*** Conversely, carnosol, a nature-derived polyphe-
nolic diterpene, displays anti-inflammatory properties
due to its exclusive ability to target some critical intracel-
lular signaling pathways, such as activation of PPAR-y,
reduction in MAPK phosphorylation, and suppression
of NF-kB-dependent activity, accompanied by a reduc-
tion in the transcription of pro-inflammatory cytokines
(TNF-q, IL-6, and IL-1P), as well as strengthening anti-
oxidant defenses with lipid peroxidation inhibition.®
Such focused management might explain how carnosol
is able to suppress exaggerated inflammatory reactions
without the generalized systemic immunosuppression
typically observed with corticosteroids, thus offering a
potentially safer therapeutic profile.?*

Study limitations

This study has several limitations. First, it was conducted
using an LPS-evoked cytokine storm model in mice, which
may not fully replicate the complexity of human hyper-in-
flammatory conditions, including COVID-19-related cy-
tokine storms. Second, treatments were administered for

only 7 days, so long-term outcomes and potential delayed
effects of carnosol and combination therapy were not as-
sessed. Third, the study focused primarily on lung tissue,
and systemic effects on other organs commonly affected
by cytokine storm, such as the liver, kidneys, and heart,
were not evaluated. Importantly, while our biochemical
and histological analyses provide indirect evidence of an-
ti-inflammatory activity, the absence of mechanistic as-
says targeting key pathways such as NF-kB, MAPK, and
PPAR-y, together with the lack of pharmacokinetic and
dosage-response studies and a formal toxicity evalua-
tion, constrains the depth of interpretation. Future stud-
ies are warranted to address these aspects and to further
elucidate the molecular mechanisms underlying carnosol
therapeutic potential. Finally, only a single dose of carno-
sol and MPA and one combination regimen were tested,
highlighting the need for further studies to optimize dos-
ing strategies and assess potential toxicity at varying con-
centrations. The subsequent evaluation may also include
distribution-sensitive representations that offer more in-
sights into the flow of data and deep patterns.

Conclusion

In this murine model of LPS-evoked cytokine storm, car-
nosol remarkably decreased the levels of pulmonary
pro-inflammatory cytokines (IL-1B, IL-6, and TNF-a)
and mitigated lung histopathological alterations. The
co-administration of carnosol and MPA resulted in a
more profound amelioration of the tested inflammato-
ry biomarkers compared to either treatment alone un-
der these experimental settings. These observations offer
preclinical evidence that carnosol demonstrates anti-in-
flammatory and pneumoprotective properties in acute
inflammation of the lung. Interpretation of the observed
effects of combined therapy should be cautious and re-
stricted to the current animal model, consistent with no
clinical or dose-sparing advantage. Still, additional in-
vestigations are warranted to clarify the mechanisms,
dose-response correlations, and translational potential
of carnosol alone or combined with corticosteroids in
various experimental contexts.
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ABSTRACT

Introduction and aim. Obesity is a global health concern associated with an increased risk of diabetes, cardiovascular disease,
hypertension, and non-alcoholic fatty liver disease, often driven by chronic low-grade inflammation. Recent evidence suggests
that retatrutide, a novel GIPR/GLP-1R/GCGR tri-agonist, possesses anti-inflammatory properties in addition to its known effects
on glucose metabolism, lipid profiles, and weight reduction. However, comprehensive preclinical data on retatrutide’s direct
impact on hepatic inflammation, oxidative stress, and FGF21 regulation in diet-induced obesity models remain limited. This
study aims to investigate the potential protective effect of retatrutide on inflammatory and oxidative stress status in diet-in-
duced obesity in male rats, thereby providing mechanistic insight into its hepatoprotective actions.

Material and methods. Twenty-eight adult male Sprague-Dawley rats were randomly assigned to four groups: normal controls
(standard chow for 12 weeks), obese controls (HF/sucrose diet for 12 weeks), vehicle-treated (HF/sucrose for 8 weeks, then nor-
mal saline S.C. for 4 weeks with HF/sucrose), and retatrutide-treated (HF/sucrose for 8 weeks, then retatrutide 25 nmol/kg S.C.
for 4 weeks with HF/sucrose). Serum insulin, lipid profile, liver enzymes, blood glucose, and FGF21 were measured from blood
samples. Crucially, tumor necrosis factor- a (TNF-a), malondialdehyde (MDA), and glutathione (GSH) levels were measured in
liver tissue samples.

Results. Modeling obesity using HF/sucrose diet significantly increased insulin levels, blood glucose, liver enzymes, lipid profile,
serum FGF21, and body weight. It also considerably elevated hepatic MDA and TNF-a while reducing GSH levels. Retatrutide
treatment resulted in significant improvements across most parameters compared to both the obesity and vehicle-treated
groups (p<0.0001). Specifically, retatrutide-treated rats showed significant reductions in body weight (e.g., approximately 25%
reduction compared to obese controls), blood glucose (e.g., from 107+5.944 mg/dL to 85.714+4.785 mg/dL), and liver enzymes
AST (e.g., from 89.843+4.533 U/L to 48.959+4.816U/L) and ALP (e.g., from 168.451+28.384 U/L to 97.526+13.446 U/L). Lipid
profile parameters, including cholesterol (e.g., from 232.325+23.058mg/dL to 105.881+26.225 mg/dL), triglycerides (e.g., from
112.140£11.450 mg/dL to 30.355+9.479 mg/dL), and LDL (e.g., from 171.557+17.678 mg/dL to 51.341+£21.858 mg/dL), were
significantly improved, while HDL (e.g., from 38.339+9.670 mg/dL to 65.759+13.828 mg/dL) was significantly increased. Hepat-
icinflammatory (TNF-q, e.g., from 115.621+5.682 pg/mL to 92.715+5.647 pg/mL) and oxidative stress markers (MDA, e.g., from
5.40941.078 nmol/ml to 3.120+0.401 nmol/mL) were significantly reduced, and hepatic GSH levels (e.g., from 1.220+0.545 ng/
mL to 2.895+0.475 ng/mL) were significantly increased, serum FGF21 (e.g. from 115.367+6.921 pg/mL to 87.445+4.279 pg/mL).
These parameters were largely restored to near-control levels in the retatrutide-treated group.
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Conclusion. This study assessed the hepatoprotective effect of retatrutide in a diet-induced obesity model. While the metabol-
ic benefits of incretin-based therapies are well documented, data on retatrutide’s direct impact on liver-specific inflammatory
and oxidative stress pathways remain limited. This study is among the first to simultaneously evaluate hepatic TNF-q, oxidative
stress markers (MDA and GSH), and circulating FGF21 following retatrutide treatment in obese rats, thereby providing mecha-
nistic insight into its hepatoprotective actions beyond weight loss and glycemic control.

Keywords. inflammation, liver, obesity, retatrutide, weight loss

Introduction

Metabolic dysregulation associated with obesity aris-
es when caloric intake consistently exceeds caloric ex-
penditure. Adipose tissue depots expand when surplus
energy is converted into triglycerides, resulting in in-
creased body fat and weight gain.'

Since 1980, the proportion of individuals classi-
fied as overweight or obese has increased fourfold. Ac-
cording to the World Health Organization (WHO)
2024 Global Obesity Report, the prevalence of obesi-
ty has continued to escalate dramatically. As of 2023,
approximately 43% of adults globally are classified as
overweight or obese, representing a significant increase
from previous decades. The WHO projects that by 2025,
obesity will affect over 1.2 billion people worldwide.? In
the Middle East and North Africa region, obesity preva-
lence has reached 28-35%, representing one of the high-
est rates globally.? This escalating epidemic is associated
with increased incidence of non-communicable diseas-
es, including type 2 diabetes mellitus, cardiovascular
disease, and non-alcoholic fatty liver disease (NAFLD).*

Metabolic dysregulation resulting from obesity is
correlated with increased concentrations of inflamma-
tory cytokines in the bloodstream relative to individuals
with lower body weight. It is proposed that these cyto-
kines play a role in the onset of insulin resistance. In
obesity, the principal source of pro-inflammatory cyto-
kines is adipose tissue, predominantly produced by in-
filtrating macrophages, but adipocytes also play a role in
this process. Weight loss results in a decrease in blood
levels of these cytokines.” The gut microbiota is associ-
ated with the pathogenesis of obesity and related meta-
bolic disorders through various potential mechanisms.
This encompasses (a) a significant prevalence of carbo-
hydrate-fermenting bacteria, which enhances the bio-
synthesis of short-chain fatty acids, providing the host
with an alternative energy source ultimately stored as
lipids or glucose; (b) heightened intestinal permeability
to bacterial lipopolysaccharides (LPS), resulting in ele-
vated systemic LPS levels that exacerbate low-grade in-
flammation and insulin resistance; and (c) augmented
activity of the gut endocannabinoid system.® The preva-
lent consequences of metabolic dysregulation in obesity
include diabetes, cardiovascular disease, and respiratory
issues.” Recent research suggests that the prevalence of
wheeze and bronchial hyper-responsiveness, common-
ly associated with asthma, is elevated in overweight and
obese persons. Furthermore, certain research indicates

that health issues related to obesity may increase the risk
of developing deep vein thrombosis, pulmonary embo-
lism, and complications of breathing, including pulmo-
nary hypertension and pneumonia. Weight reduction
has demonstrated effectiveness in alleviating the symp-
toms and severity of several respiratory disorders, in-
cluding obstructive sleep apnea and asthma.®
Moreover, obesity is a contributing factor to the on-
set of gallbladder disease, non-alcoholic fatty liver dis-
ease (NAFLD),’ pancreatitis, and male fertility issues,
including reduced sperm count and heightened inci-
dence of erectile dysfunction.'” Furthermore, in females,
it leads to diminished fertility, poorer outcomes follow-
ing fertility treatment, and a heightened frequency of
pregnancy loss, neurological disorders, immune system
dysfunction, musculoskeletal issues, renal illness, and
psychosocial complications.”? Dietary modifications,
lifestyle alterations, physical exercise, therapeutic in-
terventions, and surgical procedures can diminish the
prevalence of health issues associated with obesity."*
Retatrutide (LY3437943) is an experimental med-
ication that represents a novel class of metabolic
pharmaceuticals created by Eli Lilly. Retatrutide is a
novel tri-agonist peptide targeting the glucagon recep-
tor (GCGR), glucose-dependent insulinotropic poly-
peptide receptor (GIPR), and glucagon-like peptide-1
receptor (GLP-1R), exhibiting 2.9-fold and 2.5-fold re-
duced potency at GCGR and GLP-1R, respectively, and
8.9-fold enhanced potency at the human GIP receptor.
The mechanisms of action of retatrutide target the GIP,
GLP-1, and glucagon receptors, resulting in enhanced
glucose regulation, weight reduction, and metabolic
wellness." Retatrutide demonstrates decreased pro-in-
flammatory cytokine expression. Preclinical investiga-
tions indicate that retatrutide reduces the expression
of pro-inflammatory cytokines, including TNF-a."® The
clinical indications include obesity management,'® type
2 diabetes,"” non-alcoholic fatty liver disease,'s and po-
tentially other conditions linked to metabolic dysregu-
lation, cardiovascular risk," and cancer progression.?
The integrated approach - via concurrent modula-
tion of multiple incretin receptors — offers the potential
for improved weight loss outcomes, superior glycemic
control, beneficial impacts on hepatic fat accumula-
tion relative to conventional treatments, and enhance-
ments in essential metabolic indicators, such as lipid
profiles, blood pressure, and HbAlc levels. The drug’s
versatility positions it as a strong candidate for obesity
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management and the treatment of several metabolic dis-
orders, potentially serving as a foundational element in
multi-indication therapeutic strategies.*!

Although GLP-1 receptor agonists (e.g., liraglutide,
semaglutide) and GIP/GLP-1 dual agonists (e.g., tirze-
patide) reliably reduce body weight and improve metabol-
ic outcomes in both humans and rodents, including better
glucose control and improved lipid profiles. However,
comprehensive preclinical data on the triple-agonist reta-
trutide in diet-induced obesity models are still limited.?

Importantly, retatrutide’s effects on key liver-relat-
ed mechanisms have not been well defined, including
hepatic oxidative stress (malondialdehyde (MDA) and
glutathione (GSH) measured together), hepatic inflam-
mation (TNF-a), and the metabolic regulator FGF21,
and the optimal rodent dosing schedule remains un-
clear. This study addresses these gaps by measuring
MDA, GSH, hepatic TNF-qa, and serum FGF21 in a di-
et-induced obesity model while applying a concise daily
dosing regimen designed to improve peptide stability,*
thereby clarifying retatrutide’s hepatoprotective mecha-
nisms and supporting translational relevance.

Aim

The purpose of this study is to examine the impact of
retatrutide on body weight, level of inflammation, and
oxidative stress in hepatic tissue by estimating the lev-
els of MDA, GSH, TNF-qa, and FGF21, and measuring
serum biochemical parameters including liver function
enzymes, lipid profiles, and insulin resistance levels.

Material and methods

Animal preparation

A total of 28 mature male Sprague-Dawley rats, aged 8-10
weeks and weighing between 200 and 230 grams, were
sourced from the Faculty of Science, University of Kufa.
They were kept in the animal department of the Faculty
of Science at the University of Kufa under standard con-
ditions. The average daily temperature was maintained at
24+2°C with 60-65% humidity, and the rats had unre-
stricted access to food and tap water. The animals were
housed in cages with 3-4 rats per cage, with a 12-hour
light/dark cycle. All experimental techniques and animal
handling were conducted after clearance from the Institu-
tional Animal Care and Use Committee (IACUC) at Kufa
University, following the submission of the requisite doc-
umentation (NO. 2121) on January 23, 2025.

Compliance with ethical standards

All experimental procedures were conducted in accor-

dance with:

- The Guide for the Care and Use of Laboratory Ani-
mals (NITH)

- ARRIVE 2.0 guidelines for reporting animal research

- Institutional policies and regulations

Study design

After a 7-day acclimatization period, a computer-gener-
ated sequence was used to randomly assign twenty-eight
Sprague-Dawley rats into four experimental groups,
seven rats per each group. Investigators were blind-
ed to treatment allocation during outcome assessment.
However, due to the nature of the intervention, blinding
during treatment administration was not feasible.

Sample size calculation

The sample size was determined to ensure adequate sta-
tistical power while maintaining the error degrees of
freedom (DFw) within the range of 10 to 20. Based on
the formula Min (n) = 10/(k+2) and Max (n) = 20/(k+1),
where k represents the number of groups, a minimum of
7 animals and a maximum of 11 animals per group were
indicated. Consequently, 7 animals per group were se-
lected for this study.?**

Experimental groups

- Control group: The rats in this group received stan-
dard chow for 12 weeks.

- Obesity group: The rats in this group received a high-
-fat/sucrose diet (HF/sucrose diet) for 12 weeks.

- Vehicle-treated group: The rats in this group were fed
HF/sucrose diet for eight weeks, then received sub-
cutaneous injections of normal saline every morning
for four weeks along with the HF/sucrose diet.

- Retatrutide-treated group: After eight weeks of HF/
sucrose diet, the rats in this group received 25 nmol
(0.118 mg/kg) of retatrutide S.C. every morning for
four weeks along with the HF/sucrose diet.

Table 1. Nutritional composition of standard chow and
high-fat/sucrose diet

Nutrient Standard chow (LabDiet 5008) HF/sucrose diet

Protein ~20% ~15-18%
~25-309 0,

Carbohydrate ~60% 25-30% + %M sucrose

solution

Fat 5% 30%

Fiber ~5% ~3-4%

Ash ~8% ~6-7%

Metabolizable energy

(kcallg) 35 4.8

Experimental diet

The 30% sucrose solution for the HF/sucrose diet group
was formulated by dissolving 300 g of refined sucrose
in 1000 ml of water. The fluid was filtered and admin-
istered to the rats in glass containers. This 30% sucrose
concentration was chosen to effectively induce meta-
bolic dysregulation and obesity in rodent models, con-
sistent with established protocols.?® To create high-fat
chow, standard chow pellets containing 5% fat (LabDiet
5008, LabDiet, St. Louis, MO) were triturated, and 750
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g of this powder was combined with 250 g of Beef fat to
achieve a final fat content of 30%. Water was incorporat-
ed into the mixture to achieve a uniform dough; there-
after, pellets were manually formed, allowed to dry, and
provided to the HF/sucrose diet group. The nutritional
composition of the standard chow and high-fat/sucrose
diet is detailed in Table 1.7

Dose calculation

Retatrutide (cat. No. Z-peptide-24080802, China) pow-
der with 98.89% purity was used in this study. The hu-
man clinical dose is 8 mg/week, which corresponds to
0.019 mg/kg/day for a 60 kg individual.'® Translating
dosages from humans to animals is an essential phase
in preclinical research; however, it is crucial to under-
stand the process and its constraints. The predominant
and recommended approach employs Body surface area
(BSA), which has a superior correlation with metabol-
ic rate and physiological processes compared to body
weight alone.”

Using BSA conversion based on the formula:

Animal dose (mg/kg) =human dose (mg/kg) x (human
Km factor/animal Km factor)

Where Km=body weight (kg)/body surface area (m?)

Step-by-step calculation

1. Identify the known values:

- Human dose: 0.019 mg/kg

- Human Km factor: For a 60 kg human, the Km fac-
tor is 37

- Rat Km factor: For a 150-200g rat, the Km factor
is 6

2. Apply the formula:

- Rat dose (mg/kg) =0.019 mg/kg x (37 / 6)

- Rat dose (mg/kg) =0.019 mg/kg x 6.17

- Ratdose=0.118 mg/kg

. Convert to Molar Units:

- Molecular weight for retatrutide=4731.33 g/mol

~ 0.118 mg=0.118x10" g=1.18x10™* g

- mol/kg=1.18x10"/4731.33=2.494x10"° mol/kg

- 2.494x10°® mol/kgx10°=24.94 nmol/kg~25 nmol/kg

Rationale for daily vs. weekly administration

Retatrutide was administered daily rather than weekly

(as used clinically) for the following reasons:

1. Peptide stability: Peptides undergo rapid enzymatic
degradation with short plasma half-lives. Daily dos-
ing of GLP-1 agonists is required to achieve weight
loss in rats due to species-specific pharmacokinetic
and metabolic differences. Rats have higher bas-
al metabolic rates and faster drug clearance than
humans, necessitating more frequent dosing based
on allometric scaling. Pharmacokinetic studies
have shown that daily administration of long-act-
ing GLP-1 agonists is necessary in rats to maintain

therapeutic drug levels and achieve steady-state
exposure comparable to weekly dosing in humans.
(typically 2-4 hours for GLP-1 analogs).”

2. Bioavailability: Weekly dosing would result in sub-
optimal and fluctuating drug concentrations, with
periods of inadequate therapeutic levels.?

3. Sustained effect: Daily subcutaneous administra-
tion ensures stable peptide concentrations and sus-
tained biological effects throughout the treatment
period.

Important limitation - lack of PK/PD data: However,

we acknowledge that no pharmacokinetic (PK) or phar-

macodynamic (PD) data specifically validating this dai-
ly dosing schedule in rats are available in the literature.

This represents an empirical choice based on general

peptide pharmacology principles, and actual retatrutide

PK/PD in rats may differ from other GLP-1 analogs.”

This limitation is further discussed in the study limita-

tions section.

Blood sample collection

Male rats were anesthetized using intraperitoneal in-
jections of ketamine hydrochloride (100 mg/kg) (Sig-
ma-Aldrich, USA, Cat. No. K2753) combined with
xylazine hydrochloride (10 mg/kg) (Sigma-Aldrich,
USA, Cat. No. X1251).%° The level of anesthesia was
monitored throughout the procedure by assessing pedal
withdrawal response, corneal reflex, and breathing rate.
Body temperature was maintained between 36.8°C and
37.3°C using a feedback-controlled heating pad. Blood
samples were collected via direct cardiac puncture us-
ing a 5 mL syringe into a gel tube (Medic-Home, Chi-
na). The serum was separated by centrifugation at 3000
rpm for 15 minutes using a centrifuge (Hettich, Germa-
ny). Serum samples were then separated into Eppendorf
tubes for subsequent measurement of blood glucose,
serum insulin, liver enzymes, and lipid profile using a
spectrophotometer (Emclab, Germany), and for iden-
tification of FGF21 using a rat-specific enzyme-linked
immunosorbent assay (ELISA) kit. Investigators were
blinded to treatment allocation during sample analysis.
For liver enzymes aspartate transaminase (AST, Biore-
search, Jordan, Cat. No. CZ005), alanine aminotransfer-
ase (ALT, Bioresearch, Jordan, Cat. No. CZ003), alkaline
phosphatase (ALP, Bioresearch, Jordan, Cat. No. CZ001)
the three kits with spectrophotometric wavelength 340).

Tissue sample preparation

A midline abdominal incision was performed to ac-
cess the liver in every animal. The rat was then imme-
diately euthanized under ethical guidelines. Afterward,
clots and red blood cells were removed with ice-cold
PBS (phosphate-buffered saline). The tissue was finely
chopped and mixed with a volume of cold PBS buffer
(w:v=1:9; 100 mg of tissue sample was mixed with 900
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uL of PBS buffer) using a glass homogenizer on ice at
-80°C. Next, the mixtures were centrifuged at 10,000xg
for 5 minutes to obtain the supernatant. ELISA assays
were employed to determine the concentration of GSH,
TNF-a, and MDA. Investigators were blinded to treat-
ment allocation during sample analysis.

Biochemical parameter measurement

Blood glucose levels were measured using the AC-
CU-CHEK Active glucometer (Roche, Germany). An-
imal body weights were obtained using an electronic
balance. Serum insulin levels were measured using a Rat
Insulin ELISA Kit (Ideal Medical Technology, Shanghai,
Cat. No. ADL-EL-RT00483, detection range: 0, 6.25, 12.5,
25, 50, 100 pIU/ml) to assess pancreatic B-cell function
and insulin secretion in response to the obesity mod-
el and retatrutide treatment. Tumor necrosis factor-al-
pha (TNF-a) was quantified using a Rat TNF-a ELISA
Kit (Ideal Medical Technology, Shanghai, Cat. No. ADL-
EL-RT00160, detection range: 0, 20, 40, 80, 160, 320 pg/
ml), serving as a key marker of hepatic inflammation in
obesity-related liver disease. Fibroblast growth factor 21
(FGF21), a metabolic regulator, was measured using a
Rat FGF21 ELISA Kit (Ideal Medical Technology, Shang-
hai, Cat. No. ADL-EL-RT01162, detection range: 0, 15,
30, 60, 120, 240 pg/ml) to assess metabolic stress. Re-
duced glutathione (GSH), the primary intracellular an-
tioxidant, was determined using a Rat GSH ELISA Kit
(Ideal Medical Technology, Shanghai, Cat. No. ADL-EL-
RT00896, detection range: 0, 0.5, 1, 2, 4, 8 ng/ml) as a
marker of hepatic antioxidant defense capacity. Malondi-
aldehyde (MDA), a marker of lipid peroxidation and oxi-
dative stress, was quantified using a Rat MDA ELISA Kit
(Ideal Medical Technology, Shanghai, Cat. No. ADL-EL-
RT01047, detection range: 0, 0.3, 0.6, 1.2, 2.4, 4.8 nmol/
ml). Tissue MDA and GSH levels were quantified from
homogenates and normalized to total protein content us-
ing the Bradford assay method.

For liver enzymes, AST (Bioresearch, Jordan,
Cat. No. CZ005), ALT (Bioresearch, Jordan, Cat. No.
CZ003), and ALP (Bioresearch, Jordan, Cat. No. CZ001)
were measured spectrophotometrically at a wavelength
of 340 nm. The kinetic/IFCC method was applied for
AST and ALT, while the kinetic/DGKC method was
used for ALP.

HOMA-IR calculation

HOMA-IR was calculated using the formula (Matthews
et al., 1985):

HOMA-IR= [Fasting Insulin (uU/mL) xfasting glucose
(mg/dL)]/405

This formula is a validated index of insulin resistance in
rodent models and provides a non-invasive assessment
of hepatic insulin sensitivity.*

Lipid profile analysis
A spectrophotometer (Emclab, Germany) was used to
measure liver enzymes and lipid profiles. Serum total
cholesterol, triglycerides, and high-density lipoprotein
cholesterol (HDL-C) were determined enzymatically
using commercial assay kits. Low-density lipoprotein
cholesterol (LDL-C) and very-low-density lipoprotein
cholesterol (VLDL-C) were calculated using the Friede-
wald formula (Friedewald et al., 1972):
LDL-C=total cholesterol-HDL-C—(triglycerides/5)
This formula was originally developed for human
plasma samples and assumes a fixed relationship be-
tween triglycerides and VLDL cholesterol. Therefore, its
application to rat serum should be used with caution,*
but is still widely used in rodent studies for consistency
with existing literature.

Food intake monitoring

Food intake was not quantitatively measured in this
study. Therefore, any statements regarding food con-
sumption in the Discussion section are based on obser-
vational assessments rather than systematic quantitative
measurements.

Statistical analysis

Statistical analyses were conducted using GraphPad
Prism version 10.6 (GraphPad Software, San Diego, CA,
USA). Data are expressed as mean + standard deviation
(SD). Outcomes measured at a single time point were
analyzed using one-way ANOVA followed by Tukey’s
post hoc test for multiple comparisons. Repeated mea-
sures data collected over weeks 0—4 were analyzed using
mixed-model ANOVA, with treatment group, time, and
their interaction as fixed effects and individual animals
as a random effect. Assumptions of normality and ho-
mogeneity of variance were assessed and met. Statistical
significance was set at p < 0.05, and results are reported
with F-statistics, degrees of freedom, and exact p-values.

Results

Effect of HF/sucrose diet on body weight and fasting glu-
cose before treatment

At baseline (Week 8, before treatment initiation), af-
ter eight weeks of diet feeding, the body weight of all
groups fed HF/sucrose diet was significantly higher than
that of the control diet group (p<0.0001 for all compar-
isons). However, there were no significant differences in
body weight between the groups designated for vehicle
treatment and retatrutide treatment (p=0.1466-0.4953),
indicating successful randomization and comparable
baseline weights for assessing treatment effects. Fast-
ing blood glucose levels were not significantly different
among all groups (p=0.93-0.99), indicating that glucose
dysregulation had not yet developed at this early stage of
obesity induction.as shown in (Table 2).
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Table 2. Body weight and fasting blood glucose before
treatment (week 8)2

Groups Control diet HF/sucrose diet HF/sucrose diet  HF/sucrose diet
(obesity)  (before vehicle) (before treatment)
Body weight (g) 254.857 345571 338571 368.000
+16.847 +19.251%**% £33 45%** +27.214%***
Fasting blood 105.143 107.714 106.571 107.000
glucose (mg/dL) +6.229 +6.601 +6.779 +5.944

2 data are presented as mean=+SD of seven rats in each
group, **** — p<0.0001 (all HF/sucrose diet groups vs.
control group), fasting blood glucose was not significantly
different among all groups (p=0.93-0.99), (mixed-model
ANOVA, Tukey'’s test)

Effect of HE/sucrose diet and retatrutide on weight
change

As mentioned earlier, at baseline, the body weight of
groups fed HF/sucrose diet was higher than that of the
control diet group. After week 1 of treatment with reta-
trutide medication, the obesity, vehicle, and retatrutide
groups were significantly higher than the control diet
group (p=0.0001, p=0.0001, p=0.0001, respectively).
The obesity and vehicle groups were not significant-
ly different (p=0.0902), and the vehicle and retatrutide
groups were not significantly different (p=0.0619).

In week 2 of treatment, the obesity and vehicle
groups were significantly higher than the control diet
group (p=0.0001, p=0.0001, respectively). The obesi-
ty and vehicle groups were not significantly different
(p=0.0936), the control and retatrutide groups were not
significantly different (p=0.7685), and retatrutide was
significantly lower than obesity (p=0.0001).
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Fig. 1. Effect of retatrutide on body weight during the
4-week treatment period, rats fed HF/sucrose diet were
treated with retatrutide 25 nmol/kg daily for 4 weeks, in
the vehicle group, rats were administered vehicle (normal
saline), BS — baseline, data are presented as mean+SD of
seven rats in each group, p<0.0001 retatrutide significantly
decreased compared to the obesity group, p<0.0001
obesity significantly increased compared to the control
group (mixed-model, Tukey'’s test)

In week 3 of treatment, the obesity and vehicle
groups were significantly higher than the control diet
group (p=0.0001, p=0.0001, respectively). The obesi-
ty and vehicle groups were not significantly different
(p=0.1466), and retatrutide was significantly lower than
obesity (p=0.0001).

In week 4 of treatment, the obesity and vehicle groups
were significantly higher than the control diet group
(p=0.0001, p=0.0001, respectively). The obesity and ve-
hicle groups were not significantly different (p=0.4953),
and retatrutide was significantly lower than obesity
(p=0.0001), F (12, 120) =55.54 as shown in Figure 1.

Effect of HF/sucrose diet and retatrutide on fasting
blood glucose
At baseline, the fasting blood glucose levels of the groups
fed HF/sucrose diet and the control diet were not signifi-
cantly different among all groups, as shown in Table 2.
After week 1 of treatment with retatrutide med-
ication, the obesity and vehicle groups were signifi-
cantly different than the control diet group (p=0.0073,
p=0.0240, respectively). The obesity and vehicle groups
were not significantly different (p=0.6033), and reta-
trutide was significantly lower than obesity (p=0.0004).
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Fig. 2. Effect of retatrutide on fasting blood glucose during
the 4-week treatment period, rats fed HF/sucrose diet were
treated with retatrutide 25 nmol/kg daily for four weeks, in
the vehicle group, rats were administered vehicle (normal
saline), BS — baseline, data are presented as mean=SD of
seven rats in each group, p<0.0001 retatrutide significantly
decreased compared to the obesity group, p<0.0001
obesity significantly increased compared to the control
group (mixed-model, Tukey'’s test).

In week 2 of treatment, the obesity and vehicle
groups were significantly higher than the control diet
group (p=0.001, p=0.001, respectively). The obesi-
ty and vehicle groups were not significantly different
(p=0.9999), and retatrutide was significantly lower than
obesity (p=0.0001).
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In week 3 of treatment, the obesity and vehicle groups
were significantly higher than the control diet group
(p=0.0001, p=0.0001, respectively). The obesity and vehi-
cle groups were not significantly different (p=0.8677), and
retatrutide was significantly lower than obesity (p=0.0001).

In week 4 of treatment, the obesity and vehicle groups
were significantly higher than the control diet group
(p=0.0001, p=0.0001, respectively). The obesity and ve-
hicle groups were not significantly different (p=0.8525),
and retatrutide was significantly lower than obesity
(p=0.0001), F (12, 120)=6.782 as shown in Figure 2.

Effect of retatrutide on insulin resistance

The HOMA-IR levels in the obesity group were signifi-
cantly increased (p=0.0001) compared to the control
diet group. Conversely, the retatrutide group exhibited
a significant decrease (p=0.0001) in HOMA-IR levels
compared to the obesity group. There was no statisti-
cally significant difference (p=0.9057) in HOMA-IR be-
tween the vehicle and obesity groups, or between the
retatrutide and control diet groups (p=0.2008), F (3, 24)
= 51.81.as shown in Table 3.

Table 3. Effect of retatrutide on HOMA-IR?

Groups HOMA-IR
Control diet 2.14+0.32
HF/sucrose diet (obesity) 6.78+0.85%%**
Vehicle+HF/sucrose diet 6.52+0.91
Retatrutide-+HF/sucrose diet 2.35+0.4811tt

2data are presented as mean£SD of seven rats in each
group, **** - p<0.0001 HF/sucrose diet (obesity) significantly
increased compared to control group, 111 - p<0.0001
retatrutide+HF/sucrose diet significantly decreased
compared to obesity (one-way ANOVA, Tukey’s test)

Effect of HF/sucrose diet and retatrutide on serum liv-
er enzymes

ALT levels were significantly increased in the obesi-
ty and vehicle groups compared to the control group
(p=0.0366, p=0.0494, respectively). The retatrutide
group showed no significant difference compared to
the obesity group (p=0.1635) or the control group
(p=0.8785). The obesity and vehicle groups were not sig-
nificantly different (p=0.9990), F (3, 24) =4.232.

AST levels were significantly increased in the obe-
sity and vehicle groups compared to the control group
(p=0.0001, p=0.0001, respectively). The retatrutide
group showed a significant decrease compared to the
obesity group (p=0.0001) and no significant difference
compared to the control group (p=0.4019). The obesi-
ty and vehicle groups were not significantly different
(p=0.9504), F (3, 24) =92.74.

ALP levels were significantly increased in the obe-
sity and vehicle groups compared to the control group
(p=0.0001, p=0.0001, respectively). The retatrutide

group showed a significant decrease compared to the
obesity group (p=0.0001) and no significant difference
compared to the control group (p=0.4392). The obesi-
ty and vehicle groups were not significantly different
(p=0.9999), F (3, 24)=50.00.as shown in Table 4.

Table 4. Effect of retatrutide on serum liver enzymes?
Biochemical Control  HF/sucrose diet  Vehicle+HF/ Retatrutide+HF/

parameter (U/L) diet (obesity) sucrose diet sucrose diet
ALT 2843+452  387146.89*  36.85+7.23 32.1445.67
AST 45294534 98.57+£8.91****  97.14+9.45 52.43+6.78tttt
ALP 52.86:£6.23 112.43£10.56**** 111.71£11.34 58.29+7.45tttt

2data are presented as mean+SD of seven rats in each
group, * - p<0.05 (ALT in obesity vs. control), **** —
p<0.0001 (AST and ALP in HF/sucrose diet (obesity) vs.
control), Tt11 — p<0.0001 (AST and ALP in retatrutide+HF/
sucrose diet vs. HF/sucrose (obesity) ), ALT was not
significantly different between retatrutide and obesity
groups (p=0.1635), (one-way ANOVA, Tukey's test)

The lack of statistical significance in ALT levels be-
tween the retatrutide-treated and obesity groups, while
AST and ALP showed significant reductions, may be at-
tributed to the differential sensitivity and specificity of
these liver enzymes as markers of hepatocellular injury.
ALT is the most sensitive marker of hepatocyte dam-
age but can be influenced by multiple factors and may
require longer treatment periods for complete normal-
ization. The 4-week treatment duration was sufficient to
significantly reduce the more robust markers (AST and
ALP), but may have been insufficient for complete ALT
normalization. This pattern is consistent with previous
studies of GLP-1/GIP receptor agonists, where longer
treatment periods (12-24 weeks) are typically required
for complete normalization of all liver enzyme markers.

Effect of HF/sucrose diet and retatrutide on serum lip-
id profile

Cholesterol levels were significantly increased in the
obesity and vehicle groups compared to the control
group (p=0.0001, p=0.0001, respectively). The reta-
trutide group showed a significant decrease compared
to both the obesity group (p=0.0001) and the control
group (p=0.0001). The obesity and vehicle groups were
not significantly different (p=0.6919).

Triglyceride (TG) levels were significantly increased
in the obesity and vehicle groups compared to the control
group (p=0.0001, p=0.0001, respectively). The retatrutide
group showed a significant decrease compared to the obe-
sity group (p=0.0001) but no significant difference com-
pared to the control group (p=0.9986). The obesity and
vehicle groups were not significantly different (p=0.2385).

High-density lipoprotein (HDL) levels were sig-
nificantly decreased in the obesity and vehicle groups
compared to the control group (p=0.0001, p=0.0001, re-
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spectively). The retatrutide group showed a significant
increase compared to the obesity group (p=0.0045) but
no significant difference compared to the control group
(p=0.4073). The obesity and vehicle groups were not sig-
nificantly different (p=0.9117).

Low-density lipoprotein (LDL) levels were sig-
nificantly increased in the obesity and vehicle groups
compared to the control group (p=0.0001, p=0.0001, re-
spectively). The retatrutide group showed a significant
decrease compared to the obesity group (p=0.0001) but
no significant difference compared to the control group
(p=0.3247). The obesity and vehicle groups were not sig-
nificantly different (p=0.9999).

Very-low-density lipoprotein (VLDL) levels were
significantly increased in the obesity and vehicle groups
compared to the control group (p=0.0488, p=0.0285, re-
spectively). The retatrutide group showed a significant
decrease compared to the obesity group (p=0.0448) but
no significant difference compared to the control group
(p=0.9999). The obesity and vehicle groups were not
significantly different (p=0.9970), F (12, 120)=48.32 as
shown in Table 5.

Table 5. Effect of retatrutide on serum lipid profile?

Biochemical . HF/sucrose diet Vehicle-+HF/ Retatrutide-+HF/ p (vehicle vs.
parameter Control diet . . . .
(obesity)  sucrosediet  sucrosediet  retatrutide)
(mg/dL)
164.463 241.085 232325 105.881
tolestedl 15301 amooree aposs  wppapsee <O
47.905 140.937 112140 30.356
16 +10740  £10931%*  £11.450 +9.479%%*¢ <0001
78.185 33.069 65.759
+
HoL +10.125  £13.949%** 38.339£9670 +13.828**¢ 00045
76.696 179.827 171.557 51341
oL +19774  £21412%%*  +17.678 +21.858****4 <0001
9.581 28.187 22428 9.193
Vot +2.148 +2.186* +2.290 +5.551% 0.0448

2data are presented as mean+SD of seven rats in each
group, **** — p<0.0001 (cholesterol, TG, LDL); * - p<0.05
(VLDL) in HF/sucrose diet (obesity) significantly increased
compared to control group, except HDL, **** — p<0.0001
HF/sucrose diet (obesity) is significantly decreased
compared to control group, **** p<0.0001 (cholesterol,
TG, LDL), * p<0.05 (VLDL) in retatrutide+HF/sucrose

diet significantly decrease compared to HF/sucrose

diet (obesity) except** p<0.01 (HDL) significant increase
compared to HF/sucrose diet (obesity), T - indicates
significant difference from HF/sucrose diet (obesity)
group. comparisons between vehicle+HF/sucrose diet
vs. retatrutide+HF/sucrose diet show highly significant
differences for all parameters (p shown in final column)
(one-way ANOVA, Tukey’s test)

Effect of HF/sucrose diet and retatrutide on tumor ne-
crosis factor-a (TNF-a)

There was a significant increase (p=0.0066) in TNF-a
levels in the obesity group compared to the control

group. The retatrutide group showed a significant de-
crease (p=0.0049) compared to the obesity group and no
significant difference with the control group (p=0.9993).
There was no significant difference between the obesi-
ty and vehicle groups (p=0.9998), F (3, 24)=8. 964 as
shown in Figure 3.
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Fig. 3. Effect of retatrutide on hepatic TNF-a levels, rats fed
HF/sucrose diet were treated with retatrutide 25 nmol/

kg daily for four weeks. In the vehicle group, rats were
administered vehicle (normal saline), data are presented
as mean=SD of seven rats in each group, obesity group
significantly increased compared to control group
(p=0.0066), retatrutide group significantly decreased
compared to obesity group (p=0.0049) (one-way ANOVA,
Tukey's test)
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Fig. 4. Effect of retatrutide on hepatic MDA levels (lipid
peroxidation marker): rats fed HF/sucrose diet were treated
with retatrutide 25 nmol/kg daily for four weeks. In the
vehicle group, rats were administered vehicle (normal
saline), data are presented as mean+SD of seven rats in
each group. p<0.0001 obesity group significantly increased
compared to control group. p<0.0001 retatrutide group
significantly decreased compared to obesity group. (one-
way ANOVA, Tukey’s test)
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Effect of HF/sucrose diet and retatrutide on MDA

The findings demonstrated a significant elevation in
MDA levels (p=0.0001) in the obesity group compared
to the control group. The retatrutide-treated group
showed a significant reduction (p<0.0001) compared to
the obesity group. There was no significant difference
between the obesity and vehicle groups (p=0.9990) or
between the control and retatrutide groups (p=0.9991),
F (3, 24)=18.90 as shown in Figure 4.

Effect of HF/sucrose diet and retatrutide on GSH
Conversely, the antioxidant GSH demonstrated a signif-
icant reduction (p=0.0001) in the obesity group com-
pared to the control group. The retatrutide-treated group
showed a significant elevation (p=0.0001) compared to
the obesity group. There was no significant difference
between the obesity and vehicle groups (p=0.9971) or
between the control and retatrutide groups (p=0.9998),
F (3, 24)=28.18 as shown in Figure 5.
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Fig. 5. Effect of retatrutide on hepatic GSH levels
(antioxidant marker), rats fed HF/sucrose diet were treated
with retatrutide 25 nmol/kg daily for four weeks. In the
vehicle group, rats were administered vehicle (normal
saline), data are presented as mean=SD of seven rats

in each group, p<0.0001 obesity group significantly
decreased compared to control group, p<0.0001
retatrutide group significantly increased compared to
obesity group (one-way ANOVA, Tukey’s test)

Effect of HF/sucrose diet and retatrutide on FGF21
There was a significant increase (p=0.0015) in FGF21
levels in the obesity group compared to the control
group. After treatment with retatrutide medication,
there was a significant decrease (p=0.0063) compared
to the obesity group and no significant difference with
the control group (p=0.9361). There was no signifi-
cant difference between the obese and vehicle groups
(p=0.9999), F(3, 24)=10.53 as shown in Figure 6.
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Fig. 6. Effect of retatrutide on serum FGF21 levels, rats fed
HF/sucrose diet were treated with retatrutide 25 nmol/

kg daily for four weeks, in the vehicle group, rats were
administered vehicle (normal saline), data are presented
as mean+SD of seven rats in each group, p=0.0015 obesity
group significantly increased compared to control group,
p=0.0063 retatrutide group showed significant decrease
compared to obesity group, (one-way ANOVA, Tukey's test)

Discussion
Metabolic dysregulation linked to obesity and over-
weight, stemming from excessive food intake, is now
acknowledged as a distinct chronic illness that signifi-
cantly contributes to the global epidemic of chronic,
non-communicable diseases.” Palatable foods, particu-
larly those rich in sugar and fat, enhance appetite and
inhibit satiety signals. The rats induced with obesity
were verified as obese after exhibiting significantly high-
er body weight compared to the negative control rats,
following their respective diets. Both animals and hu-
mans experience obesity due to a diet rich in fats. Pre-
vious studies have demonstrated a positive link between
body weight or weight gain and the fat and sugar con-
tent of the diet, as evidenced in Table 2 showing a high
increase in weight after 8 weeks of feeding HF/sucrose.*
In our experience, we used pure peptide powder
that was reconstituted in sterile water and administered
daily instead of weekly to ensure constant bioactivity.
Peptides undergo rapid enzymatic breakdown and pos-
sess brief plasma half-lives, resulting in diminished ef-
fectiveness over time.” For GLP-1 agonists to achieve
weight loss in rats a daily dosing is required. This can
be justified firstly by allometric scaling of rat metabolic
rates to human as rats have much higher basal metabol-
ic rates and faster renal clearance. Secondly, according
to the pharmacokinetic studies, to achieve a therapeutic
level of a drug, the frequency of dosing must be changed
according to the drug half-life in certain species. In a
previous pharmacokinetic study, it was found that daily
dosing of long-acting GLP-1 agonist is necessary in rat
studies. Another pharmacological study demonstrated
that to mimic the human weekly dosing of GLP1 agonist
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in rats, a daily administration of the drug is required
to obtain a steady-state concentration. Daily adminis-
tration guarantees consistent peptide concentration and
biological effects,”

though daily dosing was empirical and not validat-
ed in the literature. The findings indicated that after 12
weeks of weekly glucometer assessments, the control
group exhibited significantly lower blood glucose lev-
els compared to the obesity and obesity plus vehicle
groups. Subsequent to the introduction of obesity, an
elevation in glucose levels is noted. Animals subjected
to a high-fat/sucrose diet exhibited elevated blood glu-
cose levels; through many mechanisms, sustained expo-
sure to high-fat conditions enhances fatty acid oxidation
while diminishing glucose oxidation.*® Obese rats and
obese rats administered vehicle had significantly high-
er insulin resistance (HOMA-IR) levels than rats on a
control diet. Blood glucose levels and insulin resistance
were considerably reduced when retatrutide was admin-
istered subcutaneously for four weeks, because it acts on
triple hormone receptors (GLP-1, GIP, and glucagon).
These receptors are highly distributed, especially in the
small intestine and brain, which delays gastric empty-
ing and increases satiety, suppresses appetite, slows di-
gestion, increases fat metabolism, and increases insulin
sensitivity, leading to weight loss and glycemic control.”
Consequently, being overweight is a major contributor
to the onset and progression of insulin resistance.”® With
regards to weight after twelve weeks of HF/sucrose diet
and measuring weekly, animals exhibited significantly
elevated weight compared to control diet. There was a
significant reduction in weight in the retatrutide group
that was administered S.C. for four weeks, compared to
the obesity and obesity plus vehicle groups. Retatrutide
facilitated weight reduction by diminishing food con-
sumption, as we observed in our experiment where
male rats reduced HF/sucrose diet intake.*'

The study found that obesity significantly increased
AST, ALP, and ALT levels compared to the control diet
group. When using retatrutide medication, there was a
significant decrease in hepatic ALP and AST compared
to the obesity group, while ALT was not significant; this
is somewhat consistent with what was found in some
studies, taking into account the short research period of
only 12 weeks.' The results may be different if the study
duration were longer.'® The results showed a highly sig-
nificant increase in cholesterol, triglycerides, LDL, and
VLDL levels in the obesity group compared to the con-
trol group, while HDL showed a significant decrease.”
When using retatrutide, there was a significant decrease
in cholesterol, LDL, triglycerides, and VLDL levels, and
a significant increase in HDL compared to the obesity
group. The safety profile aligns with GLP-1 receptor ago-
nists and GIP with GLP-1 receptor agonists.*® It is worth
mentioning that we used the Friedewald formula to cal-

culate LDL; this formula was originally developed for
human plasma samples and assumes a fixed relationship
between triglycerides and VLDL cholesterol. Therefore,
its application to rat serum should be used with caution,
but it is still widely used in rodent studies.*

The group treated with retatrutide showed a sig-
nificant decrease in the hepatic inflammatory marker
TNF-a compared to the obesity group that did not re-
ceive treatment. These results support earlier studies in
this field.*** Retatrutide also reduces inflammation. In-
deed, substantial data indicate that retatrutide can po-
tentially modify or decrease inflammatory processes.
Our understanding suggests it is not exactly clear by
which mechanism, but may be explained by two main
mechanisms via which retatrutide reduces inflamma-
tion: altering immune system activation and decreasing
levels of inflammatory cytokines.*" Retatrutide induces
immune reprogramming systemically.?

The significant reduction in hepatic TNF-a follow-
ing retatrutide treatment (p=0.0049) supports a direct
anti-inflammatory action of this triple-agonist. Mech-
anistically, this effect may involve GLP-1 receptor sig-
naling, as GLP-1 activation can suppress NF-«B activity
in hepatocytes and macrophages,”” thereby lowering
pro-inflammatory cytokine production. In addition,
the marked weight loss observed with retatrutide likely
contributes indirectly by reducing adipose tissue mass
and adipose inflammation, a major systemic source of
TNF-a driven by macrophage infiltration. Retatrutide
may also act directly on hepatic immune cells (e.g.,
Kupfter cells/macrophages), attenuating cytokine out-
put independent of weight reduction.

Consistent with this interpretation, hepatic TNF-a
(inflammation) and MDA (oxidative stress) showed a
positive correlation with the atherogenic index,* indicat-
ing that greater inflammatory and oxidative burden aligns
with a more atherogenic lipid pattern. This relationship is
biologically plausible because high-fat, high-cholester-
ol dietary exposure promotes weight gain and worsens
circulating lipid and cholesterol levels, which can ampli-
fy both oxidative stress and inflammatory signaling and
thereby increase cardiovascular risk profiles.”

The study’s data suggested that obesity resulted
in heightened lipid peroxidation, as evidenced by in-
creased MDA levels and decreased GSH levels. Mito-
chondrial glutathione depletion leads to heightened
mitochondrial reactive oxygen species exposure, which
disrupts bioenergetics and facilitates the opening of the
mitochondrial permeability transition pore, a crucial
event in cell death.*

Retatrutide appears to mitigate hepatic oxidative
stress by improving both sides of the redox balance - re-
ducing oxidative damage while restoring antioxidant ca-
pacity.* In this study, hepatic MDA, a lipid peroxidation
marker, was markedly reduced versus the obese group
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(p<0.0001), indicating less membrane lipid damage
and overall oxidative injury in hepatocytes. In parallel,
GSH, a key intracellular antioxidant, was significantly
depleted in the obese and obese+vehicle groups, but re-
tatrutide substantially increased hepatic GSH compared
with obesity (p<0.0001). The combined pattern — low-
er MDA alongside higher GSH - strongly suggests that
retatrutide restores hepatic antioxidant defenses rather
than merely masking oxidative injury.*

Mechanistically, GSH restoration may occur through
several complementary routes: (1) reduced reactive oxy-
gen species (ROS) generation due to dampened inflam-
matory signaling and improved mitochondrial function,
(2) enhanced GSH synthesis supported by better cellu-
lar energetics and substrate availability, and (3) reduced
GSH consumption because the oxidative burden is low-
er. Prior work with GLP-1-based therapies report sim-
ilar antioxidant shifts (decreased MDA* and increased
GSHY) in liver and adipose tissue, supporting the plau-
sibility of these pathways; importantly, retatrutide’s tri-
ple-agonist profile may further amplify mitochondrial
and metabolic recovery via additional glucagon recep-
tor signaling, potentially strengthening antioxidant out-
comes beyond GLP-1/GIP agonism alone."

Elevated levels of FGF21 have been correlated with
many metabolic disorders, including obesity and type 2
diabetes mellitus (T2DM).*® Serum FGF21 concentra-
tions are typically elevated in cases of obesity and fatty liv-
er disease (non-alcoholic fatty liver disease or NAFLD).*
This elevation is frequently regarded as a compensatory
mechanism to metabolic stress and insulin resistance, al-
though it may also signify a state of FGF21 resistance. The
study found that obesity significantly increased FGF21 in
both the obese and obese+vehicle groups. Serum FGF21
circulation decreased in the retatrutide group, indicating
improved FGF21 receptor sensitivity.*

The observed reduction in FGF21 after retatrutide
treatment likely reflects relief of the metabolic strain im-
posed by diet-induced obesity and a shift toward more
normalized metabolic regulation. In obesity, FGF21 is
often elevated as a compensatory “stress hormone” re-
sponse to insulin resistance, dyslipidemia, and hepatic
lipid overload. By promoting weight loss and improving
glycemic control, retatrutide may lower this systemic
and hepatic metabolic stress, thereby reducing the need
for compensatory FGF21 upregulation.”

In addition, declining circulating FGF21 may in-
dicate improved responsiveness of the FGF21 path-
way (i.e., reduced “FGF21 resistance”) and restoration
of downstream receptor signaling, consistent with im-
proved metabolic homeostasis. This is clinically mean-
ingful because effective FGF21 signaling supports lipid
handling, glucose regulation, mitochondrial function,
and hepatic metabolic recovery; thus, the reduction in
FGF21 with retatrutide aligns with a broader normal-

ization of cardiometabolic and liver-related physiology
rather than a loss of a protective factor.

Study limitations

This study has several limitations. Liver histopathology
was not performed, limiting direct assessment of steato-
sis, inflammation, and fibrosis. The 4-week treatment
duration may have been insufficient to capture maximal
hepatic improvement, and inclusion of only male rats
restricts generalizability across sexes. The dosing reg-
imen was empirical and not supported by rat-specific
PK/PD data, and only a single dose was evaluated with-
out comprehensive safety assessment. Methodological
constraints include the use of the Friedewald formula
for lipid calculations, lack of quantitative food-intake
monitoring, and limited existing rodent data on reta-
trutide. Future studies should incorporate histologi-
cal analyses, extended treatment duration, both sexes,
PK/PD-guided dosing, dose-response evaluation, and
broader toxicity assessments.

Conclusion

This study provided evidence that retatrutide effectively
improves weight loss, decreases blood glucose, improves
lipid profile, and protects hepatic tissues through de-
creased inflammation and oxidative stress marker levels.
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ABSTRACT

Introduction and aim. Certain drugs cause nephrotoxicity and renal dysfunction through induction of oxidative stress and
activation of inflammatory and apoptotic signaling pathways within the renal tissue. To mitigate drug nephrotoxicity, the ther-
apeutic potential of trace elements such as selenium (Se) and zinc (Zn) has been experimentally explored. The current knowl-
edge and mechanisms are hereby summarized in this review.

Literature search. This narrative review was carried out through a critical assessment of relevant articles published in scientific
databases like Google Scholar, PubMed, Scopus, and Web of Science.

Analysis of the literature. The antioxidant, antiapoptotic and anti-inflammatory properties of Se and Zn culminate in their
therapeutic activity against drugs nephrotoxicity. The nephroprotective effect of Se and Zn has been characterized with sup-
pression of renal oxidative stress (reduced malondialdehyde, protein cabonyl and elevated levels of superoxide dismutase,
glutathione, glutathione peroxidase, catalase, total antioxidant capacity levels); upregulation of anti-apoptotic and anti-inflam-
matory markers (Bcl-2, heme oxygenase-1, factor related to nuclear factor erythroid 2; downregulation of pro-apoptotic and
pro-inflammatory like inducible nitric oxide synthase, nitric oxide, tumor necrosis factor-q, interleukin-6, nuclear factor kappa
light chain enhancer of activated B cells NF-kB, and Bax, leading to reparation of renal histomorphology and improved renal
function (indicated by reduced serum creatinine, urea, BUN levels).

Conclusion. The therapeutic activity of Se and Zn against drugs nephrotoxicity underscores their potential role in the manage-
ment of nephrotoxicity due to pharmacotherapy.

Keywords. drugs nephrotoxicity, selenium nephroprotection, zinc nephroprotection

Introduction

The kidney is a vital organ that performs several essential
functions in the body, particularly related to maintain-
ing body homeostasis."? In essence, it plays crucial role
in maintaining the overall body health by removing toxic
wastes and metabolites, regulating body fluid balance and
osmolality, maintaining acid-base equilibrium, secreting
hormones, and controlling the arterial pressure."** Due
to its essential functions, the kidney is often exposed to
and could bioaccumulate potential toxins (regarded as

nephrotoxicants or nephrotoxins) which would in turn
cause nephrotoxicity.>® Nephrotoxicity thereby involves
the degeneration of renal morphological components and
loss of their functionality due to the toxic effects of neph-
rotoxins including chemotherapeutic agents.>® Hence, the
critical role of the kidney tissue in the removal of xenobi-
otics (including chemotherapeutic agents) from the body
makes it prone to their toxic effects.

Drug-induced kidney toxicity has been character-
ized with renal histopathological changes such as ep-
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ithelial necrosis, glomerular congestion, interstitial
edema and inflammation, tubular dilatation, which of-
ten lead to renal functional impairments and kidney
fajlure.”® The associated impairment of renal function
has been further characterized by significant alteration
of markers of renal function such as glomerular filtra-
tion rate, urine output, serum levels of electrolytes, and
waste products of protein and muscle metabolism.>"
Essentially, nephrotoxicity is characterized with glomer-
ular damage, inflammation, crystal nephropathy, renal
tubular cell toxicity, rhabdomyolysis, and thrombotic
microangiopathy.'*? As a risk factor of acute kidney in-
jury and chronic kidney disease, nephrotoxicity poses
great public health concern that requires effective ther-
apeutic intervention.

Trace elements are essential elements that are re-
quired (in very low concentrations) to play an essential
role in many physiological and metabolic processes of
the body." They have been shown to exhibit antioxidant,
anti-inflammatory and anti-apoptotic effects which
thereby underscore their therapeutic potential against
various tissue pathologies.'* Accordingly, the therapeu-
tic potential of trace elements has been explored in pre-
clinical studies to mitigate or ameliorate drug-induced
nephrotoxicity.

Aim

In this review, the aim was to elaborate on the thera-
peutic activity of trace elements, including selenium and
zing, against drug nephrotoxicity in preclinical studies.
Furthermore, the associated mechanisms of therapeutic
activity of the selected trace elements were highlighted.

Literature search

Published articles were sought in multiple scientific da-
tabases including Google Scholar, PubMed, Scopus, and
Web of Science and assessed to select those that are rele-
vant to the objective of the review. The search keywords
included: ‘drug nephrotoxicity, ‘trace element nephro-
protection, ‘trace elements mitigate drug nephrotoxic-
ity} ‘antioxidants effect of trace elements’ The literature
search was conducted between 1 April and 30 April 2025,
and articles selected from preliminary search results were
further critically evaluated to identify those that contain
relevant findings on the therapeutic role of selenium and
zinc against drug-induced nephrotoxicity in preclinical
studies. The inclusion criteria included only articles that
provided relevant findings, articles published in English
and in peer-reviewed journals. Other non-compliant ar-
ticles were excluded from the review.

Analysis of the literature

Induction of oxidative stress and activation of inflam-
matory and apoptotic signaling pathways within kidney
tissue, following exposure to nephrotoxicants (includ-

ing drugs), have been demonstrated as pivotal cellular
mechanisms of the resulting nephrotoxicity.'® Hence,
the antioxidant, anti-inflammatory, and anti-apoptot-
ic properties of selected trace elements (selenium and
zinc) underscored the rationale for their therapeutic ap-
plication to mitigate drug-induced nephrotoxicity in
preclinical studies as presented in this review.

Drug-induced nephrotoxicity in preclinical studies
Nephrotoxicity due to drug administration occurs as
an adverse effect of pharmacotherapy and commonly
presents in the form of acute kidney injury, renal tubu-
lar disorders, glomerular damage, and nephrolithiasis
and could lead to renal failure.”” Although, the selected
drugs under review have different structural conforma-
tion (Fig. 1), preclinical studies have demonstrated their
relatively similar nephrotoxic mechanisms (Table 1).
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Fig. 1. Molecular structures of selected drugs that cause
nephrotoxicity

Acetaminophen (or paracetamol) is a common an-
algesic and antipyretic agent that has been demonstrat-
ed to exhibit nephrotoxicity through the induction of
endoplasmic reticulum (ER) stress and apoptosis within
kidney tissue.” Acetaminophen-induced nephrotoxici-
ty has been characterized by distortion of renal histo-
morphology, elevated levels of kidney injury molecule-1
(KIM-1), interleukin-18 (IL-18), serum blood urea ni-
trogen (BUN) and creatinine.?®*' Acetaminophen ex-
posure further caused upregulation of inducible nitric
oxide synthase (iNOS), PERK, activating transcription
factor 6 (ATF6), nuclear factor kappa-light chain-en-
hancer of activated B cells (NF-kB), p53, caspases 3 and
downregulation of Bcl-2 and Bcl-xL expressions.?® Acet-
aminophen-induced nephrotoxicity also caused decline
of tissue antioxidant levels, including superoxide dis-
mutase (SOD), catalase (CAT), glutathione peroxidase
(GPx), elevated levels of inflammatory markers (tumor
necrosis factor-a (TNF-a), IL-1f, IL-33) and apoptotic
marker (caspase-3).2*2 Moreover, acetaminophen expo-
sure caused increase in total oxidant status (TOS), and
inhibition of nuclear factor erythroid-related factor 2
(Nrf2) signaling pathway.*>*

Furthermore, cisplatin is a common and effective
anticancer drug which has been indicated to cause
nephrotoxicity by induction of oxidative stress, in-
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flammatory response and apoptosis of renal tubu-
lar cells.** Cellular mechanisms of cisplatin-induced
nephrotoxicity included induction of oxidative stress,
ER stress, mitochondrial dysfunction, DNA damage
and stress responses such as inflammation, autopha-
gy, cell cycle arrest, senescence, and apoptosis.” Addi-
tionally, exposure to cisplatin caused elevated levels of
plasma renal markers including creatinine, urea uric
acid and BUN, reduced levels of SOD, CAT, GPx and
glutathione (GSH), renal histopathological changes
including renal tubular cell death, vacuolization, vas-
cular congestion.?® Cisplatin-induced nephrotoxicity
has been further characterized with increased levels
of oxidative stress, inflammatory and apoptotic mark-
ers (MDA, NO, iNOS, TNF-a, NF-«B, IL-1f, caspase-3
and Bax).??

Diclofenac is a non-steroidal anti-inflammato-
ry drug (NSAID), commonly applied as analgesic
or anti-inflammatory agent, and has been indicat-
ed to cause organ toxicity (like kidney) via increased
generation of reactive oxygen species (ROS).* Di-
clofenac-mediated nephrotoxicity has been charac-
terized with elevated levels of protein carbonyl (PC),
urea, creatinine, uric acid, MDA, hydrogen peroxide,
decreased antioxidant enzyme activities (SOD, CAT,
GPx) and reduced antioxidant (GSH). 30, 31, Expo-
sure to Diclofenac exposure further resulted in renal
histopathological changes, reduced glomerular filtra-
tion rate, up-regulation of inflammatory and apop-
totic factors including KIM-1, TNF-a, IL-6, IL-18,
NF-kB, STAT3, Bax, p53, HIF-1a, caspase-3, and cy-
clooxygenase-2 (COX-2) while heme oxygenase-1
(HO-1), Nrf2, adenosine 5’-monophosphate-activat-
ed protein kinase (AMPK), and sirtuin-1 (SIRT-1) ex-
pressions were downregulated.**>*

Doxorubicin is an anthracycline anticancer drug
which has been reported to cause a toxic effect on body
tissue such as the kidney through ROS production, oxi-
dative stress, apoptosis, inflammation and dysregulated
autophagic flow, thereby limiting its clinical applica-
tion.*** Doxorubicin-induced nephrotoxicity was char-
acterized by a marked decline of activities of antioxidant
enzymes (SOD, CAT, GSH), elevated plasma levels of
creatinine, urea, uric acid and renal MDA, cholesterol,
calcium and sodium concentrations.” Moreover, doxo-
rubicin exposure caused renal histopathological chang-
es (including glomerular atrophy, tubular congestion
and degeneration, inflammatory cell infiltrations), in-
creased levels of BUN, NO, hydrogen peroxide (H,0,),
upregulation of NF-kB, IL-1p, IL-6, caspase-3 and ele-
vated apoptotic index.*** Other mechanisms of doxoru-
bicin-induced nephrotoxicity included decline in renal
glutathione reductase (GR) activity and elevated levels
of TNF- a and plasma neutrophil gelatinase-associated
lipocalin (NGAL).*

Furthermore, the application of 5-fluorouracil as an
anticancer drug has resulted into serious adverse effects,
including hepatotoxicity and nephrotoxicity through in-
duction of oxidative stress, inflammation and apopto-
sis.***? 5-fluorouracil-induced nephrotoxicity has been
characterized by renal histopathological changes (in-
cluding tubular congestion, degeneration and atro-
phic glomeruli), marked increase in serum levels of
uric acid, creatinine, urea, NO and MDA, decreased
activity of antioxidant enzymes (CAT, SOD, GPx) and
GSH level.*>** Other mechanisms of 5-fluorouracil-in-
duced nephrotoxicity included up-regulation of lipo-
calin-2, KIM-1, increased levels of TNF-a, NF-kB and
IL-6 linked with up-regulated expressions of ERK1 / 2
and VCAM-1, down-regulation of IL-10, Nrf2, HO-1,
and FXR factors.*** In addition, 5-fluorouracil adminis-
tration further resulted in an increased Bax/Bcl-2 ratio,
overexpression of iNOS and upregulation of caspase-3
within renal tissue.*

Gentamicin, an aminoglycoside antibiotic wide-
ly applied as antibiotic to treat Gram-negative bacterial
infections, has been reported to exhibit nephrotoxici-
ty due to induction of oxidative stress and activation of
apoptotic and inflammatory signaling pathways.*” Ex-
posure to gentamicin in preclinical studies resulted in
renal histopathology (such as tubular necrosis and tubu-
lointerstitial inflammation), decreased renal antioxidant
enzymes (SOD, GSH, CAT), elevated TOS, oxidative
stress index (OSI) MDA, iNOS, NO, TNF-a levels.*°
Other mechanisms of gentamicin-induced nephrotox-
icity included up-regulation of NF-«B p65, IL-1p, IL-6,
IL-18, p38-MAPK, NGAL, KIM-1, caspase-9, caspase-3
and Bax while Bcl-2, HO-1 and Nrf2 were downregulat-
ed within kidney tissue.***!

Methotrexate is an effective anticancer and immu-
nosuppressive drug that exhibits characteristic adverse
effect including nephrotoxicity due to associated oxida-
tive damage and inflammatory responses in renal tis-
sue.”> Methotrexate-induced nephrotoxicity has been
characterized by marked distortion of renal histoarchi-
tecture, elevated serum creatinine, BUN, reduced re-
nal CAT, glutathione-S-transferase (GST), GSH, and
increased levels of NO, IL-1p, TNF-a.**** In preclinical
studies, exposure to methotrexate exposure further re-
sulted in impaired mitochondrial biogenesis, reduced
SOD and increased MDA levels, upregulation of TLR-4,
TNF-a, NF-kB. IL-6, caspase-3, Bax, beclin-1, LC-3, and
down-regulation of Bcl-2, Nrf2, HO-1.52%%%

Some other chemotherapeutic agents that exhibit
nephrotoxicity essentially through the aforementioned
mechanisms include cyclophosphamide (an alkylating
anticancer drug), vancomycin (a glycopeptide antibiotic
drug), tenofovir/lamivudine/efavirenz (a combination
antiretroviral drug) and cyclosporine A (an immuno-
suppressive agent).”
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Table 1. General profile of selected drugs and mechanisms of nephrotoxicity in preclinical studies

Selected drugs
(Applications)

Molecular

formula/weight

Experimental model

Dosage/ Route of

L Mechanisms of nephrotoxicity
administration

References

Coban etal.?

Aktas etal.”

Ozatik et al.22
Shietal.®

Tang etal.®
El-Rhman et al.®
Shinde et al.”
Qietal®

Moradi et al.®®
Karimi-Matloub et al >
Alorabi et al.*

Comezetal.®
Mansoure et al >

Ikewuchi et al.>®
Afsar etal.””
Altinkaynak et al.*
Hekmat et al
Al Suleimani et al.®
Famurewa et al.!
Mansoori et al.*
El-Gendy etal.®
Althagafy et al.*
Albadrani et al.*
Al-Ghamdi et al.*
Akila etal.”
Abukhalil et al.®
Saeedavi et al.”
Dik etal.*®
Nadeem et al.*
Mishriki et al.*?
Morsy et al.**

Acetaminophen C,H,NO,/ Experimental rats (Wistar, -2 g/kg single dose/ oral  renal histopathological changes
(Analgesic, 151.16 g/mol Sprague Dawley) -500 mg/kg single dose, - elevated levels of markers of oxidative stress, pro-inflammatory
antipyretic agent) intraperitoneal (ip) and apoptotic factors.
- decreased renal function
- reduced renal antioxidant levels
- downregulation of anti-apoptotic factors
Cisplatin Pt(NH,),Cl,/  Experimental rats (Wistar, -7 mg/kg single dose/ip - decline of renal function;
(Anticanceragent) ~ 300.10 g/mol Sprague Dawley) -5mg/kg single dose /ip - reduced activities of renal antioxidants
- distortion of renal histomorphology
- increased levels of oxidative stress markers
- increased expressions of pro-inflammatory and apoptotic factors
Diclofenac C,H,,C,NO,/  Experimental rats (Wistar, ~ -50 mg/kg dailyfor7 - decreased renal function
(Analgesic, 296.15 g/mol Sprague Dawley) days /ip. - increased levels of oxidative stress markers
antipyretic agent) - 150 mg/kg daily for6 - decreased activities of renal antioxidants
days /ip - increased levels of pro-inflammatory markers
- upregulation of pro-apoptotic factors
- downregulation of anti-inflammatory factors
Doxorubicin C,H,NO,,/  Experimental rats (Wistar, -15mg/kg single dose/i.p. - decrease in levels of renal antioxidants and reduced renal function
(Anticanceragent)  543.52 g/mol Sprague Dawley) -20 mg/kg single dose/ i.p. - increased levels of oxidative stress markers
-3 mg/kg daily for 6 weeks - prominent renal histopathological changes
/ip. - upregulation of pro-inflammatory and
apoptotic signaling
5-Fluorouracil CH;FN,0,/  Experimental rats (Wistar, -150 mg/kgssingle dose - renal histopathological changes
(Anticancer agent)  130.08 g/mol Sprague Dawley) (day 8) /ip. - decreased renal function and activity of renal antioxidants
- up-regulation of pro-inflammatory and apoptotic factors
- downregulation of anti-inflammatory factors
Gentamicin GHsN0,/  Experimental rats (Wistar, - 100 mg/kg daily for8 - renal histopathological changes
(Antibiotic 477.60 g/mol Sprague Dawley) days /ip - decreased activities of renal antioxidants
agent) -100 mg/kg daily from day - elevated levels of oxidative stress markers
8-14 of the 15-day study / ip - up-regulation of inflammoapoptotic factors
- down-regulation of anti-apoptotic signaling
Methotrexate CHuNiOy/  Experimental rats (Wistar, - 20 mg/kg single dose/i.p. - distortion of renal histoarchitecture
(Anticancer or 454.44 g/mol Sprague Dawley) - elevated serum creatinine, BUN levels
antirheumatic agent) - reduced levels of renal antioxidants

Wasfey et al.”
- upregulation of inflammatory and apoptotic factors Kandemir et al.*®

- down-regulation of anti-apoptotic expressions

Therapeutic activity of selenium against drug-induced
nephrotoxicity

Selenium (Se) is a trace element vital to human health
in trace amounts but could exhibit an adverse effect at
high concentration.®** Deficiency of Se has been associ-
ated with increased susceptibility of the body to various
pathologies.®® Its important role in body antioxidant de-
fense system, metabolic homeostasis, and immune func-
tions underscores its therapeutic potential, which has
been widely harnessed to mitigate tissues’ toxicity, in-
cluding the kidney. In a previous study, intraperitoneal
(ip) exposure of Se (0.5 or 1 mg/kg) mitigated cyclophos-
phamide-induced nephrotoxicity and reversed associat-
ed mechanisms via increased total antioxidant capacity
(TAC), reduced TOS, OS], serum creatinine and repara-
tion of renal histomorphology.”” The oral administration
of Se (0.1 mg/kg for 90 days) further caused a protective
effect against tenofovir/lamivudine/efavirenz-induced
nephrotoxicity, characterized with elevation of renal an-
tioxidant levels (GSH, SOD, GPx, CAT) levels, reduction

of the level of MDA, improved renal function (marked by
reduced serum creatinine, uric acid, urea) and ameliora-
tion of renal histopathological changes.®

Furthermore, exposure to Se nanoparticles (0.5, 1
and 2 mg/kg) demonstrated a protective effect against
vancomycin nephrotoxicity through a significant de-
crease in the levels of MDA, iNOS, NO, TNF-qa, and
KIM-1, increased Bcl-2 and reduced Bax, caspase-3,
caspase-9.59 Furthermore, daily ip administration of
Se (1 mg/kg for 8 days) mitigated gentamicin-induced
nephrotoxicity, indicated by reduced serum levels of re-
nal function markers (urea, creatinine), reduced levels
of MDA and PC levels, and amelioration of renal his-
topathological changes.® Furthermore, administration
of Se (1.5 mg/kg/day for 5 days, ip) demonstrated pro-
tective effect (in combination exposure with vitamin E)
against cisplatin nephrotoxicity, characterized with de-
crease of plasma levels of MDA, urea, creatinine, ele-
vated levels of GSH, GPx, CAT and reparation of renal
histopathological changes (Fig. 2).®
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Therapeutic activity of zinc against drug-induced neph-
rotoxicity
Zinc (Zn) is an important trace element that partic-
ipates in several physiological and biochemical pro-
cesses of the body.* It further participates in the body’s
antioxidant system, promotes vitamin D, down-regu-
lates prostaglandin synthesis, and enhance immune re-
sponses of the body.”® Essentially, the antioxidant and
anti-inflammatory effects of Zn have been explored to
mitigate drug-induced nephrotoxicity. In a previous
study, the mitigation of cisplatin-induced nephrotoxici-
ty was demonstrated by Zn administration (6 mg/kg, ip)
and further characterized by reduced serum urea, cre-
atinine, MDA, TNEF-a levels, down-regulation of renal
Bax and heat shock proteins.” The protective effect of
Zn administration (25 and 50 mg/kg) has been further
demonstrated against gentamicin-induced nephrotoxic-
ity and characterized with restoration of renal function
indicated by decreased serum urea, creatinine.”
Furthermore, the therapeutic activity of Zn sup-
plementation (10 mg/kg/day for 10 days), based on its
antioxidant potential, has been demonstrated against
cyclosporine A-induced nephrotoxicity in the exper-
imental model and indicated by reduced serum levels
of creatinine, BUN and kidney tissue damage score.”
Furthermore, Zinc oxide nanoparticles (ZnONPs) have
demonstrated a therapeutic effect against doxorubi-
cin-induced nephrotoxicity indicated by elevated levels
of renal antioxidants (SOD, GPx, CAT), decline in MDA
levels, downregulation of inflammatory markers (IL-
6, NF-kB), improved renal function and improved re-
nal histomorphology.”? Additionally, pretreatment with
ZnONPs (5 mg/kg ip) exhibited protective effect against
cisplatin nephrotoxicity as demonstrated by reduced se-
rum levels of renal function markers (creatinine, BUN),
elevated levels of renal antioxidants (SOD, CAT, GR),
reduction of renal MDA level, upregulation of anti-in-
flammatory markers (HO-1 and Nrf2), downregulation
of apoptotic factor (Bax) within the kidney tissue.”

Methotrexate

¥ Mitigation of renal oxidative stress
(450D, GPx, GSH, CAT; }MDA, TOS)
> Enhanced renal function
Hserum urea, creatinine, uric acid)
» Downregulation of iNOS, NO, TNF-a
2 ion of Bcl-2
» Amelioration of renal histopathology

> Abrogation of renal oxidative stress
($s0D, GPx, GR, CAT; § MDA)
> Improved renal function
(§ serum urea, creatinine, BUN)
» Downregulation of IL-6, NF-kB,
TNF-a, TGF-B
» Upregulation of Bcl-2, HO-1, Nrf2
» Reparation of renal histopathology

Drug-induced
Nephrotoxicity

> Induction of oxidative stress In renal tissue
(§50D, GPx, GSH, CAT; $MDA, T0s, 0sl, H,0,)

> Impaired renal function (fserum creatinine,
urea, uric acid, BUN)

» Increased levels of IL-1B, IL-6, NF-«B, TNF-a,
TGF-, INOS, NO, TLR-4

»Upregulation of caspase-3, Bax, p65, NGAL,
LC-3, beclin-1, KIM-1, COX-2, HIF-1a, STAT3

> Downregulation of Bcl-2, HO-1, Nrf2

> Renal histopathological changes (tubular
congestion, degeneration, glomerular atrophy,
tubulointerstitial inflammation)

Fig. 2. Schematic summary of mechanisms of drug-
induced nephrotoxicity and therapeutic activity of
selenium and zinc

Safety concerns and dose-response considerations

Recent studies have reported some concerns regarding
selenium exposure at high dosage levels that include ad-
verse metabolic effects of selenoproteins and their po-
tential to stimulate tumor formation.” Similarly, reports
have associated excess zinc exposure with clinical symp-
toms such as anemia, neutropenia, while the deficiency
also poses significant health risks.”” Therefore, the dos-
age and duration of exposure to these trace elements re-
quire strict regulation both in health and disease.

Conclusion

Exposure to certain drugs mainly results into nephrotox-
icity through induction of oxidative stress and activation
of inflammatory and apoptotic signaling pathways within
the renal tissue. On the other hand, trace elements such as
Selenjum and zinc have demonstrated therapeutic activi-
ty against drug nephrotoxicity in preclinical studies based
on their antioxidant, antiapoptotic, and anti-inflammato-

Table 3. General Profile and therapeutic mechanisms of selected trace elements against drugs nephrotoxicity in preclinical studies

Trace element Sources Biological functions Experimental  Treatmentregimen  Therapeutic mechanisms against drug-induced References
(symbol/atomic model nephrotoxicity
number/mass)
Selenium Garlic, nuts, - Formation of key enzymes, Experimental rats - 0.1 mg/kg for 90 - elevated renal GSH, SOD, GPx, and CAT levels Gunes et al.”’
(Se/34/76.96u)  cabbage, rice, proteins (selenoproteins)  (Wistar, Sprague days/oral - reduced serum levels of urea, creatinine, and uricacid ~ Adikwu et al.®®
potatoes, oats, - Antioxidant, anti-cancer, Dawley) - 1.5 mg/kg/ daily for - decreased levels of TOS, 0SI, MDA, PC, Mehanna et al.”
fishes, eggs, meats, ~ anti-inflammatory effect 5 days/ip - Down-regulation of iNOS, NO, TNF-a and up- Baietal."!
lentils - Immune booster regulation of Bcl-2 expressions Genchi etal.
- amelioration of renal histopathology Randjelovic et al.%
Aksoy et al.®
Zinc Oysters, pork, fish, - Gene regulation Experimental rats - 10 mg/kg/daily for -increased renal SOD, GPx, GR, CAT levels Al-Fartusie et al.
(Zn/30/65.41u) liver, meat, wheat, - Enzyme cofactor (Wistar, Sprague 10 days/oral - decrease in serum levels of urea, creatinine, BUN Lahhoba et al.%®
mollusks, dairy - Wound repair, hair growth Dawley) -5mg/kg single - decreased MDA levels Kone etal.”
products, oats, - Development of muscle, dose /ip - downregulation of IL-6, NF-kB, TNF-q, TGF-p and Choopani etal.”!
dried peas, nuts, bone, and cartilage -6 mg/kg single upregulation of Bcl-2, HO-1, Nrf2 expressions Elgohary et al.”

cheese

dose/ip - amelioration of renal histopathology Barakat et al.”
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ry properties. The efficacy of Selenium and Zinc as mit-
igants of drug nephrotoxicity thereby underscores their
potential role in the management of nephrotoxicity that
occurs during pharmacotherapy.
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ABSTRACT

Introduction and aim. Obesity and overweight, defined by excess body fat, are major global public health challenges. Virtual
reality (VR) is emerging as a novel tool for health promotion and weight management. This scoping review aimed to map ex-
isting research on VR applications in overweight and obese populations.

Material and methods. Following PRISMA-ScR guidelines, systematic searches were conducted in PubMed, SCOPUS, EBSCO,
Pedro, Embase, Web of Science, and Google Scholar up to March 2025. Keywords included ‘obese] ‘overweight’ and “virtual re-
ality”” Eligible studies were cross-sectional, experimental or randomized controlled trials involving overweight or obese indi-
viduals exposed to VR-based interventions targeting physical health, behavior change, or weight control. Two reviewers inde-
pendently screened and extracted the data.

Results. Ten studies published between 2012 and 2025 were included. Most involved adolescents and women, with limited
representation of men and older adults. VR interventions varied in immersion, platform, and focus, targeting physical activity,
behavioral change, and nutrition. Outcomes commonly included body composition, physical activity, emotional well-being,
and diet. Heterogeneity prevented meta-analysis.

Conclusion. VR holds promise as a multidimensional tool for the management of obesity. However, more inclusive, culturally
adapted, and long-term studies are needed to validate its effectiveness and applicability in diverse populations.

Keywords. adiposity, obesity, overweight, virtual reality, weight loss

Introduction

Obesity is defined as ‘abnormal or excessive fat accumu-
lation that presents a health risk’' Overweight refers to a
condition in which an individual carries excess body fat
that can affect health, whereas obesity indicates a more
severe degree of fat accumulation with a greater risk of
adverse health outcomes. Both conditions arise from
an imbalance between energy intake (diet) and ener-
gy expenditure (physical activity), leading to fat deposi-
tion at subcutaneous and ectopic sites. Although recent
data suggest a plateau in the prevalence of overweight

and obesity among children and adults in several coun-
tries, these conditions remain significant public health
concerns.” They are strongly associated with chronic
diseases such as hypertension, coronary heart disease,
type 2 diabetes, stroke, gallbladder disease, certain can-
cers, osteoarthritis, and sleep apnea.’ In light of the ris-
ing global burden, there is an urgent need for advanced
treatment strategies that enable early intervention and
prevent obesity-related complications. Early identifica-
tion of overweight individuals within the community
and the provision of timely targeted interventions are
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essential steps toward mitigating the long-term health
risks associated with excess weight.

VR is an emerging transformative technology with
significant potential in the medical field. By creating a
controlled artificial environment, virtual reality bypasses
the complexities of physical settings, thereby accommo-
dating a wide range of therapeutic needs. Its applications
include the treatment of neurological and psychiatric dis-
orders, such as pain, anxiety, and depression, as well as
the rehabilitation of neurodegenerative conditions such
as Parkinson’s disease and stroke. A key advantage of VR
lies in its ability to generate a convincing illusion of reality,
providing users with a heightened sense of presence and
immersion.? Furthermore, VR has been shown to improve
cognitive function and concentration, while its interactive
nature encourages greater user participation.* Unlike tra-
ditional forms of physical activity, VR-based exercise has
been found to elevate mood, increase enjoyment, and re-
duce the risk of burnout.>” The recreational aspects of VR
support deep immersion, boost motivation, and enhance
learning outcomes.’ By offering simulated experiential
learning, VR holds promise in addressing the limitations
of existing online weight management programs.®* When
combined with physical activity, immersive virtual reality
(IVR) has been shown to increase physiological and met-
abolic demands without raising, and sometimes even re-
ducing, perceived exertion.’

This scoping review maps and synthesizes the ex-
isting literature on VR-based interventions for over-
weight and obesity. Instead of evaluating the clinical
effectiveness of these interventions, the review focuses
on exploring the breadth, scope, and characteristics of
current research. The key themes explored include as-
pects such as user engagement, adherence, psychologi-
cal and behavioral outcomes, and the integration of VR
into long-term health practices.

Aim

In contrast to previous systematic reviews and me-
ta-analyses that emphasize quantifiable outcomes such
as weight loss or reduction in body mass index (BMI),
this review provides a broader descriptive overview of
how VR is currently being utilized in weight manage-
ment contexts. It also examines the use of VR in both
community and clinical settings, highlighting report-
ed aspects of feasibility, usability, and cost. By identi-
fying knowledge gaps and summarizing the existing
landscape, this review aims to inform future research,
technological development, and policy in the field of
VR-based obesity interventions.

Material and methods

Study design

This scoping review was conducted with the primary
objective of mapping and synthesizing the existing lit-

erature on the application of VR interventions for the
management of overweight and obesity. The meth-
odological approach was guided by the extension of
preferred reporting items for systematic reviews and
Meta-Analyses extension for scoping reviews (PRIS-
MA-ScR), which provided a structured and transparent
framework to ensure methodological rigor and repro-
ducibility throughout the review process. This study
constitutes a scoping review and was not registered in
PROSPERO, as PROSPERO does not accept scoping
review protocols. The protocol was drafted a priori to
guide the methodological approach, in accordance with
the PRISMA-ScR recommendations.

Search strategy

A systematic search of the literature was performed on
six major electronic databases: PubMed, SCOPUS, EBS-
CO, PEDro, Embase, Web of Science, and Google Schol-
ar during April and May 2024. The search was restricted
to full-text articles published in English between Janu-
ary 2012 and April 2025. To enhance the completeness
of the search, a combination of relevant keywords and
Boolean operators was used, such as: (“virtual reali-
ty” OR “VR”) AND (“obesity” OR “obesity” OR “over-
weight”) AND (“intervention” OR “treatment” OR
“therapy”). In addition to database searches, reference
lists of all eligible studies were manually screened to
identify any relevant articles that may not have been re-
trieved by electronic searches. Although the agreement
was not formally quantified using statistical measures
such as Cohen’s kappa, the review process maintained a
high level of consistency and transparency.

Eligibility criteria

Studies were considered eligible for inclusion if they in-
volved overweight or obese individuals, regardless of
age or gender, and employed a VR-based intervention
aimed at improving physical health, facilitating behav-
ior change or promoting weight reduction. Only em-
pirical studies adopting randomized controlled trials or
quasi-experimental designs were included to ensure the
reliability and applicability of the findings. Studies were
excluded if they involved participants with serious co-
morbid conditions unrelated to obesity, lacked an inter-
active VR component, or were non-empirical in nature
such as reviews, editorials, protocols, or conference ab-
stracts.

Study selection process

The initial database search yielded a total of 1,172 re-
cords. After the removal of 653 duplicates and 21 re-
cords excluded by automated filtering tools, 498 unique
articles remained for title and abstract screening. Based
on relevance to the research objectives, 36 articles were
retrieved for full-text evaluation. Following a thorough
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review using the predefined inclusion and exclusion cri-
teria, 10 studies were deemed eligible and included in
the final synthesis. The entire selection and selection
process was independently by two reviewers. Disagree-
ments at any stage were resolved by discussion and con-
sensus. A third reviewer was available for arbitration,
but was not required, as consensus was consistently
achieved. The study identification and selection process
are visually presented in the updated PRISMA-ScR flow
diagram (Fig. 1).

Records removed before screening:

Dup licaterecords removed (n=653)

Records Marked as ineligible by automation
n=21)

Records removed from other reason (n=57)

Records identified through
database searching
(n=1172)

l

‘ Records screened(n=441)

} [ Identification }

Records excluded:
From title(n =299)
[From Abstract (n=115)

l l

Reports not
retrieved (n=12)

Screening

[

Reports sort for >
retrieval (n=27)

l |

Eligibility

Full-text articles assessed Reports Excluded:
for ell%ib;llty » Reason |: Studies that
@=15) assessed the impact of
VR solely as a gaming
experience without
addressingits effect on
weight loss (n=5)
T - -
2 Studies included
3 (n=10)
=

Fig. 1. PRISMA-ScR flow diagram

Data extraction and verification

A structured data chart form was developed and used to
extract key information from each included study. Ex-
tracted variables included the author and year of pub-
lication, geographic location, study design, sample size
and demographic characteristics, nature and duration
of the VR intervention, outcome measures and princi-
pal findings. All data were independently verified by a
second reviewer to ensure accuracy, completeness, and
consistency between sources.

Quality appraisal

Although a formal risk of bias assessment is not a man-
datory component of scoping reviews, a basic method-
ological assessment was conducted to provide contextual
insights into the strength of the evidence. The Cochrane
Risk of Bias tool was descriptively applied to the ran-
domized controlled trials included in the review. This
evaluation did not influence study selection or synthe-
sis, but served to offer an additional layer of interpretive
context regarding study quality.

Data synthesis

Given the variability in study designs, intervention
protocols, and reported results, a meta-analysis was
deemed inappropriate. Instead, a qualitative narrative
and thematic synthesis was undertaken. The extract-
ed data was thematically analyzed to identify recur-
ring patterns and conceptual domains. An open coding
approach was used to manually code relevant findings
from each study, and similar codes were grouped into
descriptive themes. The coding was performed itera-
tively and reviewed by the research team to ensure con-
sistency and alignment with the study objectives. The
synthesis focused on key themes such as physical health
outcomes associated with VR interventions, psycholog-
ical impacts on participants, levels of user engagement
and adherence, feasibility of implementation in various
settings, and the sustainability of the intervention effects
over time.

Results

This scoping review included ten full-text articles, en-
compassing a cumulative sample of 960 participants.
The findings were thematically organized according to
the stated objectives, which focused on physiological
outcomes, emotional responses, compliance, and sus-
tainability. A tabulated summary of the studies is pre-
sented in Table 1, providing a structured overview of the
literature on VR interventions in overweight and obese
populations.

Physical health outcomes

Several studies reported improvements in physiological
parameters following VR interventions. In particular,
a Korean study demonstrated significant reductions in
body mass index (BMI) among overweight middle-aged
women, attributed to VR-facilitated physical activity."’
Navarro et al. similarly reported reductions in BMI and
body weight through the use of VR-enhanced exercise
protocols. Most studies employed standard anthropo-
metric tools such as calibrated stadiometers and digi-
tal weighing scales, although detailed measures of body
composition (eg, fat mass or lean body mass) were rare-
ly reported.” Furthermore, the brevity of intervention
periods in many studies presents limitations in assessing
long-term physiological efficacy. The study by Mologne
et al. further demonstrated improvements in cardiomet-
abolic parameters using an immersive VR exergame in
a 12-week trial.”?

Psychological outcomes

VR interventions were consistently associated with pos-
itive emotional changes. Several studies documented
reductions in depressive symptoms and anxiety levels,
as well as improvements in the affective states.'®!! Na-
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varro et al. noted increased self-efficacy and emotion-
al engagement with exercise, suggesting that VR may
foster psychological readiness for physical activity.!' A
UK-based study observed increased emotional vari-
ability during VR exercise, suggesting that immersive
environments, while engaging, can also trigger unpre-
dictable emotional responses in some individuals.” An-
other study involving overweight children used VR as a
distraction during exercise, leading to more positive af-
fective experiences.'

Compliance and motivation

Motivational factors and adherence to exercise pro-
tocols were frequently enhanced through VR inter-
ventions. Studies indicated that the immersive and
interactive nature of VR increased the enthusiasm of
participants, which translated into improved compli-
ance. Behm-Morawitz et al. observed that participants
showed a greater willingness to engage in novel physical
activities when guided by VR platforms.' Similarly, Wu
et al. found that VR-based interventions encouraged
consistent participation among overweight adolescents,
largely driven by enhanced engagement and interest.'®
Thomas et al. showed that VR-based interventions
helped participants develop behavioral skills related to
physical activity, contributing to increased motivation."”

Sustainability

Although the short-term results were promising, evi-
dence on the long-term sustainability of VR interven-
tions remains insufficient. Most studies had limited
follow-up durations, preventing conclusive assessments
of weight maintenance or sustained behavior change.
Sullivan et al. emphasized the practicality of web-based
VR systems, which offer flexibility and accessibility, po-
tentially supporting long-term adherence.'® Phelan et al.
demonstrated the feasibility of integrating VR into be-
havioral weight management programs, although their
study was limited in scope.” The current evidence base
is constrained by population homogeneity, primarily in-
volving women and adolescent participants, and by geo-
graphic concentration in European and North American
regions. Only a few studies originated in Asian settings,
indicating a need for a larger demographic representa-
tion in future research.'

Discussion

This scoping review aims to comprehensively map the
existing literature on virtual VR interventions for weight
management in overweight individuals. By consolidat-
ing diverse evidence, it identifies key themes, highlights
research gaps, and informs future investigative priori-
ties, rather than evaluating the effectiveness of the in-
tervention. The findings suggest that VR serves as a
promising adjunct to conventional therapies, support-

ing weight loss, promoting physical activity, and im-
proving emotional well-being across varied populations.
Despite heterogeneity in study designs, participant pro-
files, and outcome measures, all included studies report-
ed at least one positive health outcome, underscoring
VR’s multifaceted therapeutic potential.

Therapeutic potential and mechanisms

VR interventions improve outcomes by combining be-
havioral and cognitive strategies within immersive en-
vironments. These platforms support self-monitoring of
dietary intake, exercise adherence, and weight control,
often complementing traditional programs. They foster
self-efficacy, body image satisfaction, and motivation,
facilitating long-term habit formation and healthier
lifestyle choices.?**! Real-time feedback and multisenso-
ry stimulation can promote neural plasticity associated
with behavioral change and emotional regulation.

Additionally, VR enables customized exposure
therapy that reduces anxiety surrounding eating and
exercise by disrupting maladaptive memory patterns
through simulated scenarios.” This controlled exposure
aids emotional regulation, reduces avoidance behavior,
and supports healthier routines. Avatar-based self-rep-
resentation has also been linked to increased motivation
and adherence, allowing users to embody healthier ver-
sions of themselves, thereby strengthening their com-
mitment to weight-related goals.?>*!

In addition, VR can simulate diverse real-world set-
tings, overcoming environmental barriers such as poor
weather or unsafe exercise conditions. This flexibili-
ty improves access and consistency in physical activity,
particularly for people with limited resources or mobil-
ity. By embedding cognitive behavioral techniques into
engaging, interactive experiences, VR addresses both
physiological and psychological dimensions of over-
weight management, often beyond the scope of tradi-
tional interventions.”

Engagement and accessibility

One of the key advantages lies in enhancing user en-
gagement and enjoyment during physical activity, which
supports the adherence to the intervention and long-
term success. Interactive features, including personal-
ized avatars, have been shown to increase motivation,
although not all studies report statistically significant
differences in outcomes compared to standard meth-
ods.”? Notably, men remain underrepresented in VR-
based weight loss research, reflecting broader trends in
male participation in obesity trials and warranting tar-
geted recruitment strategies.”** Commercially available
VR programs offer scalable, cost-effective alternatives to
conventional behavioral interventions. However, their
inconsistent incorporation of evidence-based compo-
nents requires careful evaluation of design and efficacy.
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Diversity of VR interventions

The VR interventions in the included studies demon-
strated substantial heterogeneity in type, level of im-
mersion, and therapeutic intent. For example, Seo et al.
employed a fully immersive VR cycling system, while
Sullivan et al. used a non-immersive, avatar-based plat-
form within Second Life. Others, such as Navarro et al.,
integrated VR with cognitive behavioral strategies tar-
geting self-efficacy and body image.'*'®!! This variabil-
ity, ranging from game-based to therapeutic VR, poses
challenges in comparing results and synthesizing find-
ings. Additionally, inconsistent reporting of VR compo-
nents limits cross-study comparability. Future research
should classify VR modalities more clearly and analyze
outcomes accordingly to enable more precise interpreta-
tion and application in obesity management.

Population gaps and representation

A consistent shortcoming in studies is the underrepre-
sentation of specific subgroups, particularly men, old-
er adults, and individuals from low and middle-income
countries. The predominance of female and adolescent
participants mirrors broader patterns in obesity and
digital health research but limits the generalizability of
the findings.” Tailored recruitment strategies are essen-
tial to ensure gender balance and age diversity in future
trials. Furthermore, most of the studies were conduct-
ed in western settings and published in English, which
could overlook the sociocultural factors influencing the
acceptability and effectiveness of VR interventions in
non-Western populations. Context-specific adaptation
is critical, especially in regions with unique nutritional,
behavioral, or infrastructure challenges.

Limitations and research gaps

Several methodological limitations constrain the current
evidence base. Variations in intervention duration, sam-
ple sizes, and study quality limit generalizability and com-
parability. The predominance of short-term follow-up
restricts insights into long-term efficacy. The exclusive
inclusion of English-language studies and underrepre-
sentation of research in Asian populations further nar-
row geographic and cultural applicability. Older adults,
despite facing a growing burden of overweight-related
health concerns, remain significantly underrepresent-
ed. The heterogeneity of VR interventions and inconsis-
tent reporting between studies limited the comparability
of findings and hindered the ability to assess overall effi-
cacy of the intervention. The technical challenges inher-
ent to VR technology also warrant consideration. High
costs, variable accessibility, potential usability issues, and
adverse effects such as cyber sickness can limit wide-
spread adoption. Furthermore, effective implementation
requires user training and ongoing support, aspects often
underexplored in existing research.

Future directions

Future research should prioritize large, well-powered
randomized controlled trials with standardized pro-
tocols, extended follow-up, and blinding of the eval-
uator to enhance methodological rigor. Regionally
adapted VR interventions that account for sociocul-
tural, demographic, and environmental factors are
essential, particularly in densely populated or low-re-
source settings. Inclusion of underrepresented groups,
especially males and older adults, will improve gener-
alizability and offer insights throughout life. Given the
involvement of minors in several studies, future in-
vestigations must also address ethical considerations
such as cognitive safety, content appropriateness, and
long-term exposure effects. The establishment of stan-
dardized guidelines for the safe and effective use of
VR in pediatric populations is critical. Multidisci-
plinary collaboration among healthcare professionals,
behavioral scientists, and technologists will further
ensure the development of relevant, usable, and sus-
tainable interventions.

Clinical implications

VR offers a safe, practical, and user-friendly tool to sup-
port weight loss and improve psychological and phys-
iological outcomes. It holds promise as a cost-effective
alternative or complement to traditional care, partic-
ularly in settings with limited access to in-person ser-
vices. Although the initial findings are encouraging,
their long-term impact in diverse populations requires
further validation through rigorous and inclusive re-
search.

Review limitations

This review is limited by the restriction to English-lan-
guage publications and may have missed relevant studies
in other languages or unpublished data. Database selec-
tion and search strategies, while comprehensive, could
have introduced selection bias. These factors should be
taken into account when interpreting the mapped evi-
dence.

Conclusion

This scoping review maps the evolving landscape of VR
interventions for overweight management, highlight-
ing therapeutic promise alongside critical research gaps.
Addressing methodological weaknesses, diversifying
study populations, and overcoming technical challenges
are essential for translating VR potential into effective,
equitable clinical practice.
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ABSTRACT

Introduction and aim. Systemic lupus erythematosus (SLE) is a complex autoimmune illness characterized by widespread im-
mune dysregulation and involvement of several organ systems. Conventional mouse models, although crucial for understand-
ing basic immunopathogenic pathways, inadequately mimic human-specific immunological responses, hence constraining
translational relevance. This review offers a comprehensive understanding of humanized NSG mice in systemic lupus erythe-
matosus research, outlining techniques for engraftment, model-specific immune reconstitution characteristics, and their re-
spective applications in simulating acute and chronic disease phenotypes.

Literature search. A comprehensive analysis of studies published between 2017 to 2025 was conducted in PubMed, Scopus,
Web of Science and Google Scholar database. After removing the duplicates, a total of 87 articles were employed to finalize
this study.

Analysis of literature. Humanized NSG mice successfully recapitulate major immunopathological features of systemic lupus
erythematosus. Among numerous approaches, CD34* hematopoietic stem cell models best mimic chronic phenotype, while
PBMC and pristane-based systems mimic acute and environmentally triggered forms. Recent advances include cytokine knock-
in and HLA transgenic derivatives improving immune reconstitution and translational dependability.

Conclusion. This review provides the first integrative synthesis of humanized NSG mouse models applied to SLE, highlighting
their translational potential and methodological advancements from 2017-2025. Collectively, these innovations establish hu-
manized NSG mice as essential preclinical tools bridging experimental immunology with precision medicine in lupus research
and therapy development.

Keywords. hematopoietic stem cell, humanized mouse model, immunopathogenesis, NSG mice, SLE

Introduction

Systemic lupus erythematosus (SLE), is a chronic au-
toimmune illness that is characterized by the dysregu-
lation of the immune system and the development of
pathogenic autoantibodies.! These autoantibodies target
nuclear and cytoplasmic antigens resulting in inflam-
mation and multi-organ damage.>* At the clinical lev-
el, SLE is characterized by a wide variety of symptoms,

including but not limited to fatigue, joint pain, malar
rash, photosensitivity, and more serious consequences
such as lupus nephritis, neuropsychiatric lupus, and he-
matological abnormalities.* Multiple factors contribute
to the development of SLE, which is characterized by
a complex interaction between genetic predisposition,
epigenetic alterations, environmental stressors, and hor-
monal variables.>® Numerous susceptibility loci related
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with immune regulation have been found through the
use of genome-wide association studies (GWAS). These
loci include genes that are involved in the type I inter-
feron pathway, the HLA complex, and the clearance of
apoptotic cells within the body.” Certain environmental
triggers, such as ultraviolet radiation, infections (espe-
cially the Epstein-Barr virus), and certain medications,
have the potential to initiate or aggravate illness flares
in SLE, while the higher prevalence in females high-
lights the potential role of estrogen.®® SLE is marked by
aloss of immunological self-tolerance, leading to the ac-
tivation of autoreactive T and B cells and interferon-al-
pha (IFN-a), responsible for producing immunological
complexes, causing tissue deposition, and activating the
complement cascade, resulting in chronic inflammation
and organ dysfunction.'®" Preclinical models are indis-
pensable for the investigation of disease mechanisms
and the development of therapeutics. The replication of
key features such as lymphoproliferation, autoantibody
production (e.g., anti-dsDNA, anti-Sm), and lupus-like
kidney pathology has substantially advanced our un-
derstanding of SLE in classical murine models such as
MRL/lpr, NZB/W F1, and BXSB.!>** Despite their signif-
icant contributions, classical rodent models are severely
constrained by the fundamental differences between the
immune systems of mice and humans, as well as the cy-
tokine signaling and gene expression profiles.'*** In light
of these constraints, a paradigm shift has transpired to-
wards the utilization of humanized mouse models, par-
ticularly the NOD-scid IL2RyAnull (NSG) strain, which,
owing to its severely compromised adaptive and innate
immunity, has become the benchmark for facilitating
the engraftment of the human immune system.'*” Hu-
manized NSG mice are progressively utilized to emulate
human-specific characteristics of SLE, including autore-
active immune responses, cytokine synthesis, and tissue
injury. They provide a significant platform for investi-
gating disease mechanisms, discovering novel therapeu-
tic targets, and evaluating therapy efficacy and safety."
In spite of availability of numerous murine model of
SLE, no previous review has yet systematically explored
the recent advancements in humanized NSG mice and
their role in elucidating SLE immunopathogenesis and
therapeutic modelling.

Aim

This review aims to provide a thorough understanding of
humanized NSG mice in SLE research, detailing the tech-
niques for engraftment, model-specific immune reconsti-
tution characteristics, and their applications in simulating
acute and chronic disease phenotypes. Additionally, com-
parative insights into limitation, challenges recent im-
provements, and future views are also included.

Literature search

A comprehensive literature study was conducted to iden-
tify peer-reviewed studies published between January
2017 and May 2025. This evaluation includes electronic
journal articles obtained from esteemed databases such
as PubMed, Google Scholar, Web of Science, and Sco-
pus. The search methodology incorporated Medical Sub-
ject Headings (MeSH) alongside relevant free-text terms,
including “systemic lupus erythematosus” or “SLE,” “Hu-
manized NSG mice;” “SLE animal model,” and “immu-
nological biomarkers,” as well as other specialized search
expressions (Fig.1). Articles not in English, together with
conference abstracts, editorials, and opinion pieces, were
excluded. Following the screening and elimination of du-
plicates, a total of 87 pertinent publications were chosen
to inform this comprehensive review.

Titles identified from = Pupllcatejlﬂes
database (PubMed, removed = 219
Google Scholar, WOS
& Scopus) =537
Total abstract
ﬂ excluded =183
Abstract screened Exclusion criteria
=318 —= (Trrelevant, case
reports, editorials,
conference papers,
and opinions)
Article excluded
Article selected = 135 | == =48
(Not in English,
H not accessible)
Article included in
comprehensive review
=87

Fig. 1. Schematic representation of the literature search
and selection process used in this comprehensive review

Analysis of the literature

Background of NSG mice

The NSG mouse strain is a triple-immunodeficient
model that serves as a crucial platform in translation-
al biomedical research, especially for the reconstitu-
tion of the human immune system. This model contains
compound mutations in the Prkdc gene, which is re-
sponsible for the severe combined immunodeficiency
(scid) phenotype.'® The Prkdc mutation leads to a mal-
functioning V(D)] recombination system, resulting in
the cessation of mature T and B cell maturation, there-
fore compromising the mouse adaptive immune sys-
tem.? The precise deletion of the interleukin-2 receptor
common gamma chain (I12rg) gene, referred to as IL-
2Ry7null, disrupts signaling through essential interleu-
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kins (e.g., IL-2, IL-4, IL-7, IL-9, IL-15, and IL-21) that
are vital for lymphoid lineage development and homeo-
stasis, especially regarding the maturation and cytolyt-
ic function of natural killer (NK) cells.?! The combined
impact of these mutations results in a significant immu-
nological deficiency, marked by both adaptive and in-
nate immune failure, which incapacitates the host from
initiating alloimmune or xenogeneic immune respons-
es. This immunological niche establishes a xenotolerant
milieu that facilitates the effective and durable engraft-
ment of human hematopoietic stem and progenitor
cells (HSPCs) or peripheral blood mononuclear cells
(PBMC:s).? Post-transplantation, human cells differen-
tiate into several immune cell types, facilitating the de-
velopment of a human-like immune system in mice, so
allowing researchers to examine human-specific immu-
nological responses.” Furthermore, the absence of mu-
rine major histocompatibility complex (MHC) reduces
graft-versus-host and host-versus-graft immunological
reactions, facilitating prolonged engraftment, enduring
hematopoietic production, and effective immunological
responses.”* Thus, NSG mice function as a biological-
ly pertinent surrogate model for assessing human he-
matopoiesis, immunopathology, tumor immunoediting,
infectious disease dynamics, and immunotherapeutic
strategies in physiologically relevant contexts.”

@ Natural killer cells
i QD Monocytes
* T lymphocytes

‘ B lymphocytes
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Density gradient centrifugation
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:&V =Ir
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Fig. 2. Schematic representation of human PBMC isolation
and engraftment in NSG mice
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Fig. 3. Schematic representation of human CD34* HSC
isolation and engraftment in NSG mice

Types of humanizations

PBMC engraftment

PBMC engraftment is a humanization technique in-
volving the intravenous injection of isolated human im-
mune cells predominantly lymphocytes (T cells, B cells),
monocytes, and natural killer (NK) cells into immuno-
deficient mice, such as NSG mice.?® Peripheral blood
mononuclear cells (PBMCs) are often extracted from
the peripheral blood of healthy donors or patients us-
ing density gradient centrifugation (Fig. 2) and are sub-
sequently delivered intravenously, commonly via the
lateral tail vein of the mice.”” The significant immuno-
deficiency of NSG mice allows engrafted human cells
to survive, multiply, and partially reconstitute elements
of the human immune system within the mouse host.
Post-xenotransplantation, human immune cells in-
vade peripheral lymphoid organs, with functional hu-
man T cells identifiable within 1-2 weeks.?® The PBMC
model is ideally suited for brief immuno-oncology or
infectious disease research that use fast T-cell kinetics
without necessitating extended immune monitoring.”

CD34* hematopoietic stem cell engraftment

Hematopoietic stem cells (HSCs) are multipotent, im-
mature cells that possess the ability for self-renewal and
differentiation into all blood cell lineages, encompass-
ing erythrocytes, leukocytes, and thrombocytes.* The
expression of the surface glycoprotein CD34 is a defin-
ing property of early HSCs and progenitor cells, serving
as a crucial marker for their identification and isolation.
CD34 facilitates the selective enrichment of these cells
from sources including bone marrow, umbilical cord
blood, or mobilized peripheral blood (Fig. 3), hence
aiding their application in transplantation, regenerative
medicine, and the generation of humanized mice mod-
els.®! During the engraftment of CD34* hematopoietic
stem cells (HSC), human CD34-positive stem and pro-
genitor cells are transplanted into a recipient, typical-
ly an immunodeficient host such as NSG mice. These
cells migrate to the bone marrow, establish residence
within hematopoietic niches, and differentiate into all
principal blood and immune cell lineages.* In the con-
text of mobilized peripheral blood, donors undergo
pre-treatment with granulocyte colony-stimulating fac-
tor (G-CSF), a cytokine that promotes the release of he-
matopoietic stem cells (HSCs) from the bone marrow
into peripheral circulation, thereby enabling their col-
lection via apheresis.*> Among these sources, umbilical
cord blood is preferred for its accessibility, significant
proliferative capacity, and reduced occurrence of graft-
versus-host disease. Fetal liver-derived HSCs, however
less prevalent due to ethical and logistical issues, have
high engraftment efficiency and robust hematopoietic
reconstitution.* This model recapitulates key aspects of
human hematopoiesis and adaptive immunity, provid-
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ing a strong foundation for exploring immunological
development, autoimmune disease mechanisms, immu-
notherapy effectiveness, and host-pathogen interactions
in settings that closely resemble physiology.”

Development of humanized NSG mice for SLE

PBMC engraftment protocols: acute SLE modelling via
mature immune cell transfer

Peripheral blood mononuclear cells (PBMCs), compris-
ing a diverse array of immunocompetent cells such as
T lymphocytes, B lymphocytes, monocytes, and natural
killer (NK) cells, are extracted from lupus patients ex-
periencing active disease flares via Ficoll-Hypaque den-
sity gradient centrifugation.’® This xenotransplantation
model facilitates rapid immune cell reconstitution, gen-
erally occurring within 7 to 14 days following injection.
Flow cytometric assessment of human leukocyte anti-
gens (CD45+, CD3+, CD19+, HLA-DR+) in peripheral
circulation and lymphoid tissues is utilized to confirm
engraftment kinetics and lineage-specific reconstitu-
tion.”” This model resembles acute lupus and facilitates
the examination of early immunological irregularities,
including skewed TCR repertoires, hyperactive CD4+ T
cells, and atypical B cell activation.’® Furthermore, hu-
man-specific proinflammatory cytokines (e.g., IFN-a,
IL-6, TNF-a) and immunoglobulins (IgG, IgM, in-
cluding anti-dsDNA autoantibodies) are identifiable in
recipient serum, acting as surrogate biomarkers for dis-
ease progression.” This substantial T-cell proliferation
is often accompanied by the emergence of xenogene-
ic Graft-versus-Host Disease (xeno-GVHD), a notable
confounder in longitudinal investigations. Xeno-GVHD
results from the alloreactive T-cell identification of mu-
rine major histocompatibility complex (MHC)-deficient
tissues within 4-6 weeks, causing multisystem inflam-
matory disease; this timeframe is ideal for assessing the
development of immunological dysregulation associat-
ed with SLE before the onset of GVHD.*

CD34+ hematopoietic stem cell (HSC) engraftment:
chronic SLE and immune ontogeny

The transplantation of human CD34" hematopoietic
stem and progenitor cells (HSPCs) into immunodefi-
cient NSG mice has become an effective method for re-
constituting a functional human immune system. This
model provides a distinctive platform to investigate the
chronic immunopathology of SLE and the development
of human immune responses in vivo.** As previous-
ly mentioned, the pretreatment of donors with granu-
locyte colony-stimulating factor (G-CSF) is crucial for
mobilizing hematopoietic stem cells (HSCs) into the pe-
ripheral circulation for effective collection.** Before HSC
transplantation, recipient NSG mice undergo myeloab-
lative conditioning usually through sublethal total body
irradiation (100-250 cGy) or chemotherapeutic agents

like busulfan to eliminate endogenous hematopoietic
cells and create vacant niches in the bone marrow mi-
croenvironment, thus promoting successful engraft-
ment of human stem cells.” Following engraftment,
CD34" progenitors migrate to the mouse bone mar-
row and gradually develop into all principal hematopoi-
etic lineages, encompassing lymphoid (T, B, NK cells)
and myeloid (monocytes, dendritic cells, granulocytes)
compartments.** This framework promotes the ad-
vancement of efficient hematopoiesis, immunoglobulin
class switching, and the generation of antigen-specific
immune responses. Unlike the PBMC-based paradigm,
the engraftment kinetics are markedly prolonged, with
complete immune reconstitution often requiring 8 to 12
weeks.*® The danger of xeno-GVHD is significantly re-
duced due to the naivety of the newly produced immune
cells and the lack of pre-primed alloreactive T-cell sub-
sets.* This method is especially beneficial for modelling
the chronic nature and systemic signs of SLE.* It facil-
itates longitudinal investigations of immunological de-
velopment, encompassing B cell tolerance checkpoints,
somatic hypermutation, class-switch recombination,
and the manufacture of high-affinity autoreactive an-
tibodies.** When hematopoietic stem cells (HSCs) are
obtained from lupus patients or individuals with es-
tablished predisposing genotypes (e.g., IRF5, STAT4,
PTPN22 variants), the resulting human immune system
(HIS) mice display patient-specific immune signatures,
including modified interferon signaling pathways, plas-
ma blast hyperplasia, and deficiencies in regulatory T
cells (Tregs).**° The lack of GVHD facilitates the long-
term observation of autoimmune development, thera-
peutic intervention, and relapse.”!

Pristane-induced lupus in humanized NSG mice: a du-
al-hit model of autoimmunity

Pristane (2,6,10,14-tetramethylpentadecane), an en-
vironmentally significant hydrocarbon oil, serves as a
strong lupus-inducing drug in mouse models by elicit-
ing type I interferon responses through the activation
of plasmacytoid dendritic cells (pDCs) and Toll-like
receptor 7 (TLR7) signaling.”> When injected intra-
peritoneally to humanized NSG mice, namely those re-
constituted with CD34+ HSCs, pristane functions as
an immunological adjuvant that enhances the autoim-
mune phenotype by provoking abnormal activation of
human immune elements.*® This combinatorial system
simulates gene-environment interactions crucial to SLE
pathogenesis, offering a precise platform to assess en-
vironmental triggers of illness onset and exacerbation.
It amplifies the histological and serological characteris-
tics of lupus, encompassing glomerulonephritis, vascu-
litis, and circulating immune complexes enriched with
anti-RNP and anti-Sm antibodies.** Moreover, the pris-
tane model highlights the synthesis of human IFN-a
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and BAFF (B-cell activating factor), thereby enhancing
B cell viability and autoantibody production.® Through
the integration of genetic humanization and an environ-
mental stimulus, the pristane-induced model provides
a more authentic approach to examining the intricate
etiology of lupus.* Table 1 presents a comparative anal-
ysis of various humanized mouse models employed in
SLE research. Each row delineates a specific model type,
encompassing the origin of human cells, techniques of
engraftment, dynamics of immune reconstitution, and
principal scientific applications.

Table 1. A comparison of humanized mouse models in SLE

research

Parameter PBMCengraftment (D34* HSCengraftment  Pristane-induced
model model humanized model
Source of human  Peripheral blood from  Cord blood, fetal liver, (D34* HSCs or PBMCs
cells healthy donors or SLE bone marrow, or
patients mobilized peripheral
blood
Engraftment site  Intravenous (tail vein) ~ Neonatal intrahepatic or Intravenous (IV) +
and route adultintravenous  Intraperitoneal (Pristane)
Cell types Matureimmune cells  Hematopoieticstem/  Same as PBMCor (D34,
introduced (Tcells, Beells, NK  progenitor cells ((D34*) plus environmental
cells, monocytes) modulation
Engraftment Rapid (1-2 weeks Delayed (8—12 weeks  Variable (depends on cell
onset/time to post-injection) post-conditioning) source)
reconstitution
Immune Partial (T cells Multilineage (T, B, NK, Multilineage +
components dominate) myeloid) environmental trigger-
reconstituted induced activation
Immune PrimarilyT-cell ~ Comprehensive immune  Immune response shaped
reconstitution reconstitution system development by both human cells
and pristane-induced
inflammation
Lymphoid organ Limited (no Robust (thymicT-cell ~ Variable; may enhance
development thymopoiesis or development, splenic  inflammatory signaling
germinal centers) architecture) pathways
GVHD risk High (xeno-GVHD Low to negligible Moderate
within 3—5 weeks)
Conditioning None Required (irradiation or ~ Required (same as PBMC/
requirement busulfan) (D34*) + pristane
injection
Duration of Short-term (typically ~ Long-term (monthsto  Intermediate to long-term
usefulness <6 weeks) overayear)
Suitability for Limited (T-cell biased, ~ High (endogenous High (accelerated
autoimmunity artificial) repertoire, physiological  autoimmunity, gene-
models development) environment interactions)
Timeframe for 4-6 weeks >6 months Variable depending on
study use design
Best/key T-cell cytotoxicity, ~ Vaccine response, chronic ~ Accelerated lupus onset,
applications earlyimmune lupus phenotypes, IFN-I pathway, gene-

activation, xeno-GVHD  personalized immune

studies

modeling

environment interaction
studies

Limitations and challenges of humanized NSG mice for
SLE modeling

Incomplete immune system reconstitution and function-
al disparity

Although CD34* HSC engraftment enables multilin-
eage differentiation, the resulting immune system is still

immature in both quantity and function.” Central and
peripheral tolerance mechanisms are compromised by
lymphoid tissue architecture, germinal center develop-
ment, and thymic selection deficiencies. Human B cells
in NSG mice generally have inadequate class-switch re-
combination and somatic hypermutation, reducing the
model’s ability to recreate SLE’s high-affinity, patho-
genic autoantibody profiles.”® The lack of a completely
functional human complement system makes model-
ling immune complex-mediated end-organ damage like
glomerulonephritis more difficult.”

Xenogeneic graft-versus-host disease and temporal con-
straints

Despite its rapidity, PBMC-based humanization is hin-
dered by the premature onset of xenogeneic graft-ver-
sus-host disease (xeno-GVHD) occurring within 4-6
weeks post-engraftment. This prevents long-term au-
toimmune progression and treatment efficacy stud-
ies.®® The alloreactivity of mature human T cells to mice
MHC-deficient tissues induces multisystem inflamma-
tion that resembles yet obscures lupus pathophysiology.
Lupus-specific immune responses and generic xeno-
geneic reactivity are obscured by this immunological
confounder.!

Lack of human lymphoid organogenesis and microenvi-
ronmental support

NSG mice lack organized secondary lymphoid organs
such lymph nodes and functional Peyer’s patches. This
anatomical gap hinders antigen presentation, T-B cell
collaboration, and lymphoid follicle growth. Therefore,
autoreactive germinal center reactions and memory re-
sponses are greatly reduced.®* As the murine stromal
and cytokine environment is unsuitable for human he-
matopoiesis and immune cell function, transgenic or
cytokine knock-in strains (e.g., NSG-SGM3, MISTRG)
are needed to provide complexity and variety."

Limited recapitulation of SLE heterogeneity

Despite better translational platforms than convention-
al mouse strains, humanized NSG mice still approxi-
mate complicated SLE. Gene and epigenetic variability
in human SLE is difficult to recreate in single donor
cell-engrafted mice.** These models cannot reproduce
clinical SLE’s polygenic vulnerability, stochastic disease
flares, and sex-biased prevalence. This restricts research
on patient-specific responses and sex hormone-driven
immunomodulation, which are critical to SLE patho-
genesis.®

Technical, ethical, and economic barriers

Humanized NSG mice development is difficult and re-
source-intensive, requiring quality human biological
components, careful pathogen screening, and special-
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ized animal facilities. Variations in engraftment, my-
eloablation, and donor cell survival can dramatically
impact immunological outcomes.® Ethical problems of
using human fetal tissues and regulatory monitoring of
human-animal chimaeras further limit these models’
acceptability and scalability.”

Recent advances in humanized NSG mice models for
SLE research

Cytokine knock-in and transgenic NSG derivatives
Transgenic NSG substrains, such as NSG-SGM3, MIS-
TRG, and NSG-IL15, exhibit enhanced hematopoiet-
ic production and functional maturity of humanized
immune subsets. These strains have human cytokine
knock-ins for SCF, GM-CSE, IL-3, M-CSEF, and thrombo-
poietin to establish a xenocompatible cytokine milieu.®®
Myelopoiesis, dendritic cell formation, and monocyte/
macrophage activity have improved, which are essential
for accurately recreating SLE’s myeloid-driven inflam-
mation and interferon-driven immunopathology.®

HLA-transgenic NSG mice and autoreactivity modeling
Recent research has focused on developing HLA-re-
stricted NSG mice models that express human MHC
molecules (e.g., HLA-DR, HLA-A2). These models en-
able HLA-restricted positive and negative T cell selec-
tion during human hematopoiesis under self-MHC
limitations.” This breakthrough is crucial for investigat-
ing the autoreactive T cell repertoire, antigen-specific
tolerance breakdown, and pathogenic T follicular help-
er (Tth) cells, a key component of lupus pathogenesis.”*
These platforms provide unmatched insights into auto-
immunity’s genetic and structural foundation, especially
in HLA-associated disease susceptibility regions.”

Multi-donor and patient-derived xenografts for precision
modeling

Recent studies have used pooled PBMC or CD34* HSC
engraftments from various lupus patients to create a
mosaic immune system that accounts for genetic and
epigenetic variation.” Patient-derived xenograft (PDX)
systems have also been modified for lupus modelling,
notably using cells from high-risk polymorphism carri-
ers (e.g., IRF5, STAT4, TNFAIP3, TYK2). These meth-
ods enable personalized lupus sub phenotype modelling
and stratified therapy response evaluation.”

Human immune system organoids and hybridized mu-
rine platforms

The BLT (bone marrow-liver-thymus) paradigm shows
how HSCs can be co-engrafted with human immuno-
logical organs such thymic tissue or mesenteric lymph
node fragments.” These designs improve human immu-
nological ontogeny, T cell education, and mouse tertiary
lymphoid structure creation.”® Hybrid animals with hu-

man liver or renal tissues can also examine organ-specific
lupus symptoms including lupus nephritis and neuro-
psychiatric SLE in humanized inflammatory situations.
Disease modelling and treatment trials become much
more physiologically relevant using these methods.”

Human microbiota and environmental triggers in NSG
mice models

Recent advances have included human microbiota
transplantation (HMT) in NSG mice due to the involve-
ment of microbial dysbiosis and environmental stresses
in lupus flares. Mucosal immunity and systemic im-
mune calibration are modulated by this host-compati-
ble microbial ecology.” To replicate gene—environment
interactions that cause lupus onset and exacerbation,
UV radiation, TLR agonists, and pristane are being in-
tegrated into humanized systems. These combinatorial
systems connect reductionist concepts to real-world au-
toimmune triggers.”

Advanced imaging and intravital immunophenotyping
Modern imaging methods like intravital two-photon
microscopy, bioluminescence imaging, and PET are
being used on humanized NSG mice models. During
lupus development, these methods provide spatiotem-
poral visualization of immune cell trafficking, tissue
infiltration, and microenvironmental interactions.®*!
Combining high-dimensional flow cytometry and sin-
gle-cell transcriptomics allows real-time cellular and
molecular dynamics analysis at unprecedented granu-
larity.®? As shown in Fig. 4, a narrative illustration em-
phasizes recent advances in humanized NSG mouse
models for SLE, particularly their role in improving im-
mune system reconstitution and disease modeling.

Advanced imaging /

. . Cytokine knock-
immunophenotyping %

in / transgenic
strains
Microbiota /
environmental
triggers

Organoid /
hybridized
platforms

Patient-derived / multi-donor xenografts

Fig. 4. Narrative illustration emphasizing recent advances
in humanized NSG mice models for SLE

Future prospect

Recent advancements in biotechnology may signifi-
cantly enhance the immunological accuracy and trans-
lational applicability of humanized NSG mice utilized
in the research of SLE.” Engraftment with human thy-
mic tissue can facilitate genuine thymopoiesis and cen-
tral tolerance, whereas genetically modified strains like
NSG-SGM3 and MISTRG, which express human cyto-
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kines, are anticipated to enhance hematopoietic recon-
stitution and the efficacy of antigen-presenting cells.®
Integrative multi-omics methodologies, encompass-
ing genomes, epigenomics, and spatial transcriptomics,
provide robust instruments to elucidate organ-specific
immunological anomalies implicated in lupus pathogen-
esis.* Furthermore, the utilization of artificial intelligence
and machine learning facilitates data-driven simulations
and automated histopathological evaluations, enhancing
model refinement and improving therapy predictions.®
The development of individualized humanization proto-
cols utilizing autologous hematopoietic cells or cells from
other ethnic backgrounds facilitates the modelling of in-
dividual immunological profiles and genetic vulnerabili-
ties.® To translate these innovations into well recognized
preclinical platforms effectively, It is imperative to ad-
dress ethical and regulatory components, Good Labora-
tory Practice (GLP) adherence, and improve scalability
through automation and biofabrication.®” Fig. 5 provides
a narrative-based overview of the emerging applications
and future prospects of humanized NSG mouse models
in SLE research. These novel methodologies integrate ex-
perimental immunology with precision medicine, her-
alding a new era for lupus research.

Cytokine-
augmented
strains

Multi-omics
integration

Fig. 5. Narrative illustration highlighting the future
prospects of humanized NSG mice models in SLE research

Conclusion

The development of humanized NSG (NOD-scid IL-
2Ry/null) mice has significantly transformed the study
environment for SLE, providing an exceptional platform
for replicating human-specific immune dynamics with
translational significance. These models facilitate the
engraftment of patient-derived PBMCs or CD34* hema-
topoietic stem cells, offering mechanistic insights into
autoimmunity that surpass the constraints of conven-
tional murine systems. Despite significant obstacles, in-
cluding poor immune development, xeno-GVHD, and
inadequate lymphoid architecture, constant advances
are enhancing model accuracy. Innovations like human
cytokine knock-in strains, co-engraftment of thymic
and organoid tissues, HLA-transgenic platforms, and
integrative omics technologies synergistically enhance
the functional and structural complexity of these mod-

els. The integration of Al-driven analytics and person-
alized engraftment procedures is enhancing precision
modelling, facilitating individualized evaluations of
pathogenesis and therapy effectiveness. With the pro-
gression towards standardization, ethical transparency,
and scalable biomanufacturing, humanized NSG mice
are set to become essential instruments in connecting
laboratory testing with clinical application in lupus re-
search. These advanced platforms clarify the complex
foundations of SLE and outline a progressive approach
for creating targeted, patient-focused immunotherapies.
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ABSTRACT

Introduction and aim. The impacts of topical ophthalmic non-steroidal anti-inflammatory drugs (NSAIDs) have been studied,
with instances of an unprecedented quantitative assessment of adverse drug reaction prevalence among several NSAID class-
es. This study aimed to systematically observe and synthesize the relevant information on the pharmacodynamic mechanism
of adverse drug reactions (ADR) corresponding to topical NSAID administration.

Literature search. A preliminary search on PubMed Central, Google Scholar, and ScienceDirect databases yielded 83 articles.
Analysis of literature. Conditions such as corneal perforation, ulceration, infiltration, keratitis, melt, corneal issues involving ep-
ithelial defects, tissue loss, stromal thinning, and delayed wound healing accentuate a comprehensive range of consequences
on corneal integrity and physiology. The topical NSAID group also conveys more diversified systemic adverse reactions involv-
ing dilated ventricle, tricuspid regurgitation, pulmonary insufficiency, closure of the ductus arteriosus, and prenatal ductal con-
striction, which constitute a concern for their impact on cardiac activity and developing embryos.

Conclusion. Burning sensation is reported to be the most commonly reported frequency after photophobia. Notably, pref-
erential COX-2 inhibitors had a significantly greater prevalence of ADRs than both nonselective COX inhibitors (mean differ-
ence=1.05, p=0.023) and selective COX-2 inhibitors. Longitudinal studies with frequent follow-ups are essential to fully charac-
terize the incidence, severity, and long-term effects of adverse consequences.

Keywords. adverse drug reactions, anti-inflammatory medications, ocular drug delivery, ocular pharmacokinetics, topical oph-
thalmic non-steroidal anti-inflammatory drugs

Introduction

One of the cornerstones of healthcare is the adminis-
tration of drugs. Adverse drug reactions are a frequent
cause of practitioner-related litigation in ophthalmolo-
gy. Owing to potentially devastating triggers, drug over-
sight can be expensive to prosecute, compensate, and/or
resolve."? Regularly recommended drugs may have det-
rimental impacts on the eyes, about distinct parts of the
eyes. Monitoring toxicity, limiting dosage, attempting to

alternate therapies, and divulging negative effects are all
ways to lessen the risk.**

Adverse drug reactions (ADR) are deleterious, un-
intended, but preventable, as briefed by the WHO. Re-
porting ADR, with qualitative information, eventually
improves medication safety across the globe and can
impact prompt protocols that promote patients’ safety.®
The majority of the most prevalent sources of adverse
medication effects associated with the sequel of ocu-
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lar complications are NSAIDs (approximately 25% of
all adverse drug events).”” Considerable adverse effects
relating to the eyes may result from their application,
necessitating close observation in clinical contexts.
Eyelids, conjunctiva, and cornea are often impacted by
exposure to drugs, which may culminate in inflamma-
tion and hypersensitivity responses.'"""* Patients with
crippled corneas as an aftermath of surgical procedure,
diabetes, or autoimmune disorders are at increased risk
for NSAID-induced corneal melt (NICM), which ini-
tially raised concerns but has now been validated. The
precise repetition in the form of dose and duration of
NSAIDs is yet uncertain, and possibly had a profound
effect on the occurrence of adverse effects.” The current
evidences does not provide a definitive, class-specific
comparison of the occurrence of adverse medication re-
actions associated with NSAIDs. A comprehensive nar-
rative evaluation is required to synthesize fragmented
material and elucidate these risk disparities among prin-
cipal NSAID classes.

Aim

The aim of this narrative review was to synthesize cur-
rent evidence on ocular and systemic adverse reactions
to topical ophthalmic NSAIDs and to provide a quanti-
tative overview of the prevalence of these adverse effects,
including comparative analysis across non-selective, se-
lective, and preferential COX-2 inhibitors.

Literature search

We focused our search exclusively on peer-reviewed
publications, and employed a strategic construction
to uncover information about the adverse effects of
NSAIDs on the eyes, concentrated on keywords and
Medical Subject Headings (MeSH) corresponding to
“Administration, topical”, “Anti-inflammatory agents,
non-steroidal/adverse effects”, “Anti-inflammatory

» <«

agents, Non-steroidal/therapeutic use”, “Cornea/drug
effects”, “Cyclooxygenase 27, “Cyclooxygenase 2 in-
hibitors”, “Cyclooxygenase inhibitors/pharmacology”,
“Diclofenac/adverse effects”, “Drug Hypersensitivity/
diagnosis’, “Drug hypersensitivity/etiology”, “Drug hy-
persensitivity/therapy”, “Drug-related side effects and
adverse reactions”, “Eye”, “Hypersensitivity/complica-
tions”, “Ketorolac tromethamine”, “Ophthalmic solu-
tions”, “Ophthalmic solutions/administration & dosage”,
“Ophthalmic solutions/therapeutic use”. A preliminary
search on PubMed Central, Google Scholar, and the
ScienceDirect database yielded 347 text articles. Studies
with clear outcome data, such as clinical trials, cohort,
and case-control studies, that reported adverse reactions
to topical NSAID use in human subjects met the inclu-
sion criteria. Animal research, conference papers, and
studies with insuflicient or imprecise adverse event data

were not included. In the initial phase, articles were ini-

tially eliminated due to retracted publications, unclear
reporting of the specific treatment regimen, incorrect
outcome measures, inappropriate interventions, and
publications that were not retrieved (Fig. 1)."® The re-
porting frequency with which each ADR is document-
ed in the literature is the sole factor used to calculate
Reporting frequency (%), whereas frequency of report-
ing in publications (%) shows the percentage of includ-
ed studies that documented the particular adverse drug
reaction. All interval estimates are now explicitly labeled
as “95% CI” for clarity. The ADR ranking, utilizing re-
porting frequency and publication-based reporting
frequency, serves as a preliminary measure for individu-
alized drug-risk assessment and may yield clinically and
financially significant insights.

Identification of new studies via databases and registers

Records removed before screening:
Duplicate records (n = 117)

Records identified from:

<
S
ki Databases (n = 347) || Records marked as ineligible by automation
= Registers (n = 0) tools (n = 0)
a2 Records removed for ather reasons (n = 0)
Records scresned Records excluded
(n = 230) (=0
Reports sought for retrieval Reports not relrieved
2 (n=230) (n=26)
£
5
@
&
Reparts excluded:
Reparts assessed for eligibilty Incorrect aulcome measure (n = 26)
(n = 204) Inappropriate interventions (n = 49)
Incomplete reparting (n = 41)

New studies included in review
(n=78)

Reports of new included studies
(n=0)

Included

Fig 1. The literature selection processing'®

All literature that has been identified has been re-
viewed by two authors who worked separately on data ab-
straction. Since publications conducted between 2000 and
2025 had precedence in the review, a few convincing fun-
damental studies before 2000 were solicited to establish the
suitability of each identified literature for our analysis.

Analysis of the literature

Comprehensive description of adverse effects

Reported adverse effects

Multiple studies have established an elevated prevalence
of various adverse effects corresponding to the use of
topical NSAIDs (Table 1).

The cornea seems highly exposed, demonstrat-
ing conditions such as corneal perforation, ulceration,
infiltration, keratitis, and melt, all indicative of severe
damage to the transparent outermost layer of the eye.
In addition to the comprehensive adverse ocular effects,
Cardiovascular issues are significant, involving dilat-
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ed ventricle, tricuspid regurgitation, pulmonary insuf-
ficiency, closure of the ductus arteriosus, and prenatal
ductal constriction, which constitute a concern for their
impact on cardiac activity and developing embryos.

Table 1.The tabulation of reported adverse effects’

Adverse effects/sign frs:::r:l;g %) Freq:zrl;;): :tfi:;':(:;/?)n gin
Corneal perforation 16.81 28.12
Corneal ulcer 5.31 6.25
Corneal infiltration 4.42 9.37
Declined corneal sensation 1239 31.25
Keratitis 4.42 6.25
Tissue loss 442 6.25
Epithelial defect 6.19 12.50
Corneal melt 7.08 12.50
Descemetocele 6.19 9.37
Epithelial wound 0.88 3.12
Superficial punctate 0.88 32
Delayed corneal wound healing 0.88 32
Stromal thinning 0.88 3.12
Reduced corneal responsiveness 2.65 32
Lower Schirmer value 1.77 3.12
Scleral melt 177 32
Hyperemia 3.54 9.37
Conjunctival injection 0.88 32
Edematous swelling of the eyelids 0.88 32
Periorbital dermatitis 0.88 312
Iritis 0.88 3.12
Eye pruritus 177 6.25
Posterior capsule opacification 0.88 32
Iris prolapse 0.88 312
Neurotrophic keratopathy 0.88 32
Shrunken eye 0.88 32
Low concentration of breast milk 2.65 32
Dilated ventricle 0.88 312
Tricuspid regurgitation 0.88 3.12
Pulmonary insufficiency 16.81 28.12
Closure of the ductus arteriosus 531 6.25
Prenatal ductal constriction 442 9.37
Asthma 1239 31.25

Spearman correlation between frequency of reporting in
publications and reporting frequency of adverse effects in
included studies

Table 2. Correlations between frequency of reporting in
publications and reporting frequency of adverse effects?

o
publications (%) frequency (%)

Spearman’s  Frequencyof  Correlation coefficient 1.00 0.89"

tho reporting in Sig. (2-tailed) . <0.001
publications (%) n 3 3

Reporting  Correlation coefficient 0.89" 1.00

frequency (%) Sig. (2-tailed) <0.001

n 3 3

a ** — correlation is significant at the 0.01 level (2-tailed)

The Spearman’s correlation analysis demonstrated a
strong positive association between study frequency and
prevalence, with a correlation value (p) of 0.891, as the
data were non-normally distributed and ordinal in na-
ture, and that standard tie-handling procedures inherent
to the Spearman method. This indicates that the preva-
lence is likely to increase in accordance with study fre-
quency. At the value of 0.01, the association is statistically
significant (p<0.001, two-tailed), signifying that this as-
sociation would not have emerged by default (Table 2).

Ranking

Table 3. Ranks assigned to each data point based on the
frequency of reporting in publications and reporting
frequency of adverse effects

Rank of reporting  Rank of the frequency of

Adverse effects/sign frequency reporting in publications
Corneal perforation 33.00 32.00
Corneal ulcer 28.00 23.50
Corneal infiltration 26.00 27.00
Declined corneal sensation 32.00 33.00
Keratitis 26.00 23.50
Tissue loss 26.00 23.50
Epithelial defect 29.50 30.00
Corneal melt 31.00 30.00
Descemetocele 29.50 27.00
Epithelial wound 9.00 11.00
Superficial punctate 9.00 11.00
Delayed corneal wound healing 9.000 11.00
Stromal thinning 9.00 11.00
Reduced corneal responsiveness 21.50 11.00
Lower Schirmer value 19.00 11.00
Scleral melt 19.00 11.00
Hyperemia 23.50 27.00
Conjunctival injection 9.00 11.00
Edematous swelling of the eyelids 9.00 11.00
Periorbital dermatitis 9.00 11.00
Iritis 9.00 11.00
Eye pruritus 19.00 23.50
Posterior capsule opacification 9.00 11.00
Iris prolapse 9.00 11.00
Neurotrophic keratopathy 9.00 11.00
Shrunken eye 9.00 11.00
Low concentration of breast milk 21.50 11.00
Dilated ventricle 9.00 11.00
Tricuspid regurgitation 9.00 11.00
Pulmonary insufficiency 9.00 11.00
Closure of the ductus arteriosus 9.00 11.00
Prenatal ductal constriction 9.00 11.00
Asthma 23.50 30.00

In Spearman’s correlation, raw numbers are mod-
ified into ranks to appraise the magnitude and direc-
tion of an exponential equation between two variables.
Substantially higher rank (e.g., 33.00, 32.00, 30.00) in-
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dicate studies with relatively greater frequencies, while
lower rank values (e.g., 11.00) correspond to studies
with smaller frequencies. Recurring ranks like 11.00
and 23.50 suggest identical ranks, implying that several
studies shared equal frequency (Table 3).

Reported symptoms

Multiple investigations have established an elevated in-
cidence of symptoms corresponding to the use of topi-
cal NSAIDs.

Table 4. The tabulation of symptoms reported in
publicationS17,18,20,22,25,40,41

Symptoms Reporting Frequencyof Rankof Rank of frequency
frequency reportingin reporting  of reporting in
(%) publications frequency  publications
(%)

Pain 13.04 9.37 3.50 3.50
Photophobia 2173 15.60 5.00 5.50
Burning sensation 34.78 15.60 6.00 5.50
Stinging 13.04 9.37 3.50 3.50
Eye irritation 8.69 6.25 1.50 1.50
Partial vision loss 8.69 6.25 1.50 1.50

In reported adverse eye symptoms, burning sen-
sation is implied to be the most prevalent, impacting
34.78% of individuals. Subsequently, photophobia re-
mains a profound concern for 21.73% of those affect-
ed. Both pain and stinging are specified by 13.04% of
individuals, exhibiting a considerable amount of dif-
ficulty (Table 4). Burning sensation and photophobia
arise as the most frequent symptoms (ranked 6.0 and
5.0, respectively) and also scored strongly concerning
frequency (5.5 for both), indicating that these are the
frequently occurring and described symptoms with-
in participants, feasibly expressive of underlying ocular
surface disorder or digital eye strain (Table 4).

Correlations
Table 5. Correlations between the frequency of reporting
in publications and reporting frequency of reported

symptomsa
Freque.n cy.of Reporting
reporting in frequenc
publications quency
Frequencyof ~_Correlation Coefficient 1.00 0.98"
reporting in Sig. (2-tailed) . <0.001
Spearmans publications N 6 6
tho ) Correlation Coefficient 0.98" 1.00
Reporting Sig. (2-tailed) <0.001
frequency
N 6 6

a ** — correlation is significant at the 0.01 level (2-tailed)

A Spearman’s rank correlation analysis portrayed a
statistically significant (p=0.985, p<0.001) observation,
proposing a compatible trend in the literature where

reported symptoms also emerge to be more extensive
amidst the population exposed to the drug (Table 5).

Pharmacodynamic basis of adverse effects

Post hoc tests

Table 6. Multiple comparisons (Tukey HSD) with the
specific NSAID group differencesa

Dependent variable: prevalence

Tukey HSD
" 95% Confidence
. ean X interval
(1) Drug group  (J) Drug group difference Std.Ermor Sig. ——
(1) Lower  Upper

bound bound

Preferential (X2 1 e 39 o3 197 02
Nonselective COX inhibitors

inhibitors Selective COX-2
inhibitors

0.35 039 064 -058 1.28

Nonselective COX
Preferential COX-2 inhibitors
inhibitors Selective COX-2
inhibitors
Nonselective COX
Selective (0X-2 inhibitors

inhibitors i -
Preferential COK2_y 3. 039 0002 232 047
inhibitors

1.04 039 002 012 1.97

1.39° 039 0002 47 232

-0.35 039 064 -1.28 0.58

a based on observed means, the error term is mean square
(error)=2.510, * — the mean difference is significant at the
0.05 level

Preferential COX-2 inhibitors exhibit a considerably
greater frequency than Non-selective COX inhibitors and
selective COX-2 inhibitors. Notably, preferential COX-2
inhibitors expressed a significantly greater prevalence of
ADRs compared to both nonselective COX inhibitors
(mean difference=1.05, p=0.023) and selective COX-2 in-
hibitors (mean difference=1.39, p=0.002) (Table 6).

Discussion

The reporting frequency of adverse effects identified en-
compasses a multitude of ocular and systemic conse-
quences, with variable ranges observed through various
studies. A greater quantity of research corresponds to a
higher predominance of corneal complications such as
corneal perforation (rank 33), decreased corneal sensa-
tion (rank 32), epithelial defects, and corneal melt (both
rank 30). Inflammatory conditions like corneal infiltra-
tion (rank 27), keratitis, tissue loss, and eye pruritus (all
rank 23.5) additionally display with significant frequen-
cy. Conversely, an assortment of less frequently reported
adverse effects (all rank 11) consists epithelial wound,
superficial punctate keratitis, delayed corneal wound
healing, stromal thinning, reduced corneal responsive-
ness, lower Schirmer values, scleral melt, conjunctival
injection, edematous swelling of the eyelids, periorbit-
al dermatitis, iritis, posterior capsule opacification, iris
prolapse, neurotrophic keratopathy, and shrunken eye.
Remarkably, systemic observations were also incorpo-
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rated in the assessment, like low concentration of breast
milk, dilated ventricle, tricuspid regurgitation, pulmo-
nary insufficiency, closure of the ductus arteriosus, pre-
natal ductal constriction (all rank 11), and asthma (rank
30), reflecting an expanded spectrum of feasible adverse
outcomes taken into consideration in the study. The
substantial positive association indicates that a greater
frequency of findings is related to a higher probability
of identifying and documenting these adverse conse-
quences, particularly the more significant ocular issues.
Preferential COX-2 inhibitors, particularly for topical
applications, may be a “gift and a burden” in clinical ad-
ministration, considering the realization that they are
often conceived of as exhibiting significantly severe ad-
verse effects as opposed to non-selective NSAIDs.
NSAIDs are progressively being formulated for
topical ophthalmic administration, driven by compel-
ling scientific evidence recommending their therapeu-
tic potential in ophthalmic pathologies like diabetic
retinopathy, age-related macular degeneration, and

°1-55 Their mechanism of action

other ocular tumors.
essentially is based on the dominant inhibition of cy-
clooxygenase (COX) enzymes, crucial catalysts in the
biosynthesis of eicosanoids, including prostaglandins
(PGs) and thromboxanes, obtained from arachidonic
acid.”***® Encased in the ocular province, PGs devote
substantially to inflammatory activities by stimulating
vasodilation, yielding the blood-ocular barrier, and
promoting leukocyte migration.®* NSAIDs efficacy
stems from their capability to conquer these pernicious
PG-mediated consequences.® The pharmacokinetic
portrait of NSAIDs, regardless of their division (salic-
ylates, indole acetic acid derivatives, aryl acetic acid
derivatives, aryl propionic acid derivatives, enolic acid
derivatives, and fenamates), effectively implies admira-
ble gastrointestinal absorption, triggering peak serum
concentration within 1 to 3 hours.®® An important
property is their extensive plasma protein binding, or-
dinarily immense 95%, particularly to albumin, which
restricts their capacity for distribution to plasma. This
systemic absorption, even considering topically ad-
ministered NSAIDs via mucosal surfaces of the naso-
lacrimal outflow network, enhances the significance of
conceiving systemic resonances.®’! Nevertheless, in-
novative topical approaches like 0.1% nepafenac and
0.09% bromfenac illustrate ameliorated retinal prob-
ing and efficacy in impeding retinal prostaglandin for-
mation.®® This reinforces the continuing expansion of
preparation with intensified pharmacokinetics to op-
timize therapeutic advantages in posterior segment
pathologies. Pharmacodynamically, NSAIDs compre-
hensively restrain COX enzymes, hence alleviating the
overactive secretion of endogenous PGs (e.g., PGE2,
PGD2, PGF2a, PGI2), which are involved in miosis,
vasodilation, blood-ocular barrier breakdown, leuko-

cyte movement, and pain sensitivity within the eye.
This article also demonstrates the way topical NSAIDs
permeate the vitreous, particularly their increasing ap-
plication for the therapy of retinal diseases.®>”*”> The
findings of this study readily demonstrate that, in con-
trast to simultaneous application of non-selective and
selective COX-2 inhibitors, they are associated with
a higher occurrence of adverse treatment outcomes.
The following intricate pharmacological pattern may
be a possible explanation for the observed hypersen-
sitivity and higher frequency of complications, despite
topical therapy.®*’® Despite preferential COX-2 inhib-
itors concentrating on the stimulated COX-2 enzyme
in inflammatory regions, a certain level of COX-1 inhi-
bition is assumed, considering their “preferential” in-
stead of “selective” trait.®*”® The sensitive physiological
equilibrium that COX-1 sustains may still be disrupt-
ed by this partial inhibition of intrinsically obtained
COX-1, through systemic absorption employing top-
ical application. More specifically, a disruption in the
delicate balance within the production of pro-throm-
botic thromboxane (primarily COX-1 facilitated) and
anti-thrombotic prostacyclin (primarily COX-2 trans-
mitted) may trigger the identified higher ADR fre-
quency.

Study limitations

Although the topic has been extensively reviewed, the
nonexistence of subgroup analyses reveals an import-
ant research space, particularly when it comes to dif-
ferent age groups or population-focused data that can
advance clinical application with potentially different
reactions and adverse consequences, and also, the ma-
jority of the included studies did not disclose compre-
hensive information on NSAID dosage. To have a more
thorough grasp of the effects of NSAIDs, future studies
should investigate dose-dependent and population-spe-
cific effects.

Conclusion

The diversified behavior and different intensity of the
documented adverse effects underline the critical im-
portance of proactive approaches to lessen ADRs in
clinical activities. A comprehensive outlook to risk
evaluation, attentively monitoring individual patient
factors such as age, comorbidities, polypharmacy, and
genetic predispositions, may increase their suscepti-
bility to ADRs. Continuous medication reconciliation,
comprising over-the-counter drugs and supplements,
is appropriate to evaluate probable drug interactions.
Administering the lowest effective concentration and
dose for the shortest span of time is a promising op-
tion to mitigate the complications. Constant obser-
vation and follow-up for early signs and symptoms of
ADREs, coupled with patient education on potential ad-
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verse events, are important. As an instance, whenev-
er reduced corneal responsiveness or lower Schirmer
values are stated, close monitoring for corneal health
is justified. Equivalently, comprehending the poten-
tial for systemic effects like pulmonary insufficiency or
changes in neonatal circulation necessitates prudent
consideration when prescribing medications to preg-
nant women or breastfeeding mothers. The evidence
revealed indicates that in order to effectively reduce
ADRs, subsequent studies must concentrate on pro-
longed safety profiles and tailored individualized ther-
apy. Longitudinal studies with frequent follow-ups are
essential to completely constitute the incidence, se-
verity, and long-term effects of the reported adverse
effects, particularly the less frequent but potential-
ly harmful ones, such as neurotrophic keratopathy or
the impact on the health of the infant, even though the
current analysis shows associations.
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ABSTRACT

Introduction and aim. Progressive dysarthria and dysphagia pose substantial diagnostic and therapeutic challenges. This case
report aims to describe the assessment and intensive structured management of a patient with chronic, functionally limiting
dysarthria and dysphagia.

Description of the case. The patient was a 38-year-old male with neuroacanthocytosis syndrome. Dysarthria diagnosis was
established through auditory-perceptual profiling and acoustic analysis, confirming a mixed hyperkinetic-hypokinetic pattern.
Clinical bedside evaluation of swallowing was done, which revealed severe oral dysphagia. Speech therapy was conducted us-
ing the hierarchy of motor speech treatment, targeting various motor speech bases. Additionally, severe oral phase dysphagia
was managed using rehabilitative, compensatory, and modified diet approaches.

Results. Improvements were noted across all motor speech bases, supported by subjective reports and objective data. The
patient’s self-reported measures, as well as the improvement in voice quality (AVQI score decreased from 4 to 2.95), improved
intelligibility (from 30 to 75%), and decreased speech rate (4.36 to 2.53 syllables/second) showed substantial improvement in
dysarthria. Similarly, safe swallowing was achieved at IDDSI Levels 4-6 with compensatory strategies.

Conclusion. This case illustrates that even rare and chronic forms of dysarthria can respond positively to structured, intensive
speech-language therapy, underscoring the importance of individualized, comprehensive intervention approaches.
Keywords. dysphagia, mixed dysarthria, movement disorder, neuroacanthocytosis, progressive dysarthria, speech therapy

Introduction cavity to the stomach. Since dysarthria is marked by im-

Dysarthria and dysphagia frequently occur in progres-
sive neurological disorders, including amyotrophic lateral
sclerosis, multiple sclerosis, myasthenia gravis, and Par-
kinson’s disease (PD)."* Dysarthria is a collective name
for a group of neurologic speech disorders that reflect ab-
normalities in the strength, speed, range, steadiness, tone,
or accuracy of movements required for the breathing,
phonatory, resonatory, articulatory, or prosodic aspects
of speech production.® On the other hand, dysphagia is
difficulty in swallowing, characterized by an abnormal
delay in the transit of liquid or solid bolus from the oral

paired voluntary oromotor control, it frequently co-oc-
curs with dysphagia.> While the incidence of dysarthria
varies in different neurological conditions, some degener-
ative conditions have an incidence of up to 90%.¢

This case report aims to describe the comprehensive
assessment and speech therapy intervention for a patient
with chronic progressive dysarthria and dysphagia sec-
ondary to neuroacanthocytosis (NA) syndrome, a rare
neurological disorder.. NA syndromes represent a group
of rare, genetically distinct disorders marked by the pres-
ence of red blood cell acanthocytosis and progressive
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basal ganglia degeneration.” NA presents with a diverse
range of symptoms, including both hyperkinetic move-
ment disorders such as chorea, dystonia, and tics, and hy-
pokinetic features like Parkinsonism. NA syndromes are
categorized into core forms and other related disorders.?®
Each subtype has an estimated prevalence of fewer than 1
to 5 cases per million individuals.” Speech and swallow-
ing impairments are consistently observed in these dis-
orders and result from the progressive deterioration of
motor control.'’ The patient in this study has a diagno-
sis of NA syndrome, and not a subtype, given the clinical
phenotype and MRI findings, in the absence of conclu-
sive genetic results of the particular subtype at this stage.

The unpredictable and relentlessly progressive na-
ture of the underlying movement disorder leads to a
gradual decline in communication and swallowing abil-
ities and increased social isolation. This experience is
unique for each individual and family. A multidimen-
sional clinical protocol that integrates both clinician-re-
ported measures and patient-reported outcomes is
essential in comprehensive dysarthria assessment and
management.'’ Such a protocol helps select the diag-
nostic tools and determine the timing of interventions,
including the implementation of augmentative and al-
ternative communication.'

In regards to management, clinical decision-making
in the progressive conditions warrants the sequencing or
staging of interventions so that current problems can be
addressed and future problems anticipated.? However, evi-
dence-based management practices for dysarthria are still
limited", and Speech-Language Pathologists (SLPs) are
found to employ inconsistent and varied treatment tech-
niques.'*"> Furthermore, the efficacy of speech therapy in
progressive dysarthria remains debated, as some studies re-
port limited or inconsistent evidence for long-term speech
improvements in neurodegenerative conditions'*', citing
disease progression as a limiting factor. However, there are
reports of contrasting evidence in the study of PD and re-
lated syndromes, which show that intensive behavioral in-
terventions can mitigate motor speech decline."

Aim

This case contributes to this discourse by examining the
outcomes of intensive behavioral speech therapy in a
case with progressive dysarthria and dysphagia.

Description of the case

This case report adheres to the ethical principles of the
Declaration of Helsinki.?® Ethical approval was not re-
quired due to the descriptive nature of the report;
however, informed written consent for publication of
anonymized clinical information was obtained from the
patient and his family. The patient is a 38-year-old male.
He presented to the Speech-Language Pathology Unit of
Tribhuvan University Teaching hospital (TUTH) with

clinical indications of imbalanced walking, and gross
involuntary choreiform movement of the hand and
leg, unclear speech, muscle atrophy, difficulty swallow-
ing and chewing, drooling, weight loss, for 5 years. The
problem had an episodic onset and was aggravated by
anxiety. There was no significant family history of neu-
rological or psychiatric disorders, head injury, or expo-
sure to neurotoxins. He reported no issues with memory
and language, and no family history of the disorder.

We utilized the International Classification of Func-
tioning, Disability, and Health (ICF)*' framework to
understand the holistic impact of the condition. The in-
voluntary movements of the trunk made it difficult to
engage in activities of daily living. He lost his job at the
bank, which was his sole source of income. He had been
separated from his parents at a young age and was no
longer on good terms with them. His pregnant wife was
his sole caretaker. He had difficulty masticating, could
no longer enjoy mealtimes, and had significant weight
loss throughout the symptom progression. His disorder
had isolated him from his friend circle, as he was no lon-
ger able to travel alone (Table 1).

Timeline
Table 1. Timeline of events

2015-2016 Onset of symptoms: episodic involuntary mouth movements, drooling, and
sleep disturbances.

11/03/2019 First neurological consultation at a tertiary care hospital in Nepal;
differential diagnoses included Tourette’s syndrome and NA syndrome.

Mid-2019  Referred to an international referral center in Delhi, India, for further evaluation.

Peripheral smear showed normocytic normochromic red blood cells with
acanthocytosis

2023 Magnetic resonance imaging of the brain showed bilateral caudate atrophy,
enlarged frontal horns of lateral ventricles, and T2 hyperintensities in the
putamina.

Nerve conduction velocity test indicated bilateral peroneal pure motor
axonal loss.

Electromyography revealed a neurogenic pattern.

Huntington’s disease was ruled out via genetic testing.

Whole Exome Sequencing one genetic variant of uncertain significance in
the optineurin gene. Uncertain diagnosis of amyotrophic lateral sclerosis 12.

Current  Patient is under pharmacological management with Revocon 25 mg, Bexol
2mg, and Serenace 0.5 mg.
The patient was relieved of duties from his previous position at a bank.

Diagnostic Assessment

Colorado Motor Speech Framework (CMSF)

CMSF was used for structured, subsystem-based assess-
ment of the patient’s motor speech profile.?> Recorded
speech samples of sustained vowel, reading, and con-
versational speech were used for perceptual analysis. 16
characteristics that correspond to hypokinetic dysar-
thria and 8 characteristics that correspond to hyperki-
netic dysarthria were observed; thus, he was diagnosed
to have hypokinetic-hyperkinetic mixed dysarthria.
Subsequent therapy planning was conducted based on
CMSEF findings.
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Articulation assessment

Done using Photo Articulation Test-3.** Findings re-
vealed hypernasality in stop sounds, and deaffrication
of affricates.

Voice assessment

Voice assessment was conducted using a voice proforma
involving a detailed history, aerodynamic, and acoustic
analysis. The perceptual voice analysis was done using
the grade, roughness, breathiness, asthenia, strain (G1
R1 B0 A0 S1) rating scale.** Rapid fluttering tremor was
intermittently present on vowel prolongation, and Max-
imum Phonation Duration (MPD) was reduced - 5 sec-
onds. Acoustic analysis was done using PRAAT software
version 6.4.34. Acoustic Voice Quality Index (AVQI)
v.03.01% was used to objectively quantify the voice qual-
ity, which incorporates multiple parameters including
shimmer, jitter, harmonic-to-noise ratio (HNR), cepstral
peak prominence (CPP), and formant-based measures.
The speech samples used were a vowel prolongation /a/
and a reading sample of a 100-syllable passage. Recording
was done using a smartphone microphone (Infinix Hot
10s) placed at 10 cm distance from the patient’s mouth.
The recording was done in a sound-treated room. An
AVQI score of 4 was obtained (Table 2, Fig. 1).

Table 2. Dysarthria assessment findings (AVQI - acoustic
voice quality index, DDK - diadochokinetic rate)

Speech characteristics Fast rate of speech

Variable rate of speech

Stutter-like dysfluencies

Monoloudness

Loudness decay

Maximum phonation time: 5 seconds

Telescoping

Hypernasality
Irregular thythm in DDK
Rapid vocal flutter

Reduced stress

Atypical silences

Imprecise consonants

Fast rate of speech

Variable rate of speech
AVl 4.00
Speech Rate 4.36 syllable/second
GRBAS GTR1BOA0S1
Speech intelligibility 30%

ACOUSTIC VOICE QUALITY INDEX (AVQI) v.03.01

Smoothed cepstral peak prominence (CPPS): 10.36
AVQI: 4.00

Shimmer local: 8.45 % [ 1 2 3 4 5 6 7 8 9 10
Shimmer local dB: 1.03 dB

Slope of LTAS: -15.51 dB

Tilt of trendline through LTAS: -14.70 dB

Harmonics-to-noise ratio: 11.89 dB

Fig. 1. Pre-Therapy AVQI analysis report

Speech intelligibility assessment

The patient was asked to read a passage in his native
language to elicit the speech sample. The reading was
audio-recorded in a quiet environment. To assess intel-
ligibility, a blinded transcription task was carried out by
an SLP who was unfamiliar with both the patient and
the reading passage. Percentage intelligibility was calcu-
lated based on the number of intelligible words. Intelli-
gibility was found to be 30%.

Speech rate

The rate of speech was calculated from the recorded
speech sample. Speech rate was determined by divid-
ing the total number of syllables spoken by the overall
duration of the sample, including all pauses, and was
expressed in syllables per second. The rate was 4.36 syl-
lables/ second (81.6 words per minute).

Language assessment

Language assessment was done using the Frenchay
Aphasia Screening test (FAST) to screen for aphasia,
and the findings were normal.*®

Cognitive-Communication assessment

The Montreal Cognitive Assessment (MoCA) test was
administered for cognitive assessment, and the findings
were normal with a score of 26.” The test was complet-
ed in 15 minutes.

Evaluation of swallowing function

A clinical non-instrumental evaluation of swallowing
was performed. We followed the Comprehensive As-
sessment Protocol for Swallowing (CAPS) protocol.?
Swallowing evaluation was done under the supervision
of an SLT trained in dysphagia.

The patient was diagnosed with severe oral phase
dysphagia. While hyolaryngeal elevation and airway
protection were intact, the primary difficulties stemmed
from impaired oral bolus control due to jaw dystonia,
poor labial seal, and reduced tongue movement for bo-
lus transit, limiting the safe and efficient oral intake to
the International Dysphagia Diet Standardization Ini-
tiative (IDDSI) levels 4-6 (Table 3).%

Therapeutic intervention

In terms of management, speech therapy was done to
establish intelligible communication skills across var-
ious communicative contexts relevant to the patient.
Based on the findings from the initial assessment, ther-
apeutic objectives were established for the rehabilitation
of the five motor bases for speech, following the hierar-
chy of speech-motor treatment. This hierarchy includes
prioritizing the recovery of breathing, resonance, pros-
ody, phonation, and articulation, respectively.
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Table 3. Swallowing evaluation findings using CAPS

Phase Tasks Clinical observations

Pre-testing  IDDSI levels trialed:  Determined safest bolus amounts for various IDDSI
0 (water), 1(thin  Levels:
milkshake), 2 Level 0,1, 2-5ml (1tsp)
(biscuit with water), Level3,4-10ml
5 (pudding), 6 Level 5—<5mL or Y2 tsp bite size
(banana), 8 (rice)  Level 6~<15 mm’ piece
Levels 7 and 8 contraindicated due to poor chewing

ability.
Dry swallowing Asked toswallow  Poor secretion management. Excessive drooling and
saliva compensatory lip smacking. proper, timely hyolaryngeal
excursion.

Non- Patientaskedto A good, strong cough and throat clearing indicate an
swallowing  clear throat, yawn,  intact airway protection mechanism.

sniff, cough, hum,

and pronounce

vowels

Wet swallowing IDDSI levels trialed:  Oral phase: Anterior spillage noted in levels 0-3 due to
0(water), 1(thin  inadequate lip seal. The patient smacked his lips several
milkshake), 2 times to prevent liquid from spilling.

(biscuit with water), Level 4 - difficulty in oral transit of food to the back of
5 (pudding), 6 the mouth due to reduced tongue
(banana), Levels 5, 6 — inefficient chewing was noted. Jaw
dystonia was present with extreme difficulty in closing
the jaw once opened. He could not manage lateral
jaw movement during chewing and used a munching
pattem.
Pharyngeal phase —normal hyolaryngeal excursion and
timing. No signs of aspiration were noted.
Thus, the patient was diagnosed with severe oral phase
dysphagia. He had choking risks due to oral inefficiency

Table 4. Management of dysarthria

Frequency )
Target  Therapy goals Techniques  and .Theraplst Hom.e
. involvement  practice
duration
Respiration Toincrease 1) Abdominal 45minutes Direct Abdominal
respiratory Diaphragmatic persession, instruction,  breathing+
supportand  breathing 6sessions  Modeling,  counting aloud
relax laryngeal ~ 2) Correct posture Feedback 30 minutes per
muscles 3) Cueing for complete day.
inhalation and
speaking immediately
on exhalation

Resonance Toreducenasal 1) Decreasingtherate 45minutes  Feedback,  Self-monitoring

airemissionon  of speech persession,  Self- hypernasality
non-nasalstop  2) Open mouth posture 6sessions  monitoring ~ while reading.
sounds. during speech
3) Increasing loudness
Phonation 1) To reduce 1) Yawn-sigh 45minutes  Direct Reading
and vocal tremorand 2) Easy onset persession, instruction, different
Prosody ~ promoteeasy  phonation 6sessions  Modeling, ~ sentence types
phonation. 3) Forward focus Feedback,  and controlled
2)Tovary pitch,  4) Pitch range exercises self- conversations
loudness, 5) Contrastive stress monitoring  with wife.
andduration  drills
of speech to
convey emotion,
emphasis,
and linguistic
information.

Articulation Toimprove 1) Intelligibility drills ~ 45minutes  Direct Intelligibility
articulatory 2) Hand-tapping, persession, instruction,  drills with
precisionand  rhythmic cueing 6sessions  Modeling,  difficult-to-
intelligibility of 3) Minimal contrast Feedback ~ pronounce
speech. drills words.

One-hour therapy sessions were conducted dai-
ly over a four-week period. Each session comprised 45
minutes focused on the targeted motor speech base,
followed by 15 minutes of swallowing exercises. In ad-
dition, the patient was tasked with daily articulation ex-
ercises to be done at least 30 minutes at home each day.
The exercises included intelligibility drills with a list of
difficult-to-pronounce words and daily conversation in
a controlled situation with a family member to gener-
alize the articulatory gains to conversations (Table 4).

Dysphagia was managed side-by-side with speech
therapy. A combination of rehabilitative and compen-
satory approaches was used for the management of
dysphagia. SLP discussed tube feeding options with
the patient, providing insight into the disease progno-
sis. Patient and family denied tube feeding, so a care-
ful hand-feeding plan ensuring good nutrition intake
was made. After consulting with the dietician, a feeding
protocol was prepared that included a fully nutritional,
pureed mixture for the patient. The mixture was to be
orally fed to the patient every 2 hours to maintain bodi-
ly intake (Table 5).

Table 5. Management of dysphagia

Approach for therapy Techniques and exercises

Rehabilitative approach Exercises for oral structures:
labial exercise- labial press, which entails holding a tongue
depressor between the lips to improve the anterior seal.
— Rapid labial opening and closing using the consonants /p, b/
Lingual exercises- with resistance which entails pushing the
tongue out, up, and to each side against a tongue depressor.
— Use the phonemes /t, d/ for rapid contact and release of the
tongue tip to the alveolar ridge.
Base-of-tongue exercises — yawning, simulating gargling, and
pulling the tongue straight back in the mouth.
Jaw opening against resistance — to increase the strength of the
jaw
Range of motion exercise for the jaw against resistance — chewing
exercise using chewy tubes.

Compensatory Postural techniques:

approach Head extension — for more efficient oral transit.

Modified diet texture A diet consisting of IDDSI levels — 4, 5, and 6  was
recommended for the patient considering the limited range of
motion and strength of jaw for chewing.

Follow-up and outcomes

Re-evaluation of the objective as well as the subjective
measures done after 4 weeks showed improvements
across all motor speech bases. While there are no nor-
mative values for AVQI in the Nepali population, the de-
crease in AVQI score from 4 to 2.95 suggests significant
improvement in voice quality. The decreased speech rate
suggest increased control of articulatory movements
and better coordination of the respiratory and phonato-
ry systems. This improved the overall intelligibility. The
patient had improved safety and efficacy of swallowing
and better nutritional intake (Tables 6-8, Fig. 2 and 3).
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Table 6. Patient self-reported outcome using the Colorado
Motor Speech Framework after 4 weeks of therapy

babii

ACOUSTIC VOICE QUALITY INDEX (AVQl) v.03.01

‘Smoothed cepstral peak prominence (CPPS): 11.46
H -to-noise ratio: 16.32 dB

AVQl: 2.95

Measure Task Score

Self-Report  Ask the patient:“Onascale of 1-7,1  Pre-therapy  Post-therapy

being the worst and 7 being 27 5/7
the best, how would you rate your
speech right now?”

Intelligibility ~ Judge during running speech tasks. ~ 58% 80%
Estimate of the percentage of
words correctly understood.

Naturalness  Judge during running speech how Severe Moderate
well speech matches normal
stands of rate, pitch, and loudness.

Efficiency Judge during running speech tasks ~ Severe Mild
for how efficient message is
conveyed (e.g., is it effortful? Slow?)

Table 7. Speech characteristics and objective outcomes of
dysarthria management after 4 weeks of therapy. (AVQI -
acoustic voice quality index, DDK - diadochokinetic rate)

Pre-therapy Post-therapy

Speech characteristics Fast rate of speech Slowed speech rate

Variable rate of speech uniform rate

Stutter-like dysfluencies Absent

Monoloudness Improved prosody

Loudness decay Absent

Maximum phonation time: ~ Maximum Phonation time: 10

5 seconds seconds

Telescoping Absent, Open mouth, over-
articulation present

Hypernasality Reduced

Irregular rhythm in DDK Reduced rate, but uniform

Rapid vocal flutter Reduced

Reduced stress Better stress on stressed syllables

Atypical silences

Natural speech phrasing

Imprecise consonants Improved articulatory precision
Fast rate of speech Slowed speech rate
Variable rate of speech Uniform rate

AvQl 4.00 295

Speech Rate 4.36 syllable/ second 2.53 syllable/second

GRBAS GTR1B0OAOST GOROBOA0SO

Speech intelligibility ~ 30% 75%

Table 8. Outcomes of dysphagia management

Pre therapy Post therapy

Nutrition intake inadequate, severe weight  well-balanced nutrition

loss

Diet consistency tried all consistencies, risk ~ IDDSI levels 4, 5, 6 are
of choking due toimpaired  recommended to be used
chewing. limited successin ~ with head extension posture
oral transit to support oral transit

Lip seal impaired, excessive drooling better lip seal, decreased

drooling
Chewing jaw dystonia, extreme no significant improvement

difficulty in chewing

Shimmer local: 10.46 % [ 1 2 3 4 5 6 7 8 o 10
Shimmer local dB: 1.03 dB

Slope of LTAS: -24.36 dB

Tilt of trendline through LTAS: -14.39 dB

Fig. 2. Post-therapy AVQI analysis report — note the
improvement in AVQI score, Smoothed Cepstral Peak
Prominence, and Harmonics to Noise ratio compared to Fig. 1
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Fig. 3. Praat waveform with Textgrid annotation showing
speech and non-speech segments in connected speech.
This illustrates natural speech phrasing and prosody post-
therapy (English translation: “People don't understand what |
say because | speak very fast. So, | practice every day”)

Discussion

There are a few case reports published on hyper-hypoki-
netic mixed dysarthria and no study on dysarthria and
dysphagia management in NA syndrome to the best of
our knowledge.* The findings in this study suggest that
effective behavioral intervention can moderate the pace
of functional and neurophysiological decline, even in
progressive conditions.” We conducted a comprehen-
sive set of objective and subjective evaluations, which
included both descriptive and quantitative tests, that
played a crucial role in reaching a diagnostic conclu-
sion.** Specifically, characteristics such as rapid rushes
of speech, inappropriate silences, variable speech rate,
intermittent hypernasality, inaccuracies in consonants,
and reduced speech intelligibility collectively delineate
a perceptual and physiological profile consistent with
mixed hyperkinetic-hypokinetic dysarthria.*® Further-
more, we gained insight into the impact of the disor-
der on his daily functioning and participation using the
ICF framework, and planned treatment best suited for
the patient, and also approved by the patient.? The goal
of any intervention is to change how the condition pro-
gresses over time.* In our case, where there was an on-
going decline in motor and potentially future cognitive
functions, the aim was not restoration of function but
to slow the rate of functional deterioration, preserve
the remaining abilities, and support communication
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through adaptive strategies."” We designed the therapy
around specific, realistic, and functional goals, with a
focus on maintaining the patient’s communicative abili-
ties through consistent and targeted activities.

Motor-based treatment, which aligns with the prin-
ciple of neural plasticity, was selected for the patient. Ini-
tially, rehabilitation focused on enhancing breathing to
establish strength, control, and respiratory support for
speech. The coordination of respiratory function with
speech production is crucial for achieving adequate
loudness and speech phrasing. Therefore, treatment ap-
proaches that effectively target impaired or weakened
respiratory drive and its coordination with speech pro-
duction were employed.*>*

Progressing from breathing adjustments, attention
was then directed toward addressing other motor bas-
es of speech like resonance, phonation, articulation,
and prosody. The phonatory and respiratory coordina-
tion improvement is shown by the reduced AVQI score.
While there are no AVQI norms for the Nepali lan-
guage, we used the same reading material to compare
pre- and post-therapy measures.

One of the goals in therapy was to make speech more
natural to compensate for intelligibility.’” Speech thera-
py targeting a decrease in speech rate has been shown
to improve speech intelligibility significantly in patients
with hypokinetic dysarthria.*® The patient’s speech rate
before therapy was 81.6 wpm, which is well below the
normal speech rate, but it is perceived to be too fast be-
cause it is beyond the patient’s neuromuscular control.*
To reduce speech rate, we introduced a rigid rate reduc-
tion technique- hand tapping. However, hand tapping
was difficult for the patient due to chorea. The metro-
nome was used, set to a target speech rate of 46 wpm.
After 3 sessions of metronome-induced slowed rate in
reading and structured conversations, rhythmic cue-
ing was used where the clinician guided natural speech
pauses and phrasing in reading, followed by structured
conversations. This allowed for more natural prosody,
which again contributes to speech intelligibility.** The
speech rate at the end of therapy was 64.61 words per
minute, with appropriate speech phrasing.

All the therapy sessions were structured based on
motor learning principles.* Each motor target was in-
troduced with increasing complexity over time. During
the initial three sessions, blocked and constant practice
was used to support the learning of new skills. In later
sessions, the approach shifted to random and variable
practice to promote retention and generalization.*? Sim-
ilarly, feedback strategies evolved throughout the pro-
gram. Early sessions involved frequent, knowledge of
performance feedback, while later sessions incorporated
less frequent, knowledge of results feedback to encour-
age independent monitoring. The clinician gradually re-
duced cueing to foster the patient’s ability to engage in

self-evaluation and internal feedback. A range of feed-
back methods was used, including auditory and visual
modeling as well as phonetic placement cues.

For the swallowing assessment, we followed the
CAPS protocol as it provides a structured, non-instru-
mental method to evaluate swallowing safety and efhi-
ciency. Instrumental evaluation could not be done due
to a lack of services in the hospital. While it has lim-
itations, clinical bedside evaluation remains a key com-
ponent in assessing patients with dysphagia.**** It is
commonly used to identify the presence and severity
of swallowing difficulties and to guide the development
of appropriate rehabilitation strategies.” Our findings
revealed the patient had severe oral dysphagia, with a
normal pharyngeal phase of swallow. He had extreme
difficulty in chewing secondary to jaw dystonia. Jaw
dystonia, specifically precipitated by eating, is a char-
acteristic feature of neuroacanthocytosis.” Our goals
in dysphagia were to promote safe swallowing and im-
prove nutritional status. It has been suggested that al-
ternative means of nutrition, such as a feeding tube,
should be considered early in NA, in light of the sig-
nificant risk of aspiration and the characteristic marked
weight loss.!® The patient and family denied alternative
feeding options, so we used a combination of rehabilita-
tive and compensatory approaches.*” Labial, lingual, and
jaw-strengthening exercises were used to create chang-
es in the patient’s swallowing over time by improving
the underlying physiological function. Lingual exercis-
es have been shown to increase lingual strength and im-
prove their role in swallowing function.*® Studies report
aspiration as a major risk in NA, as patients adopt dra-
matic maneuvers to swallow food, such as extending the
head and throwing food into the back of the throat." So,
we worked on safe feeding strategies and consistencies.
The patient and his wife were also given extensive infor-
mation on monitoring the symptoms of aspiration and
regular follow-up visits.

The head extension compensatory technique was
used for efficient oral transit, but it reportedly does not
create lasting functional change.* This chin-up posture
may enhance oral bolus transport, as suggested by pri-
or studies.” Additionally, this posture could potential-
ly have a rehabilitative effect on pharyngeal swallow.*
While there was a significant improvement in nutrition-
al status post-therapy, the patient’s swallowing difficul-
ties persisted even after intervention, and there was no
significant improvement in the patient’s chewing ability.

Outcomes are influenced by both the timing and ap-
propriateness of the therapeutic strategies employed. As
Yorkston® said, “Instead of asking questions like, ‘Does
dysarthria treatment work?, it is more important to set
intervention as a series of targeted steps and explore
which specific treatments are effective at different stages
of the condition. It is important to identify the signs that
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indicate a speaker is ready to transition from one stage to
the next. SLPs are invaluable team members in the reha-
bilitation of patients with extrapyramidal movement dis-
orders, and speech therapy has the potential to diminish
the impact of dysarthria on functional communication
and alleviate the effort associated with speaking.*

Study limitations

As an individual case study, the findings of this study
lack generalizability and do not allow for causal conclu-
sions regarding treatment efficacy. Furthermore, the use
of informal, non-standardized tools to assess activity
and participation was necessitated by the lack of validat-
ed instruments in the local context, in the patient’s na-
tive language. In addition, instrumental assessments for
swallowing were not available, which restricted diagnos-
tic precision in evaluating pharyngeal phase function.

Patient perspective

For a long time, I was confused, depressed, and angry
about my situation, but I'm glad I'm getting treatment
now, and 'm hoping for answers. What I want most is to
be able to work again. I feel like my speech has improved
a lot, and people understand me now. But it’s still very
difficult for me to chew.

Conclusion

This case study demonstrates that individualized, struc-
tured speech therapy can lead to measurable improve-
ments in the functional communication of individuals
with chronic, progressive dysarthria. Success of therapy
depends on careful monitoring of the patient’s current
functioning, anticipating future changes, and managing
symptoms accordingly. Realistic counseling, compen-
satory strategies, coupled with rehabilitative interven-
tions, can significantly boost the patient’s motivation
and improve quality of life.
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Occipital necrotizing fasciitis —
a case report of diagnostic and surgical challenges
from an atypical anatomical presentation
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ABSTRACT

Introduction and aim. Necrotizing fasciitis (NF) is a rapidly progressive soft tissue infection with high mortality. While most
cases involve the extremities or perineum, isolated occipital scalp NF is exceptionally rare, often leading to delayed recognition.
We present a case describing its unusual site, diagnostic pitfalls, and surgical challenges.

Description of the case. A 48-year-old man presented with one week of progressive swelling and pain following rupture of
a boil-like lesion on the occipital region. Examination revealed a 20x20 cm erythematous, tender, and swelling. The primary
survey was unremarkable. Laboratory results showed hyperglycemia (490.6 mg/dL), hyponatremia (122.0 mEq/L), and leuko-
cytosis (26.72x10%/L). Imaging suggested a localized abscess, initially managed with incision and drainage. Rapid necrosis pro-
gression necessitated emergent wide debridement, confirming NF. Intraoperative bleeding complicated tissue assessment.
Negative pressure wound therapy was attempted but discontinued due to anatomical limitations. The patient improved with
repeated debridements, antibiotics, and reconstructive surgery.

Conclusion. This case highlights the rarity of occipital NF and the risk of low clinical suspicion in atypical locations, emphasizing
the importance of early recognition and tailored surgical management.

Keywords. case report, diabetes mellitus, necrotizing fasciitis, occipital, posterior neck

Introduction literature. One previously published case described oc-

Necrotizing fasciitis (NF) is a rare but devastating soft
tissue infection with reported in-hospital mortali-
ty rates as high as 30%.! It is a rapidly progressive and
life-threatening condition that can lead to septic shock
and multiorgan failure if not promptly treated.>* Early
diagnosis and surgical debridement are critical, yet ini-
tial presentations can be subtle and deceptively benign.
While NF typically involves the extremities, perineum,
or abdominal wall, head and neck involvement accounts
for only 1-10% of cases.** Occipital involvement is par-
ticularly uncommon, with only isolated reports in the

cipital NF arising in the setting of psoriasis.®

Aim

We report a case of NF confined to the occipital scalp
and posterior neck in a clinically stable patient with
newly diagnosed diabetes mellitus, initially mistaken
for a localized abscess. Our case expands on the limit-
ed literature by highlighting diagnostic uncertainty and
technical challenges unique to this location. Suspicion
is often low when NF occurs outside the typical sites,
and subtle early features may further obscure recogni-
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tion. Management is also complicated because no es-
tablished guidelines exist, and intraoperative decisions
rely heavily on clinical judgment. In the scalp, abundant
vascularity blurs the distinction between necrotic and
granulating tissue and makes hemostasis more difficult.
Furthermore, applying negative pressure wound thera-
py in this region requires special consideration of neck
flexion and patient comfort.

Description of the case

A 48-year-old man presented with a one-week history of
progressive occipital swelling. Two weeks earlier, he had
noticed a small, boil-like lesion approximately 0.5 cm
in diameter on the occipital scalp that ruptured three
days later, discharging purulent material. Believing it to
be a minor superficial infection, he did not seek medi-
cal attention. Over the next few days, he developed neck
stiffness, subjective fever, localized throbbing pain, and
swelling that interfered with sleep. He self-medicated
with paracetamol.

On day seven, his wife observed spreading erythe-
ma and multiple nodules. A week later, he sought care at
our emergency department. On arrival, his primary sur-
vey was unremarkable, and he appeared clinically sta-
ble without signs of sepsis. Local examination revealed a
20x20 cm erythematous, fluctuant mass extending from
the occiput to the posterior cervical region with edema,
superficial bleeding, and yellowish crusting (Fig. 1).

[’ i W &

Fig. 1. Posterior view of the occipital and cervical region at
initial presentation

Initial labs showed marked hyperglycemia (random
blood glucose: 490.6 mg/dL), corrected hyponatremia

(122.0 mEq/L), leukocytosis (26.72x10°/L, 87.4% neu-
trophils), and partially compensated metabolic acido-
sis. Blood ketones were mildly elevated. The surgical
team assumed care and requested a contrast-enhanced
MRI of the brain and cervical spine, performed using a
Philips Ingenia 1.5T. Internal medicine was consulted
for glycemic and metabolic stabilization.

The MRI revealed an abscess in the subgaleal and
subcutaneous layers of the posterior parietal and occipi-
tal regions, extending into the posterior cervical paraver-
tebral soft tissues (C1-C4), involving multiple muscles
(semispinalis capitis, splenius capitis, splenius cervicis,
longissimus capitis, superior sternocleidomastoid, trape-
zius) with no spinal or bone involvement (Fig. 2).

Fig. 2. MRI of the occipital and cervical region, A: Sagittal
and axial T,-weighted images, B: Sagittal and axial T,-
weighted images

Based on clinical and radiologic findings, the pa-
tient was diagnosed with a localized occipital abscess.
Initial management included wound care with 0.9% sa-
line-soaked gauze, intravenous fluids, and analgesics.
On hospital day two, following glycemic stabilization, he
underwent urgent incision and drainage under general
anesthesia. A 10 cm transverse incision released puru-
lent, blood-tinged fluid. A secondary 5 cm incision was
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made inferiorly to access a second, septated collection
(Fig. 3). Both cavities were irrigated and packed with
iodine-soaked gauze for secondary intention healing
and then transitioned early to daily honey-impregnat-
ed gauze dressings. The patient was started empirical-
ly on ampicillin-sulbactam and metronidazole. Tissue
cultures grew Staphylococcus aureus, and antibiotics
were adjusted to ceftriaxone and metronidazole based
on sensitivities. He was monitored in the ICU for two
days before transfer to the ward and was discharged on
postoperative day four with outpatient follow-up.

Fig. 3. Postoperative appearance following initial incision
and drainage

Three days later, the patient was readmitted due
to worsening necrosis and purulent discharge. Exam-
ination revealed undermined tissue planes and rap-
id spread beyond the prior surgical site, raising strong
suspicion for NF. Emergent necrotomy and fascioto-
my were performed. Debridement revealed a 10x12
cm area of necrotic scalp with spongy, septated subcu-
taneous tissue and necrotic fascia. The proximal cervi-
cal muscles showed friable, granulation-like tissue that
bled easily, complicating differentiation between viable
and nonviable tissue due to the scalp’s rich vascularity.
A tissue specimen was submitted for culture and histo-
pathology. Estimated blood loss was 800 mL, and the
patient received 230 mL of packed red blood cells. He-
mostasis was achieved. The wound was left open and
packed (Fig. 4). Microscopic examination showed ne-
crotic skin overlaid by epidermis, with dense infiltration

Fig. 4. Sequential images for the second debridement
procedure, A: Preoperative view showing necrosis,

B: Intraoperative view revealing devitalized fascia, C:
Postoperative wound with eschar
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of lymphocytes, histiocytes, and neutrophils extending
into the dermis and subcutaneous tissue. Areas of hem-
orrhage and fibrin deposits were also present. These
findings support the clinical and operative diagnosis of
NE with evidence of extensive soft tissue necrosis and
mixed acute and chronic inflammation. Postoperatively,
wound care with daily honey-impregnated gauze dress-
ings continued. He remained on the same antibiotics
regimen and was monitored in the intensive care unit
for two days before transfer to the general ward.

Six days after the second surgery, a final debride-
ment was performed in preparation for negative
pressure wound therapy (NPWT). The patient was posi-
tioned prone with limited cervical flexion. Residual ne-
crotic tissue was excised, and blood loss was estimated
at 15 mL (Fig. 5). Tissue samples were obtained for cul-
ture, with the antibiotic regimen maintained. NPWT
was initiated using the Renasys Touch system by Smith
& Nephew, with intermittent suction set at 40 mmHg
for two minutes and 120 mmHg for four minutes.

Fig. 5. Intraoperative view during the third debridement
demonstrating a clean wound bed

On the second day of NPWT, the system appeared
to leak due to dressing dislodgement caused by cervi-
cal flexion during daily activity. Sounds from the tubing
suggested a problem, but the device did not display any
fajlure notifications. Attempts to restore suction were
unsuccessful, and the device ultimately developed a me-
chanical obstruction. Consequently, the decision was
made to discontinue NPWT and resume conventional
open wound management. The wound healed well with-
out new infection or need for further debridement. The
patient stabilized clinically and was discharged the next
day with outpatient follow-up. Plastic surgery was con-
sulted, and definitive reconstruction was performed 20
days after the final debridement (Fig. 6).

Gy SRS
Fig 6. Post-reconstruction view showing the scalp and
posterior neck

During the reconstruction, a 12x4.5 cm granulating
defect was identified. After tumescent infiltration, the
wound edges were refreshed, and the granulation tissue
was shaved. A double rotation flap was then designed.
The superior left flap was rotated superiorly with a de-
fect-to-flap ratio of 1:8, while the inferior right flap was
rotated inferiorly using a cut-as-you-go technique. The
scalp flap was elevated in the loose areolar plane, and
the neck flap in the subcutaneous plane. Both were mo-
bilized sufficiently for tension-free closure. A vacuum
drain was placed. Intradermal suturing was performed
with Vicryl (Ethicon) 2-0 and 3-0. The scalp skin was
closed with a skin stapler, and the remaining incisions
with Prolene (Ethicon) 2-0 and 3-0. The wound was
dressed in tulle and sterile gauze. The procedure was
completed uneventfully. Figure 7 presents a concise
chronological overview of the events related to this case.

Discussion

NF is a rare, aggressive soft tissue infection that requires
early recognition and surgical intervention to prevent
mortality. Although advanced disease may present with
sepsis, shock, or multiorgan failure, the early course is
often nonspecific and easily mistaken for cellulitis or
other soft tissue infections. Clinical features considered
atypical, including absence of fever, stable vital signs,
minimal skin changes, or subtle pain, are in fact en-
countered in the initial phase and contribute to diag-
nostic delay.>?
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PRIOR TO
HOSPITALIZATION

INITIAL PRESENTATION

FIRST OPERATION
(INCISION & DRAINAGE)

'

l

.

« Day -14: Small boil-like lesion on
occipital scalp

« Day -11: Lesion ruptured

« Day -7: Neck stifness, nodules,
headache, throbbing pain, fever

« Day 0: Presented to ED

« Primary survey was unremarkable,
non-septic condition

« 20x20 cm erythematous, occipital-
posterior cervical fluctuant mass

« MRI: Subgaleal abscess

« Diagnosis: Localized occipital abscess

» Day 2: Incision and drainage under GA

+ 10 cm and 5 cm incisions, purulent and
blood tinged fluid drained

«» Day 2-3: ICU

« Day 4-5: Ward

« Day 6: Discharged for outpatient
follow-up with honey-gauze dressing

FINAL
RECONSTRUCTION

THIRD OPERATION
(NPWT)

SECOND OPERATION
(NF IDENTIFIED)

)

= 12 x 4.5 cm granulating defect debrided
& irrigated

« Double rotation flap (superior & inferior)

» Tension-free closure, vacuum drain
placed

+ Wound dressed with tulle & sterile
gauze

= =

obstruction

l

« Day 17: Final debridement

« Initiated NPWT (Renasys, 40/120
mmHg intermittent)

« NPWT failed in two days due to
dressing dislogdement and device

« Returned to open wound management

l,

= Day 9: Patient returned for follow-up,
examination revealed widespread
necrosis and purulence

« Day 11: Necrotomy and fasciotomy
performed

= 10 x 12 ¢cm necrotic scalp area, deep
fascial involvement

= Blood loss 800 ml intraoperatively

Fig. 7. Clinical timeline summarizing symptom progression, interventions, and recovery

In our case, the patient appeared stable and afebrile,
with only localized swelling that initially suggested a
simple abscess. Laboratory results showed hyperglyce-
mia, hyponatremia, and neutrophilic leukocytosis. Al-
though diabetes had not been previously diagnosed, it
likely increased both susceptibility and diagnostic de-
lay. Diabetes impairs neutrophil function and reduces
tissue perfusion, blunting inflammatory responses and
obscuring early signs of NE”

The occipital scalp is an exceptionally rare site of
involvement, in contrast to the extremities, trunk, or
perineum, where NF is more commonly reported.* This
atypical location contributed to diagnostic delay and
conservative initial management. In addition to such
rare anatomical sites, NF has also been described after
cosmetic procedures and in uncommon mycotic etiol-
ogies, reflecting its expanding spectrum.®® These vari-
ations highlight the need for clinicians to maintain a
heightened index of suspicion when evaluating soft tis-
sue infections.

With no established guidelines for occipital or pos-
terior neck NE, the team opted for limited drainage, con-
sistent with 2015 World Society of Emergency Surgery
recommendations for stable patients without signs of ne-
crosis.'” The posterior neck is also thought to resist deep
infection due to thicker skin, unlike anterior infections
like descending necrotizing mediastinitis, which require
early, wide debridement."'** In such cases, decisions must
rely on anatomical reasoning and clinical judgment.

The scalp’s rich vascularity, supplied by branch-
es of both the external and internal carotid arteries, is

thought to support a strong immune response and pro-
mote healing.'*'* This has led some to favor conservative
management in scalp infections.’® In our case, this pre-
sumed protection contributed to delayed debridement.
However, the loose areolar tissue beneath the galea apo-
neurotica provides a potential space for rapid horizontal
spread, which likely facilitated the disease’s unexpected-
ly aggressive course."”

Paradoxically, this same vascularity complicates in-
traoperative assessment. In hypervascular regions like
the scalp, bleeding is not a reliable indicator of viability.
Intraoperative evaluation typically relies on visual and
tactile cues such as color, bleeding, and texture, but an
inflamed, friable cervical muscle mimicked granulation
tissue, making it difficult to distinguish necrotic from
viable structures.'” This led to extended dissection and
significant blood loss requiring transfusion. Thus, vas-
cular density may obscure necrosis, adding complexity
to surgical decision-making in scalp NE.

NPWT has demonstrated favorable outcomes in
head and neck wounds across various settings.'* Howev-
er, its use in the occipital scalp and posterior neck pres-
ents a unique anatomical challenge. In our case, routine
cervical flexion during daily activities and salat caused
the NPWT dressing to dislodge. The dressing had been
applied with the neck only partially flexed. Applying
it in maximal flexion from the start would have better
accommodated the patient’s range of motion. While
NPWT is increasingly used for complex wounds, occip-
ital application requires specific precautions that remain
under recognized in the literature.
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Finally, the limitation of our study is that it reports
a single patient, which inherently restricts its generaliz-
ability and precludes comparison with alternative treat-
ment strategies. Nonetheless, it offers useful guidance
for clinicians facing similar diagnostic and operative
challenges.

Conclusion

This report describes a rare case of NF confined to the
occipital region, an anatomical site with little prior doc-
umentation. From a clinical perspective, its atypical
location and initially subtle presentation delayed recog-
nition, emphasizing the need to consider NF even when
systemic signs are preserved. The case also highlights
how the scalp’s vascularity may obscure necrosis, how
subgaleal spread accelerates progression, and how pos-
terior neck anatomy complicates wound management,
including negative pressure therapy. Greater awareness
of these features can guide timely diagnosis and surgi-
cal decisions, ultimately improving outcomes in similar-
ly uncommon presentations.
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ABSTRACT

Introduction and aim. Carcinosarcoma of the uterus is a rare and aggressive monoclonal tumor composed of both epithelial
and mesenchymal components. It is associated with poor prognosis and shows a marked tendency for early metastasis and re-
currence, posing a significant challenge in gynecological oncology. This study aimed to identify the precise clinicopathological
features of uterine carcinosarcoma that may facilitate accurate diagnosis and, ultimately, timely patient management.
Description of the case. A 53-year-old nulliparous woman presented with vaginal bleeding and an abdominal mass. Clinically,
the case was initially diagnosed as leiomyoma uteri. The patient underwent hysterectomy, and the specimen was submitted
for histopathological examination. Histopathology suggested a malignant mixed Miillerian tumor (homologous type). Immu-
nohistochemistry was performed to confirm the diagnosis and to exclude differentials such as endometrial carcinoma. The tu-
mor was positive for cytokeratin, vimentin, cyclin D1, and CD10, while negative for p53 in both components. The coexistence of
epithelial and mesenchymal elements of common embryonic origin, together with the absence of p53 expression, confirmed
the monoclonal nature of the tumor.

Conclusion. Accurate diagnosis of uterine carcinosarcoma requires the combined use of clinical evaluation, histopathology,
and immunohistochemistry, which are essential for guiding optimal therapeutic interventions and determining prognosis.

Keywords. carcinosarcoma, corpus uterus, hysterectomy, immunohistochemistry, mixed Mullerian tumor

Introduction

Malignant mixed Miillerian tumor is also defined as car-
cinosarcoma, which means a tumor with a combination
of both carcinoma and sarcoma simultaneously. It is an
extremely uncommon malignant tumor of the uterine
corpus, leading to scanty contribution to gynecological
malignancies.' The frequent mutations are TP53, PTEN,
PIK3CA, PPP2RIA, FBXW7, and KRAS. Regarding
the origin of carcinosarcoma, the primitive Miillerian
duct develops from the mesenchyme of the urogenital
ridge and the lining of the coelomic epithelium. These
ducts undergo differentiation into the body of the uter-
us, fallopian tubes, and cervix. This analogy gives rise

to myometrial smooth muscle, endometrial stroma,
and endometrial glands. So, the mixed Miillerian tumor
consists of both elements.” These tumors are common in
the uterus because epithelial and mesenchymal compo-
nents both arise from the common embryonic origin.?
It is commonly seen in women of the postmenopausal
age group but has also been reported in younger wom-
en.* This tumor has bilateral components. On the basis
of components, it is bifurcated into two subtypes and
is called homologous when sarcomatous components
are composed of fibrous or smooth muscle tissue, such
as fibrosarcoma, endometrial stromal tumors, or leio-
myosarcomas. Similarly, it is named heterologous when
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the sarcomatous components are composed of cartilage,
skeletal muscle, and bone, therefore rhabdomyosarco-
ma, chondrosarcoma, osteosarcoma, and liposarcoma.'
In both types, the carcinomatous component is mainly
composed of endometrioid, serous, or clear cell type ad-
enocarcinoma.

Aim

The aim of this study was to identify the diagnostic sig-
nificance of histopathology and immunohistochemistry
in uterine carcinosarcoma with homologous elements.

Description of the case

A 53-year-old nulliparous postmenopausal woman pre-
sented with abdominal pain, bleeding per vaginam, and
an abdominal mass. There was no history of tamoxifen
use or pelvic radiation therapy.

Ultrasonography revealed an intramural tumor
mass that did not extend beyond the uterus. Clinically
and radiologically, it was diagnosed as a fibroid uterus.
Therefore, a hysterectomy with bilateral salpingo-oo-
phorectomy was performed, and the surgically resected
specimen was sent in 10% formal saline to the Depart-
ment of Pathology for histopathological examination.
The uterus with bilateral adnexa measured 7x9x10 cm
grossly (Fig. 1).

Fig. 1. Gross section of hysterectomy specimen showing

endometrium and myometrium, the endometrium and
myometrium were replaced by tumor mass, the tumor was
grey/white in color, fragile with hemorrhagic and necrotic
areas

After macroscopic examination, the specimen was
sectioned, processed, and embedded in paraffin. Subse-
quently, 4 um sections were prepared and stained with
hematoxylin and eosin (H&E).

On histopathological examination, the endome-
trium and myometrium were replaced by glandular
components showing marked atypical features. This
was accompanied by a cellular stroma exhibiting pro-

nounced pleomorphism and frequent mitoses. These
findings were suggestive of a malignant mixed Miille-
rian tumor (homologous type). The cervix, ovaries, and
fallopian tubes were free of invasion.

Fig. 2. H&E stained section of carcinosarcoma showing
both epithelial and mesenchymal components (200x)

Immunohistochemistry was performed to confirm
the diagnosis, to determine the nature of the tumor, and
to exclude differential diagnoses. The procedure includ-
ed tissue preparation, deparaffinization with rehydra-
tion, antigen retrieval, blocking, antibody incubation,
detection, counterstaining, mounting, and visualization.
The antibodies applied were cyclin D1, cytokeratin, vi-
mentin, CD10, and p53. Cytokeratin (Fig. 3), vimentin
(Fig. 4), and cyclin D1 (Fig. 5) were strongly positive,
whereas CD10 was weakly positive (Fig. 6) and p53 was
negative in both components (Fig. 7).

Endometrial carcinomas usually show positive im-
munoexpression for cytokeratin AE1/AE3, cyclin D1,
and p53, while being negative for vimentin and often
negative for CD10.

Based on histomorphology and immunohistochem-
istry, the diagnosis of carcinosarcoma of the uterine cor-
pus (homologous variant) was established.

e G
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Fig. 3. Strong immunopositivity of cytokeratin AE1/AE3 in
the epithelial component of carcinosarcoma (200x)
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Fig. 4. Strong immunopositivity of vimentin in the
sarcomatous component of carcinosarcoma (200x)

Fig. 5. Section of carcinosarcoma (100x) showing cyclin D1
positivity in epithelial components

Discussion

Mixed Miillerian tumors are classified by the WHO as
carcinosarcomas, consisting of both carcinomatous and
sarcomatous components. The first case was reported by
Gerhardt in 1989 and later confirmed by Meyer.” The
majority of patients diagnosed with carcinosarcoma are
in the 5th decade of life. In the present study, the patient
was a 53-year-old nulliparous woman.

The locations of mixed Miillerian tumors include
the uterine corpus, other parts of the uterus, and ex-
tragenital sites. The most common site is the uterine
body (corpus uteri), which was also the case in this
study. Clinical symptoms include pain, bleeding per
vaginam, and the passage of necrotic debris or mate-
rial.® In this case, the patient presented with pain, ab-
dominal mass/growth, and postmenopausal bleeding.
There was no history of tamoxifen use or pelvic radi-
ation therapy.

Regarding histogenesis, four theories have been
proposed:

a. Collision theory — both elements originate sepa-
rately and later collide.

i
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Fig. 6. Section of carcinosarcoma showing CD10 focal
positivity in mesenchymal components (100x)

Fig. 7. Section of carcinosarcoma showing p53
immunonegativity in both components (100x)

b. Combination theory — both components arise from
the same stem cell, which later undergoes divergent
differentiation.

c. Composition theory - the spindle cell element rep-
resents a pseudosarcomatous reaction to carcino-
ma.

d. Conversion theory - the sarcomatous elements de-
velop from the carcinomatous elements via a meta-
plastic process.”

On gross examination, the tumor may present as a
polypoid, fleshy, bulky, and fragile growth, with necrosis
and hemorrhage being common findings. In the present
case, similar features were observed (Fig. 1).

Mixed Miillerian tumors are classified into two sub-
types: homologous and heterologous.® The tumor is
considered homologous when the sarcomatous com-
ponent consists of nonspecific malignant stroma, while
it is termed heterologous if the sarcomatous compo-
nent contains tissues not native to the uterus, such as
cartilage. The most frequent glandular component is
adenocarcinoma, while the most common mesoder-
mal component is undifferentiated sarcoma in homol-



220

European Journal of Clinical and Experimental Medicine 2026; 24 (1): 217-221

Table 1. Comparison of immunohistochemical characteristics of carcinosarcoma reported by different researchers

Vimentin

Sno. Authors Epithelial elements Sarcoma elements  Cytokeratin p53 D10 Cyclin D1
1 AdachiY etal.” serous adenocarcinoma homologous positive (epith) positive (both)  positive (sarcoma) positive (sarcoma)
2 Al Dallal HA et al.” endometroid ca heterologous positive (epith) positive (both) negative (both)
3 Dragusin RCet al.” endometriod ca homologous positive (epith) positive (sarcoma) positive positive
4 Kord A etal.™ endometroid ca homologous positive (epith) positive (both)  positive (sarcoma) -
5 Current study endometroid ca with serousca  homologous positive (epith) negative (both)  positive (sarcoma)  positive (sarcoma) ~ positive (epith)

ogous tumors and rhabdomyosarcoma in heterologous
tumors.” The present case was diagnosed as a homol-
ogous carcinosarcoma of the uterine corpus. Immuno-
histochemical markers cytokeratin AE1/AE3, vimentin,
CD10, cyclin D1, and p53 were applied to confirm the
diagnosis.

Ahmed reported that cytokeratin, cyclin D1, and
CD10 are significant immunomarkers in determining
carcinosarcoma.’ Cyclin D1, a member of the cyclin fam-
ily of cell cycle regulators, is involved in tumorigenesis
when mutated, and its immunohistochemical expression
is useful for prognostic evaluation.>'® Vimentin is a cy-
toplasmic intermediate filament characteristic of cells of
mesenchymal origin."! CD10 is an antibody that identifies
neprilysin, useful in the diagnosis of female genital tract
tumors, particularly endometrial stromal neoplasms.>!'-?

Mutation in the p53 tumor suppressor gene rep-
resents a common genetic alteration in human tumors.
The altered mutant protein has a much longer half-life
and can be detected by immunohistochemistry.'!>!*

Among the immunomarkers applied, AE1/AE3 cy-
tokeratin, vimentin, and cyclin D1 were strongly pos-
itive, whereas CD10 was weakly positive. p53 was
analyzed and found to be negative in both components.
Several studies have shown homogeneous p53 staining
in both components of uterine sarcomas. p53 immu-
nostaining usually yields similar results in both compo-
nents - it may be positive or negative in both - which
supports the hypothesis of a common origin of the two
components (Tab. 1).!-11

Carcinosarcoma is a rare malignant neoplasm. If a
postmenopausal woman presents with bleeding per vagi-
nam, the possibility of malignant mixed Miillerian tumor
should be considered. Histopathology together with im-
munohistochemistry is essential to establish the correct
diagnosis, which is also crucial for optimal therapeutic
interventions and prognosis. Our findings further sup-
port the most widely accepted histogenesis theory, which
suggests that carcinosarcoma originates through transdif-
ferentiation of uterine carcinoma into sarcoma.

Conclusion

Carcinosarcoma of the uterus is a rare and aggressive
neoplasm that primarily affects postmenopausal wom-
en. Early diagnosis is pivotal for effective management.
Histopathological examination combined with immu-

nohistochemistry is essential to exclude differential di-
agnoses and to confirm the tumor variant; therefore,
these investigations should be performed in every case
of carcinosarcoma.
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ABSTRACT

Introduction and aim. Concurrent cardiocerebral infarction (CCl) is a rare condition defined by the simultaneous presentation
of acute myocardial infarction (AMI) and acute ischemic stroke (AlS). This case report aims to illustrate the clinical presentation,
diagnostic challenges, and treatment considerations in a patient with CCI.

Description of the case. We describe the case of a 61-year-old Asian patient with symptoms of AMI, which was successfully
treated with primary percutaneous coronary intervention (PCI). Six hours after the initial presentation, the patient developed
symptoms of AIS. Imaging revealed an acute infarct in the left globus pallidus and small lacunar infarcts in the left thalamus re-
gion. Due to the location of the cerebral infarct, the patient was managed conservatively for AlS. The patient showed a positive
response to the treatment, with no recurrence of chest pain or neurological symptoms observed at the six-month follow-up.
Conclusion. This case emphasizes the importance of prompt brain imaging to distinguish between different types of stroke
and highlights the challenges in managing CCl, a condition linked to high mortality and morbidity. Early recognition and tai-
lored therapy are crucial for improving prognosis.

Keywords. acute ischemic stroke, acute myocardial infarction, cardio-cerebral infarction, percutaneous coronary intervention

Introduction

Acute myocardial infarction (AMI) is diagnosed based
on the presence of elevated cardiac enzymes, ischemic
symptoms, ECG changes, loss of viable myocardium on
non-invasive testing, or the presence of a coronary ar-
tery thrombus on angiography. Acute ischemic stroke
(AIS) is characterized by the sudden onset of a focal
neurological deficit caused by an acute focal injury to
the central nervous system caused by arterial occlu-
sion or thromboembolism.' Cardio-cerebral infarction
(CCI) is a rare condition that occurs when AMI and AIS
happen simultaneously. The overall prevalence of CCI
is low, with few cases having been reported in the liter-
ature.**

Aim

This case report aims to illustrate the clinical presen-
tation, diagnostic challenges, and treatment consider-
ations in a patient with CCIL.

Description of the case

A 61-year-old patient with a history of hypertension,
diabetes mellitus, and stage 3A chronic kidney disease
(CKD) presented to our emergency department with two
hours of left-sided constricting chest pain and profuse
sweating. He had no previous history of stroke or isch-
emic heart disease. Upon admission, vital signs were sta-
ble, with a blood pressure of 160/100 mmHg and a heart
rate of 50 beats per minute. ECG showed ST elevation in
leads II, III, and aVE with reciprocal ST depression in
V1-V3 (Fig. 1).
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Fig. 2. A: Total occlusion of the dominant right coronary artery with thrombus, 2B: PCI to RCA-PDA with 2 DES resulting in TIMI

3 flow distally

Troponins were elevated (540 ng/mL). Coronary
angiogram revealed total occlusion of the dominant
right coronary artery with thrombus, while the left cor-
onary system was normal. A JR4 6F guiding catheter
and a Fielder FC 0.014-inch wire were used to access the
right coronary artery, followed by balloon angioplas-
ty using a 2.5x15 mm coronary balloon inflated to 14
atm for 5 seconds. Two sirolimus-eluting stents (DES)
(3.5x27 mm and 2.75x37mm) were implanted, followed
by post-dilation with an NC Accuforce 3.5x15 mm bal-
loon at 18 atm. A final angiogram confirmed successful
PCI to RCA-PDA with two DES, resulting in complete
distal flow (Fig. 24, 2B).

Six hours post- PCI, the patient suddenly developed
neurological symptoms, including memory impair-
ment, reduced consciousness, disorientation, right-sid-
ed hemiparesis, right upper motor neuron facial palsy,
and a right extensor plantar response, with a National
Institutes of Health Stroke Scale (NIHSS) score of 15.
A magnetic resonance imaging (MRI) revealed acute
ischemic lesions in the left globus pallidus and multiple

small acute lacunar infarcts in the left thalamus region
and lenticulostriate branches of the left middle cerebral
artery (MCA) territory (Fig. 3A-D).

Given the recent AMI and infarct location, a con-
servative approach was taken for AIS. The patient was
discharged on the seventh post-procedure day, showing
gradual improvement in memory and orientation. Con-
tinuous ECG monitoring during hospitalization showed
no atrial fibrillation or arrhythmias. At three- and six-
month follow-ups, the patient remained well, with no
recurrence of chest pain or neurological symptoms. The
modified Rankin Scale (mRS) at six months was 1, in-
dicating slight disability but overall favorable function-
al recovery. Serial ECGs demonstrated normal sinus
rhythm without new ischemic changes.

Discussion

The term “concurrent cardio-cerebral incident (CCI)”
was first introduced by Omar et al. in 2010 to describe
the co-occurrence of AMI and AIS.° CCI can manifest
as either synchronous, where both events occur simul-
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Fig. 3. A and B: Acute lacunar infarct in left globus pallidus, C and D: Small acute lacunar infarcts in left thalamus

taneously, or metachronous, where one precedes the
other.® Type 1 CCI refers to simultaneous or within 12
hours of each other, with subcategories: type IA (cardiac
factors responsible), type IB (brain-related factors), and
type IC (neither cardiac nor brain-related factors). Type
2 involves AIS within 4.5 hours of recent AMI, but more
than three hours after onset. Type 3 CCI involves AMI
within 12 hours of recent AIS, but more than 4.5 hours
after AIS.” Our case fits into Type 1 CCI, with symptoms
of AIS six hours after MI onset.

The prevalence of CCIs varies from 0.009% to
0.29% with AIS following AMI occurring in 0.7% to
2.2% of hospitalized patients with peak occurrence in
the early days post-AMI, but remains elevated for up
to 12 weeks post-MIL'*"# A single-center study by Ol-
ivier Hachet found that most stroke and TIAs occur
within the first five days post-AMI, with 52.8% oc-
curring on the first day and 87% within five days.’ In
our case, the development of neurological symptoms
within six hours post-PCI highlights this early period
and emphasizes the need for vigilance in the immedi-
ate post-revascularization phase. In addition, studies
by Chin et al. and Yeo et al. have demonstrated that
6-12.7% of patients with acute stroke have a history
of recent AMI.®! A retrospective study revealed that
among over 11 million patients hospitalized for AMI
between 2000 and 2017, 1.6% developed AIS within 24
hours.* CClIs are associated with high mortality; me-
ta-analyses report in-hospital mortality of 33.3% and a
three-month mortality of 49.2%."!

The overlap of risk factors such as hypertension, hy-
percholesterolemia, smoking, diabetes, and advanced
age contributes to both conditions via inflammation
and atherosclerosis.'” Our patient’s hypertension, dia-
betes, and CKD likely contributed both coronary and
cerebral artery disease. The pathophysiology of CCI in-
volves mechanisms like intra-cardiac thrombogenesis
due to coronary vasospasm, ventricular dysfunction,
atrial fibrillation, and type A aortic dissection, as well as
thrombotic viral infections, like COVID-19."*"* Cardio-
myopathies, such as left ventricular non-compaction,
predispose to intra-cardiac thrombus and systemic em-
bolization."* Furthermore, right ventricular infarction

or extensive MI complicated by cardiogenic shock can
rapidly compromise hemodynamics, leading to water-
shed brain infarction (hemodynamic stroke) in patients
with a prolonged history of hypertension.

Management of CCls requires a multidisciplinary
approach. Prompt brain imaging is essential to deter-
mine stroke type; MRI is often necessary when CT is in-
conclusive, as seen in our case." In metachronous CClIs,
treatment focuses on the initial event. Both conditions
carry high mortality and narrow therapeutic windows,
so delays can worsen outcomes. Furthermore, throm-
bolytic therapy for AIS may increase the risk of cardi-
ac rupture post-MI, although two large studies (SMART
and SITS-MOST) show no significant difference.'s The
use of anticoagulants and antiplatelet agents during PCI
may also increase the risk of thrombolysis-associated
hemorrhagic conversion in AIS. Therefore, individual-
ized treatment plans are vital.

The American Heart Association/American Stroke
Association (AHA/ASA) recommends that stable pa-
tients with hyperacute CCI without contraindications
receive IV alteplase followed by PCI (Class IIa: level of
evidence C)."” However, the 2019 European Stroke Or-
ganization (ESO) guidelines advise against IV alteplase
within 4.5 hours in patients with recent M[; instead, me-
chanical thrombectomy and PCI are recommended.'®
Our conservative approach was guided by infarct loca-
tion, size, and bleeding risk, with mechanical thrombec-
tomy contraindicated due to the infarct’s deep location,
and thrombolysis avoided because of recent MI. Instead,
we prioritized dual antiplatelet therapy and supportive
care, leading to neurological improvement.

In CClIs, dual antiplatelet therapy (DAPT) should
continue for 12 months, then transition to single anti-
platelet therapy (SAPT) for life. When cardioembolic
stroke accompanies CCI, especially with atrial fibrilla-
tion, triple therapy (aspirin, clopidogrel, and a non-vi-
tamin K oral anticoagulant, NOAC or warfarin) is
recommended for one week, then dual therapy (SAPT
and NOAC) for 6-12 months, depending on bleeding
risk. Long-term, single-agent therapy is advised. The
MIRACL study and GRACE registry have shown that
early high-intensity statins reduce recurrent non-fatal
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ischemic stroke in AMI, by lowering low-density lipo-
protein cholesterol (LDL-C) by over 50%, aiming for
levels below 1.4 mmol/L (55 mg/dL).”

Key clinical messages

- CClI needs timely recognition and a team-based ap-
proach due to the challenges posed by simultaneous
AMI and AIS.

- Immediate brain imaging, especially MRI, is crucial
for diagnosing AIS after AMI, guiding treatment
decisions and outcomes.

- Treatment should be personalized based on the ti-
ming and type of infarcts, while carefully weighing
thrombolysis risks.

- Ongoing monitoring and follow-up are important
as patients may gradually improve in neurological
function after CCI despite initial severity.

- Increasing clinician awareness of CCI can enhance
early detection and improve management, reducing
mortality and morbidity rates.

Conclusion

Concurrent CCI is a rare and complex condition re-
quiring a multidisciplinary approach. Prompt brain
imaging is critical for accurate diagnosis. In this case,
conservative stroke management was chosen due to
cerebral infarct location, which contraindicated me-
chanical thrombectomy. The patient was maintained
on DAPT for 12 months, then transitioned to SAPT.
Early recognition and management are vital to reduce
high mortality and morbidity. Despite progress, gaps
remain in evidence-based guidelines for managing
CCI, particularly concerning the timing and choice of
thrombolytic and revascularization strategies. Further
research should focus on establishing standard guide-
lines through large-scale prospective studies for better
patient outcomes.
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ABSTRACT

Introduction and aim. Floating-Harbor syndrome (FHS) is a very rare disease, whose typical characteristics include short stat-
ure, facial dysmorphic features and significant speech delay. We aim to present the first reported case of FHS with discordant
growth hormone tests and confirmed hypoplasia of the pituitary gland.

Description of the case. We report a case of a boy aged 8 years and 3 months with a height constantly below the 3" percentile,
delayed bone age in comparison to chronological age, typical dysmorphic triangular face and a high-pitched voice. Whole-ex-
ome sequencing (WES) detected a heterozygous pathogenic variant in SRCAP gene - a confirmation of the diagnosis Float-
ing-Harbor syndrome (FHS). Recombinant human growth hormone (rhGH) therapy at a dose of 0.033 mg/kg/day (0.65 mg/day)
was initiated at the age of 7 years and 10 months. Because of the insufficient growth velocity at the time of manuscript prepa-
ration a dose increase was made to 0.035 mg/kg/day (0.80 mg/day).

Conclusion. In children presenting with short stature (especially when GH deficiency is confirmed), facial dysmorphism and
developmental delay, Floating-Harbor syndrome should be considered as a possible diagnosis. A multidisciplinary approach
involving pediatric endocrinologists, geneticists and developmental specialists is essential for timely etiological diagnosis and
optimal management.

Keywords. Floating-Harbor syndrome, recombinant human growth hormone treatment, short stature

Introduction

Floating-Harbor syndrome (FHS) is a rare genetic dis-
order, with approximately one hundred documented
cases in the scientific literature worldwide.! This syn-
drome derives its name from the names of the hospi-
tals in the United States (Boston Floating Hospital and
Harbor General Hospital in California), where the first
cases were reported (unlike the majority of the genetic
diseases that are named after the physicians who initial-
ly described them).' FHS is attributed mainly to a point
mutation (frameshift or nonsense mutation) in the
SRCAP gene, which is located on the short arm of 16
chromosome 16p11.2 and encodes the central catalytic

subunit of the SNF2-Related CBP Activator Protein (SR-
CAP).? This protein is an ATPase that modulates gene
expression by chromatin remodeling and interaction
with transcription activators (CREBBP/CBP).? Patho-
genic variants in SRCAP gene are located in exons 33 or
34 and, in the most cases, arise de novo, although rare
examples of autosomal dominant inheritance have been
reported in familial cases.?

The clinical phenotype of FHS is the characteristic
triad: short stature, severe language developmental de-
lay, as well as typical facial dysmorphologies.! Height is
persistently below the 3™ percentile and is attributed to
the growth hormone (GH) deficiency.! Bone age lags
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Fig. 1. Characteristics of the patient: A: Growth chart from the age of 3 years to present, B: Triangular dysmorphic face of
the child, C: Radiography of the left forearm — a bone age of 4 years and 6 months (2 years and 7 months behind patient’s
chronological age), D: Small hands with hypertrophy of the distal phalanges of the fingers and prominent nail plates, E:
Family tree confirming the de novo emergence of the pathogenic variant

behind chronological age.' The typical facial features
of FHS patients are a triangular facial shape, deep-set
eyes, a prominent nasal bridge with a broad nose and
enlarged nostrils, a short philtrum, and a wide mouth
with thin upper and lower lips. Some patients may also
have dental anomalies, such as delayed eruption of pri-
mary and permanent teeth, microdontia and others.'
While motor development is generally normal, neu-
ro-psychic and language development are delayed. The
voice is also specific - screaming (more pronounced
during laughing or crying). Skeletal abnormalities -
such as brachydactyly, clinodactyly, vertebral anomalies,
additional rib, short neck, etc. — can be seen in some
patients with FHS.* Another less common clinical man-
ifestations may include cardiac, sensory (hearing, eye),
genitourinary, gastrointestinal anomalies.* This rare dis-
ease may present with behavioral challenges, including
attention-deficit/hyperactivity disorder (ADHD) and
learning difficulties. The diagnosis of Floating-Harbor
syndrome is based primarily on clinical evaluation and
can be confirmed through molecular genetic analysis,
specifically whole exome sequencing (WES) or targeted
sequencing of SRCAP gene, which reveals a heterozy-
gous pathogenic variant in exon 33 or 34.*

Aim

The purpose of this case report is to describe the first re-
ported case of Floating-Harbor syndrome with discor-
dant GH tests and MRI confirmed pituitary hypoplasia.

Description of the case
The patient is a male aged 8 years and 3 months, born
from a first, complicated pregnancy of a mother with
type 1 diabetes and Hashimoto’s thyroiditis, with in-
adequate glycemic control during pregnancy and un-
der therapy with L-thyroxin. A course of indomethacin
was administered in the 7% lunar month due to polyhy-
dramnios. Delivery occurred at term via cesarean sec-
tion. The newborn’s weight was 4170 g (+1.23 SDS) and
length of 56 cm (+2.16 SDS), in asphyxia requiring re-
suscitation in the delivery room, oxygen therapy, antibi-
otics and phototherapy. A persistent foramen ovale with
left-to-right shunt was established. The patient is regu-
larly immunized.

Since the age of 3 years, the patient has constant-
ly grown below the prognostic stature (175,5 cm, -0.37
SDS), calculated as (mother’s height + father’s height +
13)/2. As shown on the height and weight growth charts
(Fig. 1A), the growth curve lies below the 3™ percen-
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tile. At the age of 3 years and 2 months, he was eval-
uated by a psychologist who reported slightly delayed
speech development and coefficient of development
86 (low-normal range) was reported. Due to the dys-
morphic features and delays in physical and cognitive
development, karyotyping and MLPA testing for mi-
crodeletions, subtelomeric deletions, and duplications
were performed, with no abnormalities found. At 4
years and 5 months, the patient’s height and weight were
(-3.07 SDS), his bone age was 2 years and 6 months (de-
lay of 1 year and 11 months from calendar) and the level
of insulin-like growth factor-1 (IGF-1) was 118.0 ng/mL
(-0.08 SDS). Hypermetropia was identified and correct-
ed with spectacles: right eye +4.5 diopters spherical, left
eye +4.5 diopters spherical.

Table 1. Laboratory analyses before and 6 months after
rhGH treatment

Parameter  Results before  Results after Units Reference range
rthGH therapy  rhGH therapy
Fasting glucose 4.89 476 mmol/L 411-5.89
HbA,, 5.27 5.20 % 4.0-5.7
Total cholesterol 4.14 3.79 mmol/L <52
LDL 2.60 2.00 mmol/L <35
HDL 1.19 1.09 mmol/L >0.9
ASAT 230 20.9 UL 10-46
ALAT 17.0 132 UL 5-37
GGT 15.0 12.0 UL 5-31
Albumin 45.24 453 g/L 32-55
TSH 3.51 3.82 miU/L 0.58-4.1
fT4 16.7 17.2 pmol/L 9.5-16.5
MAT <10.0 <10.0 1U/mL <350
TAT <20.0 <20.0 1U/mL <40.0
IGF-1 84.8 208.0 ng/mL 40-255

The patient was not followed up until the age of 7%
year 1 month, when he was admitted to the Endocri-
nology Department. During the physical examination, a
typical facial phenotype was observed: triangular, with a
sharp chin, convergent strabismus, deep-set eyes, broad
bridge and root of the nose, smooth glabella, promi-
nent forehead, sparse hair with thin strands; low-set
and dysmorphic ears (Fig. 1B). His height was 106.4 cm
(-2.98 SDS), while his weight was 17.6 kg (-2.26 SDS).
Bone age, determined via wrist X-ray, was 4 years and 6
months - even a greater delay of 2 years and 7 months
(Fig. 1C). Despite ongoing support from a speech and
language therapist, psychologist and special education
teacher, the patient’s language and speech development
remained delayed. The child’s hands and feet appeared
slightly small with hypertrophy of the distal phalanges
of the fingers and prominent nail plates (Fig. 1D). A
slightly screaming voice can be detected during crying
and laughing. From laboratory tests (CBC, biochemis-
try, thyroid hormones, morning and evening cortisol,
electrolytes), all values were within reference range (Ta-

ble 1), only the IGF-1 concentration was 84.8 ng/mL
(-1.41 SDS).

Two stimulation tests (Fig. 2) for growth hormone
were performed (with arginine hydrochloride 8.8 g i.v.
for 30 minutes and glucagon 0.6 mg i.m.) with opposite
results. In the arginine test, the peak GH level at 60 min-
utes was 16.5 ng/mL (normal response), whereas in the
glucagon test, the peak GH plasma concentration at 90
minutes was 5.67 ng/mL (insufficient response).

T T T T T T T L

normal response 1 —=— Arginine
144 i
2 —e— (Glucagon

Growth hormone level [ng/mL

T T T T T T T T T

T T T T T T
-30 0 30 60 90 120 150 180

Time [min]

Fig. 2. Plasma concentration of growth hormone (ng/

mL) over the time (min) during the stimulation tests with
arginine hydrochloride (blue curve 1) and glucagon (red
curve 2), the results are discordant: normal response in the
arginine test (with peak GH value over 10.0 ng/mL) and
insufficient response in the glucagon test (peak GH level
below 10.0 ng/mL)

Therefore, MRI of the hypothalamus-pituitary were
performed, revealing mild hypoplasia of the pituitary
gland - a height of =4.6 mm (norm 6 mm), without any
hypointense areas suspected for adenomas. Consider-
ing the short stature, combined with significant bone
age delay, the dysmorphic facies as well as the speech
and language delay, the decision for whole-exome se-
quencing (WES), using the next-generation sequencing
(NGS) platform NovoSeq6000/Illumina, was undertak-
en. The results disclosed a heterozygous pathogenic vari-
ant ¢.7330C>T (pArg2444Ter) in exon 34 of the SRCAP
gene on short arm of chromosome 16. This is the most
common pathogenic variant in SRCAP gene in the litera-
ture and along with the typical clinical presentation con-
firmed the diagnosis Floating-Harbor syndrome (FHS).
The pathogenic variant emerges de novo like in the ma-
jority of the already described cases (Fig. le). Consider-
ing the short stature, notable delayed bone age, as well as
the MRI finding and the results from the glucagon stim-
ulation test, a treatment with 0.033 mg/kg/day (0.65 mg/
day) of recombinant human growth hormone (rhGH)
subcutaneously in the evening was initiated at the age
of 7 years and 10 months. At the time of preparation of
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the manuscript, the child has been under this treatment
for 6 months and has increased his height by 3.3 cm and
gained weight by 3 kg (Table 2). The dose of the thGH
has been increased to 0.035 mg/kg/day (0.80 mg/day) s.c.
During ophthalmologic evaluation, visual acuity was 0.3
in the right eye (VOD) and 0.3 in the left eye (VOS). Fun-
doscopy revealed normal findings in both eyes. The optic
discs appeared vital with clear margins; retinal vessels and
retina showed no abnormalities. Abdominal ultrasonog-
raphy showed no abnormalities.

Table 2. Dynamics of patient’s height, weight, IGF-1 levels
and bone age?®

Calendar Height Weight 1GF-1 Ie\{els.before
age (years application

months)  (cm) (SDS) (kg) (SDS) (ng/mL) (SDS)
3y2m 85 354 1.0 -279 - - -
4y5m 915 -3.07 126 -288 180 -0.08 2y 6m
Sy* 9.0 -274 140 -242 - - -
oy* 1025 -254 157 =231 - - -
7ylm 1064 -298 176 -226 848 141 4y6m
7y9m 1092 =314 195 -191 188 +0.23 5y2m
8y3m 1125 -299 225 -1 208  +0.52 5y 10m

one age
(years months)

@* _ these values are given from the patient’s parent, not
measured by a physician

Discussion

FHS is a rare genetic disease that is associated with a
short stature (usually below the 3™ percentile), lag in the
bone age (often 1-3 years compared to chronological
age), triangular dysmorphic face, as well as skeleton ab-
normalities such as short arms and legs, brachydactyly
or clinodactyly, deficit in speech and language develop-
ment. FHS is a result of frameshift or nonsense muta-
tions in exons 33 or 34 of SRCAP gene, located on the
short arm of chromosome 16 (16p11.2). SRCAP gene
encodes an ATPase (catalytic subunit of SNF2-Related
CBP activator protein), which plays a key role in chro-
matin remodeling and gene expression.

Management of FHS is symptomatic and multidisci-
plinary, involving growth hormone therapy for the short
stature, language and speech support, as well as educa-
tional and developmental support. The use of recombi-
nant human growth hormone (rhGH) dates back from
2001, and to date, there are 35 patients in the literature
with FHS treated with rhGH, showing variable respons-
es (Table 3). The typical dosage of rhGH is in the range
0f 0.025-0.060 mg/kg/day (most commonly 0.030-0.035
mg/kg/day). No clear correlation can be established be-
tween rhGH dose and final height, since the response to
the treatment is highly individual. Most published cases
report marked bone age delays, though the magnitude
of delay varies widely. The duration of the treatment is
also different in the reported patients, but almost ev-
eryone has a satisfactory response to the rhGH appli-

cation which can be concluded from the increase in
the growth velocity and concentration of insulin-like
growth factor-1 (IGF-1), as well as the reduction in the
difference between the calendar and bone age (which is
again strongly individual and not directly connected to
the dose and duration of the rhGH treatment).

In contrast to the published cases of patients with
FHS, who are typically small for the gestational age, our
patient was born large for the gestational age which is
likely attributed to the maternal diabetes type 1 which
was poorly controlled during the pregnancy. Maternal
hyperglycemia results in increased fetal blood glucose,
leading to fetal hyperinsulinemia and consequently in-
creased growth. Another unusual finding in this case
was the inconsistency of growth hormone stimulation
test results — a normal response to the arginine test, and
insufficient response to the glucagon test). As a result,
an MRI of the hypothalamus-pituitary gland was per-
formed to confirm GH deficiency.

In our patient, the growth velocity is 3.3 cm for the 6
months of rhGH treatment (6.6 cm/year), which is 44.1%
higher than the speed velocity from patient’s 3" to 7™ year
(4.58 cm/year). The bone age at the start of the treatment
was 5 years and 2 months (the difference (AA) between
bone age (BA) and calendar age (CA): AA=BA-CA is
minus (-) 2 years and 8 months), while this difference 6
months later is () 2 years and 6 months. The level of IGF-
1 is an important marker whose levels must be monitored
before and after the start of the rhGH treatment. Low lev-
el of IGF-1 combined with a pathological response to GH
stimulation tests (such as arginine, clonidine, glucagon,
etc.) are laboratory indicators for GH deficiency and initi-
ation of substitution therapy. When IGF-1 concentration
remains at the lower range during the rhGH treatment,
the dosage must be elevated and if IGF-1 concentration
remained low despite the dose increase, then IGF-1 resis-
tance can be the reason. In case of elevated IGF-1 levels,
the dosage must be reduced in order to prevent the onset
of side effects.

Monitoring patients undergoing rhGH therapy re-
quires clinical examinations approximately every 6
months to assess height, weight, and bone age. Addi-
tionally, IGF-1 levels, lipid profile (total cholesterol, LDL,
HDL), glucose and glycated hemoglobin levels (HbA, ),
thyroid status (TSH, fT4), and blood pressure should
also be monitored. Regular ophthalmological examina-
tions (including visual acuity assessment and fundos-
copy) are also recommended. In the present case, there
were no changes in these parameters within 6 months of
therapy (Table 1), nor did the patient have any subjective
complaints about the treatment. The IGF-1 concentration
on the 6™ month after the initiation of thGH treatment
is 208.0 ng/mL ( 0.52 SDS), still well below the targeted
around + 2.0 SDS and along with the suboptimal growth
velocity (6.6 cm/year), still significant bone age delay
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(AA=-2 years and 6 months) and the lack of any signif-
icant side effects from the rhGH treatment, a decision to
slightly increase in the dose of rhGH is made: from 0.033
mg/kg/day (0.65 mg/day) to 0.035 mg/kg/day (0.80 mg/
day) s.c. The patient will continue to be monitored every
6 months while being on thGH treatment.

Patient perspective

The family expressed gratitude for reaching a definitive
diagnosis and for the initiation of thGH therapy. Since
the beginning of the replacement therapy and with the
help of the speech and language therapist, the physical
and mental development of their child have improved no-
ticeably. The patient feels better which makes the parents
calmer. They report no difficulties with the therapy and
acknowledge the importance of the regular follow-up.

Conclusion
FHS is a rare disorder, which must be considered in
children presenting with proportional short stature,
dysmorphic facial features (including a triangular face
shape, deep-set eyes, and a prominent nose) and marked
speech and language delay. In the presence of this clas-
sical clinical triad for FHS, target sequencing of the SR-
CAP gene can be suggested as the first-line molecular
diagnostic test. In cases with atypical or incomplete clin-
ical manifestations, a broader next-generation sequenc-
ing (NGS) panel must be considered, including SRCAP
and other genes associated with short stature, language
delay, and facial dysmorphism such as CREBBP, EP300,
KMT2D, KDM6A, NIPBL, SMC1A, SMC3 and oth-
ers, in order to differentiate FHS from other syndromes
(such as Rubinstein-Taybi syndrome, Cornelia de Lange
syndrome, Kabuki syndrome, and others).
Management of patients with FHS involves a mul-
tidisciplinary team consisting of endocrinologists, ge-
neticists and developmental specialists. In cases with
confirmed growth hormone deficiency, therapy with re-
combinant human growth hormone (rhGH) is indicat-
ed, typically at a dose between 0.030-0.040 mg/kg/day,
with close monitoring of insulin-like growth factor-1
(IGF-1) levels both prior and during treatment.
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Dear Editor,

We read with great interest the article, “D-dimer as a
potential biomarker in chronic obstructive pulmonary
disease” by Patel et al.' published in the European Jour-
nal of Clinical and Experimental Medicine. Although
the study explores a relevant clinical question, several
methodological and interpretational issues merit con-
sideration.

Methodological issues

The study aimed to evaluate D-dimer for COPD diag-
nosis and outcome prediction, yet no measures of diag-
nostic accuracy such as sensitivity, specificity, predictive
values, or ROC analysis were reported. Given its cross-
sectional design, the study is also not suitable for assess-
ing prognostic outcomes.

The inclusion criteria specify “known cas-
es of COPD”, but the control group is not adequate-
ly described. It is unclear whether the 54 controls were
COPD cases in remission or non-COPD subjects, and
the rationale for their selection is not explained. Fur-
thermore, several conditions that can increase D-dimer
such as trauma, immobilization, cardiovascular dis-
ease, uncontrolled diabetes, autoimmune disorders, and
smoking - were not excluded, raising the possibility of
confounding.

GOLD classification inconsistencies

The study was conducted between 2023-2024, when the
GOLD 2023 report was the valid guideline. Table 3 pre-
sents variable FEV1/FVC cutoffs across stages, which
is inconsistent with GOLD 2023 definitions. By defini-
tion, GOLD requires FEV1/FVC <0.7 to define obstruc-
tion, irrespective of severity.> Such deviations may lead
to misinterpretation of staging and affect the reliability
of results.

Phenotyping issues

The study subdivides COPD into “chronic bronchitis,
emphysema, and small airway disease” However, con-
temporary GOLD recommendations no longer empha-
size such classifications, as these represent descriptive
phenotypes rather than diagnostic categories.” Adhering
to current standards may have improved the generaliz-
ability and comparability of the findings.

Other remarks

The clinical implications of elevated D-dimer in COPD
are not fully discussed. Without addressing potential
applications - such as exacerbation risk stratification or
prognostic monitoring - the practical relevance of the
findings remains uncertain. Additionally, typographical
errors and incomplete reporting of control group details
(e.g., Table 9) reduce overall clarity.

Corresponding author: Rishi Govind Orakkan, e-mail: rishigovindorakkan@hotmail.com

Received: 10.09.2025 / Accepted: 18.09.2025 / Published: 30.03.2026

Gabhale S, Orakkan RG. Commentary on the use of D-dimer as a biomarker in chronic obstructive pulmonary disease. Eur J Clin

Exp Med. 2026;24(1):234-235. doi: 10.15584/ejcem.2026.1.27.

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.2026.1.27
mailto:rishigovindorakkan%40hotmail.com?subject=
https://orcid.org/0000-0002-2332-3625
https://orcid.org/0009-0002-0654-2743

Commentary on the use of D-dimer as a hiomarker in chronic obstructive pulmonary disease 235

In conclusion, although the authors highlight an in-
teresting association, limitations in study design, un-
clear control group definition, inconsistencies with
GOLD classification, and reliance on outdated pheno-
typic categories restrict the clinical utility of the find-
ings. At present, evidence does not justify the use of
D-dimer for COPD diagnosis or phenotypic classifica-
tion without further prospective validation in well-de-
signed studies.
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include details on how the AI or Al-assisted tools were
applied in the image creation or alteration process, along
with the name of the model or tool, version and exten-
sion numbers, and the manufacturer.

Authors must follow the AT software’s specific usage
policies and ensure proper content attribution. When
applicable, authors may be required to provide pre-Al-
adjusted versions of images and/or the composite raw
images used to produce the final submitted versions for
editorial assessment.
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The use of generative Al and Al-assisted technologies

in scientific writing should be disclosed by including

a statement at the end of the manuscript when it is ini-

tially submitted.

— Title of new section: Use of Al and Al-assisted tech-
nologies in the writing process.

— Example of a statement: “During the preparation of
this work the author(s) used [NAME TOOL/SER-
VICE] in order to [REASON]. After using this tool/
service, the author(s) reviewed and edited the con-
tent as needed and take(s) full responsibility for the
content of the published article”

The declaration does not apply to the use of basic tools,

such as those used for checking grammar, spelling, and

references. If there is nothing to disclose, no statement
is required.

NOTE: to protect authors’ rights and the confidentiality of

their research, the Eur ] Clin Exp Med does not currently

allow the use of Generative Al or Al-assisted technolo-
gies such as ChatGPT or similar services by reviewers or
editors in the peer review and manuscript evaluation pro-
cess. Suspected breaches may result in reviewer removal
and rejection of the manuscript or other editorial actions.

Moreover, editors may decline to move forward with man-

uscripts if Al is used inappropriately.

Correction and retraction policy

The Eur J Clin Exp Med operates the following policy
for making corrections to its peer-reviewed content.
Publishable amendments must be represented by a formal
online notice because they affect the publication record
and/or the scientific accuracy of published information.
Where these amendments concern peer-reviewed mate-
rial, they fall into one of four categories: Publisher Cor-
rection (formerly Erratum), Author Correction (formerly
Corrigendum), Retraction or Addendum.

Publisher Correction (formerly Erratum). Notification
of an important error made by the journal that affects the
publication record or the scientific integrity of the paper
or the reputation of the authors or the journal.

Author Correction (formerly Corrigendum). Notifica-
tion of an important error made by the author(s) that
affects the publication record or the scientific integrity of
the paper, or the reputation of the authors or the journal.
Retraction. Notification of invalid results. All co-authors
must sign a Retraction specifying the error and stating
briefly how the conclusions are affected, and submit it
for publication. In cases where co-authors disagree, the
in-house editors may seek advice from independent ref-
erees and impose the type of amendment that seems most
appropriate, noting the dissenting author(s) in the text of
the published version.

Addendum. Notification of additional information.
Addenda are published when the in-house editors decide

that the addendum is crucial to the reader’s understand-
ing of a significant part of the published contribution.
Expression of Concern. A notice issued when serious
concerns have been raised about a publication, but an
investigation is ongoing and conclusive evidence is not
yet available.

Corrections, retractions, and expressions of concern are
published as separate notices and are permanently linked
to the original article. The online article and PDF are
clearly labeled to reflect the amendment status.

Archiving policy

Articles published in Eur J Clin Exp Med are long-term
deposited in the repository of the University of Rzeszow.
Authors of articles are permitted to self-archive the sub-
mitted (preprint) version of the article at any time, and
may self-archive the accepted (peer-reviewed) version. The
authors may also deposit the published version of the article.
On submission of the manuscript, authors may deposit
the submitted version in their personal, institutional, or
online preprint repository. The first page of the manu-
script must clearly display the following wording: “This
paper is a preprint of a paper submitted to European Jour-
nal of Clinical and Experimental Medicine (ISSN: 2544-
1361)”. If the paper is rejected, authors must remove all
mention of the journal.

The author may deposit the accepted manuscript of the
paper (accepted version of the manuscript after peer-re-
view and content amendments, but before copyediting,
typesetting and proof correction) to the author’s personal
website, provided that it is non-commercial, and to the
repository of the author’s institution with acknowledge-
ment of the Journal (acknowledgement should be made
as follows: “This is an accepted peer-reviewed version of
the paper. The published version of the article is available at
European Journal of Clinical and Experimental Medicine
(ISSN: 2544-1361), at https://doi.org/[DOI of the article]”.
Published version of an open-access article. The author
may deposit the published version of the paper (final
edited and typeset version that is made publicly avail-
able by the Publisher and can be considered an article)
to any institutional repository, and distribute and make
it publicly available in any way with acknowledgement
to the Journal (acknowledgement should be made as fol-
lows: “This is a published version of the paper, available at
European Journal of Clinical and Experimental Medicine
(ISSN: 2544-1361), at https://doi.org/[DOLof the article]”.
The journal ensures long-term digital preservation of
the version of record through institutional repository
archiving and persistent identifiers (DOIs).

Preprint policy
The Eur J Clin Exp Med permits the posting of manu-
scripts on recognized preprint servers prior to submission
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or during the peer review process. Authors must disclose
the existence of any preprint version at the time of sub-
mission and provide the preprint DOI or URL.
Preprints are not considered peer-reviewed publications
and must not be cited as references in manuscripts sub-
mitted to the Eur J Clin Exp Med.

Following publication in the journal, authors are encour-
aged to update the preprint record by providing a clear
link to the final published version of record (VoR), includ-
ing the article DOL

Sponsorship and advertising

As part of its publication policies, the Eur J Clin Exp Med
does not accept commercial sponsorships or advertise-
ments. However, the journal may post announcements on
its website for non-profit scientific and educational events.

Peer-review process

Initial checks

Once submitted, your manuscript will be assigned to a
member of our Editorial Board, who will read the paper
and decide whether it is appropriate for the journal. Man-
uscripts that are within scope and seem, on initial assess-
ment, to be technically sound and scientifically valid,
will be sent to external reviewers. Copies of any papers
containing similar or related work under consideration
or in press at other journals must be included with the
submission.

Manuscripts that do not fit the journal’s ethics policy or
do not meet the standards of the journal will be rejected
before peer-review. Manuscripts may be rejected at the
editorial screening stage due to: out-of-scope content,
insufficient novelty or methodological rigor, ethical con-
cerns, suspected misconduct, poor reporting quality, or
failure to comply with author guidelines. Manuscripts that
are not properly prepared will be returned to the authors
for revision and resubmission.

Peer review

Once a manuscript passes the initial checks, it is assigned
to at least two independent experts for peer review. The
reviewers access the manuscript securely through our
online system. The Eur J Clin Exp Med applies a sin-
gle-blind peer review process, in which the reviewers are
aware of the authors’ identities, but the authors do not
know the identity of the reviewers.

Reviewers are selected by the editorial team based on
their subject expertise and the absence of any conflict
of interest with the authors or the submitted work. Sug-
gested reviewers must not have co-authored publications
with the authors in the last five years or be affiliated with
the same institutions.

All peer review comments are treated as confidential and
will only be disclosed with the explicit consent of the

reviewer. Reviewers are expected to evaluate manuscripts
objectively, fairly, and constructively, and to refrain from
any personal criticism of the authors.

Editorial Decision

After considering the reviewer reports the Editorial Board

Member will make one of the following decisions:

— Accept outright,

— Request a minor revision, where authors revise
their manuscript to address specific concerns,
Request a major revision, where authors revise their
manuscript to address significant concerns and per-
haps undertake additional work,

— Reject outright.

The final decision is made by the Editor-in-Chief.

Revisions

In cases where the referees or Editorial Board Member has
requested changes to the manuscript, you will be invited
to prepare a revision. The decision letter will specify a
deadline for submission of a revised manuscript. Once
resubmitted, the manuscript may then be sent back to
the original referees or to new referees, at the Editorial
Board Member’s discretion.

A revised manuscript should be submitted via the revi-
sion link provided in the decision letter, and not as a
new manuscript. Authors should attach a cover letter to
explain, *point by point*, the details of the revisions to the
manuscript and responses to the referees’ comments. The
destination of the cover letter file in the submission sys-
tem is ‘Supplementary File for Review’. Please ensure that
all issues raised have been addressed in the first round of
revision. Where the authors disagree with a reviewer, they
must provide a clear response. You can use a template for
responding to the reviewers’ comments

Final submission and acceptance

When all editorial issues are resolved, your paper will
be formally accepted for publication. Once accepted,
the manuscript will undergo professional copy-editing,
English editing, final corrections, pagination, and pub-
lication on the https://www.ejcem.ur.edu.pl/. The Eur J
Clin Exp Med reserves the right to make the final decision
about matters of style and the size of figures.

Appeals

Even in cases where the Eur J Clin Exp Med does not
invite resubmission of a manuscript, some authors may
ask the Editorial Board to reconsider a rejection deci-
sion. These are considered appeals, which, by policy, must
take second place to the normal workload. In practice,
this means that decisions on appeals often take several
weeks. Only one appeal is permitted for each manuscript,
and appeals can only take place after peer review. Final
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decisions on appeals will be made by the Editorial Board
Member handling the paper.

Decisions are reversed on appeal only if the relevant Edi-
torial Board Member is convinced that the original deci-
sion was a serious mistake. Consideration of an appeal
is merited if a referee made substantial errors of fact or
showed evidence of bias, but only if a reversal of that ref-
eree’s opinion would have changed the original decision.
Similarly, disputes on factual issues need not be resolved
unless they were critical to the outcome.

If an appeal merits further consideration, the Editorial
Board Member may send the authors’ response and the
revised paper out for further peer review.

ORCID

The Eur J Clin Exp Med supports the use of ORCID. The
Eur ] Clin Exp Med mandates ORCID iDs for all sub-
mitting authors; this is published on the final article to
promote discoverability and credit. Please provide the
ORCID iDs of the authors in the title page.

Submission guidelines

Submission process

Manuscripts for the Eur J Clin Exp Med should be sub-
mitted online at https://mc04.manuscriptcentral.com/
pmur. The submitting author, who is generally the cor-
responding author, is responsible for the manuscript
during the submission and peer-review process. The
submitting author must ensure that all eligible co-au-
thors have been included in the author list (read the
criteria to qualify for authorship) and that they have all
read and approved the submitted version of the manu-
script. To submit your manuscript, register and log in
to the submission website. All co-authors can see the
manuscript details in the submission system, if they
register and log in using the e-mail address provided
during manuscript submission.

Cover letter

A cover letter must be included with each manuscript
submission. It should be concise and explain why the
content of the paper is significant, placing the findings
in the context of existing work and why it fits the scope
of the journal. Confirm that neither the manuscript nor
any parts of its content are currently under consideration
or published in another journal. The names of proposed
and excluded reviewers should be provided in the sub-
mission system, not in the cover letter.

Accepted file formats

Use the Microsoft Word template to prepare your man-
uscript [download]

Authors must use Microsoft Word to prepare their manu-
script. LaTeX submissions are not accepted. Please insert

your tables, graphics (schemes, figures, etc.) in the main

text after the paragraph of its first citation.

In most cases, we do not impose strict limits on word

count or page number. However, we strongly recom-

mend that you write concisely and stick to the follow-
ing guidelines:

— We encourage not exceeding 20 pages for original
and review papers, and 8 pages for case reports of
standard computer text (1800 characters on a page).

— The main text should be no more than 4,500 words
(not including Abstract, References and Figure leg-
ends).

— The title should be no more than 20 words.

— The abstract should be no more than 200 words.

— Recommended font: Times New Roman, 12 points.

— Manuscript text should be double-spaced. Do not
format text in multiple columns.

Types of publications

Manuscripts submitted to the Eur J Clin Exp Med should
neither be published previously nor be under consider-
ation for publication in another journal. The main article
types are as follows:

Original research manuscripts. The journal considers
all original research manuscripts provided that the work
reports scientifically sound experiments and provides a
substantial amount of new information.

Reviews. These provide concise and precise updates on
the latest progress made in a given area of research. Sys-
tematic reviews should follow the PRISMA guidelines.
The Eur J Clin Exp Med accepts also the following types of
submissions: case reports, letters to the editor, commen-
taries, book reviews, and reports from scientific meetings
and conferences.

Reporting guidelines

The guidelines listed below should be followed where

appropriate. Please use these guidelines to structure

your article. Completed applicable checklists, structured

abstracts and flow diagrams should be uploaded with

your submission.

Please refer to existing guidelines for reporting meth-

odology; e.g.:

— AGREE guidelines for clinical practice guidelines

— ARRIVE guidelines for in vivo animal studies

— CARE guidelines for clinical case reports

— CONSORT guidelines for clinical trials

— PRISMA guidelines for systematic reviews and
meta-analyses

— SPIRIT for clinical trials

— STARD guidelines for studies of diagnostic accuracy

— STROBE guidelines for observational studies
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Manuscript preparation

Your paper should consist of the following parts.

Research manuscripts should comprise:

— Title page: Title, Author list, Affiliations.

— Research manuscript sections: Abstract, Keywords,
Introduction, Aim, Materials and Methods, Results,
Discussion, Conclusions.

— Back matter: Supplementary Materials, Acknowl-
edgments, Funding Statement, Author Contribu-
tions, Conflicts of Interest, Data Availability, Ethics
Approval, 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.
— Materials and methods
Provide sufficient details to allow the work to be repro-
duced by an independent researcher. Methods that are
already published should be summarized, and indicated
by a reference. If quoting directly from a previously pub-
lished 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 subhead-
ing. Tables and figures central to the study should be
included in the main paper. Do not use the term “sig-
nificant” 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 dis-

cussion 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 con-

form 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 med-
ical condition or relevant symptoms that will be
discussed in the case report; the case presentation

including all of the relevant de-identified demo-
graphic and descriptive information about the
patient(s), and a description of the symptoms, diag-
nosis, treatment, and outcome; a discussion pro-
viding 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, Acknowl-
edgments, Funding Statement, Author Contribu-
tions, Conflicts of Interest, Data Availability, Ethics
Approval, 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).

The best way to ensure you have obtained appropriate

consent for publication in Eur J Clin Exp Med is to use

our Eur ] Clin Exp Med consent form.

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. We recommend adding as pri-
mary the affiliation where most of the research was con-
ducted or supported, but please check with your insti-
tution for any contractual agreement requirements. For
each affiliation provide the details in the following order:
department, institution, city, country.

It is very important that author names and affiliations are
correct. Incorrect information can mean a lack of proper
attribution or incorrect citation and can even lead to prob-
lems with promotion or funding. After the publication of
an article, updates or corrections to the author’s address
or affiliation may not be permitted.

At least one author should be designated as correspond-
ing author, and his or her email address and other details
should be included at the end of the affiliation sec-
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tion. Please also provide the ORCID iDs of the authors
in the title page.

Independent Researcher: If one or all the authors are not
currently affiliated with a university, scientific institution
or company, or have not been during the development of
the manuscript, they should list themselves as an “Inde-
pendent Researcher”

Abstract

The abstract should be a total of about 200 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; Materials 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.

Back Matter

Supplementary materials: Describe any supplementary
material published online alongside the manuscript (fig-
ure, tables, video, spreadsheets, etc.). Please indicate the
name and title of each element as follows Figure S1: 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 assis-
tance, technical help, or special equipment or materials.
Funding statement: Authors must disclose all sources
of funding and the role of the funder(s) in study design,
data collection, analysis, interpretation, and manuscript
preparation. If the funder had no role, authors should
explicitly state this.

Author contributions: Authors must supply an Author
Contribution Statement as described in the Author con-
tributions statements section

Conflicts of interest: Authors must supply a competing
interests statement. For more details please see Compet-
ing interests policy.

Data availability: Authors must include a Data Availabil-
ity Statement in all submitted manuscripts; see Availabil-
ity 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)”

Use of Al and Al-assisted technologies in the writing
process: Example of a statement: “During the prepa-
ration of this work the author(s) used [NAME TOOL/
SERVICE] in order to [REASON]. After using this tool/
service, the author(s) reviewed and edited the content as
needed and take(s) full responsibility for the content of
the published article”

The declaration does not apply to the use of basic tools,
such as those used for checking grammar, spelling, and
references. If there is nothing to disclose, no statement
is required.

References: References must be numbered in order of
appearance in the text (including table captions and fig-
ure legends) and listed individually at the end of the man-
uscript. We recommend preparing the references with a
bibliography software package, such as EndNote, Refer-
ence Manager or Zotero to avoid typing mistakes and
duplicated references.

References style

In-text citations and references should be prepared accord-
ing 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 superscript
Arabic numerals. These superscript numbers should be
outside periods. If you are citing sequential references,
these should be indicated with a hyphen. Nonsequen-
tial 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 mel-
litus 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 a journal, go to the
National Library of Medicine PubMed Journals Data-
base at https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?d-
b=Journals.
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Page number(s) should be inserted in full (for exam-
ple: use 111-112, not 111-2). DOIs should be provided
whenever available.
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 arti-
cle. Accepted Abbreviated Journal Title. Year;Volume(Is-
sue):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 Endocri-
nol. 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 arti-
cle. Accepted Abbreviated Journal Title. Year;Volume(Is-
sue):Page-Page. doi (if available)
Gonzalez ME, Martin EE, Anwar T, et al. Mesenchy-
mal 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
failure. ] Hypertens. 2016;34:1678-1688. d0i:10.1097/
HJH.0000000000001013
— Websites
Author AA (if indicated). Webpage title. Name of Web-
site. URL. Published or Updated date. Accessed date.
Cholera in Haiti. Centers for Disease Control and Preven-
tion Web site. https://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. https://www.searo.who.int/medi-
acentre/releases/2016/1636/en/. Accessed February 2,2017.
— Book
Author AA, Author BB. Title of Work. Location: Pub-
lisher; Year:Page-Page
Doane GH, Varcoe C. Family Nursing as Relational
Inquiry: Developing Health— Promoting Practice. Phila-
delphia, PA: Lippincott Williams & Wilkins; 2005:25-28.
London ML, Ladewig PW, Ball JW, et al. Maternal & Child
Nursing Care. Upper Saddle River, NJ: Pearson Educa-
tion; 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 Pub-
lisher; Year:Page-Page.
Grimsey E. An overview of the breast and breast can-
cer. In: Breast Cancer Nursing Care and Management.

2nd ed. Harmer V, ed. Chichester, UK: Wiley-Blackwell;

2011:35-42.

— Manuscripts “in press” may be included in the refer-
ence list if they have been accepted for publication in
a peer-reviewed journal but have not yet been pub-
lished in their final form, provided they are citable
with a DOI (Digital Object Identifier) and the jour-
nal name is specified.

— Abstracts: If citing an abstract is necessary because
it contains data not published elsewhere, it must be
clearly designated as such in both the text and the
reference list.

The following sources should not be included in the ref-

erence list

— Unpublished observations including personal com-
munications

— Submitted manuscripts and manuscripts in prepa-
ration

— Preprints

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

Figures and schemes must be provided during submission
in sufficiently high quality (minimum 1000 pixels in either
dimension or a resolution of at least 300 dpi). Common
file formats are accepted; however, TIFE JPEG, EPS, and
PDF are preferred.

All figures, schemes, and tables must be embedded in
the main manuscript file and placed next to the relevant
text, not at the beginning or end of the document. Figure
captions should be placed directly below the figure (not on
the figure itself), and table titles above the table. All figures,
schemes, and tables must be numbered consecutively
according to their first appearance in the text (Figure 1,
Scheme 1, Table 1, etc.) and must be cited in the text in
numerical order.

Tables should present new information and must not
duplicate content already described in the text. Each
table must be understandable independently and
include clear and explanatory column headings. Tables
must be provided in an editable format and placed in
the appropriate location within the manuscript. Tables
submitted as image files (e.g., JPEG, TIFF) or as separate
files will not be accepted. For large tables, smaller fonts
may be used, but not smaller than 8 pt.

All text within figures and tables must be in English and
remain clearly legible after reduction.

Any image manipulation that could misrepresent data
(e.g., selective enhancement, splicing without disclosure)
is prohibited; original/raw images may be requested for
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verification. The journal may conduct image integrity
checks and request original, unprocessed image files.

Copyright and Permissions

All figures, schemes, and illustrations must be original or
legally reusable. Authors are fully responsible for ensuring
compliance with copyright regulations. Simple citation
of the source (e.g., “Source: [reference]”) is not sufficient
and does not constitute permission.

Figures reproduced or adapted from previously published
works require explicit permission from the copyright
holder, unless the original publication is licensed
under a Creative Commons license permitting reuse.
Reused figures must be clearly labeled in the caption as
“Reproduced from” or “Adapted from”, include the full
reference, and specify the applicable license or confirm
that permission has been obtained. Third-party material
not covered by CC BY must be clearly indicated in the
caption and may require separate permission for reuse.
Submission of identical figures previously published
elsewhere without documented permission constitutes
a serious breach of publication ethics and may result in
rejection at the editorial screening stage.
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