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Monitoring of infliximab treatment in inflammatory  
bowel diseases – basic knowledge and current data based 

on clinical trials in a population of Polish patients

Anna Pękala  

Department of Gastroenterology, IBD Unit of Clinical Hospital 2, Rzeszow, Poland

ABSTRACT
Introduction and aim. Infliximab is the oldest biological drug belonging to the group of tumor necrosis factor antagonists. 
Despite the availability of many new biological therapies, this  drug still plays an important role in the treatment of inflamma-
tory bowel diseases. However, a significant problem related to pharmacotherapy is the high inter-individual variability of the 
response. 
Material and methods. This study presents  results of the research  on the treatment with infliximab in the inflammatory bowel 
disease (IBD) patients including our own experience in Polish IBD patients.
Analysis of the literature. Therapeutic failure while using infliximab can be attributed partly to inadequate serum concentra-
tions of the drug and the development of anti-drug antibodies. Many studies have attempted to find a relationship between 
the specific level of infliximab and the achieved healing effect. These analyses show that the optimal level of the drug differs 
depending on the type of disease, its phenotype, and therapeutic goal and that the optimization of infliximab therapy remains 
an open topic. Two studies involving the population of Polish IBD patients examined the level of infliximab during and after 
induction, as well as the frequency of anti-drug antibodies. Two studies involving a population of Polish IBD patients examined 
the level of infliximab during and after induction, as well as the frequency of anti-drug antibodies. These studies demonstrated 
the need for monitoring infliximab treatment at weeks 6 and 14. 
Conclusion. Reactive monitoring is believed to enable the most rational treatment decisions; however, experts also recom-
mend that proactive monitoring should measure infliximab concentrations at the end of induction and at least once during 
maintenance treatment.
Keywords. infliximab, Crohn’s disease, therapeutic drug monitoring, ulcerative colitis
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Introduction
The term inflammatory bowel disease (IBD) includes 
Crohn’s disease (CD) and ulcerative colitis (UC). These 
are chronic disorders of the gastrointestinal tract, and 
their incidence and prevalence is increasing world-
wide. Obtaining disease remission is still a major 
challenge since no causal therapy is currently avail-
able.1  The pathogenesis of IBD is complex and mul-

tifactorial. Disturbance of the immune system and an 
abnormal response to the intestinal microbiota are the 
main contributors to pathogenesis, in addition to the 
influence of environmental factors in a genetically sus-
ceptible host. Dysregulation of the immune system 
leads to epithelial damage and increased inflamma-
tion, which is sustained by intestinal bacteria and acti-
vated inflammatory cells.2

https://creativecommons.org/licenses/by/4.0/
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https://orcid.org/0000-0001-6779-1909
http://dx.doi.org/10.15584/ejcem.2022.3.1


252 European Journal of Clinical and Experimental Medicine 2022; 20 (3): 251–259

Conventional therapies for IBD include agents 
which affect many elements of the inflammatory cas-
cade within the intestines. These include cortico-
steroids, immunosuppressants such as thiopurines 
‒ [azathioprine (AZA), 6-mercaptopurine (6-MP)] and 
methotrexate (MTX)), and 5-aminosalicylic acid (5-
ASA). However, only some patients receiving this treat-
ment are responsive to treatment and achieve remission. 
A breakthrough in the treatment of inflammatory bow-
el disease appeared after the introduction of biological 
drugs having a strong immunomodulatory effect. These 
are monoclonal antibodies which selectively suppress 
some cytokines of the inflammatory pathway such as 
tumor necrosis factor α (TNF-α), some adhesion mol-
ecules, or interleukins.3

The oldest biological drug is infliximab (IFX), which 
has been in use for two decades, and is a monoclonal 
antibody directed against the cytokine TNF-α. Tumor 
necrosis factor-α is one of the most investigated proin-
flammatory mediators involved in the pathogenesis of 
IBD.4 This cytokine stimulates the acute phase response, 
cachexia, cytotoxicity, influences the production of inter-
leukins, increases the expression of adhesive molecules, 
and stimulates the fibroblast proliferation.5 Studies have 
shown that levels of TNF are increased in blood, stool, 
and intestinal mucosa samples of IBD patients and that 
these levels depend on the clinical disease activity. An-
ti-TNF monoclonal antibodies induce IBD remission 
in some patients. Furthermore, Anti-TNF blockade can 
promote apoptosis of activated T cells, and restore the 
proper functioning of the intestinal barrier by protecting 
epithelial cells from apoptosis and tight junction compro-
mise in the gastrointestinal epithelium.6

Infliximab and other TNF-α antagonists are safe 
and highly effective for the induction and maintenance 
of remission for both UC and CD; however, for most 
of these drugs, a high inter-individual variability in re-
sponse is observed.7 Up to approximately one-third of 
patients receiving IFX do not respond to induction ther-
apy, while in primary responders, up to approximate-
ly 50% lose response to the drug over time and require 
dose intensification or treatment discontinuation.8 This 
severe limitation of TNF antagonist therapy has led 
to attempts to overcome treatment resistance through 
Therapeutic Drug Monitoring (TDM), which allows in-
dividualization of therapy. Measurement of drug con-
centrations and optimization of the dosing regimen 
increases the chance of treatment response. Moreover, it 
also allows us to avoid unnecessary interventions when 
the drug concentration is optimal.

Aim
Reactive TDM is recommended in all cases of loss of re-
sponse (LOR), whereas the role of proactive monitor-
ing is still under investigation. At the same time, more 

studies have demonstrated its usefulness. This article 
provides a review of infliximab treatment monitoring 
information, which is important in clinical practice. 
Data has been derived from recommendations of gas-
troenterological societies and from many clinical stud-
ies, including studies conducted on Polish IBD patients. 

Material and methods
The study analyses numerous articles describing clinical 
trials and review papers on monitoring infliximab treat-
ment in inflammatory bowel diseases. Two original stud-
ies on a group of Polish IBD patients were also included. 
The study included 84 and 65 patients with IBD treated 
with the biosimilar infliximab CT-P13 (Remsima) in the 
3rd degree IBD center in south-eastern Poland (the city 
of Rzeszów) between the year 2016 and 2019.

Analysis of the literature
Pharmacokinetics of infliximab
Infliximab is a chimeric human-mouse monoclonal an-
tibody that binds with high affinity to both the soluble 
and transmembrane forms of human TNF-α. A single 
intravenous infusion of infliximab produces a dose-pro-
portional increase in the maximum serum concentra-
tion (Cmax).

In most patients, IFX is detectable in the serum 
within 8 to 12 weeks after a single dose. The mean half-
life is 8 to 9.5 days. There are many factors which can 
affect the concentration of a drug by either increasing 
or decreasing its clearance. Increased clearance leading 
to decreased infliximab concentrations may be associat-
ed with anti-drug antibodies (ADA), increased inflam-
matory activity of the disease, increased fecal excretion, 
low serum albumin concentration, and reduced body 
mass. Decreased clearance of the drug may occur with 
concomitant immunosuppression.9 

Dosage of infliximab and drug therapeutic window
Infliximab is administered at a fixed dose and intervals 
derived from previous dose-finding studies for IFX.10,11 
According to the summary of product characteristics 
for IFX and biosimilars, the dosage of IFX is 5 mg/kg 
of body mass during induction therapy at 0, 2, and 6 
weeks followed by 5 mg/kg of body mass every 8 weeks 
for maintenance therapy. In Crohn’s disease, dose esca-
lation up to 10 mg/kg has been shown to restore treat-
ment response. These data are based on the ACCENT 
I and II studies, which determined the dosing of IFX 
for Crohn’s disease, and the ACT-1 and ACT-2 studies, 
which analyzed a population of UC patients treated with 
the original IFX.12,13 Simultaneously, in a post‐hoc anal-
ysis of the ACT data from UC patients, the mean serum 
concentration of IFX in both induction and mainte-
nance therapy was significantly greater in patients with 
clinical response and mucosal healing than in other 
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patients. Additionally, subsequent and current studies 
have shown that increased exposure to IFX is associated 
with better outcomes in UC.14 

A recent analysis of numerous studies examining 
the need for IFX dose escalation in IBD showed that 
patients with UC more often required dose escalation 
than patients with Crohn’s diseas.15 However, attempts 
to alter the dosing regimen and accelerate the induction 
strategy in severe UC have produced inconclusive re-
sults. A small retrospective analysis of 50 patients with 
severe UC showed that the accelerated induction strat-
egy of IFX reduces the need for an early colectomy.16 In 
contrast, a retrospective study and meta-analysis found 
no association between accelerated IFX induction ther-
apy and lower rates of colectomy in patients with acute 
severe ulcerative colitis (ASUC) when compared to 
standard induction therapy.17 Similarly, it was recently 
shown that the use of high-dose IFX therapy did not in-
crease 3-month colectomy-free survival in this cohort.18 

Generally, the therapeutic level of IFX is 3-7 μg/ml, 
an IFX level < 3 μg/ml is considered sub-therapeutic, 
while an IFX level > 7 μg/ml is supratherapeutic.19 In 
contrast, American guidelines recognize IFX concentra-
tions ≥ 5 µg/ml as target trough levels.20 However, some 
patients may require greater levels of the drug. The tar-
get level of IFX to achieve endoscopic and clinical re-
mission may range from 8-12 µg/ml. Even greater drug 
levels have been reported for fistula healing in Crohn’s 
disease, ranging from 18-20 µg/ml.21,22 Many studies 
have attempted to associate IFX concentration with a re-
sponse or clinical, endoscopic, or histological remission. 
For example, one retrospective study of patients with 
CD showed that IFX concentrations > 9.8 μg/ml were 
associated with endoscopic and histological remission.23 
Another study of UC patients showed that greater drug 
levels were required to achieve histological remission. In 
that study, histological remission was achieved at a con-
centration > 10.5 μg/ml and endoscopic remission with 
an IFX concentration > 7.5 μg/ml.21 

In a study involving a Polish population, the con-
centration of biosimilar IFX associated with clinical 
response and the absence of LOR during a year of treat-
ment was 4.6 μg/ml for CD and 3.1 μg/ml for UC at 14 
weeks.24 For comparison, other studies in CD patients 
demonstrated a sustained clinical response with an IFX 
level of at least 3.5 µg/ml or at least 7 µg/ml at week 
14.25,26 In patients with UC, mucosal healing was asso-
ciated with an IFX concentration of ≥ 5.1 μg/ml at week 
14 and ≥ 2.3 μg/ml at week 30. Endoscopic remission 
was observed at IFX concentrations ≥ 6.7 μg/ml at week 
14 and ≥ 3.8 μg/ml at week 30.27 These differences seem 
to suggest that optimal IFX levels for response or remis-
sion may differ between patients.

During induction therapy, levels of IFX are signifi-
cantly greater, but a therapeutic window has not yet 

been established. Large differences in target drug levels 
are reported depending on the type of disease, its phe-
notype, and the analyzed therapeutic targets.28 For CD 
at week 2, a level of IFX above 16.9 µg/ml may be suf-
ficient to achieve a clinical response and above 20.4 µg/
ml for clinical remission at week 14. In contrast, UC pa-
tients demonstrated a clinical response to an IFX level > 
11.5 µg/ml at 2 weeks and clinical remission at 14 weeks 
at a level > 15.3 µg/ml.29

Investigating the concentration of infliximab and an-
ti-drug antibodies
Various methods exist to measure IFX levels, with the 
three most commonly used being enzyme-linked im-
munosorbent assay (ELISA), radioimmunoassay (RIA), 
and homogenous mobility shift assay (HMSA).  The 
most common assay for quantifying biopharmaceuti-
cals is ELISA, in which the drug is captured on a plate 
and detected using a secondary antibody.30

For the most reliable assessment of IFX concentra-
tions, minimal measurements are taken, which are mea-
surements occurring just before the next infusion of the 
drug. A single measurement of IFX concentration may 
not be sufficient in an individual patient, and it may be 
necessary to measure sequential trough levels and in-
terpret them in relation to therapeutic response. At the 
same time, it is necessary to continuously take into ac-
count factors which may have influenced the variability 
of drug exposure, such as changes in the dosing sched-
ule and changes in drug clearance.31 

For measuring levels of anti-drug antibodies (ADA), 
different assay types are used, in which the ADA are de-
tected using the labeled biopharmaceutical itself. Usual-
ly, IFX concentration is measured in the first stage. If the 
drug concentration is undetectable or sub-therapeutic, 
ADA testing is indicated in the second step.
 
Presence and significance of anti-drug antibodies
ADA may already be detected 2–4 weeks after the first 
administration of the drug. Two types of ADA can be 
distinguished: binding antibodies ‒ BAb, which decrease 
the drug level by increasing drug clearance via immune 
complex formation and neutralizing antibodies ‒ NAb, 
which block the pharmacologically active site of the 
drug. In practice, the distinction between binding and 
neutralizing antibodies does not matter, since almost all 
ADA are neutralizing and the available tests do not dif-
ferentiate their type.32 For the proper interpretation of 
the antibody measurement, information on the type of 
assay used for ADA measurement is needed, which may 
be a drug-sensitive or non-drug-sensitive assay. Usually, 
the most available test is ELISA, which is a drug-sensi-
tive test. This test can only quantify the unbound excess 
of ADA and/or drug; however, it does not detect them 
when in they are bound with each other.33 In contrast to 



254 European Journal of Clinical and Experimental Medicine 2022; 20 (3): 251–259

ELISA, drug-tolerant assays will provide a more accurate 
assessment and detect drug-associated ADA, regardless 
of IFX level. Because not all ADA lead to decreased drug 
levels, and clinical efficacy is primarily related to an ad-
equate IFX level, the drug-sensitive ELISA appears to be 
sufficient in daily practice, although its limitations should 
be taken into consideration. The test usually gives a pos-
itive ADA result only when the drug level is low or un-
detectable, which in practice means that the drug has not 
reached a clinically effective threshold. However, obtain-
ing a double-negative result of the drug and antibodies 
may be a false result, and only the use of a drug-insensi-
tive test allows us to detect ADA.32

.
In a Polish study where the presence of the ADA was 

assessed via ELISA during induction and maintenance 
therapy, ADA were present in 20.4% of patients with 
non-therapeutic CT-P13 levels and 50% of patients with 
undetectable CT-P13 concentrations, with up to 100% 
of patients having undetectable drug levels at week 6 of 
treatment. Only one patient with detectable drug levels 
had antibodies simultaneously.34 Reports of the prev-
alence of ADA against IFX are inconsistent due to the 
various assay formats used to monitor immunogenicity 
and the period of treatment in the clinical trial. In gen-
eral, the reported detection rate for ADA covers a wide 
range (from 20 to 71.8%).35 In our study of a polish pop-
ulation, a total of 84 patients with IBD received CT-P13 
and were followed-up for an average of 7 months. Over-
all, 20.4% of patients with non-therapeutic levels of IFX 
had concomitant antibodies. The percentage of patients 
with ADA detected during induction treatment was 
11.3% compared to 9.6% during maintenance therapy; 
however, undetectable levels of IFX were a significant 
risk factor for antibody development and non-response 
at week 6 of therapy.34

Another important element in the assessment of 
IFX immunogenicity is the estimation of ADA titers. 
For 1st generation ELISA, a cut-off of 8 µg/ml was es-
tablished, above which the titer is considered high. This 
corresponds to 374 ng/ml in 2nd generation ELISA 
and a cut-off of 119 ng/ml in ready-to-use ELISA kits.36 
A high titer was also defined for RIDASCREEN (R-Bio-
farm, Germany) and InformTx/Lisa Tracker (Theradi-
ag, France), having a cut-off value of 200 ng/ml, and an 
antibody assay range of 10-200 ng/ml. For other tests, 
there are insufficient data to establish an appropriate 
cut-off value for high titers of anti-IFX antibodies.37 
A high antibody titer is of greater significance; however, 
some patients can generate an enduring high titer ADA 
response, while in some patients this response is only 
temporary. Studies have shown that ADA titers can de-
crease over time and that detection of ADA may be tran-
sient in IBD patients treated with IFX.38

ADA may reduce the efficacy of IFX therapy by neu-
tralizing the drug, preventing it from binding to TNF, 

and by enhancing the clearance rate due to formation 
of complexes. The presence of ADA against IFX is also 
associated with a higher risk of infusion reactions. In-
fusion-related reactions after administration of IFX are 
the most common adverse effects of the drug and the re-
ported incidence rate varies between 4–15%.39

A factor which appears to contribute to adverse 
events is the formation of very large TNFi-ADA com-
plexes, which tend to be formed only at high ADA 
concentrations. Although the frequency of antibody 
production is relatively high, there have been relative-
ly few cases of serious infusion-related reactions. This 
can be explained by the fact that the majority of TN-
Fi-ADA complexes are small non-immune activating 
complexes.40 The low frequency of antibody-related ad-
verse events has also been confirmed by a Polish study. 
No allergic infusion-related reactions were observed in 
9 patients who had antibodies over a broad range of 2.3 
to 30 AU/ml and had received another infusion due to 
delayed antibody response.34

Risk factors and prevention of ADA
Infliximab has been shown to be the most immunogenic 
of all biologic drugs. For comparison, a large meta-anal-
ysis showed that of the patients using IFX, 25.3% de-
veloped ADAC compared to 14.1% using adalimumab, 
6.9% using certolizumab, 3.8% using golimumab and 
1.2% using etanercept.41,42 Factors which increase the 
risk of formation of antibodies against IFX are a longer 
disease duration, a higher baseline activity, and not be-
ing TNF treatment-naïve.42 The frequency of antibody 
and titer detection can vary depending on the IFX dos-
ing regimen and the usage of other medication. An-
ti-drug antibody formation is also affected by the serum 
concentration of TNFi. In clinical practice, attempts to 
overcome immunogenicity led to higher trough levels of 
IFX . Sufficiently high drug levels have been shown to 
suppress the immune response toward TNFi, especially 
in the first three months of treatment.43 It was demon-
strated that upon dose intensification, low concentra-
tion ADAs (not detectable using a drug-sensitive assay) 
disappear in more than half of the patients and are not 
clinically relevant. Greater ADA concentrations require 
greater drug doses to maintain the therapeutic effect.44 
At the same time, it has been shown that with appropri-
ately high antibody titers, optimization of the dosage is 
ineffective. In the absence of detectable IFX, high titers 
of ADA necessitate a change in therapy.37

Many studies have shown that concomitant use of 
immunosuppressive agents (methotrexate, 6-mercap-
topurine, azathioprine, and others) during biological 
therapy reduced the probability of ADA formation and 
among biological drugs, this is especially true of IFX.45 
The pharmacokinetic benefits of combination thera-
py, which lead to greater anti-TNF drug levels and less 
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ADA production, are most important during the first 
12 months of therapy; however, these benefits may also 
persist beyond this time. The benefits of adding an im-
munomodulator to anti-TNF therapy are also seen 
in patients who have previously failed immunomod-
ulator treatment. Immunogenicity is reduced, which 
would lead to an increase in serum anti-TNF levels, and 
through concomitant therapy, may contribute to a re-
duction in disease activity.46 Studies have shown that 
both thiopurines and MTX exert beneficial effects on 
the pharmacokinetics of anti-TNF agents when used in 
combination therapy with biological drugs.47

Reactive monitoring of infliximab treatment
Reactive monitoring of IFX treatment involves mea-
suring drug concentrations in cases of non-response or 
a decrease in response, usually in a patient who initially 
responds to treatment and involves maintenance treat-
ment. Knowledge of the IFX level makes it possible to 
distinguish between patients with normal levels of the 
drug and patients with non-therapeutic IFX levels, who 
additionally require measurement for the presence and 
concentration of ADA. Infliximab treatment algorithms 
make the management dependent on low or normal 
drug and antibody levels. Patients having symptoms of 
active disease and low IFX levels with concomitant high 
concentrations of antibodies against IFX should switch 
to another TNF antagonist or another biological drug. 
Patients having symptoms of active disease, low con-
centrations of IFX, and absence of antibodies (or having 
them in low titers) should undergo dosage intensifica-
tion.48 Patients having a therapeutic concentration of 
the drug should be evaluated to confirm the presence 
of active disease using objective methods such as endo-
scopic or radiologic examinations. If active disease is 
confirmed, anti-TNF therapy should be discontinued 
and a surgical treatment option should be considered. 
Many studies have confirmed the significant benefits of 
reactive monitoring during IFX treatment.49An alter-
native to reactive monitoring is empirical dose escala-
tion based on clinical symptoms alone and this has also 
been shown to be relatively beneficial.50 However, reac-
tive TDM of biologics is ultimately recommended as the 
new standard of care as it enables the most rational ther-
apeutic decisions to be undertaken.37

An important advantage of TDM is not only the 
possibility to determine the extent to which treatment 
should be escalated but also to identify patients who will 
not benefit from dosage increase due to normal drug 
levels or the presence of high antibody titers. In clini-
cal practice, this also means a more rational choice for 
the next drug. Patients who have a secondary loss of IFX 
efficacy due to high antibody titers are most likely to 
respond well to another anti-TNF agent. Patients who 
have therapeutic levels of IFX are also likely to have suf-

ficient levels of the drug to saturate all of the TNF-α, and 
their disease is mediated by a different inflammatory 
pathway that should be the new target for therapy. It was 
also shown that in the case of IFX efficacy loss in the ab-
sence of ADA, the response to a second anti-TNF agent 
is likely to be weaker.51,52 However, in line with recom-
mendations from the latest 2019 international gastroen-
terological consensus, IFX should not be discontinued 
in patients with active disease, unless drug levels exceed 
10 μg/ml.37

Proactive monitoring in maintenance therapy
Proactive therapeutic concentration monitoring is the 
measurement of a drug concentration at a determined 
time point followed by drug titration to a target dose. 
It involves aiming for a specific serum drug level as an 
independent treatment target, regardless of the patient’s 
disease activity or response status. It is not part of stan-
dard practice, but its use is intended to predict and pre-
vent treatment failure, mainly to prevent secondary loss 
of response. Studies examining the benefits of conduct-
ing proactive TDM have yielded mixed results. A role 
for proactive TDM of IFX was explored in the landmark 
studies, TAXIT and TAILORIX; however, superiority 
over symptom-based dose optimization was not demon-
strated. The TAXIT study showed that the 3–7 mg/mL 
trough concentration after dose escalations results in 
an improved response in CD patients at a lower drug 
cost due to dose de-escalations in some patients.53,54 
A prospective randomized trial of 122 biologic-naïve 
adult patients with active CD found that increasing the 
IFX dose based on a combination of symptoms, bio-
markers, and serum drug concentrations did not lead to 
corticosteroid-free clinical remission in a larger propor-
tion of patients than increasing the IFX dose based on 
clinical symptoms alone.55 However, they observed that 
in IFX treatment, proactive TCM of IFX often identified 
patients with low or undetectable trough levels and in-
creased the likelihood of maintaining treatment.56,57

At the same time, many analyses were carried out 
which showed that obtaining a response and remis-
sion in IBD is associated with a higher concentration 
of IFX in the serum.58 Several later studies have shown 
not only the benefits but also the advantage of a proac-
tive approach to monitoring IFX concentration in com-
parison to reactive TDM. These analyses showed that 
proactive monitoring was associated with better clin-
ical outcomes, which meant greater durability of the 
drug, less need for IBD-related surgery or hospitaliza-
tion, and a lower risk of anti-IFX antibodies, and was 
more cost-effective.59 In addition, it has been shown that 
maintaining the therapeutic concentration of IFX allows 
us to obtain comparable results, regardless of the con-
comitant use of immunosuppression.60 This observation 
suggests that patients receiving IFX monotherapy with 
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contraindications to immunosuppression will benefit 
significantly from proactive treatment monitoring. Ex-
perts believe that the minimum trough concentration 
of IFX in patients in remission should be greater than 3 
μg/ml and recommend at least one measurement of IFX 
concentration during maintenance treatment.37

Proactive monitoring in infliximab induction therapy
Proactive monitoring in induction treatment involves 
measuring the concentration of IFX at weeks 2 and 6 
before the second and third induction doses, and is in-
directly related to the measurement of post-induction 
concentrations at 14 weeks of treatment. Large post-hoc 
analyses from ACT1 and 2 and TIALORIX showed that 
greater levels of IFX during induction therapy at weeks 
2 and 6, in both UC and CD patients, are required to 
achieve endoscopic remission.61,62

However, TDM during induction therapy is much 
less used than in maintenance therapy, both in practice 
and in clinical trials. Two of our studies conducted on 
a population of Polish patients related mainly to monitor-
ing during this treatment period. Sixty-five patients (32 
with CD and 33 with UC) were recruited for the study 
with regular measurements during and after the induc-
tion period. In addition to the minimum measurements 
at 6 and 14 weeks, we also assessed the usefulness of indi-
rect measurements at 10 and 12 weeks. Our study showed 
that with the standard IFX dosage of 5 mg/kg, only 57.6% 
of UC patients and 68.8% of CD patients achieved the 
IFX treatment minimum of 3 µg/ml at week 14, although 
over 80% of both groups showed primary treatment re-
sponse. In the course of our follow-up, more than half 
of the UC patients with non-therapeutic drug levels and 
all CD patients experienced loss of response to treatment 
or required a dosage increase. No additional benefit was 
demonstrated from taking indirect measurements at 
weeks 10 and 12. Our results clearly suggest that patients 
with non-therapeutic drug levels at week 14 require fur-
ther monitoring and supervision as they are at high risk 
of losing response.25 

During induction, TDM is not currently considered 
the standard of care, although guidelines from gastroen-
terological societies indicate the advisability of measur-
ing IFX levels at 14 weeks in all patients.37

It is currently recommended to aim for a target of 
7-10 µg/ml. In patients with a high initial inflammatory 
load [e.g. ASUC or CD with anal fistulas], it is also rec-
ommended to measure IFX levels earlier in induction 
and aim for higher target drug concentrations at these 
time points: week 2 [20-25 μg/ml] and week 6 [10-15 
μg/ml].63 The possibility of early antibody detection is an 
additional benefit of proactive monitoring of IFX treat-
ment during induction.

In a study involving a population of Polish IBD pa-
tients treated with biosimilar IFX (CT-P13), the pres-

ence of ADA detected by ELISA was examined during 
induction and maintenance treatment. A total of 84 IBD 
patients received CT-P13 and were followed on average 
for 7 months. The percentage of people with antibodies 
detected during induction treatment was 11.3% com-
pared to 9.6% during maintenance treatment. The study 
showed a statistically significant relationship between 
undetectable levels of CT-P13 and the presence of ADA 
at week 6 of therapy (ADA was detected in all patients 
with undetectable levels of CT-P13, p=0.381). Patients 
with IBD and undetectable levels of CT-P13 prior to the 
third induction dose were at high risk for the presence 
of ADA as well as primary non-response.34

Conclusion
Use of therapeutic drug monitoring of biopharmaceuti-
cals to personalize treatment is an important new stan-
dard having an impact on IBD therapy. Despite many 
studies on the determination of the therapeutic window 
for IFX, the optimal trough concentration of IFX remains 
unclear and falls within a very wide range, making effec-
tive monitoring-based therapy increasingly important. In 
everyday practice, a limitation may also be the availabil-
ity of tests for measuring the level of IFX and antibodies, 
making it impossible to obtain a quick result. Recent de-
velopments in point-of-care testing are very promising, 
which determine the concentrations of IFX and ADA 
within minutes and will enable real-time TDM .
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ABSTRACT
Introduction and aim. Valeriana officinalis has been recognized in traditional medicine and used since ancient times for a va-
riety of health ailments. It is mainly appreciated for its sedative and sleeping properties. Currently, scientists are conducting 
numerous studies on the exact chemical composition of valerian and the properties they carry in the human body. 
Material and methods. This paper presents a narrative review on valerian.
Analysis of the literature. The desire to summarize information on the uses and properties of V. officinalis is presented. V. of-
ficinalis exhibits sedative, sleep-inducing and antidepressant properties. Studies show broad effects on the human nervous 
system, for example, reducing stress. 
Conclusion. By discovering new properties of valerian, its properties are expanding significantly day by day. Its main use is 
primarily in the treatment of sleep disorders and nervous system disorders. However, it is also used in headaches, depression, 
anti-cancer therapy, urinary and digestive disorders. More and more people are turning to valerian as an alternative to drugs 
that have more side effects. 
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Introduction 
Valeriana officinalis was used as early as in ancient 
Greece and Rome by Galen and Hippocrates to treat 
various ailments such as digestive problems and urinary 
tract diseases, but also in the 16th century for acceler-
ated heartbeat, headaches and nervousness (Fig. 1). Ac-
cording to the WHO, “Traditional medicine is used in 
the maintenance of health as well as in the prevention, 
diagnosis, improvement or treatment of physical and 
mental illness” (WHO, 2000). 

The word valerian comes from valere (Latin), 
which translates as “to be in good health”.1 Over 200 
different species of valerian are known worldwide. The 
most common in Europe and North America is V. of-
ficinalis, which is also known as valerian in colloquial 
speech. Valerian essence is obtained from the roots of 

this plant.2 Nowadays, valerian is commonly used as a 
sleep aid and stress reliever.1 This natural extract is of-
ten prescribed and recommended for sleep disorders. 
Insomnia, which affects more and more people in mod-
ern society, is a sleep disorder in which patients have 
difficulty falling asleep and staying asleep. The role of 
sleep is not completely understood. We know that it has 
a key function in the body’s physiological processes, re-
covery and mood.3 This problem affects approximately 
30% worldwide.4 In the treatment of insomnia, mainly 
sedative-hypnotic drugs are used. However, due to their 
numerous side effects they are very often replaced by 
herbs, which are a good alternative to the adverse ef-
fects of drugs.2 This medicinal herb has sedative, hyp-
notic and anxiolytic effects that are supposed to improve 
the process of falling asleep and relieve tension in the 
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nervous system.2,5 Mirzaee et al. in 2015 in their study 
also proved the effectiveness of valerian in migraine 
headaches.6 Serotonergic effects similar to antidepres-
sants have also been seen.7 Researchers have been in-
terested in the potential of valerian in cancer therapy. 
They believe it may affect cancer cell death.8 Side effects 
of valerian are rare, mostly mild and short-lived. These 
mainly include dizziness or nausea.1 However, the U.S. 
Food and Drug Administration recognized valerian 
as “generally safe” for use.9 According to the European 
Medicine Agency, valerian root essence relieves nervous 
tension and sleep disorders.2

Fig. 1. Valeriana officinalis

Aim
The purpose of the article was to provide an overview of 
Valeriana officinalis.

Material and methods 
This article is a review to discuss the latest progress 
made in Valeriana officinalis research. Scientific articles 
were reviewed by searching for information on valeri-
an using the online database with scientific articles, in-
cluding  PubMed, Google Scholar and other available 
scientific databases. The following keywords were used 
to search for scientific articles: Valeriana officinalis, va-
lerian, valeriana. Table 1 shows the steps of the litera-
ture review. 

Table 1. Stages of literature search

Search stages Search phrases

1 MeSH: valeriana officinalis, valerian,  
valeriana, in vivo, in vitro

2 Peer-reviewed articles

3 Available abstract

A literature review includes 47 selected scientif-
ic articles, published since 2004. Older articles were 
excluded due to presenting only the latest reports and 

knowledge base about V. officinalis. The exclusion cri-
teria were taken into account when selecting the appro-
priate items shown in Table 2. 

Table 2. Exclusion criteria used for the analysis

Exclusion criteria
– Languages of papier other than Polish, English and 
French

– Date of publication: published below 2004

– A short paper without details

– Unable to data extract

At the initial stage, 1057 publications were identi-
fied. Subsequently, after removal of duplicates, (n=1004) 
articles remained. Articles (n=887) were rejected at the 
inclusion and exclusion criteria stage. Articles (n=117) 
meeting the conditions were selected, and further 
(n=70) articles were rejected at the detailed analysis 
stage. By subjecting them to detailed analysis, final-
ly (n=47) scientific papers were extracted. The process 
of reviewing the articles is shown in the PRISMA 2009 
Flow diagram.

Fig. 2. PRISMA 2009 flow diagram 

Analysis of literature
Chemical composition 
V. officinalis has several biochemical components that 
act together to develop the full effectiveness of V. offi-
cinalis. Some of the main components are being listed 
below (Tab. 3):

Gamma-aminobutyric acid (GABA) is a nonstan-
dard amino acid which is an amino acid that has un-
dergone a chemical modification after the translational 
process. It affects the central nervous system as an in-
hibitory neurotransmitter that controls neurophysi-
ological functions.17 Studies have shown that higher 
levels of GABA in the body reduces anxiety and pro-
motes relaxation. GABA acts when it enters the synaptic 
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cleft to bind on postsynaptic GABA receptors. Two ma-
jor postsynaptic GABA receptors can be found on the 
postsynaptic neuron. The ionotropic receptors and me-
tabotropic receptors. The binding of GABA to the ion-
otropic receptors, also called GABA-A receptor, opens 
channels so negatively charged chloride ions can enter. 
This results in a hyperpolarized cell and thus inhibits the 
creation of action potential. The binding of GABA to the 
metabotropic receptors, also called GABA-B receptor, 
leads to the exit of positively charged potassium ions in 
the cell through the potassium channels which also re-
sults in hyperpolarized cells and inhibits the conduction 
of action potential.18,19 Simplified can be said that due to 
the binding of GABA and the receptors, action potential 
of neurons are being inhibited and this in return reduces 
the neuron excitability. So if there is not enough GABA 
in the body or if the binding process does not take place 
correctly, patients often suffer from diseases like epilep-
sy, anxiety, movement disorders and insomnia.17,18,20 

Table 3. Classification of chemicals found in V. Officinalis

Chemical composition 
Gamma-amino-
butyric acid

A neurotransmitter with inhibitory effects 
throughout the nervous system.10

Valepotriates A group of unstable iridoids, exert a reg-
ulatory effect on the autonomic nervous 
system.11

Sesquiterpenes Colorless lipophilic compounds.12

Flavonoids A group of organic chemical compounds 
found in plants that act as dyes, antioxi-
dants and natural insecticides and fungi-
cides.13

Alkaloids Complex organic molecules containing 
a heterocyclic nitrogen ring, which have 
been widely exploited for their diverse 
pharmacological properties.14

Triterpenes Members of isoprenoids that are derived 
from a C30 precursor, squalene; the most 
abundant secondary metabolites present 
in marine organisms.15

Monoterpenes A class of isoprenoids produced from 
geranyl diphosphate.16

Valepotriates: Is one of the active compounds in 
the extract of V. officinalis. This organic compound be-
longs to the group of esterified iridoids. Valepotriates 
have a  sedative effect on the body, which is based on 
the increased release of the inhibitory neurotransmitter 
GABA. Examples for valepotriate are valtrate, didroval-
trate, and isovaleric acid. In which isovaleric acids are 
responsible for the smell of the plant.21-23

Sesquiterpenes: Are one of the main compounds in 
essential oil of valeriana. Sesquiterpenes belong to the 
group of terpenes that consist of fifteen carbon atoms 
(three isoprene units) which can be either acyclic or 
ring shaped. One of the components of sesquiterpenes 

is valerenic acid. Valerenic acid inhibits GABA break-
down and this in return leads to sedation.24-27 

Flavonoids: are natural compounds with the func-
tion to control the activity of cells and to combat free 
radicals. Due to the antioxidant effect of flavonoids, free 
molecules can be destroyed which can be harmful for 
the body. Flavonoids are divided into six subgroups, 
based on the chemical structure flavones, flavanones, 
flavonols, flavan-3-ols, isoflavones, and anthocya-
nins.28,29 Examples of flavonoids in valeriana are linarin 
and apigenin. Studies in which linarin was injected into 
the mice, had shown that linarin in V. officinalis has sed-
ative and sleep induced effects. The actual  mechanism 
of linarin in the brain has not been solved until today 
but it is assumed that sedative effects can amplify due to 
various combinations of linargin, hesperidin, valerenic 
acid and 6-methylapigenin.30 

Alkaloids: Are organic compounds that contain ni-
trogen and have complex ring structures. They can act 
as poisoning, pain reliever or anesthetics, so the field of 
application of alkaloids is broad. Examples for alkaloids 
are actinide and valerine. For the synthesis of actinidine 
are the precursors lysine and quinolinic acid needed. Ac-
tinide belongs to the psychoactive group of alkaloids. It 
behaves agonistic in relation to benzodiazepine receptors 
and acts then on gamma-aminobutyric acid receptors so 
intracellular chloride can flow in. This process leads then 
to the inhibitory effect on the central nervous system.23,31 

Triterpenes: Are chemical compounds that consist 
of three terpene units. Almost 200 different structures 
of triterpenes are known and they are being divided by 
the amount of rings that they contain. Triterpenes are 
used for their anti-inflammatory, antiviral and antitu-
moral effects. An example for triterpenes is ursolic acid. 
It inhibits the nuclear signaling of factor-kappa B in can-
cer cells, keeps inflammatory levels down and also in-
creases the antioxidants in the brain, so stress on brain 
cells decreases.32,33

Monoterpenes: Belong to the class of terpenes with 
two isoprene units. Four different types of monoterpenes 
are known: acyclic, monocyclic, bicyclic and tricyclic, 
classified according to the shape. Monoterpenes show 
anti-inflammatory effects by regulating the increase of 
cytokine release. Furthermore, effects such as antiviral, 
antioxidant and antitumor have been observed. Exam-
ples for monoterpenes in V. officinalis are bornyl acetate, 
borneol. Bornyl acetate belongs to the group of bicyclic 
monomeres and it has already been used for skin care 
and natural antiseptic disinfectant. Anti-inflammatory 
effects such as suppressing the proinflammatory cyto-
kines TNF-α and  IL-1β release, which both are involved 
in the disease Atherosclerosis. Generally can be said that 
monoterpenes have a wide range of positive effects for 
the body.34-36
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Valeriana officinalis in vitro on studies 
Kara et al. evaluated oxidative stress and cytotoxicity 
on human hepatocellular carcinoma and human colorec-
tal adenocarcinoma cell lines. The results showed that 
valerian root extract did not induce oxidative stress in 
HepG2 and Caco2 cell lines. Valerian is not an alter-
native for cancer treatment. But in tolerable concentra-
tions, it can be recommended due to its property of not 
inducing oxidative stress.8 De Brito et al. studied the 
interaction of valerian in cortical spreading depression 
and analyzed the protective effect against cytotoxic ef-
fects of rotenone in in vitro cultures of rat C6 glioma 
cells. In vitro studies on rat C6 glioma cells showed a 
protective effect against rotenone-induced cytotoxici-
ty.37 Shi et al. showed in their in vitro study that valeri-
an extract reduces breast cancer cell proliferation. This 
could make valerian a therapeutic agent for breast can-
cer. The authors also suggest the potential effectiveness 
of valerian acid as an HDAC inhibitor.38 Hellum et al. 
in their work on in vitro cells, they presented the effect 
of valerian on mechanism-based inhibition of CYP2D6 
activity. The study demonstrated the action of valerian 
components as inhibitors on CYP2D6 enzyme activity. 
However, they note that this type of inhibition is irre-
versible, making it impossible to ignore the deleterious 
or toxic responses of valerian action in in vivo studies.39 

Hellum et al. presented the effect of valerian on CYP ac-
tivity in human hepatocytes. In the results, we see that 
statistically significant inducing properties on CYP2D6 
and CYP3A4 were found. The researchers suggested in 
their work that valerian is one herb whose data may be 
clinically relevant in future in vivo CYP studies.40 In a 
subsequent study, the same authors evaluated the effect 
of the induction potential dose of commercially used 
herbal products on the metabolic activity of CYP2C19 
and CYP2E1 in human hepatocyte cultures. In the case 
of valerian, the results showed that it is a weak induc-
er of CYP2C19 and in the case of CYP2E1 it did not 
show inducing properties.41 Lefebvre et al. investigated 
the in vitro effects of products containing valerian root 
extracts on the metabolism and transport of P-glyco-
protein via the cytochrome P450 CYP3A4 pathway. The 
results showed that valerian extracts have the ability to 
inhibit metabolism through the cytochrome P450 3A4 
pathway and transport by P-glycoprotein.42

Valeriana officinalis in vivo on studies
Sudati et al. conducted an in vivo study on flies evaluat-
ing protection against the harmful effects of rotenone. 
The results confirmed the effectiveness of valerian in re-
ducing rotenone-induced toxicity in Drosophila mela-
nogaster. These authors also suggest the usefulness of 
the results obtained in future studies of movement dis-
orders such as Parkinson’s disease.43 Bogacz et al. con-
ducted an in vivo study of the effects of compounds in 

valerian root on CYP3A4 gene expression, as well as on 
nuclear receptors PXR, CAR, RXR, GR, and HNF-4a 
in male rats. The results showed decreased expression 
levels of CYP3A1 (homolog of human CYP3A4), RXR, 
and HNF-4a and increased for CAR. The data show an 
effect on decreasing CYP3A4 expression. They suggest 
further in vivo studies in evaluating the safety of phar-
macotherapy by the possibility of interaction with syn-
thetic drugs metabolized by this enzyme.44 Benke et al. 
in their in vivo studies in mice, showed that neurons ex-
pressing GABA(A)-containing beta3 receptors are a ma-
jor cellular substrate for the anxiolytic effects of valerian 
extracts.45 Torres-Hernández et al. through the data ob-
tained in an in vivo study using zebrafish larval swim-
ming behavior, demonstrated the high psychoactivity of 
valerian extract with respect to a behavioral-molecular 
approach.46 Dimpfel in his study, he used rats with im-
planted electrodes and monitored EEG wave frequen-
cies and then administered valerian root extract in one 
of the test groups. Results compared to a matrix of syn-
thetic drugs showed that valerian exhibited effects sim-
ilar to physiological sleep. The changes that occurred 
resembled natural sleep and may suggest the effective-
ness of valerian in acting on health.47 

Conclusion 
V. officinalis commonly known as herb is a very com-
mon species, accompanying us since ancient times. Over 
the centuries its composition, chemical properties, and 
effects on the human body have been studied in order 
to use it in herbal medicine as a sedative, anti-depres-
sant, and sleep inducer. A single oral dose of V. offici-
nalis modulates intraventricular facilitatory circuits by 
acting as an anti-anxiety agent. Other, lesser known ap-
plications of valerian should not be overlooked either, 
such as its diuretic and cognitive enhancing properties. 
The various substances contained in valerian provide 
a broad spectrum of the plant’s medicinal properties. 
It is a good option for treating insomnia, which now-
adays affects more and more people, and for relieving 
nervous tension connected with stress. Scientists have 
confirmed numerous aspects of valerian and its positive 
effects on the human body in their studies. Of particular 
value here is the GABA content, which inhibits the ac-
tion potential of neurons, reducing their excitability, and 
valepotriates, which increase the release of GABA. The 
rhizome and root are available in the form of capsules, 
tablets or alcoholic extracts, so everyone can choose the 
form that is most convenient for them. Valerian can also 
be consumed in the form of valerian honey, which has a 
pleasant taste. In pharmacies or herbal stores it appears 
under different trade names. Note that consumption of 
valerian also carries gastrointestinal side effects such as 
nausea and abdominal cramps.
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ABSTRACT
Introduction and aim. The subject of this article is milk thistle – a plant belonging to the Asteraceae family. Due to its prop-
erties, it has a beneficial effect on the functioning of important organs and systems of the human body. The aim of this paper 
was to review information on milk thistle, its use in medicine and the description of some of the chemical compounds due to 
which it owes its healing properties.
Material and methods. The article is a review of the publicly available literature on milk thistle, the chemical composition of 
its compounds and its use in medicine.
Analysis of the literature. Current information about Silybum marianum is presented.
Conclusion. Milk thistle is a valuable medicinal plant due to the presence of numerous antioxidant and anti-inflammatory 
compounds. The benefits of supplementation with ingredients derived from milk thistle, their negligible interaction with other 
drugs and the lack of significant side effects, known so far, indicate that the plant described in the article can be a good medi-
cine and a preventive measure against diseases affecting our society.
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Introduction
The subject of this article is milk thistle ‒ a plant belong-
ing to the Asteraceae family. Due to its properties, it has 
a beneficial effect on the functioning of important or-
gans and systems of the human body.1-2 So far, the fo-
cus has been on its detoxifying effect and supporting 
liver regeneration, but the latest research shows that the 
compounds obtained from milk thistle show a broader 
health-promoting effect.3-4 Due to the high potential of 
milk thistle as a raw material for medical use, the article 
will be a kind of review in which the habitat of this plant 
and its habit will be presented, as well as its use in med-
icine, along with a description of some chemical com-
pounds thanks to which it owes its healing properties.5-10

Aim
A general overview of information on milk thistle, with 
particular emphasis on its use in medicine and the de-
scription of some of the chemical compounds due to 
which it owes its healing properties.

Material and methods
The review is based on the available literature on milk 
thistle, the chemical composition of its compounds 
and its use in medicine. The time of publishing the ar-
ticles ranges from 1996 to 2022, with the oldest article 
describing the general appearance of the plant. In con-
trast, information on the properties of chemicals and 
their clinical effects is based on articles that describe 
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research at the cellular level, animal studies, and clin-
ical trials.

Analysis of the literature
Milk thistle (Silybum marianum) is a herbaceous, an-
nual (under favourable conditions ‒ biennial) plant be-
longing to the Asteraceae family and comes from the 
regions of the Mediterranean Sea, where it is most com-
mon today. However, it can be found all over the world, 
as it was introduced by man to various countries. In 
Poland, it occurs mainly as a plant cultivated to obtain 
valuable medicinal substances, sometimes it is treated as 
an ornamental plant, less often it occurs in a wild-grow-
ing form. Milk thistle is one of the plants that do not re-
quire special growing conditions, but its cultivation is 
favoured by a humid and warm climate and fertile soil. 
Under such conditions, S. marianum can reach a height 
of up to two metres, but the average height it grows 
is about 1.5 metres.1-2,5-6 The plant looks like a thistle. 
It has a strong single or branching stem. Its leaves are 
broadly elliptical or oblong-ovate, sinus-lobed, dark 
green in colour, shiny and speckled with white spots. 
Older leaves end with yellow spikes. During flowering, 
which lasts from late June to mid-August, S. marianum 
has pink-purple flowers gathered in basket-shaped in-
florescences about five centimetres in size. Addition-
ally, as a honey plant it attracts insects, especially bees 
and butterflies.2,5-6 The fruit of milk thistle is achenes – 
a non-bursting, dry fruit with a leathery pericarp with 
a single seed in it.1 The fruits obtained during the au-
tumn harvest (September to October) are a source of 
valuable substances used in medicine, such as flavonoli-
gnans.1,2 The largest amount (even 98%) is accumulated 
in the pericarp and the husk of the achenes.1

Substances contained in milk thistle
Milk thistle is used to obtain silymarin extract (fig. 1.), 
i.e. a complex of flavonolignans. It consists of silybin 
(fig. 2.) in the form of two diastereoisomers (silybin A 
and B), isosilybin (fig. 3.) (also in the form of two dias-
tereoisomers of isosilybin A and B), silychristin (fig. 4.), 
silydianin (fig. 5.) and the precursor of the above flavo-
nolignans – taxifolin (fig. 6.).2,7,11-16 As the predominant 
part of the silymarin complex, silybin is the compound 
responsible for its biological activity.

Due to the high proportion of silybin (figure 2) in si-
lymarin, it is mistakenly identified with the entire com-
plex of this compound. Like other flavonolignans, silybin 
is an antioxidant. Its molecular formula is C25H22O10 and 
its molecular weight is 482.441 u. It consists of two units 
– one based on taxifolin, the other – a phenylpropanoid 
unit, which are linked together by an orexan ring. It ex-
ists as two diastereoisomers (silybin A, silybin B) and is 
biotransformed in the liver. It is poorly soluble in water 
and therefore has low bioavailability.3-4 Most of the sily-

bin is excreted in the bile in conjugated form with sul-
phates and glucuronides, some is excreted unchanged in 
the urine and the rest is eliminated in the faeces.17-18 This 
compound exhibits antioxidant, anti-inflammatory (re-
lated to antioxidant properties), anti-fibrotic (by reducing 
platelet-induced DNA synthesis and cell proliferation) 
and modulating (in some liver metabolic pathways activ-
ity).3 In addition, its interaction with some cytochromes 
and interference with the regulation of the cell cycle was 
discovered, which is a factor in preventing cancer. Due to 
the above properties, silybin shows an action similar to si-
lymarin, however, studies indicate significant differences 
in the interactions of these compounds with metaboliz-
ing enzymes. Nevertheless, silybin is also used as a com-
pletely separate component of silymarin and research is 
conducted to increase its bioavailability and absorption 
by the human body.18

Fig. 1. Substances contained in Milk thistle 

The composition of silymarin causes its low bioavail-
ability when used orally due to poor water solubility, low 
absorption efficiency in the intestines, as well as the me-
tabolism of the complex in the liver, which reduces the 
availability of this compound for the body’s cells. To in-
crease the efficiency of delivering silymarin to tissues and 
organs, it is administered in the form of a complex with 
the highly water-soluble antioxidant phosphatidylcho-
line and more soluble silymarin derivatives have been 
produced and administered to patients. Other substanc-
es increasing the bioavailability of this compound are the 
flavonoid found mainly in citrus fruits – tangeretin and 
piperine contained in black pepper. The increase in sily-
marin bioavailability allowed for more effective research 
on the health-promoting effect of this compound and its 
interaction with other medicinal substances.3-4 Studies to 
date show that this compound does not interfere with the 
effects of medications used by patients and may alleviate 
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their side effects.6,19 However, drug-drug interactions be-
tween silymarin and drugs have not been ruled out, and 
further detailed research is needed.

In therapeutic doses, the intake of silymarin does 
not show any toxic properties. It should also be men-
tioned that so far no serious side effects from the use 
of silymarin have been demonstrated. Cases associated 
with gastrointestinal disturbances such as diarrhoea and 
gastroenteritis have rarely occurred. Headaches or der-
matological symptoms such as hives, itching or allergic 
dermatitis have also been reported.3,20-21 Additionally, 
there were no documented contraindications to the use 
of silymarin preparations.20

Fig. 2. Structural formula of silybin

Fig. 3. Structural formula of isosilybin

Fig. 4. Structural formula of silychristin

At this point, it is worth mentioning that milk this-
tle may be affected by some microfungi (eg. Fusarium or 
Alternaria genera) and their mycotoxins, contributing 
to the reduction of the beneficial effects of silymarin or 
even their complete elimination. The most important in 
this aspect are: alternariol methyl ether (AME), alterna-
riol (AOH), beauvericin (BEA), deoxynivalenol (DON), 
enniatin A (ENNA), enniatin A1 (ENNA1), enniatin B 
(ENNB), enniatin B1 (ENNB1), HT-2 toxin (HT-2), T-2 
toxin (T-2), tentoxin (TEN) and zearalenone (UAE). 

Their presence in supplements containing compounds 
isolated from milk thistle or in the plant itself may have 
a hepatotoxic, nephrotoxic, neurotoxic, teratogenic, im-
munosuppressive, genotoxic and even carcinogenic ef-
fect.5

At the same time, silymarin has been shown to be 
effective against the adverse effects of some mycotoxins. 
Many studies show its beneficial effect on weight gain 
and feed consumption by broilers treated with alphatox-
in B1 (AFB1), as well as sensory and quality improve-
ment of meat obtained from these animals.5,22-23

Research also indicates an improvement in the func-
tioning of the immune system of Japanese quails after 
ingesting silymarin in their diet, as evidenced by a re-
duction in the relative weight of Fabrucius’ capsule and 
spleen in these birds.24 The effect of improving the im-
mune response was also observed in broilers after feed-
ing with milk thistle.25

Other compounds that, apart from silymarin are 
found in the seeds of milk thistle and its other parts in-
clude dietary fibre, proteins, sugars, polyunsaturated fat-
ty acids (e.g. linoleic acid), monounsaturated fatty acids 
(e.g. oleic acid), phytosterols, alpha tocopherol, quercit-
in, histamine, tannins, minerals and vitamins.2,7,18,26

Fig. 5. Structural formula of silydianin

Fig. 6. Structural formula of taxifolin

The use of milk thistle in medicine
Thanks to the substances described above and their be-
longing to flavonoglycans, milk thistle shows valuable 
healing properties (Figure 7). 

It interacts with some cytochromes and interferes 
with the regulation of the cell cycle. The effect of these 
substances is primarily hepatoprotective properties. 
They are based on the protection of liver cells against 
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harmful and toxic factors, such as alcohol or substances 
present in Amanita phalloides or Amanita muscaria.6-7 
Intravenous administration of silybin within 48 hours 
of poisoning at a dose of 2050 mg/kg per day, during 
3-4 days completely inhibited liver damage. A study 
conducted on 250 people poisoned with A. muscaria 
indicated 46 deaths in the untreated group. However, 
among the 16 people who received silybin, there were 
no deaths.9

Fig. 7. Some healing properties of Silybum marianum

Another study involving 18 people poisoned with A. 
muscaria and treated with silybin resulted in only one 
death of a person who ingested the poison in order to 
commit suicide, with treatment not commenced until 
60 hours after ingestion.5 Protection of the liver against 
these factors mainly consists in improving the integrity 
of the hepatocyte membranes, which makes it difficult 
for the toxic factors to penetrate the liver cells.10

Other protective properties include antioxidant, an-
tiviral and anti-inflammatory effects. In addition, the 
plant supports the regeneration of the liver damaged by 
both physical and chemical factors resulting from the 
metabolic function of this organ, while preventing the 
processes of fibrosis.6-7 Accordingly, the hepatoprotec-
tive properties of milk thistle are used to alleviate and 
treat acute and chronic liver diseases such as non-al-
coholic fatty liver disease, alcoholic cirrhosis, and viral 
hepatitis.4,7,17

Fatty liver is often associated with obesity, type 2 di-
abetes, insulin resistance and dyslipidemia. Neverthe-
less, the action of milk thistle also helps prevent these 
diseases by improving lipid metabolism. As a result of 
the use of preparations with silymarin, the excretion of 
low-density lipoproteins is increased, and the synthesis 
of cholesterol is reduced. The results of clinical trials also 
showed that the daily use of silymarin at a dose of 420 
mg in 15 people with hypercholesterolemia led to low-
er cholesterol levels in the gallbladder compared to the 
control group. This suggests that silymarin may be in-
troduced as a blood cholesterol reducer in patients with 

hypercholesterolemia.6,27 It is of great importance for the 
proper functioning of the circulatory system, protecting 
against the formation of atherosclerotic plaques.6,17

The antioxidant properties of silymarin have a pro-
tective effect not only on the liver cells but also on the 
cells of other internal organs, such as the kidneys. This 
is because silymarin is concentrated in the cells of the 
kidneys, supporting their regeneration by increasing 
the synthesis of proteins and nucleic acids. On the oth-
er hand, the presence of silybin and silychristin in sily-
marin is attributed to an increase in cell replication by 
30%.5 It has been shown to prevent and reduce kidney 
damage resulting from cytostatics and to protect against 
radiation damage.6-7,28-29 Additionally, the conducted 
studies indicate a beneficial therapeutic effect of sily-
marin in the development of diabetic nephropathy.6

Another effect of the substances contained in milk 
thistle is neuroprotection. As a result of the use of sily-
marin, the nerve conduction of nerve fibres improves, 
which suggests its use in the treatment of Alzheimer’s 
disease.5-6

The use of milk thistle preparations also supports 
the lactation processes in breastfeeding women, has a 
positive effect on the bile ducts, spleen and pancreas. A 
beneficial effect of S. marianum seed oil on the skin was 
also found.5,7,30

An important aspect of the action of silymarin is the 
anti-cancer effect.31 To date, its preventive activity has 
been demonstrated in the presence of prostate, breast, 
bladder, lung and ovarian cancer by inducing apoptosis 
of abnormal cancer cells. The substances contained in 
milk thistle also inhibit metastases accompanying neo-
plasms, including metastases to the brain.6-8 It has also 
been proved that silymarin can reduce the undesirable 
effects of anti-cancer drugs such as paclitaxel, cisplatin, 
methotexate, and fluorouracil. However, there are con-
cerns that the strong antioxidant activity of milk this-
tle may interfere in determining the lymphocytotoxicity 
function of chemotherapy drugs through biochemical 
peroxidative pathways.5

Conclusion
Milk thistle is a valuable medicinal plant due to the pres-
ence of numerous antioxidant and anti-inflammatory 
compounds. Although the mechanisms of their metab-
olism and the subsequent effects of the metabolized 
products on the cells of the human body are not fully un-
derstood, it cannot be denied that they ultimately exhib-
it hepatoprotective, antioxidant, immunomodulating and 
even anti-tumor effects. It is worth continuing research 
on the use of silymarin in diseases of the liver and bili-
ary tract and introducing it into clinical practice as an ad-
junct to traditional therapy. However, additional research 
should be focused on the long-term effects of milk thistle 
and the interactions of its compounds with other drugs. 
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Nevertheless, the works carried out so far allow to draw 
a hypothesis that the plant described in the article may in 
the future be a good medicine and a preventive measure 
against many diseases affecting our society.
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ABSTRACT
Introduction and aim. The purpose of this study was to compare different Computerized-Controlled Local Anesthetic Delivery 
(CCLAD) systems to one another in addition to the conventional syringe. 
Material and method. The CCLAD systems chosen for this study are the Quicksleeper, SleeperOne, and The Wand. These are 
discussed in categorical objectives, including the following: duration of anesthesia, analgesic effect, locality; anxiolytic effect; 
advantages and disadvantages; comfort and safety of use; limitations. 
Analysis of the literature. The research found that many factors influence the effectiveness of dental injections, and the CCLAD 
systems are designed to reduce the ones that cause negative experiences. The injection systems are unique in their descrip-
tions but show many similarities. 
Conclusion. The research concluded that each device has its advantages and disadvantages and that its efficiency depends on 
outlying factors, independent of the injection system used.
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Introduction
Anesthesia plays a critical role in dentistry as it can pro-
vide a comfortable experience for the patient and allow 
the operator to perform procedures with ease. Much of 
the world’s population is not keen on visiting the dental 
office due to previous unpleasant experiences or fear of 
the „needle”. Among the pediatric population, various 
coping methods are implemented to ease the anxiety 
levels in children and adults; however, they are not al-
ways successful, and as a consequence, treatment is often 
deferred. Most of the time, their anxiousness is related 
to the fear of injection and the pain that is felt when the 
needle penetrates the oral mucosa and diffuses through 
the injected tissues. The distribution of anesthetics ac-

companying the conventional syringe technique causes 
painful swelling of the tissues and their administration 
at the site of anesthesia. Lack of control over the rate of 
anesthetic administration increases pain, swelling, and 
tissue administration, leading to discomfort and un-
pleasant sensations accompanying local anesthesia. In 
addition, an uncontrolled and shock increase of pres-
sure in anesthetized tissues may lead to a short-term 
disturbance of their blood supply and local damage, re-
ducing the effectiveness of anesthesia and increasing 
the risk of side effects. Some sources of an unpleasant 
and painful sensation in conventional syringe anesthe-
sia are failure of inferior alveolar nerve block that may 
require additional attempts, lack of complete anesthe-
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sia, and increased pain/anxiety on injection.1-3 Repeated 
unpleasant and painful sensations related to the admin-
istration of local anesthesia in the past led to the mem-
orized and permanent fear of anesthesia and even the 
development of dentophobia. The fear of convention-
al syringe anesthesia can be a reason for many people 
not to seek dental care or only visit a dentist for emer-
gencies. Moreover, dental professionals often have dif-
ficulty performing mandibular blocks, which results in 
insufficient analgesia and requires a second injection to 
establish profound numbness leading to the accumula-
tion of unpleasant sensations.1,2,4,5 This added stress will 
contribute to the patients’ pain and anxiety levels, which 
can place pressure on the clinician. Additionally, in pe-
diatric patients, the use of conventional syringe anesthe-
sia also poses pain/stress when puncturing the mucosa 
and can lead to injuries due to self-biting of soft tissues 
due to numbness.3,6-8

Therefore, all anesthetic delivery systems must be 
explored to determine the best option for our patients 
and eliminate traumatic experiences. To address the 
need to alleviate or eliminate the unpleasant effects of 
conventional syringe local anesthesia and improve its 
effectiveness, new computerized-controlled local anes-
thetic delivery (CCLAD) systems have been introduced. 
Among the well-known and widespread CCLAD sys-
tems are Quicksleeper, Sleeper One, and The Wand.

Aim
The aim of this study was to compare conventional sy-
ringe anesthesia with Quicksleeper, Sleeper One, and 
The Wand and discuss their analgesic and anxiolytic 
effect, the comfort of use, and limitations. It will allow 
practitioners to determine whether they will use in-
traosseous injection systems by providing cohesive in-
formation regarding the most popular computer-aided 
anesthesia systems currently used in dentistry. There-
fore, our review was designed to answer “Can com-
puter-aided anesthesia systems replace conventional 
syringe anesthesia?”

Material and methods
The following databases were used to research informa-
tion regarding content discussed in this paper: Google 
Scholar, Pubmed, and Western’s Online Database. The 
selected articles were used to summarize information 
about the selected objectives for the reader to compare 
the different computer-aided anesthesia systems and the 
conventional syringe.

Analysis of the literature
Duration of anesthesia, analgesia effect, and recom-
mended type of anesthesia
One of the most desirable features of local anesthesia is 
to ensure a good and sufficiently long-lasting anesthetic 

effect that allows treatment or surgery procedure to be 
carried out. Although the duration of anesthesia de-
pends on the type of anesthetic, the additional content 
of vasoconstrictor and the local anesthetic technique 
used, the method of distribution of the anesthetics may 
modify the final anesthetic effect. One of the most desir-
able properties of conventional syringe anesthesia is its 
versatility and the ability to perform all methods of local 
anesthesia. The duration of anesthesia for the conven-
tional dental syringe is dependent on the type of anes-
thetic solution used, and the local anesthetic technique 
performed. In a study by Fernandez et al. directed spe-
cifically towards the inferior alveolar nerve block, the 
duration of lip anesthesia is between 192‒411 minutes 
(3 hours to 6.8 hours) and the duration of pulpal anes-
thesia is between 127‒258 minutes (2 hours and 24 min-
utes to 4 hours).9 CCAL provides not so long the 
duration of anesthesia but on the other hand it is more 
targeted anesthesia of a specific area. The duration of 
anesthetic in the Quicksleeper system is between 30-60 
minutes, however, various factors contribute to its effec-
tiveness such as the use of vasoconstrictors, amount of 
anesthetic, and anatomical variations.4 Beneito-Brotons 
et al. determined that the duration of anesthesia in soft 
tissue was 199.3 minutes using the conventional tech-
nique, and 1.6 minutes when using the intraosseous in-
jection. This together concludes to a statistically 
significant difference between conventional syringe an-
esthesia and intraosseous injection.2 According to Nieu-
wenhuizen et al. the injection time of the SleeperOne 
was averaged at 2.49 minutes.10 Intraosseous injections 
specifically show high success rates, with easy adminis-
tration and fast onset. Its numbing effects last long 
enough for endodontic treatment and limited treatment 
of 1‒2 posterior teeth in the mandible.11 When using the 
SleeperOne for intraosseous injections, the recom-
mended doses are 1.5‒1.8 mL of 4% articaine with 
1:100,000 epinephrine for adults, and 0.6‒0.8 mL of 4% 
articaine with 1:200,000 epinephrine for children.11 In 
the prospective study between single tooth intraliga-
mentary injections versus a conventional nerve block to 
extract posterior mandibular teeth by Adubae et al. the 
onset of action was immediate compared to a 10-minute 
wait time for the latter.12 As the Single Tooth Anesthesia 
system allowed for treatment to begin simultaneously 
following the administration of local anesthesia, the du-
ration of overall treatment was also faster. Furthermore, 
when the intraligamentary technique is used, the single 
tooth and its neighboring soft tissues are the only areas 
anesthetized. The duration of the anesthesia is shorter 
and the lips, cheek, and tongue are spared of any loss of 
sensation. In comparison, the conventional inferior al-
veolar nerve block had a significantly longer duration of 
action while numbing the surrounding anatomical 
structures. In addition, the numbness in these anesthe-
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tized patients long surpassed the treatment time of the 
procedure. The onset of anesthesia using the Wand is 
quite immediate, resulting in a total duration of around 
30 minutes. The analgesic effect of conventional syringe 
anesthesia is dependent on the injection technique used. 
Techniques commonly used in dentistry and as dis-
cussed in the mentioned studies of this paper are soft 
tissue infiltration, nerve block anesthesia, inferior alve-
olar nerve block, and anterior middle superior alveolar 
nerve block being the most studied. Ample knowledge 
of the selected technique and related intraoral anatomy 
is critical in increasing the success rate of the anesthetic, 
and as seen in the study by Thiem et al the success rate 
can be 100% if performed correctly.13 In a study done by 
Cetkovic et al the overall success rate for pulpal anesthe-
sia with the conventional syringe was between 
68.4‒94.7%.14 One of the main factors focused on during 
this study was the importance of the quality of anesthe-
sia being used. This was based on the relationship be-
tween the pharmacological profile of the anesthetic 
solutions and their capabilities of diffusion and penetra-
tion into the surrounding anatomical structures.13 The 
onset of pulpal anesthesia also depends on the injection 
technique and solution used. Onset times are reported 
to be around 6 to 12 minutes.13,14 Many authors have 
concluded through their research that the onset of 
Quicksleeper is immediate and faster than conventional 
syringe anesthesia. In a study conducted by Jensen et al. 
all volunteers reported that the effects of the anesthesia 
through intraosseous injection were instant.15 Siwawut 
et al. examined the effects of Quicksleeper versus con-
ventional anesthesia in 20 adult patients and yielded the 
following results: mean onset time for intraosseous in-
jection was 1 minute and 3.56 minutes for buccal infil-
tration.6 Bigby et al. have also confirmed that when the 
anesthetic solution is deposited into the spongy bone 
the onset of action is immediate.16 The jaw and jawbones 
contain spongy bone that is highly vascularized, which 
allows for quick metabolism of anesthetic solution and 
explains why the analgesic effect is lower in Quicksleep-
er when compared to conventional syringe anesthesia.15 
Ozer et al. used 0.3 mL and 1.5 mL of 4% articaine solu-
tion with 1:100,000 adrenaline in the Quicksleeper sys-
tem and used supraperiosteal and intraosseous injection 
methods in their study. They concluded that insufficient 
duration of anesthesia was due to variability in bone 
density rather than the amount of solution used.4 The 
posterior mandibular region also shows a lower success 
rate of deep anesthesia with the use of Quicksleeper due 
to high density and low bone porosity.17 The anatomy of 
the buccal and lingual cortical bone can also contribute 
to decreased success rates as the distance is reduced be-
tween these plates, which may cause later diffusion of 
the anesthetic.18 In contrast, Siwawut et al. used 1.7 mL 
of 4% articaine with 1:100,000 epinephrine for intraos-

seous injection and 3.4 mL of 4% articaine with 
1:100,000 epinephrine for buccal infiltration for man-
dibular first molars and obtained the following results of 
95% and 80%, respectively.6 Sovatdy et al. also con-
firmed the success and effectiveness when inferior alve-
olar nerve block was administered using Quicksleeper 
for mandibular third molars.1 Sixou et al. conducted re-
search among 181 children and adolescents aged 4 to 16, 
who underwent 215 sessions using intraosseous injec-
tions of 4% articaine with 1:200,000 epinephrine using 
the Quick Sleeper 2 system.7 The analgesic effect among 
patients with primary dentition who had endodontically 
treated teeth, restorations, or needed extractions was 
95%, while for permanent teeth with similar clinical 
presentations was 87.9%. This data suggests that the 
Quicksleeper is an effective aid that can be used in both 
dentitions while fulfilling routine dental procedures. 
Occasionally an inferior alveolar nerve block by intraos-
seous injection can be unsuccessful in controlling pain, 
and examples of such cases are molar incisor hypomin-
eralization or severe pulpal inflammation. An inflamed 
pulp is often difficult to anesthetize and the additional 
solution is required to sedate the target tooth. Many au-
thors have focused their research on the effectiveness of 
Quicksleeper in cases of irreversible pulpitis. A few pa-
pers have suggested that the success rate is between 82% 
and 95%, which can become 100% if a supplementary 
intraosseous injection is applied.5,7,16-21 Smaïl‐Faugeron 
et al conducted a single-blind, combined split-mouth 
and parallel-arm randomized controlled trial in the 
evaluation of Quicksleeper comparing conventional in-
filtration anesthesia in pediatric patients. They conclud-
ed that Quicksleeper had a profound analgesic effect in 
cases of   molar incisor hypomineralization or severe 
pulpal infection.22 Additional studies have also claimed 
a success rate of 71% to 98% in cases of irreversible pul-
pitis.2,6,8,22,23 In the study done by Nieuwenhuizen den-
tists that planned on injecting 0.6mL of analgesia fluid 
to patients, tend to give more solution because Sleeper-
One ran quicker than other injection systems.10 The 
SleeperOne is eligible for direct injection into cancel-
lous bone in pediatric patients which prolongs anesthe-
sia of the teeth and creates the fast onset of anesthesia.11 
In addition to reduced pain from the controlled delivery 
speed, the intraosseous injection earned a higher prefer-
ence from patients 58.9‒69.7%.11 The Wand can perform 
multiple injection techniques. It can perform intraliga-
mentary single tooth injections that are reported to be 
less toxic compared to the traditional inferior alveolar 
nerve block as less solution is needed to achieve the 
same depth of anesthesia. The Single Tooth Anesthesia 
system intraligamentary injection technique can pro-
vide a quick-acting localized numbness with the ability 
to regain normal levels of sensation.12 The periodontal 
ligament injection can achieve the same efficacy level as 
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the conventional inferior alveolar nerve block intraosse-
ous injection without having as many adverse effects. Its 
effects are limited to a single tooth and its surrounding 
structures, whereas the inferior alveolar nerve block in-
traosseous injection spans over a larger area, affecting 
the structures around the zone of treatment and the sur-
rounding cheek and tongue.24 Multiple studies have 
evaluated the efficacy of the Single Tooth Anesthesia 
system The Wand compared to conventional local anes-
thetic administration and its relation to different types 
of treatment performed such as restorative, pulpotomy, 
and extraction. They concluded that the effectiveness of 
the anesthesia was independent of the procedure being 
carried out.25 Another assessed feature of local anesthe-
sia techniques is their extent determined by the type of 
performed procedure. The locality of the conventional 
syringe technique depends on the anesthetic injection 
technique. Although conventional syringe anesthesia 
enables painless and reliable anesthesia of the tissues of 
the operating field, for some procedures it is too broad 
in relation to the real needs. Moreover, conventional in-
traligamentary anesthesia requires additional equip-
ment. In this aspect, computer systems have an 
advantage over conventional syringe anesthesia because 
they enable the performance of all types of local anes-
thesia depending on the type of procedure performed. 
Many studies have concluded that with the use of Quick-
sleeper only the targeted tooth is anesthetized without 
affecting any accessory structures.7 This advantageous 
feature is possible due to the deposition of the anesthet-
ic solution directly into the cancellous bone of the target 
tooth.2,7 Therefore, all patients but especially pediatric 
patients benefit from the use of Quicksleeper as these in-
dividuals reported lower incidents of self-biting injuries, 
which typically occur with the conventional inferior al-
veolar nerve block method.3,4,7,23 Sixou et al. reported 
that only 6.5% of patients in their study experienced 
lower lip numbness but mildly as they could still feel 
their lips.7 Additionally, a study conducted by Ozer et al. 
reported that Quicksleeper can anesthetize the palatal 
and lingual surfaces of a tooth with a single needle injec-
tion.4 SleeperOne is eligible for most injection tech-
niques and is designed for the intraseptal injections 
technique in pediatric patients as it can inject with min-
imal pressure due to the intercrestal bone being thinner 
in children and cancellous bone being more sparse.11 
Additionally, the local anesthetic can be injected directly 
into the cancellous bone adjacent to the tooth to be 
anesthetized. Similar to the Quicksleeper, this method 
prevents mucosal numbing and self-biting of soft tissue 
that would be the result of a traditional infiltration 
method such as buccal infiltration, or mandibular nerve 
block.10 Dentists can also treat bilateral teeth in the same 
appointment with this technique without having to ad-
minister two infra-alveolar nerve blocks, which can be 

uncomfortable for the patient.11 Upon the initial injec-
tion with the pen tip of the Single Tooth Anesthesia sys-
tem wand, the anesthetic is deposited into the soft tissue 
at a very slow and controlled rate. The onset is immedi-
ate and localized to the area it is administered when 
used for intraligamentary local anesthesia (ILA) peri-
odontal ligament single tooth injections. Although the 
Wand is designed primarily for anesthetizing a single 
tooth at a time with the ILA technique, its use is not lim-
ited to only these injections; infiltration and nerve 
blocks are also possible with this system.26 The anesthet-
ic is administered at a very slow and controlled rate that 
is below the patient pain threshold level. This allows for 
a painless experience as there is a significant decrease in 
the feeling of the pain due to its unperceivable injec-
tion.27 Drops of anesthetic are released into the soft tis-
sue and have an immediate onset. In response to pain 
sensation, a significant mean reduction of 1.09 point in 
Visual Analogue Scale (VAS) is recognized with the 
Wand when it was compared to a conventional needle.26 
A conventional needle and syringe used for buccal infil-
tration take 120 seconds at 0.01 mL/sec, while the Single 
Tooth Anesthesia The Wand administers the anesthetic 
at a much slower ‘ControFlorate’ of 0.005 mL/sec initial-
ly. When the computerized system recognizes that the 
needle is inserted at the correct location, cruise mode is 
activated and droplets of solution enter a RapidFlo rate 
of 0.03 mL/sec. Administration of the anesthetic takes a 
total of 100 seconds with The Wand. Painful injections 
are the effect of administration that is too rapid or with 
too much pressure which is not consistent due to the dif-
ferent elasticity of patients’ soft tissues. Manual methods 
don’t allow for a consistent parameter to be followed, 
whereas in computerized systems delivery is perceivable 
and consistent with indication/feedback that you are in 
the correct region.28 Detailed data regarding duration of 
anesthesia, analgesic effect, and recommended type of 
anesthesia of conventional syringe anesthesia and its 
comparison with Quicksleeper, Sleeper One, and The 
Wand were presented in Table 1.

Anxiolytic effect
A patient’s past experience and expectations at the den-
tal office strongly influence anxiety levels, where the ad-
ministration of local anesthetic is seen to be the most 
painful part of an uncomplicated visit. Pain and anxiety 
hold a strong relationship interchangeably. In addition, 
this fear of the pain-anxiety relationship also influenc-
es the patient’s confidence in the dental professional.29 
Anxiety-inducement and pain during administration of 
local anesthesia with conventional syringe is reported 
to be greater compared to CCLAD systems.30 In a study 
by Kuşcu et al., the influence of the physical appearance 
of dental injectors on children was assessed, and it was 
concluded that the physical appearance of the conven-
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Table 1. The duration of anesthesia, analgesic effect, and locality of conventional syringe anesthesia, Quicksleeper, Sleeper 
One, and The Wand*

Local anesthetic 
equipment

Duration of anesthesia Analgesic effect Recommended type of  
local anesthesia

Conventional  
syringe

127–258 minutes.9 Dependent on injection techni-
que

Dependent on injection technique

Quicksleeper 30–60 minutes.4,8,15  ·	 Onset is immediate.3,15,16 
·	 Duration is lower than 

conventional anesthesia.4,8,15

·	 Successful analgesic effect for 
endodontically treated teeth, 
extractions and teeth with MIH, 
irreversible pulpitis or severe 
pulpal inflammation.2,6,8,22,23

·	 Target tooth is only anesthetized.3

·	 Can anesthetize the palatal and 
lingual surfaces with single needle 
penetration.4

Sleeper One ·	 Averaged at 2.49 minutes 
(SD=0.56)

·	 Intraosseous injection 
have high success 
rates.10,11

·	 Recommended dose: 
adults: 1.5–1.8mL of 4% 
articaine with 1:100,000, 
children: 0.6–0.8mL of 4% 
articaine with 1:200,000 
epinephrine for children.11

·	 Quick onset.11

·	 Pain free injection.36 
·	 Prolonged anesthesia.11

Most injection sites, and intraseptal 
injections technique for pediatric pa-
tients.11

The Wand ~ 30 min and can be used 
with immediate effect for all 
procedure types.26

·	 Immediate onset of action.26

·	 Can achieve same depth of 
anesthesia as other techniques 
while often using less amounts 
of solution.12,43

·	 Pain Free admin + 
procedure.12,24

Designed to be used to deliver single 
tooth anesthesia via PDL (intraligam-
mentary) injection technique but can 
be used to deliver anesthesia of all 
techniques (infiltration – buccal/palatal/
lingual, and blocks).24,26,35,45

*MIH – molar incisor hypomineralization, SD – standard deviation, PDL – periodontal ligament

tional syringe is more anxiety-inducing when compared 
to other CCALD systems.31 Many authors through their 
studies have concluded that the Quicksleeper is painless 
or may produce mild discomfort and as result anxiety is 
also minimal or none. Sixou et al examined pain levels 
with the use of Quicksleeper in 50 children by using the 
VAS and concluded that most children felt no pain or 
only experienced slight pain.3 They also reported that ap-
proximately 58.9% of children who had experience with 
traditional syringe anesthesia, preferred Quicksleeper 
as it was more comfortable and therefore patients had 
less anxiety regarding the injection.3 Marques-Ferreira 
et al. selected 32 healthy individuals to compare peri-
apical infiltration anesthesia with intraosseous Quick-
sleeper and established that most individuals did not 
feel any pain, but a small number of participants did 
have mild post-operative discomfort.32 When perform-
ing dental injections, dental anxiety is the main co-vari-
able in patient cooperation and emotion. This anxiety 
can cause the patient to experience more pain, even if 
the injection itself is less painful. An anxious patient 
can cause increased muscle tension and disruptive be-
haviours that ultimately lead to a less pleasant anesthet-
ic experience. A study performed by Hembrecht et al. 
compared two types of computerized injection systems, 

SleeperOne and the Wand, to test the levels of pain-re-
lated behaviour in children between a first and second 
treatment appointment.24 The results showed that even 
though SleeperOne had a significantly shorter injection 
time (2.49 min), compared to the Wand (3.2 min), the 
patient continued to show high levels of pain and dis-
tress during the sequential dental treatment session.24 
This study further concluded that the device used for in-
jection did not have an impact on pain and stress relat-
ed behaviour, and there was an overlying psychological 
factor involved in the patient’s response to the injection 
systems.33 Computerized systems aid in controlling pain 
while at the same time making the patient comfortable 
and cooperative.34 Colares et al., found in a study that 
most fear and anxiety amongst children in a dental set-
ting were in direct connection to injections.26 Because 
of this, avoidance of treatment/checkups was prevalent. 
41/67 cases reported a heart rate higher after delivery 
with the conventional method due to the fear and anxi-
ety associated with the appearance needle. A method to 
make the injection less daunting is what brought about 
the design and function of the STA. Similar to the Sleep-
erOne, the needle is camouflaged to fit into a pen-like 
holder attached to a central computerized docking sta-
tion. San Martin-Lopez et al. concluded that the Wand 
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and other digital systems of local anesthesia are much 
better tolerated than conventional systems.26 Visually in-
duced anxiety that is instigated when a patient encoun-
ters a conventional syringe system is put to ease with 
the friendly-looking design of the Wand.24 There is a di-
rect correlation between pain/anxiety and the change in 
blood pressure and heart rate as they are directly pro-
portional. The local anesthetic injection induces fear 
and anxiety amongst patients and consequently acti-
vates their sympathetic nervous system to elicit a height-
ened heart rate and blood pressure. When comparing 
heart rate and blood pressure, both are stable amongst 
patients treated with the STA Wand compared to those 
with the conventional local anesthesia needle. Previous 
study concluded that 86.11% of patients that received 
STA injection were less anxious.28 With the STA Wand, 
pain upon administration encompassing insertion of 
the needle and flow of the anesthetic at the site was less 
than when compared to the traditional method reported 
by Jalevik et al. overall implying less anxious and more 
compliant patients.28 Stress signals of patients associated 
with needles and injections were lower in the presence 
of the STA Wand compared to that of the conventional 
needle. The Wand is friendly to the eye and the needle 
can be hidden during administration. It mimics the look 
of a pen which puts patients, especially of a young age 
group, at ease as it does not provoke fear like the appear-
ance of a conventional needle.24 When the anesthetic 
onset is faster, patient stress is significantly less because 
there is no pain that is perceived. The height of anxiety 
is therefore reduced and treatment can therefore con-
tinue in a timely and efficient manner. When perform-
ing the intraligamentary method with the computerized 
systems, additional anesthesia to achieve the desired ef-
fect is not necessary. The result of this is a more comfort-
able and pain-free experience for the patient, resulting 
in higher patient satisfaction and cooperation for cur-
rent and future treatments.35

Other postulated advantages and disadvantages
Aside from the local anesthetic conventional syringe be-
ing available in every dental office, and the practice and 
skill in using the conventional syringe comes in basic 
dental studies and training, there are some other advan-
tages of the classic local anesthetic technique. Being the 
most affordable and universally known equipment in 
the dental office setting, the conventional syringe can 
anesthetize any location in and around the oral cavity, 
depending on the type of injection technique used. In a 
study by Özer et al., it is found that a longer duration of 
anesthesia is performed with the use of the conventional 
syringe compared to the computer-controlled system 
(Quicksleeper). This traditional technique is particularly 
more useful for longer surgical procedures.4 Quicksleep-
er is recommended for minimally invasive procedures 

due to the short duration of anesthesia. Sixou et al. con-
cluded that successful treatments such as pulpotomies 
and extractions could be completed in the primary den-
tition and 91.7‒100% of restorative treatments, pulp 
capping, and scaling in the permanent dentition.8 Al-
though, this data must be viewed with caution as chil-
dren who were non-compliant or had teeth that showed 
signs of physiological or pathological bone resorption 
were not included.8 One main advantage of Quicksleep-
er is its ability to anesthetize the targeted tooth without 
affecting surrounding structures or adjacent teeth. In 
comparison to the IANB with traditional syringe anes-
thesia, Quicksleeper can achieve profound anesthesia 
without numbness of the cheek tissues or lip.1 In com-
parison to traditional syringe anesthesia, the analgesic 
effect of Quicksleeper is rapid, owing to the direct injec-
tion of local anesthetic into the cancellous bone of the 
target tooth.3 A study conducted by Beneito-Brotons et 
al. demonstrates that the onset of Quicksleeper is imme-
diate with the following results of 7.1±2.23 minutes 
(range 3‒14) for conventional technique and 0.48±0.32 
minutes (range 0‒4) with intraosseous anesthesia; the 
difference between both techniques are statistically sig-
nificant.2 Owing to the design of Quicksleeper it is pos-
sible to deposit the solution using similar injection 
methods as conventional syringe anesthesia such as 
transcortical, osteocentral, periodontal ligament injec-
tion (PLE), intraseptal injection, infiltration, and nerve 
block anesthesia.2 Sovatdy et al reported that Quick-
sleeper requires less anesthetic solution when compared 
to the traditional IANBI technique.1 Various studies 
have reported the Quicksleeper as being painless or less 
painful when compared to conventional anesthesia due 
to the asymmetric triple bevel of the needle tip which al-
lows for easy perforation into bone.2 The SleeperOne is 
a computer-controlled system that regulates the amount 
of analgesic fluid injected over a given period. It does so 
by running on a system called the permanent analysis of 
resistance (PAR), which controls the injection according 
to the density of the tissue. This allows the pressure 
within the tissue to remain low to not exceed the pain 
threshold.36 It also allows for a quicker injection time at 
an average of 2.49 minutes.10 The SleeperOne is also 
equipped with a double-beveled needle that makes it 
easier to penetrate bone when performing an intraosse-
ous injection, specifically in children.24 It is advanta-
geous compared to its competitors as it has a pen grip 
for a more precise injection and has four injection 
speeds that can be controlled with a wireless foot ped-
al.36 In a study by Garret-Bernardin et al. it was found 
that most fear and anxiety amongst children in a dental 
setting were in direct connection to injections.26 With 
the less daunting appearance of the STA Wand, accep-
tance and cooperation with its use serve as a big advan-
tage. The computerized anesthesia system can deliver 
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anesthetic solutions to administration sites at a slow and 
controlled flow rate much below the threshold level 
known to elicit pain.27 The practitioner using the system 
is provided with perceivable and constant indication/
feedback of being in the correct anatomical location al-
lowing for efficient delivery and results obtained imme-
diately.28 This not only makes the deposit of anesthesia 
effective but also means that clinicians can begin their 
work immediately and waste no time; overall treatment 
duration is consequently shortened. The use of the STA 
Wand is for intraligamentary injections but can be used 
for all other methods as well inclusive of local infiltra-
tions and nerve blocks. With the intraligamentary tech-
nique, it poses as a huge advantage in that inhibition of 
sensation is extremely localized without affecting neigh-
boring structures such as the tongue and cheek. Less an-
esthetic solution is often observed to be needed to 
deliver the same profoundness of effect resulting in less 
toxicity risk, quick regain of sensations, and overall safe-
ty to use amongst healthy as well as medically compro-
mised patients. With the ability to be such a localized 
form of anesthetic delivery, it is beneficial to both the 
patient and the dentist that they can have work done 
and operate on multiple regions of the mouth at the 
same visit. The success of conventional syringe anesthe-
sia does not simply depend on a set of specific require-
ments. Hannan et al. studied needle placement for the 
inferior alveolar nerve block technique and concludes 
that accuracy of needle placement does not guarantee 
pulpal anesthesia.37 Although operator skills such as ex-
cellent knowledge in intraoral anatomy, and variations 
in the location of important injection point landmarks 
are advantageous, there are many other factors influenc-
ing the success of the conventional syringe. Anatomical 
factors such as accessory innervation and soft and hard 
tissue barriers to diffusion influence the advancement of 
local anesthetic solution in which it can be found as un-
predictable.38 Equipment related factors, such as deflec-
tion of needle tip and needle gauge, pathological state 
factors such as pulpal pathologies, and patient’s psycho-
logical state factors related to administration of local an-
esthetic and dental procedures, are influential, too.5,39,40 
Cetkovic et al. also mentions that having precise manual 
control over pressure gradients and flow rate by the op-
erator during injection can be difficult to achieve and 
may negatively influence the success rate of the anes-
thetic solution diffusing through alveolar and palatal 
bone.14 Overall, the advancement of local anesthetic 
solution is unpredictable due to a combination of all or 
some of these factors. In addition to the mentioned dis-
advantages, second injections and greater amount of an-
esthetic solution is needed compared to newer 
methods.13 Quicksleeper is not recommended for pro-
cedures that are complicated or require longer than 60 
minutes. Jensen et al conducted a study that showed the 

aaesthetic effect of Quicksleeper began to reduce at 30 
minutes and was practically zero at 60 minutes.15 Simi-
larly, another study concluded that one-third of patients 
where CAIOI was used required supplementary anes-
thesia due to inadequacy.1 Correspondingly the data 
shows the success rate of CAIOI was 68% and 72% for 
IANBI.1 Therefore, with the use of Quicksleeper a great-
er concentration of epinephrine should be used to main-
tain profound anesthesia in bone for procedures that 
last longer than 30‒45 minutes.8 For surgical operations 
that required longer than 20 minutes such as removal of 
impacted third molars, Quicksleeper should not be used 
as the chances of hemorrhage are greater due to the 
shortening effect of anesthesia.2,4,22 Many practitioners 
prefer the use of vasoconstrictors as it produces a 
long-lasting and confined anesthetic effect, however, a 
possible side effect can be increased heart and pulse rate 
in patients where Quicksleeper was used.4 In contrast, 
two studies showed no increase in heart rate with 4% ar-
ticaine with adrenaline, 1:100,000 with the use of Quick-
sleeper.32 Hence, more data is required to sufficiently 
understand the effect of epinephrine on heart rate with 
the use of IO injections. Another drawback of Quick-
sleeper is the application itself takes longer than with 
conventional techniques, and when combined with the 
short analgesic effect it may not be the first choice for 
lengthier procedures.4 Whether conventional syringe 
anesthesia or Quicksleeper is used, there is a possibility 
of unwanted lesions occurring. Siwawut et al. concluded 
that within their study 10% of patients had developed 
aphthous ulcers near the injection site a few days after 
the procedure.6 Likewise, Graetz et al. established that 
osteonecrosis, external root resorptions, irreversible 
pulpal lesions, and/or periodontal lesions may occur in 
some circumstances.41 The SleeperOne is aided by an 
automated anesthetic drop that is fast-acting. This spon-
sors as a disadvantage as there is a slight learning curve 
with dentists who are less practiced using this injection 
system as they might add more anesthetic than 
planned.24 The SleeperOne is advertised as a painless in-
jection system, studies mentioned previously prove this 
to be inaccurate as there are signs of distress and pain 
while injecting. Although the injection itself may not be 
as painful, according to the theory and study by Hem-
brecht, the consecutive deliverance of a local analgesic 
injection may condition a child’s fear response.24 In ad-
dition to this conclusion which was deemed true, it was 
also proven that even if the system was switched to a dif-
ferent device with which the patient has no experience, 
they still showed a degree of distress and pain-related 
behawior.24 The SleeperOne’s anesthetic cartridge is lo-
cated within the handpiece causing it to be heavier and 
bulkier than its competitors.33 It also does not feature a 
needle that rotates unlike its competitor, the Quick-
sleeper system, and therefore is unable to perform trans-
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cortical and osteocentral injection techniques.33 The 
STA Wand can be seen as an investment as it is an addi-
tional expense that needs to be considered. Its machin-
ery, though simple, is bulky and requires extra space 
within an operating room.28 In places with tighter space 
availability, the docking station and computerized 
screen, and the device’s needle pen to which it connects 
to are quite bulky. Apart from purchasing the machine, 
device-specific needles also have to be purchased for its 
use, a cost that clinicians need to consider.28 The length 
of the cable between the needle pen and the machine 
also can come in the way of administration and presents 
as additional clutter in an already compromised area. 
Lastly, there comes a learning curve associated with the 
use of the STA Wand system, and a time period before 
its use can be maximally beneficial.25

Comfort and safety of use
In addition to excellent knowledge of intraoral anato-
my and variations of injection landmarks, manual con-
trol is essential for a comfortable dental procedure for 
both the operator and the patient. Velasco et al describe 
that decreasing the speed and pressure of the injection 
is an effective approach to decreasing pain levels for the 
patient, but it is a strenuous method for the operator.42 
Needle breakage during administration is a rare and se-
rious complication, not only for the patient but for the 
operator as well because legal action may be acquired. 
Awareness and knowledge by the operator of the safe-
ty of use of the conventional syringe are important to 
avoid needlestick and sharp injuries. The use of Quick-
sleeper does require the clinician to properly examine 
the working field, take periapical radiographs to deter-
mine where the root is located, and determine if any 
protrusions of the cortical bone exist.41 Therefore, hav-
ing adequate knowledge regarding the use of this device 
as well as the patient’s anatomy is extremely crucial.41 
The application time of Quicksleeper is longer when 
compared to conventional syringe anesthesia due to 
the components of the device and requires perfected 
insertion techniques to avoid causing pain or injury.4 
SleeperOne works on a dynamic feedback mechanism 
that regulates the injection according to the density of 
the tissue.32 This leads to a faster average delivery time 
and because of this, is expected to have a higher com-
fort for the patient and the dentist. It provides the den-
tist with a handpiece that looks like a pen as opposed 
to a syringe grip to ensure a more accurate and precise 
injection.36 At the same time, this grip is bulkier than 
competing computerized anesthetic systems and there-
fore might be less comfortable than other automated in-
jection systems.36 The pain caused by the administration 
of local anesthesia mainly arises due to the puncture of 
the needle. Computerized injection systems were creat-
ed to address this.28 The comfort and ability to use the 

STA Wand for methods of administration beyond just 
intraligamentary PDL injections implies convenience 
as devices do not have to be changed to establish the 
necessary level of effect desired.26 During the initial ad-
ministration of anesthesia, when compared to the con-
ventional syringe, the STA Wand is reported to have a 
lower pain sensation. Furthermore, the efficacy or in-
tended result in regards to depth of anesthesia results as 
adequate for both. The STA system can achieve local an-
esthesia to specified areas in the mouth, and as a result, 
multiple sites of the mouth can be treated simultaneous-
ly without compromising the safety of the patient. This 
serves as a great alternative to the conventional syringe 
nerve block method.25 The administration of the anes-
thetic is very slow allowing for the perception of pain to 
be nullified. The numbing effect is extremely localized 
without extending to the cheek/tongue, therefore, elim-
inating common post-treatment cheek/lip biting trau-
ma. Furthermore, the depth of necessary anesthesia is 
achieved more efficiently in regards to timing, location 
as well as overall toxicity as less solution is required.26 
The effects of anesthesia take longer to wear off with the 
block and can be very uncomfortable for the patient. No 
complaints or complications were reported with the ILA 
technique. With regards to the ILA technique, by the 
end of the treatment, the effect of the anesthetic is worn 
off and the patients’ sensations are reported as normal.43

Limitations
Considering the previously mentioned factors that influ-
ence the success rate of anesthesia with the conventional 
syringe technique, following the methods of administra-
tion correctly with accurate knowledge and placement of 
injection, as well as clinically evaluating successful anes-
thesia such as lip numbness, there can be other factors 
that may limit the success and efficacy of the convention-
al syringe technique. Results may vary due to pharmaco-
logical properties, variations in innervations, and anxiety 
and psychological factors.14,37 As discussed previously, the 
Quicksleeper has many advantages and can be a great ac-
cessory for practitioners, although it does have some lim-
itations. Marques-Ferreira et al. discussed in their paper 
that the Quicksleeper does have the potential to overheat, 
thus resulting in irreversible damage to the targeted tooth 
and surrounding structures.32 With traditional syringe 
anesthesia, only a syringe and needle are required to de-
liver the anesthetic solution while the Quicksleeper uses a 
handpiece. Woodmansey et al reported that osteonecro-
sis occurred in an HIV-positive individual with the use of 
diploe anesthesia because of the heat that was generated 
by the needle upon delivery of the solution.44 Therefore, 
the rotation speed of the Quicksleeper should be moni-
tored and kept to 11,000 rpm to avoid such situations.44 
Another limitation of Quicksleeper is reduced space in 
the operative field for the insertion of the needle. Graetz 
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Table 2. Advantages and disadvantages of conventional syringe and Quicksleeper, SleeperOne, and The Wand

Local anesthetic 
equipment Advantages Disadvantages

Conventional 
syringe

·	 Longer duration of anesthesia that is 
useful for longer surgical procedures.4

·	 Can anesthetize any location depending 
on injection technique.43

·	 Universally known and learned in dental 
university education.4

·	 The advancement of the local anesthetic solution 
is unpredictable, no matter the accuracy of needle 
placement.38

·	 Operator skills which come with experience are helpful 
in the success of the anesthetic, therefore knowing 
the intraoral anatomy and variations of landmarks for 
different techniques is critical, but accuracy of needle 
placement does not guarantee pulpal anesthesia.39

·	 Factors that are limited in controlling precisely, such as 
pressure gradients and flow rate by the operator, may 
negatively influence the success rate of the anesthetic 
solution diffusing through alveolar and palatal bone.14

·	 Greater pain of injection experienced.1

·	 Second injections usually needed.13

·	 Greater amount of anesthetic solution needed 
compared to new methods.13

Quicksleeper ·	 Recommended for minimally invasive 
procedures.6

·	 Can anesthetize the targeted tooth 
only.3

·	 Lack of lip and cheek tissue numbness.1,3

·	 Analgesic effect is rapid and 
immediate.3,4,8

·	 Injection methods used in conventional 
syringe anesthesia can also be used with 
Quicksleeper.1,3,4

·	 Less anesthetic solution required.1,8

·	 Painless or less painful.1,3,4,22,33

·	 Not recommended for procedures longer than 60 
minutes.2,4,22

·	 Shortening of anesthetic effect due to haemorrhage.4

·	 Can produce increased heart rate.4

·	 Duration of its application is longer than traditional 
syringe anesthesia.4

·	 Osteonecrosis, external root resorptions, irreversible 
pulp lesions, aphthous ulcers and/or periodontal lesions 
may develop.45

Sleeper One ·	 Regulated flow of fluid.36

·	 Low pressure within tissue.36

·	 Quick injection time.10

·	 Double beveled needle.10

·	 Multiple injection speeds.36

·	 Learning curve.10

·	 Hand piece heavy and bulky.33

·	 Non rotating needle.33

·	 Not eligible for osteocentral and transcortical 
injections.33

The Wand ·	 Decreased anxiety levels.26

·	 Increased cooperation.26

·	 Painless and less daunting appearance.26

·	 Controllable and predictable delivery of 
anesthetic.26

·	 Immediate onset of action.26

·	 Quicker overall treatment duration.
·	 Less toxicity (less amount of anesthetic 

needed to achieve the same depth of 
anesthesia with conventional method).26

·	 Ability to perform all anesthetic 
methods with the same device.26

·	 Ability to work on multiple areas at the 
same visit.43

·	 Inhibition of sensation localized to one 
area without extending to the tongue 
and cheek.24

·	 Quick regain of sensations.43

·	 Can be used across all procedure 
types.26

·	 Avoiding postoperative self-inflicted 
injuries tongue and lip biting for 
example.45

·	 Safe to use in patients with underlying 
medical conditions.46

·	 Additional expense machinery.28

·	 Inconvenient to have in areas where a lot of space is not 
available.28

·	 Device specific needles are needed.28

·	 Learning curve associated with its use.24
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et al analyzed situations where dentists accidentally per-
forated the root while administering the anesthetic solu-
tion, therefore compromising the pulp and peri-radicular 
tissues of the targeted tooth.41 Traditional syringe anes-
thesia may be preferred in scenarios with reduced visibil-
ity or space. Despite the friendlier look of the SleeperOne 
compared to the traditional syringe, it is still a needle, and 
patients, specifically younger children that have anxiety 
with needles might still cause trouble for dentists during 
the anesthetic injection. As mentioned previously, a large 
factor that affects the pain of dental injections is patient 
anxiety. It seems that although the injection itself is de-
signed to be less painful due to the C-CLAD’s technology, 
the patient’s anxiety levels cause there to be no significant 
difference in the experience of pain whether the dentist is 
using the SleeperOne or not.10 The SleeperOne consists 
of a lead control box and a foot pedal that is connected 
to a handpiece, which is where the local anesthetic car-
pule is located. Because of this, the handpiece is bulkier 
than its competitors such as the Wand, and maybe more 
uncomfortable to hold for the dentist.33 It also requires 
more equipment compared to the conventional syringe. 
The access and availability to the STA Wand device pres-
ent a limitation of using the STA intraligamentary tech-
nique with the Wand. It is an extra piece of equipment 
that one would have to invest in for use at their clinic. Ad-
ditional to the purchase of the machinery, further func-
tional pieces with specific needle attachments need to be 
bought.26 To be able to optimize its results, a practitioner 
must first and foremost also learn how to use it. Clini-
cians can pick up on this quite rapidly but it still poses a 
limitation compared to the conventionally taught ease of 
using a standard carpule syringe.23 Table 2 summarizes 
the advantages and disadvantages of using conventional 
syringe anesthesia as compared to CCLAD.

Conclusion
Anxiety associated with dentistry, specifically due to the 
fear of needles, instigated curiosity to find out wheth-
er computer-assisted anesthetic devices including STA 
Wand, Quick Sleeper, and SleeperOne could potentially 
replace the use of the conventional daunting anesthesia 
syringe. Comparing factors associated with the anxio-
lytic effect, longevity, profoundness of anesthesia, acces-
sibility, as well as overall practicality of use, positive 
outcomes have been able to be observed. Furthermore, 
it can be noted that all computerized methods can de-
liver anesthesia by conventional methods (nerve block 
and local infiltration) but additionally by intraligamen-
tary and intraosseous techniques. The use of these de-
vices encompasses all treatment/procedure types and is 
well tolerated by their recipients. Drawbacks inclusive of 
additional material and equipment expense, the train-
ing and learning curve, and availability of these devices 
are elements that indicate further research necessary to 

determine whether or not computer-assisted anesthetic 
devices can substitute the use of the conventional needle 
and syringe by dental clinicians.
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ABSTRACT
Introduction and aim. Prunus laurocerasus L. is a perennial plant belonging to the Rosaceae family and is grown on the shores 
of the Black Sea Region. In the current study, the effect of P. laurocerasus fruits was investigated in the ulcer model created by 
the application of indomethacin to rats. 
Material and methods. Rats divided into five groups: fruit water extract (200 mg/kg), fruit ethanol-water extract (200 mg/kg), 
lansoprazole agent (LAN, 25 mg/kg), and indomethacin (IND, 25 mg/kg). All administrations were given to animals by oral ga-
vage. At the end of the experiment, macroscopic and biochemical measurements were made in rats. 
Results. The lipid peroxidation was quite high in rat stomach tissues given IND. The applied LAN and extracts reduced this in-
crease to almost a healthy rate. On the other hand, the amount of glutathione, catalase, and superoxide dismutase activities 
were found very low in IND applied tissues.  The LAN and fruit extracts treatments tried to show their protective feature by in-
creasing this decreased antioxidant level in their own groups. 
Conclusion. The data obtained determined that both enzyme and non-enzyme antioxidant markers measured in fruit extracts 
had a protective effect almost as strong as lansoprazole.
Keywords. indomethacin, lipid peroxidation, Prunus laurocerasus, ulcer
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Introduction
Gastrointestinal system disorders have become an im-
portant public health problem in terms of morbidity and 
mortality, which affects many people.1 Among them, the 
most common are; peptic ulcer, gastric and duodenal 
ulcers. Peptic ulcers are characterized by deep necrot-
ic lesions and destruction of epithelial and connective 
tissue components, including fibroblasts, smooth mus-
cle cells, blood vessels, and nerves in the gastric mu-
cosa.2 Gastric and duodenal ulcers occur in the upper 
part of the gastrointestinal tract (GIT) as a result of an 
imbalance between protective (e.g. mucus production) 
and aggressive (e.g. HCl release) factors at the gastric 
mucosa level. Mainly stomach ulcer; It occurs when the 

balance between more than one harmful factor (such as 
hydrochloric acid and pepsin secretion) and several gas-
troprotection’s (such as prostaglandins, bicarbonate and 
mucus production, mucosal barrier and adequate blood 
flow) is disturbed.3 Especially acid secretion, disorders 
in the protective mucosal barrier, in addition to these, 
genetic predisposition (heredity), stress, cortisone-type 
drugs, NSAIDs (Non-steroidal anti-inflammatory 
drugs) such as aspirin and indomethacin (IND), Helico-
bacter pylori, Herpes simplex virus (Type I, HSV-1) and 
variables such as smoking and alcohol use cause ulcers. 
Among these variables, regularly used NSAIDs consti-
tute a very large part of gastric mucosal ulceration. It 
is known that anti-inflammatory drugs such as aspirin 
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and IND show anti-inflammatory activity by inhibiting 
the cyclooxygenase (COX) enzyme system. However, 
these drugs cause gastric damage by inhibiting the COX 
enzyme system, suppressing prostaglandin (PG) biosyn-
thesis, and resulting in disruption of the gastric mucosal 
barrier. Suppressing PG biosynthesis means inhibiting 
mucus secretion, which is a defense factor against gas-
trointestinal damage, and is manifested by some events 
such as decreased local blood flow, topical irritation, 
and inhibition of tissue repair.4  

The current pharmacological treatment of peptic 
ulcers is carried out using drugs that act by two main 
mechanisms depending on these variables: the first is 
the inhibition of gastric acid secretion, and the second 
is the inhibition of gastric acid secretion. Accordingly, 
proton pump inhibitors such as omeprazole, lansopra-
zole; histamine H2-receptor antagonists such as raniti-
dine, cytoprotective agents such as sucralfate, and drugs 
that increase the natural mechanisms of gastric protec-
tion such as misoprostol. However, as these drugs of-
ten bring with them serious side effects, it justifies the 
search for new alternatives for ulcer treatment.5,6 Es-
pecially recently, natural products have started to be 
promising new sources of therapeutic agents. Intensive 
studies are continuing to produce more practical treat-
ment solutions that provide easier healing. These ther-
apeutic agents are especially selected from products 
with known high antioxidant properties and which can 
provide strong antioxidant support. As in many tissues 
damage of ulcer, it has been determined in many studies 
that they affect each other depending on the interaction 
of antioxidant enzymes, which are protective enzymes 
against reactive oxygen species.

Prunus laurocerasus L. (Laurocerasus officinalis 
Roem.) is a perennial plant belonging to the Rosace-
ae family and is grown on the shores of the Black Sea 
Region.7 It is locally called Taflan, Karayemiş and Laz 
cherry in Turkey. While it is consumed as fresh fruit, 
especially in August, it is also suitable to be consumed 
as dried fruit, such as molasses, marmalade or jam.8 In 
Turkey, both its fruit and seeds have been used for many 
years as an anti-diabetic, analgesic and diuretic agent, 
as well as being used for stomach ulcers, digestive sys-
tem, bronchitis, eczema, and hemorrhoid complaints.9 
Although there are studies on the functional content, 
antioxidant capacity and anti-diabetic activity of seeds, 
fruits, molasses and leaves of P. laurocerasus, they are 
very limited.10 

Aim
In the present study, it was aimed to investigate the gas-
troprotective effects of water and ethanol-water extracts 
of P. laurocerasus L. fruits on indomethacin-induced 
gastric ulcer.

Material and methods
Chemicals
All chemical products used in the experiments were ob-
tained from Sigma Chemicals Company (Germany). 
Ketamine (80 mg/kg) and xylazine (10 mg/kg) used as 
anesthetics were purchased from a legitimate retailer.

Plant material and extraction of plant material
P. laurocerasus fruits were used as study material in the 
research and were obtained from a vendor selling dried 
fruit. These fruits, which are grown in the eastern cit-
ies of the Black Sea Region, are collected and dried in 
August. 

Extraction method
P. laurocerasus fruits were dried in the shade after be-
ing collected in Giresun Province. Then, the dried fruits 
separated from their seeds were ground and powdered, 
and then mixed in a water-ethanol mixture (4:4). It was 
then kept in a shaking water bath at room temperature 
for 7 days. After 7 days, it was filtered through filter pa-
per and then the solvents were evaporated under re-
duced pressure in the evaporator at 50°C to obtain fruit 
extract. Extraction was prepared by the methods used in 
previous studies.9

Experimental procedure
Animals and treatments
The experimental animals were obtained from Saki ex-
perimental animals in Ankara, which is a legal seller. 
Giresun University experimental animals were included 
in the experiment after they were approved by the ethics 
committee (2019/13). 

First of all, experimental animals were divided into 
5 different groups. (I) Control group, (II) IND group 25 
mg/kg, (III) LAN group 25mg/kg, (VI) Prunus L. water 
extract group 200mg/kg and (V) Prunus L. ethanol-wa-
ter extract group 200 mg/kg.

After the groups were determined, the groups sep-
arated as 6 animals in each cage were starved for 24 
hours. The next day, all groups were administered at the 
determined doses (except for the control). After 10 min-
utes, IND, the agent that will cause gastric damage, was 
applied to all groups. The rats were sacrificed by giving 
ketamine (80 mg/kg) and xylazine (10 mg/kg) 6 hours 
after all applications were completed. Macroscopic and 
biochemical examinations were made in gastric tissues 
obtained after sacrification.

Indomethacin-induced gastric damage
The protective effect of the experimental groups was de-
termined by comparing with lansoprazole. In order for 
the IND to cause gastric damage, all animals were fast-
ed for 24 hours and tested the next day. For administra-
tion, animals were administered orally by gavage with 
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200 mg/kg extracts and 25 mg/kg LAN. Then, IND was 
applied to all groups and the stomachs of the animals 
were removed at the end of 6 hours. The stomachs ob-
tained were washed and counted macroscopically and 
ulcer areas were determined. 

Biochemical investigation of stomach tissues
Stomach tissues extracted from animals were ground 
with liquid nitrogen for biochemical analysis. The 
ground stomach tissues were homogenized by treat-
ment with appropriate homogenates and centrifuged at 
4°C. The obtained supernatants were used for enzyme 
activities such as catalase (CAT), superoxide dismutase 
(SOD) and to determine the amount of glutathione 
(GSH) and lipid peroxidation level (LPO).

CAT activity
Decomposition of H2O2 in presence of catalase was at 
240 nm.11 Catalase activity was defined as the amount 
of enzyme required to decompose 1 nmol of H2O2 per 
minute, at 25°C and pH 7.8. Results were expressed as 
mmol/min/mg tissue.

SOD activity 
SOD activity was measured according to the principle of 
superoxide radical formation of xanthine.12 SOD activi-
ty was then measured at 560 nm by the degree of inhibi-
tion of this reaction.

GSH determination
The amount of GSH is determined according to the 
method of Sedlak et al. With homogenates compatible 
with the literature, glutathione in tissues is expressed as 
nmol/g.13 

LPO determination
The level of LPO was determined with the homogenates 
prepared in accordance with Ohkawa’s method. Data 
obtained were expressed as nmol/g tissue.14  

Statistical analysis
The results were made using the appropriate SPSS pro-
gram (IBM SPSS Statistics 20, Turkey). Statistical dif-
ferences were determined by the ANOVA test. Multiple 
comparisons were expressed by Duncan. Significance 
was determined according to p<0.05.

Results
Gastroprotective effect of P. laurocerasus on indometha-
cin-induced gastric damage
The protective effects of the extracts on gastric damage 
caused by IND in rats are presented in Table 1 and Fig-
ure 1. While there was a very strong injury in the ani-
mals in the IND group, good protection was determined 
in water and ethanol-water extracts, as in the LAN 

group. When ulcer areas are compared; While the dam-
age caused by IND was 32±0.6, it was seen that it was re-
duced by almost half in the treatment groups (16.5±2.6 
and 9±1.6). We can even say that it was as effective as the 
LAN group, which is the positive control agent. In Fig-
ure 1, the damaged areas are clearly visible in the mac-
roscopically counted tissues.

Table 1. Effects of different doses of species extracts and 
single dose of famotidine (FAM) on indomethacin (IND)-
induced gastric damage in rats*

Treatment n
Dose

(mg/kg)
Ulcer 
Areas

Healthy 6 - 0 ± 0a

IND 6 25 32 ± 0.6d

LAN 6 25 6.5 ± 0.7b

Prunus laurocerasus water  
extract

6 200
16.5 ± 

2.6c

Prunus laurocerasus etha-
nol-water extract

6 200 9 ± 1.6b

*Means in the same column by the same letter are not 
significantly different to the Duncan test (p<0.05), results are 
means ± SE of three measurements, n – the number of rats

The comparison of enzyme activities in rat stomach tissues
Biochemical enzymes in rat stomach tissues were mea-
sured to express how the antioxidant defense system 
works. The results are shown in Table 2. According to 
the table; CAT and SOD enzyme activity is very low in 
IND applied tissues. In the LAN group, which is the 
positive control drug, it was increased to a level as high 
as healthy. Likewise, P. laurocerasus extracts have in-
creased this level almost as much as LAN. Similarly, the 
GSH level in applied IND tissues is also very low. Again, 
the extracts and LAN tried to increase this decrease and 
determined their protective effects. Although IND in-
creased the tissue damage considerably in the tissues 
where lipid peroxidation was measured, the treatment 
groups and LAN reduced this damage. Thus, enzymes 
with high damage indicators and LPO and GSH levels 
clearly showed their protection thanks to the extracts.

Discussion
NSAIDs, which are widely used clinically as anti-in-
flammatory and analgesic agents, are drugs with strong 
side effects in many systems. It manifests itself with ul-
cerative lesions, especially in the gastrointestinal tract. 
There are restrictions on its use as an anti-inflammato-
ry due to these side effects.15 In eliminating this damage 
caused by NSAIDs; Inhibition of prostaglandin syn-
thesis and inhibition of epithelial cell proliferation oc-
curring around the ulcer is suggested.16,17 IND is one of 
these drugs that are not corticosteroid and cause stom-
ach damage. It contains lipids with good affinity for the 
lipophilic parts of cell membranes. With this advantage, 
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Table 2. Effects of P. laurocerasus extracts treatments on changes in activities of catalase (CAT), superoxide dismutase (SOD) 
and with levels of lipid peroxidation (LPO) and total glutathione (GSH) in rat’s indomethacin (IND)-induced gastric tissue*

Treatment n Dose
(mg/kg)

CAT activity      
(mmol/min/mg 

tissue)

LPO
(nmol/g tissue)

SOD activity
(mmol/min/mg 

tissue)

GSH
(nmol/g tissue)

Healthy 6 - 19.11 ± 1b 34.75 ± 1.4a 4.13 ± 0.3c 3.8 ± 0.2c

IND 6 25 14.95 ± 1a 90.24 ± 1d 1.75 ± 0.2a 0.7 ± 0.1a

LAN 6 25 18.57 ±  0.4b 34.5 ± 1.9a 3.95 ± 0.1c 3.1 ± 0.2b

Prunus laurocerasus water 
extract

6 200 17.57 ± 0.5b 62.25 ± 1.04c 2.2 ± 0.1a 3.3 ± 0.3b

Prunus laurocerasus etha-
nol-water extract

6 200 19.32 ± 0.2b 53.8 ± 1.7b 3.03 ± 0.1b 3.2 ± 0.4b

*Means in the same column by the same letter are not significantly different to the Duncan test (p<0.05), results are means ± 
SE of three measurements, n – the number of rats

C

D

E

A

B

Fig. 1. The stomach samples taken from gastric damaged tissues induced by IND (25 mg/kg); (A) healthy, (B) LAN, (C) IND, (D) 
P. laurocerasus water extract, (E) P. laurocerasus ethanol-water extract
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it easily adheres to structural phospholipids and causes 
disruption of the cell membrane structure and hydro-
phobic structures in the mucosal structure. With this 
loss, it paves the way for lipid peroxidation and also al-
lows the entry of water-soluble agents into the cell that 
will cause injury. Thus, damage occurs with the entry of 
substances such as pepsin, acid, bile salts, which easily 
pass through the cell membrane.16,17 

The initiation of the ulcer process by IND admin-
istration is attributed to several processes, including 
production of reactive oxygen species, initiation of lip-
id peroxidation, infiltration of leukocytes, induction of 
apoptosis, and inhibition of prostaglandin E2.17 In the 
current study, when the macroscopic findings were ex-
amined, the degree of ulceration was found to be quite 
high in the stomach tissues of the IND applied rat, due 
to the combination of these reasons (32±0.6) This dam-
age in the ulcer areas is also clearly seen in the macro-
scopic examination of the excised stomach tissues. The 
decrease in the ulcer areas extracted by the count made 
on the millimetric paper is expressed in figure 1. The 
findings in IND-induced ulcer experiments, which were 
carried out in some experimental studies before, are also 
parallel.18-20 The applied treatment groups and the posi-
tive control ulcer drug showed their protective effects by 
significantly reducing this damage (P. laurocerasus water 
extract; 16.5±2.6, P. laurocerasus ethanol-water extract; 
9±1.6, LAN; 6.5±0.7). 

There are also in vivo experimental studies to elim-
inate the damage caused by the ulcer. These studies are 
particularly against IND-induced reactive oxygen spe-
cies (ROS) at the tissue level.21 These agents act as oxi-
dants in cells and contribute to the production of ROS. 
Against this, organisms activate a series of enzymatic 
and non-enzymatic defense mechanisms. Antioxidant 
enzymes such as SOD, CAT, GPx, MPx, LPO and GSH 
play an important role in the elimination of free oxy-
gen radicals and lipid hydroperoxides in gastric muco-
sal cells.15,21 With the application of IND, a decrease in 
antioxidants in the rat gastric mucosa, deterioration in 
cell permeability and accordingly the oxidation of phos-
pholipids in the cell membrane and their conversion to 
peroxide derivatives initiate lipid peroxidation. There is 
an increase in the level of malondialdehyde, the parent 
compound, indicating the onset of lipid peroxidation. 
This compound is a very harmful substance and affects 
the permeability negatively by causing ion exchange in 
the membrane.22 LPO, which is found at a very high rate 
in the tissues together with the IND applied in the cur-
rent study, is an indicator of these reasons. However, the 
extracts and LAN in the treatment groups decreased 
this increase positively and activated the antioxidant de-
fense system. Also, in another study, Abdallah et al.22, it 
has been observed that IND-induced gastric ulceration 
is accompanied by a severe oxidative stress in gastric 

tissue that damages essential biomolecules such as lip-
ids. Again, in some studies, it has been shown that LPO 
causes an increase in reactive oxygen species.23

Another antioxidant molecule that tries to elimi-
nate the oxidative damage caused by NSAIDs in tissues 
is GSH. It plays a role in neutralizing hydrogen perox-
ide, one of the reactive oxygen species, and stimulating 
prostaglandin synthesis. It shows the protective feature by 
transferring electrons to free radicals. As in the studies of 
Halici and Kaplan, the protective effects of fruit extracts 
were determined in this study.24,25 Another enzyme that 
neutralizes hydrogen peroxide, one of the reactive oxygen 
species in the environment, is the SOD enzyme. It reduc-
es superoxide, which is a highly reactive oxygen radi-
cal, to hydrogen peroxide. The enzyme catalase reagents, 
which convert this H2O2 into molecular water and oxy-
gen, can destroy it. Therefore, since a high rate of reactive 
oxygen is produced in IND applied tissues, there will be 
no transformation in the environment and the antioxi-
dant level will remain low. Likewise, the CAT activity that 
will convert the H2O2 in the environment to water will 
also be very low. The data obtained in the study also show 
this. The treatment groups, on the other hand, increased 
both SOD and CAT activities in parallel with the applied 
positive group, thereby removing superoxide radicals and 
hydrogen peroxide from the environment.23,26-28 The en-
hancing antioxidant status could be one of the mecha-
nisms behind P. laurocerasus gastroprotective effects.

Conclusion
In recent studies, gastric damage has occurred in IND-in-
duced ulcer models, and antioxidant enzymes have been 
activated with some treatment groups. Some recent re-
search is mostly on new natural therapeutic agents. It is 
to be used as antioxidant support due to positive reasons 
such as being easily available, inexpensive, easy healing 
and strong effect. We can say that Prunus laurocerasus 
fruit extracts used in the current research can be used 
easily by determining their protective effects. In addi-
tion, its protectiveness can be proven in previous studies. 
Its protection can be proven and its use can be expanded 
both in diseases such as diabetes, diuretic, bronchitis, ec-
zema, and in digestive system disorders.
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ABSTRACT
Introduction and aim. The prevalence of hypertension is increasing with accompanying poor control. The aim of this study was 
to assess the predictors of knowledge and practices of adult hypertensives. 
Material and method. The study was a prospective (before and after) study with health education as the intervention. A simple 
random sampling technique with computer-generated random numbers was used to recruit 386 patients. Data were analysed 
using SPSS version 23. Logistic regressions were used to determine the predictors of knowledge and practices. 
Results. Those who had tertiary education were about four times more likely to have good knowledge of hypertension than 
those who had secondary education (OR=0.256; 95% CI=0.106–0.617). The females were about 1.73 times more likely to have 
good practices of hypertension than males (OR=1.729; 95% CI=1.008–2.966). For every 1 unit increase in the body mass index, 
there was a statistically significant increase in diastolic blood pressure by about 0.22 units (95% CI=0.046–0.394, p=0.013). The 
health education had a positive impact on the blood pressure reduction. 
Conclusion. The predictors of knowledge of hypertension, practices of hypertensives and diastolic blood pressure were level 
of education, sex, and body mass index respectively.
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Introduction  
Hypertension is defined as persistent elevated systol-
ic blood pressure of 140 mmHg or above and/or dia-
stolic blood pressure of 90 mmHg or above.1,2 There 
are two main categories of hypertension. Primary hy-
pertension which affects about 90‒95% percent of the 

people suffering from hypertension.3 The risk of de-
veloping primary hypertension is higher in those peo-
ple with family history of hypertension according to a 
study conducted by Iloh et al. in Eastern Nigeria.4 Hy-
pertension occurring as a result of another illness or 
a side effect of medication is secondary hypertension. 
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In Nigeria, it is the main risk factor for stroke, heart 
failure, ischemic heart disease and kidney failure.5 
Higher prevalence of hypertension and its complica-
tions have been found in people of African descent.6 
Essential hypertension is a public health problem due 
to its asymptomatic nature, its increasing prevalence, 
its chronicity, associated renal, cardiovascular and 
neuro-vascular complications.7,8 The prevalence of 
hypertension was reported to be 44% in Western Eu-
rope and 28% in North America.9 However, Azubuike 
and Kurmi reported 24.2% in their study conducted 
in Sanga, Kaduna, Northern Nigeria.10 Despite the de-
velopment of new anti-hypertensives, a lot of patients 
are still having poor blood pressure control. It was re-
ported that in the United States of America, 29% had 
their blood pressure uncontrolled.11 Hypertension 
has been reported to affect about one billion people 
worldwide.12

Diabetes mellitus and hyperlipidaemia were the 
most common comorbid conditions of hyperten-
sion.13 Controlled blood pressure is a blood pressure 
of less than 140/90 mmHg in hypertensives and less 
than 130/80 in hypertensives with diabetes mellitus 
and patients with chronic renal failure. The prevalence 
of hypertension was higher in urban areas than ru-
ral areas and this was attributable to obesity.14 There 
has been increased burden on the healthcare system, 
loss to productivity and economic loss. In a review of 
literature, knowledge, awareness, treatment and con-
trol of hypertension were generally low with associat-
ed high load complications.9 Majority of the patients 
were reported to have poor knowledge of hyperten-
sion and its management in another study. This would 
have negative impact on the treatment and control of 
hypertension.15 The results of a study carried out in 
Owerri, Nigeria, revealed that adults had high level 
of knowledge of the theory and risk factors of hyper-
tension. However, the level of education was a very 
important factor that determined the knowledge of 
hypertension.16 According to the report of a study 
conducted in Ghana, hypertensive patients were said 
to have average knowledge of hypertension and life 
style modifications17 Ebid et al. reported that hyper-
tensive patients who were educated about the nature 
of hypertension, its complications and adherence to 
medications showed better control of blood pressure. 
And also, those informed about lifestyle modifications 
that included diet and physical activities had better 
control of hypertension.18

Aim
The aim of this study was to assess the knowledge, atti-
tude, practices of hypertensives and also to assess fac-
tors associated with blood pressure levels among adult 
hypertensives presenting to a secondary health care cen-

tre in Nigeria. This was the first study in this particular 
area in Nigeria.

Material and methods
The study was conducted at the State Hospital, Oyo, 
Nigeria, to assess the knowledge, attitude and prac-
tices of hypertensive patients. Oyo is a town locat-
ed in Oyo central senatorial zone of Oyo State in the 
South-Western zone of Nigeria. The study was carried 
out at the Medical outpatient clinic of the Hospital. It 
has about 170 beds capacities with various speciali-
ty units, paramedical and outpatient services. Patients 
are referred to the Hospital from other Hospitals 
around Oyo town. 

The study was a prospective (before and after) 
study of patients with uncontrolled hypertension. Re-
spondents were recruited from April 2015 to July 2015. 
A simple random sampling technique with comput-
er-generated random numbers was used to recruit the 
patients. The study population was composed of adults 
18 years to 70 years with an established diagnosis of 
hypertension and already on treatment and follow up 
for a year. Ethical approval was granted by the Ethi-
cal Committee of the Oyo State Ministry of Health, 
Ibadan, Nigeria. Written informed consents were ob-
tained from eligible patients before administration of 
the questionnaires and examinations. Privacy and con-
fidentiality of the respondents were guaranteed by an-
onymity of respondents. The Committee’s reference 
number is AD 13/479/.

Definition of hypertensive patients
Hypertensive patients were those with systolic blood 
pressure ≥ 140 mmHg and diastolic ≥ 90 mmHg diag-
nosed a year previously or patients on drugs for hyper-
tension for at least a year. 

Inclusion criteria included patients who were 18–70 
years with uncontrolled hypertension. Exclusion crite-
ria included patients with severe hypertension, systolic 
>180 mmHg, diastolic > 110 mmHg, who would need 
immediate adjustment of treatment; hypertensives with 
renal insufficiency, hyperkalemia, pregnant women, lac-
tating women and patients with diabetes mellitus. This 
group of patients were excluded so that they would not 
pass through the rigours of the study and they were not 
part of the study targets.

Sample size estimation
The Sample size was estimated using the formula:19

n = (Z2pq)/d2

             Quoting       n = minimum sample size
Zα=the standard normal deviate, usually set at 1.96, 
which corresponds to the 95% confidence level. The 
prevalence of controlled hypertension was 34.5% for 
Nigeria. 13 
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From the same study, the prevalence of uncontrolled hy-
pertension was 65.5%.
P = 0.655
q = 1.0 – p= 0.345
d = degree of accuracy desired usually set at 0.05.
n = (1.96)2(0.655)(1 – 0.655) / (0.05)2 = 
= (1.96)2(0.655)(0.345) / (0.05)2 = 
= (3.84)(0.226) / (0.05)2 = 347
q = 1/1-f       
q is the adjustment factor    
f = non response rate, if f =10%
q = 1/0.9 =1.11
n = 1.11 x 347 = 385.5 = 386
For the purpose of this study, a minimum 386 patients 
were recruited.

The intervention
During recruitment of the patients at first visit, they 
were counselled about the nature of hypertension, asso-
ciated morbidities, drugs and compliance with manage-
ment. They were told about lifestyle modifications that 
included diet and physical exercises. Attaining blood 
pressure targets of less than 140/90 mmHg was stressed 
to the respondents.20 The counselling was repeated be-
fore the assessment of blood pressure during the pe-
riods of follow-up. The blood pressures were taken at 
four-week intervals for two months.

Measurement of blood pressure
A standard mercury sphygmomanometer (Accosson, Lon-
don) was used, and systolic blood pressure and diastolic 
blood pressure were taken as Korotkoff sound phases I and 
V respectively. The measurements were taken with the pa-
tient in a seated position with their arms supported at heart 
level, after five minutes of rest, after abstinence from food, 
nutritional supplements, caffeinated beverages and smok-
ing for a minimum of two hours before the appointment 
at approximately the same time and day of the week. The 
cuff was applied to the exposed upper arms and was rapid-
ly inflated to 30 mmHg above the level at which the pulse 
disappeared and then deflated gradually. The mean of two 
measurements was calculated for systolic blood pressure 
and diastolic blood pressure separately. 

Data collection and analysis
A structured interviewer administered questionnaire 
was administered to consenting patients. This is a ques-
tionnaire that assesses Knowledge, Attitudes and Prac-
tices of hypertensives. It is a validated instrument used 
in a previous study in Nigeria.21 The Cronbach alpha co-
efficient is 0.82.22

Knowledge score
The knowledge of hypertension was assessed on a scale 
of 0-29. The responses were scored 0-2 irrespective of 

the responses been true or false. Also, for the last two 
questions, correct answers were scored one irrespective 
of the response been yes or no, while incorrect answers 
were scored zero. Analysis showed the mean score to be 
19. Scores were totalled and categorised into two groups. 
Patients with knowledge scores less than 19 were classi-
fied as having poor knowledge while those with knowl-
edge scores of 19 and above were classified as having 
good knowledge.

Attitude score
Attitudes were assessed with total scores ranging from 
0-18. The responses to the statements were scored 0-2 
depending on the answers. Statistical analysis showed 
the mean score to be 16. Scores were totalled and catego-
rised into two groups. Respondents with attitude scores 
less than 16 were classified as having poor attitude while 
those with attitude score of 16 and above were classified 
as having good attitude.

Practice score
The practices were assessed with total scores ranging 
from eight to 35. Statistical analysis showed the mean 
score to be 23. Scores were totalled and categorised into 
two groups. Respondents with scores of less than 23 
were classified as having poor practices while those with 
scores of 23 and above were classified as having good 
practices.

A pre-test of the questionnaire was done on 40 pa-
tients to identify potential problems, and amendments 
were done where necessarily.

Statistical analysis
The dependent variables were knowledge, attitudes, 
practices and blood pressure. The independent variables 
included socio-demographic factors and socio-eco-
nomic factors. Data were analysed using SPSS software 
version 23 from IBM Corporation, New York, United 
States. Frequency tables and diagrams in form of charts 
were used for relevant variables. Chi-square test was 
used to analyse the association between categorical vari-
ables and logistic regressions were used to determine the 
predictors of knowledge and practices of hypertensives. 
A p-value of ≤ 0.05 was considered to indicate statisti-
cal significance.

Results 
Table 1 shows the distribution of knowledge, attitude 
and practice scores of the respondents. More than half, 
205 (53.1%) of the respondents had poor knowledge 
scores. Majority of the respondents 274 (71%) had good 
attitude towards management of hypertension while 
majority of the respondents 236 (61.1%) also had good 
practice scores.
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Table 1. Distribution of respondents’ knowledge, attitude 
and practice scores (n=386)

Frequency (n) Percentage (%)
Knowledge scores

Poor knowledge 205 53.1
Good knowledge 181 46.9

Attitude scores
Poor attitude 112 29
Good attitude 274 71

Practice scores
Poor practice 150 38.9
Good practice 236 61.1

Effect of health education on blood pressure over time
Figure 1 shows the distribution of mean values of three 
clinic blood pressure measurements at intervals of four 
weeks. A reduction in blood pressure was observed over 
time.
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Fig. 1. Distribution of mean values of Blood pressure 
over 2 months at intervals of 4 weeks

Table 2. Association of knowledge of hypertensives with 
selected variables*

Association of knowledge of hypertension with selected variables
Variable Poor (n) Good (n) χ2 p

Education
No formal education 114 (61%) 73 (39%)

36.55 0.0001*
Primary 55 (63.2%) 32 (36.8%)

Secondary 27 (45%) 33 (54.2%)
Tertiary 9 (17.3%) 43 (82.7%)

Age
< 45 years 19 (50%) 19 (50%)

2.267 0.32445-54 years 64 (48.5%) 68 (51.5%)
55 years above 122 (56.5%) 94 (43.5%)

Sex
Male 28 (43.8%) 36 (56.2%)

1.257 0.553
Female 177 (55%) 145 (45%)

*Significant at 5% level of significance

Table 2 shows association of levels of education with 
knowledge of hypertensives. A higher proportion of pa-
tients with no formal education (61.0%) and a higher 
proportion of patients with primary education (63.2%) 

had poor knowledge of hypertension. However, a little 
bit above average of those with secondary school educa-
tion (54.2%) and higher proportion of respondents with 
tertiary education (82.7%) had good knowledge of hy-
pertension. The association was statistically significant 
(χ2=36.254, p=0.0001).

Logistic regression analysis of good knowledge of hyper-
tension on selected variables
Table 3 shows the Logistic regression analysis of good 
knowledge of hypertension on selected variables. Af-
ter adjusting for other variables, the predictors of good 
knowledge of hypertension was the level of education. 
Those who had tertiary education were about four times 
more likely to have good knowledge of hypertension 
compared with those who had secondary education 
(OR=0.256; 95% CI=0.106–0.617).

Table 3. Logistic regression analysis of good knowledge of 
hypertension on selected variables*

Variable Odd ratio 95% CI p
Educational level

No formal education 0.134 0.062–0.291 0.0001*
Primary 0.122 0.053–0.282 0.0001*

Secondary 0.256 0.106–0.617 0.002*
Tertiary 1

*Significant at 5% level of significance, predictors: 
level of education, dependent variable: knowledge of 
hypertension

Table 4. Association of attitudes of hypertensives with se-
lected variables

Association of attitudes of patients with hypertension with selected 
variables

Variable Poor (n) Good (n) χ2 p-value
Education

No formal  
education

61 (32.6%) 126 (67.4%)

2.512 0.476Primary 23 (26.4%) 64 (73.6%)
Secondary 16 (26.7%) 44 (73.3%)

Tertiary 12 (23.1%) 40 (76.9%)
Age

< 45 years 13 (34.2%) 25 (65.8%)
1.257 0.55345-54 years 41 (31.1%) 91 (68.9%)

55 years above 58 (26.9) 158 (73.1%)
Sex

Male 15 (23.4%) 49 (76.6%)
1.159 0.297

Female 97 (30.1%) 225 (69.9%)

Association of attitudes of hypertensives with selected 
variables
Table 4 shows association of attitudes of patients with 
hypertension with selected variables. A higher propor-
tion of patients who were less than 45 years (65.8%) 
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had good attitude toward hypertension. Also, a high-
er proportion of those with secondary school educa-
tion (73.3%) and higher proportion of respondents with 
tertiary education (76.9%) had good attitudes toward 
hypertension. The association was not statistically sig-
nificant (χ2=2.512, p=0.476).

Association of practices of hypertensives with selected 
variables
Table 5 shows association of practices of patients with 
hypertension with selected variables. A higher propor-
tion of patients who were less than 45 years (73.7%) had 
good practices toward hypertension. Also, a higher pro-
portion of those who were females (63.4%) had good 
practices toward hypertension compared with a lower 
proportion who were males (50%). The association was 
statistically significant (χ2=4.007, p=0.045).

Table 5. Association of practices of patients with 
hypertension with selected variables

Association of practices of patients with hypertension with selected 
variables

Variable Poor (n) Good (n) χ2 p-value
Education

No formal education 74 (60.4%) 113 (39.6%)

4.659 0.201
Primary 26 (29.9%) 61 (70.1%)

Secondary 26 (43.3%) 34 (56.7%)
Tertiary 24 (46.2%) 28 (53.8%)

Age
< 45 years 10 (26.3%) 28 (73.7%)

2.792 0.25745-54 years 53 (40.2%) 79 (59.8%)
55 years above 87 (40.3%) 129 (59.7%)

Sex
Male 32 (50%) 32 (50%)

4.007 0.045*
Female 118 (36.6%) 204 (63.4%)

Logistic regression analysis of good practices of hyper-
tensives on selected variables
Table 6 shows the logistic regression analysis of good 
practices of patients with hypertension on selected vari-
ables. After adjusting for other variables, the predictor 
of good practices of hypertensives was sex. The females 
were about 1.7 times more likely to have good practices 
of hypertension compared with males (OR=1.73; 95% 
CI=1.008‒2.966).

Table 6. Logistic regression analysis of good practices of 
patients with hypertension on selected variables*

Variable Odd Ratio 95% CI p-value

Female 1.729 1.008–2.966 0.047*

Male 1

*Significant at 5% level of significance, predictor: sex, 
dependent variable: practices of hypertensives

Relationship of blood pressure levels, body mass index 
and age
The association of body mass index with first diastolic 
blood pressure was positive, weak in strength and statis-
tically significant (Tab. 7, p=0.013).

Table 7. Relationship of blood pressure levels, body mass 
index and age*

Relationship between blood pressure levels and body mass index

First diastolic blood 
pressure

First Systolic blood 
pressure

Body mass index
Pearson correlation

p-value
0.126

0.013*
0.071
0.163

Age
Pearson correlation

p-value

0.106
0.037*

0.064
0.213

*Significant at 5% level of significance

Linear regression for the first diastolic blood pressure on 
significant variables
As shown in table 8, for every 1 unit increase in body 
mass index, there was a statistically significant increase 
in Diastolic blood pressure by about 0.249 units (95% 
CI=0.072‒425, p=0.006). 

Table 8. Linear regression for the first diastolic blood 
pressure on significant variables*

ANOVA TABLE
Model Sum of s 

quares
Degree of 
freedom

Mean square F Significant

1 Regression 
Residual 

Total 

1214.066
38336.65
39550.72

2
383
385

607.33
100.096

6.065 0.003*

Linear regression for the first diastolic blood pressure  
on significant variables

Variable Regression 
coefficient (B)

Standard 
Error for B

95% CI for B p-value T

Age 0.120 0.062 0.091– 0.82 0.054 0.93
BMI 0.249 0.090 0.072– 0.425 0.006* 2.77

*Significant at 5% level of significance, predictor: body 
mass index, dependent variable: diastolic blood pressure

Discussion 
The prevalence of hypertension is increasing especially 
in developing countries with accompanying poor con-
trol and increasing burden on the healthcare system.23 
Visco and colleagues reported that older age, fami-
ly history of hypertension, female sex and high blood 
pressure levels were predictors of difficult to control 
hypertension.24 Another study showed that blacks had 
poorer control of blood pressure than whites and His-
panics.25 The results of this study showed that majority 
of the respondents had poor knowledge of hypertension 
and its management. Health education given to this co-
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hort of hypertensives was in the right direction to im-
prove their knowledge of hypertension. This was similar 
to what, was described by Busari et al. and Iyalomhe in 
their studies where they reported that the majority of 
hypertensive patients had poor knowledge of their dis-
ease with an important negative impact on adherence 
to medications.15,21 Shaikh et al. and Oladapo et al. also 
reported that a significant number of hypertensive pa-
tients had poor knowledge of hypertension.26,27 Besides, 
Chiazor and Oparah reported that most patients were 
using thiazide diuretic for the treatment of hyperten-
sion. Patients’ knowledge of hypertension was below av-
erage hence they should be educated on hypertension 
and its current management using drugs and lifestyle 
changes.28 However, in a study conducted in Ghana, 
Marfo et al. reported that patients with hypertension 
had average knowledge of hypertension and life style 
modifications.17 In a work done in Lagos, it was found 
that knowledge of antihypertensive therapy was good, 
however, adherence to therapy was poor and forgetful-
ness was the major reason for poor adherence. Good 
knowledge of hypertension and its management does 
not necessarily translate to good adherence to anti-hy-
pertensive therapy. Therefore, hypertension can be best 
controlled when patients are adherent to their treatment 
regimen, involve themselves in physical activity regular-
ly and adherent to other lifestyle modifications.29 

The association between the level of education and 
knowledge of hypertension was investigated in this 
study. The results showed that the higher the level of ed-
ucation the higher the knowledge of hypertension. The 
predictor of good knowledge of hypertension was the 
level of education. It shows that those who had higher 
levels of Western education were more likely to have bet-
ter knowledge of hypertension. This was corroborated 
by a study conducted in Owerri, Nigeria, by Kate et al. 
which revealed that higher level of education was associ-
ated with good knowledge of hypertension. Adults with 
tertiary education had higher important difference in 
the level of knowledge of concept and the risk factors of 
hypertension compared with adults in other levels of ed-
ucation.16 Another study conducted in Ibadan revealed 
poor overall knowledge of cardiovascular diseases and 
its risk factors but respondents who had more years of 
formal education had good knowledge of cardiovascular 
diseases and their risk factors.27 

The attitudes of patients with hypertension were as-
sessed in this study and it was found that majority of 
the patients had good attitudes towards hypertension 
and its management. This should assist patients in the 
control of their blood pressure. The practices of patients 
with hypertension were also assessed in this study, and 
it was shown that majority of the respondents had good 
practices towards hypertension and its management. 
However, some aspects of the practices were not satis-

factory. Most of the respondents consult their doctors 
at their convenience not according to appointments and 
most of them check their blood pressures every three 
months. Besides, majority of the respondents did not do 
adequate physical exercises and were not doing enough 
to reduce their salt intake. All these would lead to poor 
control of hypertension. The predictor of good prac-
tices of the hypertensives was female sex. The females 
were more likely to have good practices than males. In a 
study conducted in Baghdad, Iraq, health education on 
physical exercise, diet, other lifestyle modifications and 
adherence to pharmacotherapy had impact on blood 
pressure control.30 This was similar to the findings of 
this study which showed that health education had im-
pact on blood pressure reduction over time. The results 
of a study conducted in Shagamu, Nigeria showed that 
the determinants of knowledge of hypertension includ-
ed family history, co-morbidities and educational level. 
Also, majority of the respondents had good knowledge 
of hypertension.31 This was similar to the findings of this 
study which showed that educational level was a predic-
tor of knowledge of hypertension. Age, obesity, self-per-
ception of good health and low level of education were 
reported as predictors of isolated systolic hypertension, 
isolated diastolic hypertension and hypertension in a 
study conducted among apparently healthy individuals 
in South-Eastern Nigeria.32 This was similar to the find-
ings of this study which showed that Body mass index 
was a predictor of diastolic blood pressure.

Implication of the study to research and clinical practice
Health care workers would have to update themselves 
on hypertension and health educate the patients espe-
cially those with lower levels of education and men on 
hypertension and its management. Also, patients have 
to be counselled on lifestyle modifications as a form of 
therapy for secondary prevention in the management of 
hypertension.

Limitations of the study and future research
This study was an intervention (before and after) study, 
there was no comparison group and no randomisation 
into groups, therefore, large scale randomised controlled 
trials would be necessary. The study was hospital based 
making secondary generalisation difficult, although the 
hospital serves a very big population. Also, the study was 
an experimental study with health education as the in-
tervention, so causal relationships could be established 
to some extent.

Conclusion
The predictor of good knowledge of hypertension was 
the level of education, and the predictor of good prac-
tices was female sex. In addition, the predictor of dia-
stolic blood pressure levels was the body mass index. 
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The health education had a positive impact on the 
blood pressure reduction over time. Health care work-
ers would have to educate patients on the management 
of hypertension including lifestyle modifications. This 
study was able to determine the predictors of knowledge 
and practices of hypertensives which were rare from the 
previous studies.
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ABSTRACT
Introduction and aim. The objective of the study was to evaluate the effect of Mentat® an herbal formulation in experimental 
models of hypoxia-induced attention deficit hyperactive disorder (ADHD) like behavior in rats.
Material and methods. Mentat® was evaluated at the dose of 100 and 200 mg/kg body weight. per oral., in two experimental 
models of hypoxia in Wistar rats. In the first model, after parturition, on a postnatal day 2 (PND-2), the pups were subjected to 
hypoxic exposure for 10 minutes to induce neonatal hypoxia. Pups were weaned from dams on PND-21 and subjected to drug 
treatments for 10 days. In the second model, phenytoin 150 mg/kg. b.wt. p.o. was administered orally to all pregnant animals 
throughout gestation to induce intrauterine hypoxia. Pups were subjected to assigned treatments after weaning. Behavioral 
and biochemical parameters relevant to ADHD were assessed.
Results. In the positive control group, hypoxic exposure resulted in significant changes in cognitive and neurologic skills com-
pared to normal control. Open field test, elevated plus maze test, and Acetylcholine esterase levels showed a significant in-
crease in positive control compared to normal control. In treatment groups, there was a dose-dependent decrease in all the 
above parameters compared to positive control.  Dopamine and Nor-epinephrine levels in brain homogenate were decreased 
in positive control which subsequently increased with Mentat® treatment.
Conclusion. Mentat® showed a neuroprotective effect in different experimental models of ADHD. It may be recommended for 
the effective/preventive management of ADHD, especially associated with memory impairment and neurologic conditions.
Keyword. ADHD, herbal, Mentat®, neonatal hypoxia, neuroprotective
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Introduction 
Attention-Deficit Hyperactivity Condition (ADHD) is 
a neurobehavioral and developmental disorder that is 
chronic and clinically diverse. Prefrontal dopamine in-
sufficiency and insufficient central dopaminergic activity 
are the main causes of ADHD. ADHD is one of the most 
common childhood psychiatric diseases, affecting 3 to 5% 

of all children in the United States and the Netherlands. 
Majority of youngsters are diagnosed with ADHD when 
they start school for the first time. 2 to 16 percent of all 
school-aged children have been diagnosed with ADHD, 
with roughly 75 percent of these children being male.1,2

CNS stimulants such as methylphenidate and am-
phetamine, non-stimulants such as Atomoxetine, Cat-
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echolaminergic antidepressants, alpha-agonists, and 
more recently reported drugs such as Mondafinil and 
nicotinic agonists are the most often used pharmaceu-
ticals for treating ADHD. The most common side ef-
fects with these medicines include nausea, dry mouth, 
lack of appetite, sleep difficulties, dizziness, irritability 
and mood swings, and headache.3 The current study is 
meant to evaluate Mentat® a well-known neuroprotective 
proprietary herbal formulation of the Himalaya Well-
ness Company, Bangalore, India, in experimental mod-
els of hypoxia-induced ADHD-like behaviour in rats, 
according to the safety profile.

There are a variety of environmental and genetic 
factors that may play a role in ADHD such as Cigarette 
smoking, alcohol use, infection and stress during preg-
nancy, brain injury, and heavy metal (lead).4 Variants of 
the dopamine D4 receptor gene, the dopamine D5 re-
ceptor gene, the dopamine transporter gene (DAT), have 
all been found to be strongly related with ADHD in mo-
lecular genetics investigations. Nor epinephrine trans-
porter (NET), monoamine oxidase-A (MAO-A) and 
catechol-o-methyltransferase (COMT), serotonin recep-
tor (HTR1B), serotonin transporter (5-HTT), are some 
of the other genes linked to an elevated risk of ADHD 
(SNAP-25).5 Dopamine is a key neurotransmitter in 
neuropharmacology because it has a role in a variety of 
brain illnesses, including Parkinson’s disease, schizophre-
nia, and attention deficit disorder, as well as drug addic-
tion and endocrine disorders. According to new studies, 
raising dopamine levels in youngsters with ADHD im-
proves their conduct.6 Mentat® was clinically evaluated 
in children for the improvement in cognition, learning 
capacity, mental fatigue and neuroprotective effect. As 
Mentat® was found to be promising in these conditions, 
a preclinical study was performed on rodents to evaluate 
its effect in ADHD condition.7-9 By modulating multiple 
neurotransmitters, Mentat® shown neuroprotective effica-
cy in diverse experimental paradigms. 

Aim
The study’s goal was to see how Mentat® affected differ-
ent psychological markers of ADHD, such as dopamine, 
acetylcholine esterase, and norepinephrine, as well as 
behavioral parameters associated with ADHD.

Material and methods
Phenytoin (Eptoin) manufactured by Abbott India 
Ltd. India, was procured form retail pharmacy store of 
Makali, Bengaluru, India. Mentat® tablets were obtained 
from Himalaya Wellness Company, Bengaluru, India, 
Atomoxetine (Attentrol) manufactured by Sun Pharma-
ceutical Industries, Ltd., India. was procured form re-
tail pharmacy store of Makali, Bengaluru, India all other 
chemicals were of analytical grade and were procured 
from HiMedia Laboratories GmbH, Germany. The rat 

feed was procured from VRK Nutritional Solutions, 
MIDC Miraj, Pune, India. The diet which was provid-
ed to the rats was the standard pellet diet which con-
tains protein (19%), Total fat (4.6%), total carbohydrate 
(60%), total minerals (6.8%), crude fiber (2.5%) with all 
essential amino acids and minerals.

Experimental animals
Inbreed Wistar rats, weighing 200‒250 g were procured 
from central animal facility, R&D Center, Himalaya 
Wellness Company, Makali, Bangalore-562162, India. 
and housed at the temperature of 25 ± 1° C, relative hu-
midity of 45 to 55% and 12:12 h light–dark cycle. The 
Himalaya Wellness Company’s Institutional Animal 
Ethics Committee (IAEC) approved the experimental 
protocol (protocol no 127/13) and the experiments were 
carried out in accordance with the principles and guide-
lines of the Committee for the Purpose of Control and 
Supervision of Experimentation on Animals (CPCSEA), 
Government of India.

Procedure
Monoamine oxidase inhibitor (MAO-B) inhibitory activ-
ity (in-vitro)
Brain homogenate was prepared in 0.25 M sucrose-0.1 
M Tris-0.02 M EDTA buffer (pH 7.4). Centrifugation 
was carried out in three steps; first step homogenate was 
centrifuged at 3000rpm for 20 mins. Supernatant was 
collected and centrifuged at 10000 rpm for 20 min, pel-
lets were collected and washed twice with 0.25 M su-
crose-0.1 M Tris-0.02 M EDTA buffer and pellets were 
resuspended in 10 mM sodium phosphate buffer (pH 
7.4) containing 320 mM sucrose and centrifuged at 
12000 rpm for 30 mins. The whole procedure was car-
ried out at 4°C. Pellets collected and resuspended in 
ice cold 100 mM sodium phosphate buffers (pH 7.4). 
2.5 ml 100 mM sodium phosphate buffer (pH 7.4) was 
taken in test tube, to which 100 µl test drug (Mentat®) 
and 150 µl brain homogenate was added and incubat-
ed at 37°C for 10 min, followed by the addition of 100 
µl Benzylamine (substrate), absorbance was recorded in 
spectrophotometer at 249 nm. Blank (without substrate 
and test drug) and control (without test drug) readings 
were recorded.10

Neonatal hypoxia induced ADHD in rats
Sixteen female Wistar rats of 180‒200 g were kept for 
cohabitation with male rats at 2:1 ratio. To confirm the 
mating vaginal smear was examined from the day‒1 
to day‒5, once the mating is confirmed females were 
separated from the males and checked for abdominal 
enlargement on day-10. The pregnant dams will be iso-
lated and housed individually. After the parturition, on 
PND2 male pups were divided into 5 groups consists of 
8 animals each and they were subjected to hypoxic ex-
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posure on PND2, PND3, PND4 and PND8 for 10 min-
utes. In brief, the pups were placed in an air tight glass 
chamber and made deprived of oxygen, depletion of ox-
ygen within the chamber was confirmed based on the 
combustion principle i.e., by placing a burning candle 
in an air tight chamber and covering it with the lid, can-
dle turns off after few seconds indicating that the oxygen 
within the chamber has been completely used, Animals 
show cyanosis which indicates that there was oxygen 
insufficiency. After the hypoxic exposure all pups were 
shifted to respective dams, after periodic hypoxia expo-
sure the pups were weaned from the dams on PND 21 
and subjected to following drug treatments for 10 days. 
Group‒I and group‒II served as control (normal con-
trol) and positive control (ADHD control), respectively 
and received only vehicle (demineralized water, 10 mL/
kg, p.o.). Group‒III served as reference standard and 
received Atomoxetine 50 mg/kg, p. o, Group‒IV and 
group‒V animals received Mentat® at the dose of 100 and 
200 mg/kg, b. wt, respectively. All the group of animals 
were treated for a period of 10 days. At the end of as-
signed drug treatments, the animals were evaluated for 
hyperactivity and learning impairment and subjected to 
Actophotometer test, open field test and elevated plus 
maze test.11-14 These tests were performed to evaluate the 
locomotor activity,

Following euthanasia with excess of 5% Isoflurane 
inhalation anesthesia, a brain homogenate was pro-
duced with ice cold 0.15 M KCl (10%) and centrifuged 
at 10,000 g for 10 minutes at 4°C, with the post-mito-
chondrial supernatant (PMS) utilised for total protein 
estimate and lipid peroxidation assay. The amount of 
protein in the brain homogenate was determined using 
the Bradford technique and a standard of bovine serum 
albumin.15 The amount of malondialdehyde in the brain 
homogenate was determined quantitatively using the 
Wills method to determine the degree of lipid peroxi-
dation.16 Sedlak and Lindsay’s method was used to cal-
culate reduced glutathione in the brain homogenate.17 

Ellman’s approach was used to calculate acetyl cholines-
terase in brain homogenate.18

Phenytoin induced intrauterine hypoxia model      
Phenytoin when administered to pregnant rats, phenyt-
oin reduces uteroplacental blood flow, resulting in foe-
tal hypoxia, leading to neurological abnormalities such 
as hyperactivity, learning difficulties, mental retardation, 
epilepsy, cerebral palsy, dystonia, and more. Phenyto-
in was produced in deionized water (pH 11.5) and giv-
en orally to pregnant rats from the 7th to the 20th day of 
pregnancy in this study. Following weaning, the pups of 
treated mothers were evaluated for behavioral measures. 
Fourteen female Wistar rats (200‒250 g) were kept for co-
habitation with seven male Wistar rats (200‒250 g) at 2:1 
ratio for five days. To confirm the mating vaginal smear 

was examined from the day‒1 to day‒5, once the mat-
ing is confirmed females were separated from the males 
and checked for abdominal enlargement on day‒10. The 
pregnant dams were isolated and housed individually and 
they were further divided in to 5 groups and consisting of 
two mothers.19 Group‒I and group‒II served as control 
(normal control) and positive control (ADHD control), 
respectively and received only vehicle (demineralized wa-
ter, 10 mL/kg, p.o.). Group‒III served as reference stan-
dard and received Atomoxetine 50 mg/kg, p. o. Group‒IV 
and group‒V animals received Mentat® at the dose of 100 
and 200 mg/kg, b. wt, respectively. All the groups of ani-
mals were treated for a period of 10 days. Phenytoin (150 
mg/kg, p.o.) was administered orally to all pregnant ani-
mals throughout the gestation except group‒I. At the end 
of assigned drug treatments, the animals were subjected 
to the evaluation of hyperactivity and learning impair-
ment by Actophotometer test, open field test and Elevated 
Plus maze test. The treatments and evaluation were com-
pleted between PND30‒PND36.

The behavioral parameters pertaining to ADHD 
like hyperactivity and learning impairment were evalu-
ated by similar procedures as mentioned earlier through 
Actophotometer test, open field test and elevated plus 
maze test.

Dopamine and nor-epinephrine was estimated us-
ing high performance liquid chromatography (HPLC) 
and based on the standard calibration curve of dopamine 
and nor-epinephrine: Briefly the method is explained as, 
the composition of mobile phase was prepared from fil-
tered and degassed mixture of Acetonitrile and 1-Octane 
sulfonic acid in the ratio of 70:30. Pharmaceutical grade 
of dopamine and nor-epinephrine were procured from 
Sigma Aldrich. Stock solution of DA and NE were pre-
pared by dissolving 1 mg in 1 mL of methanol in 10 mL 
volumetric flask separately and volume was made up to 
10 mL using the diluents to get a standard stock solution 
of concentration 0.1 mg/mL (1000 ng/mL). the solutions 
were filtered using 0.2 µ syringe filter and this solution 
was used for analysis. Brain tissue samples (1 mm thick 
slice of brain) were homogenized using individual 1.5 mL 
centrifuge tubes which contain 400 μL of tissue homog-
enizing solution (0.1 M perchloric acid, 1x10-7 M ascor-
bic acid; chilled on ice), the samples were centrifuged at 
10,000 rpm for fifteen minutes. The supernatant samples 
were filtered using 0.2 μm nylon disposable syringe filters 
and used for the analysis.

Statistical analysis
The values were expressed as mean ± SEM. The results 
were analyzed statistically using one-way ANOVA fol-
lowed by Dunnett’s multiple comparison test using 
Prism GraphPad 6.07 (GraphPad Software Inc, San Di-
ego, CA, USA) software. A p value < 0.05 was consid-
ered as statistically significant. 
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Results
Mentat® was evaluated in experimental models of neo-
natal hypoxia and phenytoin induced intrauterine hy-
poxia-brain injury in rats. Neurologic, biochemical, 
morphologic, and histopathologic data were used to 
examine Mentat’s protective® impact. Mentat’s® poten-
tial free radical scavenging and antioxidant activities 
were further investigated using in vitro antioxidant 
tests. In the present study IC50 values of MOA-B in-
hibitory activity of Mentat® and Amitriptyline was 
found to be 9.70 mg/mL and 0.45 mg/mL respectively. 
In the experimental model of neonatal hypoxia. Men-
tat® at 200 mg/kg showed a significant improvement in 
locomotor activity (Figure 1, Table 1) and associated 
parameters when compared to positive control, in el-
evated plus maze Mentat® at 200 mg/kg showed sig-
nificant improvement in exploratory score (p<0.05) 
and transfer latency at dose 100 mg (p<0.001), 200 mg 
(p<0.05) (Table 2) 

Table 1. Behavioural parameters of the rats treated with 
Mentat® in open field test (neonatal hypoxia) 

Groups

Time spent 
with mo-
vement 

(seconds)

No. of 
squares 
crossed

Time spent 
in periphery 

(seconds)

No. of re-
aring

Control 8.25 ± 1.95 2.57 ± 0.37 15 ± 3.45 4.429 ± 0.57
Positive 
control

16.8± 1.79# 4.75 ± 0.8# 18.22 ± 3.37## 10 ± 1.59##

Atomoxetine 
(50 mg/kg)

9.83 ± 3.72 2.83 ± 0.54* 10.60 ± 2.68** 3.5 ± 1.18***

Mentat®  
(100 mg/kg)

2.83 ± 0.66*** 2.25 ± 0.25** 1.50 ± 
0.34****

1.125 ± 
0.64****

Mentat®

(200 mg/kg)
3 ± 1.38*** 2.43 ± 0.2** 3.6 ± 1.6** 1.857 ± 

0.8****

a All the values are expressed as mean ± SEM, mean of all 
the groups were compared by one way ANOVA followed 
by Dunnett’s test using Graph pad Prism software version 
6.07 for windows, “p” value less than 0.05 was considered to 
be statistically significant. #p<0.05, ##p<0.01 compare to 
control, ****p<0.0001, ***p<0.001 and **p<0.01 compare 
to positive control

when compared to positive control. In ADHD induced 
group there was a free radical generation which is in-
dicated by increased MDA and decreased GSH levels 
with respect to normal control. Mentat® at 200 mg/kg 
significantly (p<0.05) decreased the malonaldehyde 
(MDA) in lipid peroxidation assay and significantly 
increased the GSH levels at dose 100 and 200 mg/kg 
(p<0.05) which showed its protective effect against 
free radical generation and offered significant protec-
tion against hypoxia induced lipid peroxidation. The 
findings are provided in (Table 3), where the concen-
tration of MDA was expressed as Nmoles MDA/mg 

of protein in the brain homogenate AChE activity in 
positive control was more than normal control and in 
the treatment groups there was a significant decrease 
at dose 100mg/kg (p<0.05), 200 mg/kg (p<0.01) (Fig-
ure 2) with respect to positive control. Dopamine (Fig-
ure 3) and nor-epinephrine (Figure 4) levels which are 
the hallmarks in ADHD were increased with the treat-
ment of Mentat®. 

Table 2. Behaviorial parameters of rats treated with 
Mentat® in elevated plus maze test (neonatal hypoxia) a

Groups
Exploratory 

score
Transfer Latency

Control 2.25 ± 0.25 73.63 ± 6.77
Positive control 4.25 ± 0.45# 35.71 ± 2.37##

Atomoxetine (50 mg/kg) 2 ± 0.03*** 90 ± 0.01**

Mentat® (100 mg/kg) 2 ± 0.04 57.25 ± 13.15***

Mentat® (200 mg/kg) 2.571 ± 0.36* 78 ± 12.01*

a All the values are expressed as mean±SEM, mean of all 
the groups were compared by one way ANOVA followed 
by Dunnett’s test using Graph pad Prism software version 
6.07 for windows, “p” value less than 0.05 was considered 
to be statistically significant. #p<0.05, ##p<0.01 compared 
to control, ***p<0.001, **p<0.01 and *p<0.05 compared to 
positive control

In the experimental model of phenytoin induced 
hypoxia. Mentat® at 100 mg/kg showed a significant im-
provement in locomotor activity (p<0.05) (Figure 5, 
Table 4) and associated parameters when compared to 
positive control, in elevated plus maze Mentat® showed 
significant improvement in exploratory score and trans-
fer latency at dose 100 and 200mg/kg (p<0.01) (Table 5) 
when compared to positive control.

Table 3. Effect of Mentat® on glutathione, lipid 
peroxidation, dopamine and norepinephrine levels a

Groups

Parameters

GSH
µmol/L

LPO
nmol MDA/
µg proteins

Dopamine
mg/g protein

Norepinephrine
mg/g protein

Control 0.7 350 0.0025 0.0048
Positive 0.25# 450 0.0017 0.0036

Atomoxetine 0.7** 375 0.0022 0.0047
Mentat®  

(100 mg/kg)
0.4* 325 0.0025 0.0039

Mentat®  
(200 mg/kg)

0.3* 300* 0.0024 0.0047

a The mean values of all the groups were compared by one 
way ANOVA followed by Dunnett’s test using Graph pad 
Prism software version 6.07 for windows, “p” value less than 
0.05 was considered to be statistically significant. #p<0.05 
compare to control, *p<0.05 and **p<0.01 compare to 
positive control
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Table 4. Locomotor activity of animals treated with Mentat® 
(phenytoin induced hypoxia) a

Group

Time spent 
with

movement 
(seconds)

No of squares 
in centre

No of squares 
crossed in peri-
phery (seconds)

No of 
rearing

Control 32.83 ± 4.191 2.8 ± 0.374 25 ± 2.076
4.667 ± 

0.989
Positive 
control

59.33 ± 9.656# 7 ± 0.7303# 46 ± 5.468* 18.33 ± 
2.155###

Atomoxetine 
50mg/kg

22.6 ± 5.115** 2.5 ± 0.289* 20 ± 3.467** 7.2 ± 2.709

Mentat® 

100mg/kg
36.8 ± 4.954 5 ± 1.225 23 ± 6.807

22.4 ± 
2.293

Mentat®

200mg/kg
36.5 ± 10.53 4.333 ± 2.333 29 ± 9.452

20.25 ± 
2.016

a All the values are expressed as mean±SEM, mean of all 
the groups were compared by one way ANOVA followed 
by Dunnett’s test using Graph pad Prism software version 
6.07 for windows, “p” value less than 0.05 was considered 
to be statistically significant #p<0.05 compared to control, 
*p<0.05 and **P<0.01 compared to positive control

Table 5. Effect of Mentat® on the behaviour of the rats in 
EPM (Phenytoin induced hypoxia)a

Group Transfer latency Exploratory score
Control 74.2 ± 7.14 3.667 ± 0.615

Positive control 27 ± 3.67 5.667 ± 0.615#

Atomoxetine 50mg/kg 66 ± 15.68 2.4 ± 0.4**

Mentat® 100mg/kg 59.4 ± 17.37 2.4 ± 0.4**

Mentat® 200mg/kg 47 ± 24.83 2.5 ± 0.5**

a All the values are expressed as mean±SEM, mean of all 
the groups were compared by one way ANOVA followed 
by Dunnett’s test using Graph pad Prism software version 
6.07 for windows, “p” value less than 0.05 was considered 
to be statistically significant #p<0.05 compare to control, 
**P<0.01 compare to positive control

Fig. 1. Locomotor activity of the animals treated with 
Mentat® in Actophotometer  (Neonatal hypoxia), all the 
values are expressed as mean ± SEM, mean of all the 
groups were compared by  One-way ANOVA followed by 
Dunnett’s test, “p” value less than 0.05 was considered to be 
statistically significant. ####p<0.0001compared to control, 
**p<0.01 and ***p<0.001 compared to positive control

Fig. 2. Effect of Mentat® on acetylcholine esterase inhibitory 
activity, all the values are expressed as mean±SEM, mean 
of all the groups were compared by one way ANOVA 
followed by Dunnett’s test, “p” value less than 0.05 was 
considered to be statistically significant #p<0.05 compare 
to control, *p<0.05 and **p<0.01 compare to positive 
control

Fig. 3. HPLC Chromatogram of standard Dopamine

Fig. 4. HPLC Chromatogram of standard Nor-epinephrine 
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Fig. 5. Locomotor activity of animals treated with Mentat® 
(Phenytoin induced hypoxia), All the values are expressed 
as mean±SEM, mean of all the groups were compared by 
one Way ANOVA followed by Dunnett’s test, “p” value less 
than 0.05 was considered to be statistically significant 
#p<0.05 Compare to control, *p<0.05 compare to positive 
control

Discussion
ADHD is one of the most common childhood disorders, 
and it can last far into adulthood.” Treatment for ADHD 
includes variety of stimulant drugs as well as more nat-
ural therapies. Many neurons are packed into distinct 
regions of brain when it comes to brain function. Each 
region performs a certain function in our body and is re-
sponsible for it. Neurotransmitters are created in min-
ute amounts by neurons. Their job is to deliver messages. 
They excite the relevant cell in the brain, ensuring that the 
message is delivered to the correct brain region.20

ADHD is caused by a shortage in certain neurotrans-
mitters such as adrenaline and dopamine, according to 
brain scientists. Brain uses neurotransmitters to acti-
vate or inhibit activation in brain cells. The brain must 
be sufficiently aroused in order to pay attention. Areas 
of the brain must be effectively controlled, repressed, or 
slowed down in order to have proper control over our 
impulses. Both the stimulation and repression mecha-
nisms are malfunctioning in ADHD children.21 The di-
agnosis of ADHD is a multi-step process that takes a lot 
of time. Parents, teachers, and other caregivers should 
all be involved in the child’s evaluation.22

Stimulant drugs work by inducing the brain to gen-
erate more nor epinephrine; non-stimulant medications 
work by reducing the pace at which nor epinephrine is 
broken down. The brain operates normally once the lev-
el has been corrected.23 Dietary supplements are becom-
ing the preferred choice as they are easily accessible and 
with relatively no side effects. Essential fatty acids are 
among the most popular. Essential fatty acids are need-

ed for proper cerebral functioning and may aid in the 
transmission of nerve impulses. Many children with 
ADHD cannot absorb essential fatty acids normally. 
There are evidences that herbal medications ameliorate 
the behavior of ADHD patients. Ginkgo Biloba is effec-
tive for neuronal disorders such as memory impairment. 
Lemon balm is known to help restore the balance and 
function of the brain and nerve cells 

Mentat® which is a proprietary polyherbal formula-
tion of Himalaya Wellness Company is used for neuro-
protective activity. It has been found to be beneficial in 
rat models of transient global ischemia and reperfusion–
induced brain injuries.24 Mentat’s® protective impact was 
assessed by evaluating its ability to alleviate cognitive, 
motor, and behavioral impairments caused by I/R-in-
duced brain injury.25 It improves memory and learning 
abilities. Mentat® contains natural substances that boost 
mental quotient, memory span, and attention, as well 
as treating neurological illnesses. Mentat® lowers tribu-
lin levels, an endogenous monoamine oxidase inhibitor 
that rises during anxiety. Mentat® has relaxing properties 
that help with insomnia and seizures. Mentat® is useful 
as an adjuvant in the treatment of epilepsy and enure-
sis because of its anticholinesterase, dopaminergic-neu-
roprotective (important neurotransmitter in the brain), 
adaptogenic, and antioxidant qualities.26,27 Because there 
is no evidence of Mentat® effects on ADHD, experimen-
tal models of neonatal hypoxia and Phenytoin-induced 
hypoxia were chosen to assess the drug’s efficacy. Rats 
subjected to neonatal hypoxia presented global brain 
atrophy ipsilateral to arterial occlusion in the regions 
analyzed: the total hemisphere, cerebral cortex, white 
matter, hippocampus and striatum. In addition, con-
tralateral white matter was also affected by the hypoxia 
procedure.28 Hypoxia in perinatal rats causes a malfunc-
tioning nigrostriatal dopaminergic system, which is 
thought to produce ADHD behavior by increasing 
the expression of vesicular monoamine transporter 2 
(VMAT2) and D1 receptor in the striatum. When phe-
nytoin, a powerful anticonvulsant, is given to pregnant 
women, it reduces utero-placental blood flow, resulting 
in foetal hypoxia. Hypoxia during pregnancy might re-
sult in temporary or permanent brain damage. Through 
overstimulation of excitatory amino acid receptors, cel-
lular calcium influx, and the production of free radicals 
and nitric oxide, the hypoxia/ischemia cascade causes 
neuronal cell death. Reactive oxygen species cause em-
bryonic mortality or teratogenicity by oxidizing molec-
ular targets such as DNA, protein, and lipid.29

Bacopa monnieri (Brahmi), Withania somnif-
era (Ashwagandha), Centella asiatica (Mandookapar-
ni), Valeriana wallichi (Tagar), Evolvulus alsinoides 
(Shankhapuspi) are important herbal extracts present 
in Mentat® which in combination are responsible for 
showing the desired efficacy. Bacopa monnieri is most 
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studied nootropic plant for ADHD patients’ Clinical 
trials have shown that it improves memory. B. mon-
nieri revitalizes the nervous system, strengthens the 
mind, and promotes both energy and sleep; it is fre-
quently used to treat insomnia. It is also used to aid in 
the recovery from fatigue and stress. It is prescribed 
for conditions such as Parkinson’s disease, Alzhei-
mer’s disease, dementia, and ADHD, and B. monnieri 
demonstrated a 66% reduction in total ADHD score.30 
Withania somnifera roots contain active phytoconstit-
uents, primarily withanolides; alkaloids used in treat-
ment of a variety of brain disorders, and have a wide 
range of neuroprotective properties. Clinical research 
suggests that W. somnifera may help children with 
ADHD improve their attention and behavioral control 
by enhancing normal brain development. According 
to research, W. somnifera accomplishes this by inhib-
iting the activity of the enzyme that degrades acetyl-
choline, a neurotransmitter associated with cognition 
and memory, as well as stimulating neuronal growth.31 
Centella asiatica is a brain tonic that improves memo-
ry and brain strength. It improves the ability to speak 
and the poetic imagination. It is an effective treatment 
for children who are mentally retarded or emotionally 
disturbed. It aids in the treatment of stress, insomnia, 
ADHD, depression, mental fatigue, and anxiety.32 Vale-
riana wallichi has primarily antioxidant properties and 
is a choline esterase inhibitor. V. wallichi roots aid in 
the reduction of anxiety and the improvement of sleep 
by relaxing the central nervous system due to their 
sedative and anxiolytic properties.33 Evolvulus alsi-
noides balances neurotransmitter levels of noradren-
aline, glutamate, and acetylcholine in children and 
provides neuroprotection against free oxidative radi-
cals and amyloid-induced neurotoxicity with its high 
antioxidant compounds. E. alsinoides lowers cortisol 
levels and helps to combat stress. It relaxes the ner-
vous system and is extremely effective against insom-
nia.34 When these herbal extracts are combined, they 
may have a synergistic effect that will be beneficial in 
treating ADHD.

Conclusion
Mentat® showed improvement in the behavior of ADHD 
rats, which exerts its effect by increasing the dopaminer-
gic and norepinephrine response, decreasing the acetyl-
choline esterase and inhibiting the monoaminoxidase 
activity. As Mentat® showed a neuroprotective effect in 
different experimental models of ADHD, it may be rec-
ommended for the effective/preventive management of 
ADHD, especially associated with memory impairment 
and neurologic conditions. It can also be recommended 
as an adjuvant along with modern medicine in the man-
agement of ADHD. However clinical trials are required 
to further support the claim.
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ABSTRACT
Introduction and aim. Intense taekwondo (TKD) training, it is important to know the exercise-induced hematological and in-
flammatory conditions and to develop conditions suitable for physiological needs. The aim of study is to investigate the effects 
of TKD-specific training containing a high-intensity interval training (HIIT) component hematological parameters and on sys-
temic inflammatory biomarkers between gender.
Material and methods. The research was carried out with twenty-four elite TKD athletes (12 female, 12 male). 90 minutes of 
TKD-specific unit training, including 50 minutes of HIIT component was applied to the athletes. Hematological parameters in-
cluded erythrocytes, platelets, leukocytes and their subgroups and inflammatory biomarkers. 
Results. With the effect of TKD-specific HIIT, erythrocytes and hematocrit values decreased regardless of gender (p=0.003, 
p<0.001, respectively). Platelet values decreased in male and increased in female (p=0.637). White blood cells and neutro-
phil (p<0.001) and inflammatory biomarkers neutrophils-to-lymphocytes ratio (NLR) and platelet-to-lymphocytes ratio PLR 
(p<0.001, p=0.022, respectively) increased regardless of gender. Lymphocyte decreased marginally significantly (p=0.059).
Conclusion. This study showed that TKD-specific HIIT increased systemic inflammatory conditions and decreased oxygen-car-
rying blood parameters. These fundamental findings can contribute to training science in arranging a specific taekwondo train-
ing program and sports medicine in protecting the health of athletes.
Keywords. hematological parameter, high intensity interval training, taekwondo

ORIGINAL PAPER

Wydawnictwo UR 2022
ISSN 2544-1361 (online)
doi: 10.15584/ejcem.2022.3.8

Corresponding author: Bülent Işık, e-mail: drbulent42@gmail.com

Received: 10.05.2022 / Revised: 17.05.2022 / Accepted: 18.05.2022 / Published: 30.09.2022

Işık B, Küççüktürk S, Yüksel MF, Boyalı E, Karaselek MA, Erdağı K. The effects of acute high intensity interval training on hematological 
parameters and neutrophils to lymphocytes ratio in elite taekwondo athletes according to gender. Eur J Clin Exp Med. 2022;20(3):306–
315. doi: 10.15584/ejcem.2022.3.8.

Mariusz Wójcik http://orcid.org/0000-0002-1599-2394
Joanna Daszyk-Wójcik http://orcid.org/0000-0002-8819-5281
Kamil Skoczyński http://orcid.org/0000-0002-7836-0677
Daria Lahoda http://orcid.org/0000-0003-0783-6225
Valentyna Velychko

Krzysztof Milik, Grzegorz Pasternak, 
David Aebisher http://orcid.org/0000-0002-2661-6570

Joanna Gustalik, 
David Aebisher http://orcid.org/0000-0002-2661-6570
Ewa Kaznowska http://orcid.org/0000-0002-4135-0678
Dorota Bartusik-Aebisher http://orcid.org/0000-0002-5557-5464

Grzegorz Pasternak, 
Dorota Bartusik-Aebisher http://orcid.org/0000-0002-5557-5464
David Aebisher http://orcid.org/0000-0002-2661-6570
Rafał Filip http://orcid.org/0000-0002-5954-151X

Tugolbai Tagaev http://orcid.org/0000-0002-3102-6524
Vityala Yethindra http://orcid.org/0000-0003-1007-2422

Berrin Erok (http://orcid.org/0000-0001-8036-547X)
Hakan Önder (http://orcid.org/0000-0001-5207-3314)

Introduction
Taekwondo (TKD), a traditional martial art, originated 
in Korea. According to the World Taekwondo Federa-
tion (WTF) and International Taekwondo Federation 
(ITF) reports, there are approximately 80 million in-
dividuals worldwide interested in TKD sports. TKD 

training includes systematic, chronic and progressive 
activities. Many combat sports including TKD involve 
extremely high-intensity and interval exercise patterns 
for short periods, and the possibility of frequent contact, 
exposure, and injury during competition.1 TKD training 
requires high aerobic capacity and anaerobic power, fast 
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movement skills, high muscle strength, excellent body 
composition and practical agility.2,3 Also, TKD training 
includes a high-intensity static exercise and a low-in-
tensity dynamic exercise pattern. Therefore, high pres-
sure and low volume load occur in the hearts of TKD 
athletes.4 From this point of view, in combat sports like 
TKD, athletes have to perform training sessions that 
vary according to the mode, effort, pause, intensity, and 
rate of exercise.to cope with the physiological demands 
of these sports and high-intensity intermittent exertion 
situations.5,6 High-Intensity Interval Training (HIIT), 
which has been applied for a long time in many com-
bat sports, including taekwondo, has gained popularity 
in the last two decades as it has resulted in the special 
classification of different types of variable combinations 
to develop particular adaptations.7,8 Combat-sport-spe-
cific combat simulation training like TKD is intermit-
tent in nature.9

Recently, many researchers have focused on inves-
tigating the effects of martial arts specific standard with 
complementary HIIT on morphological, physiological 
and performance adaptations. Therefore, understand-
ing the benefits of HIIT on physiological adaptation and 
performance can provide valuable insights into the field, 
in order to improve the training programs and perfor-
mance of TKD athletes, especially by trainers and sports 
scientists.TKD athletes are physiologically very tired 
during competitions and they are at risk of injury. Be-
cause, according to Olympic rules and World Taekwon-
do (WT) regulations, TKD competitions consist of at 
least 3 rounds with 2 minutes of fighting and 1 minute 
of rest in between. Athletes may have to fight 4-5 con-
secutive fights a day for the championship.10

Like all professional athletes, TKD athletes and 
coaches are also concerned for the combat sports train-
ing program they apply to achieve the best results in the 
competition. However, the effects of exercise are of great 
importance because some hematological disorders seen 
in athletes can negatively affect training intensity and 
exercise success.11 Hematological parameters are affect-
ed by both the frequency, intensity, type and duration of 
the exercise, as well as the age of the person, eating hab-
its and the environment.12 In many studies, it has been 
shown that regular training makes changes the hemato-
logical patterns of many athletes, including TKD, but in 
some studies it does not.13-16

Due to the close contact between the athletes during 
the TKD sport, the risk of injury that causes various lev-
els of tissue damage has always been inherent in this 
sport.17 In addition, it is well known that inflammation 
plays an important role in the formation of metabolic 
and hormonal responses in the body against sequential 
exercise-induced physiological stress.15-18 In particular, it 
has been shown that the duration and intensity of exer-
cise have a positive effect on the regulation of leukocyte 

response.19 In addition, neutrophils-to-lymphocytes ra-
tio (NLR) and platelet-to-lymphocytes ratio (PLR) are 
the most important biomarkers reflecting systemic in-
flammatory status in athletes including taekwondo.20

Most of the studies conducted in TKD athletes to 
date focused on performance training, field testing 
methods, physiological responses during competition, 
and sports injuries.1-3,21 To our knowledge, these studies 
did not examine the effects of training on hematological 
parameters and inflammatory biomarkers such as NLR 
and PLR in elite TKD athletes. Keeping this in mind, it 
is critical to develop conditions suitable for the physio-
logical needs specific to TKD sport, in order to achieve 
high sportive performance, to develop an appropriate 
periodic training program and to prevent and elimi-
nate possible health problems related to hematologi-
cal parameters. We hypothesized that the TKD-specific 
training containing a high-intensity interval training 
component might affect the hematological profiles of 
taekwondo athletes and NLR. 

Aim
In line with the available information, in this study, 
it was aimed to investigate the effect of 90-minute 
TKD-specific unit training, including 50 minutes of 
HIIT component on systemic inflammatory biomark-
ers and hematological parameters in elite TKD athletes 
between gender.

Material and methods
Participants
The information and consent interviews were conduct-
ed with the participants, their trainers, and club man-
agers. The study was conducted in accordance with 
the Declaration of Helsinki and under the approved 
protocol by Meram Medical Faculty, Ethics Commit-
tee of non-Pharmaceuticals and non-Medical Device 
Researches of Necmettin Erbakan University with the 
number 2018/1312. Participants were informed about 
the study’s method and potential risks, and informed 
consent was obtained.The subjects of this research were 
selected among the volunteer athletes of the Selcuk Uni-
versity Taekwondo Team.The study was conducted on 
24 elite level taekwondo athletes (12 males and 12 fe-
males) from the Selçuk University Taekwondo Team, 
who regularly continued Taekwando training and par-
ticipated in tournaments. All of the subjects were black 
belt holders and classified in the national Division I cat-
egory. Furthermore, in order to form the elite level ath-
lete group, inclusion criteria were formed. According 
to inclusion criteria, the athletes to be included in the 
study must have at least a 5-year exercise background 
(min; 6, max; 14 years), must be participated in nation-
al and international level Taekwando competitions, and 
must have continued taekwando training for 5 days and 
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over in a week. Additionally, based on the inclusion cri-
teria the athletes must be between 17-23 years old and 
have voluntary to participate in the study. Moreover, 
they must beno smoking, no use of notorious, alcohol or 
nutritionalsupplements. All of them had to be physically 
and mentally healthy. Those with diseases that may im-
pair their hematological terms, such as anemia, thyroid 
diseases, musculoskeletal injuries, infectious and infla-
matuar diseases, were excluded. Moreover, female ath-
letes who are in menstrual period were excluded from 
the study. Detailed medical examinations of the ath-
letes were made by B.I. who is a medical expert doctor. 
Hence, all of the athletes who were included this study 
were healthy in hematological terms. Training experi-
ence, demographic values and hematological parame-
ters of the subjects are available in Table 1.

Procedures and hematological analysis
The study was performed in December 2019. Measure-
ments were made during the regular training hours in 
the afternoon (03:00 PM-05:00 PM) in a gym the ath-
letes were familiar with. The athletes were given a direc-
tive not to exhaust alcohol and caffeinated foods/drinks 
at least 2 days before the measurements. Furthermore, 
subjects were instructed to refrain from doing any train-
ing or vigorous physical activity for at least 2 days before 
the study to control possible confounding factors influ-
encing blood inflammatory biomarker assessments. An 
easily digestible diet had been suggested for them, so 
as not to aggravate their digestive system. Subjects also 
were restricted from consuming any form of anti-in-
flammatory drug or antioxidants to minimize the indi-
vidual variability in detecting inflammatory state before 
and during the study period. 

Baseline anthropometric data were measured in a 
room at room temperature in the morning the day be-
fore the study and were measured after overnight fasting 
(12 h). All instruments were calibrated before the test. 
The body mass was measured with light clothes using an 
electronic scale, and height was measured in an upright 
position without shoes in the morning. Blood samples 
were taken from the forearm vein of athletes 10-min 
before and after the training, per the rules of disinfec-
tion by the specialist medical staff. Blood samples were 
collected in 4 mL of hemogram tubes with K3 EDTA. 
According to the instructions, haematological param-
eters were examined at the Konya Application Center 
of Özel Sistem Laboratories through a Cell-Dyn 1800 
(Abbott Diagnostics, Abbott Park, IL, USA) hematolog-
ical analyzer. The leukocyte subparameters as the white 
blood cells (WBC 103/μL) count, neutrophil (NEU 103/
μL) count, lymphocytes (LYM 103/μL) count and MID 
cells (103/μL) count, NEU %, LYM % and MID cells %; 
erythrocyte subparameters as the red blood cells (RBC 
106/μL) count, hemoglobin (HBG g/dL), mean corpus-

cular volume (MCV fL), mean corpuscular hemoglo-
bin (MCH pg), mean corpuscular hemoglobin content 
(MCHC g/dL) counts, red blood cells distribution width 
(RDWC %) and hematocrit (HCT %); platelet subpa-
rameters as platelets (PLT 103/μL) count, mean plate-
let volume (MPV fL) count, plateletcrit (PCT %) and 
platelet distribution width (PDW %) values of the hae-
matological parameters were analyzed from each blood 
sample. Then, systemic inflammatory biomarkers were 
calculated such as NLR and PLR from these values.20 
To calculate changes in plasma volume, Dill and Costill 
formula were used:22 %ΔPV = [(HBG1/HBG2) · (100 − 
HCT2/100 − HCT1) − 1] · 100. 

All blood samples and raw data were subsequent-
ly analyzed and statistical analysis applied. The experi-
mental design is summarised in Figure 1.

Recruitment

Fig. 1. Schematic of the experimental design

Training procedure
Athletes trained for 90 minutes on the test day accord-
ing to the content stated below. The high-intensity inter-
val Taekwondo-specific unit training period consisted 
of three parts:
a.	 Warm-up part (30 mins); Athletes started training 

with 10 minutes of light jogging. Afterwards, ap-
plied dynamic and static flexibility, joint mobility, 
coordination and balance exercises to the athletes.

b.	 Main part (50 mins); During the technical exer-
cises and training competition applied in the main 
phase of the training, Work, one of the high-inten-
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sity interval training (HIIT) protocols reported by 
Franchini et al.; rest ratios were applied as 1:2 min-
ute.23 In addition, training intensity ranged from 
80–90%, as reported in many previous studies.24-26 
Athletes performed single and combined technical 
exercises on gloves (with all the techniques used in 
competitions) for 15 minutes. In addition, single 
and combined technical studies were carried out 
on the safeguard for a period of 15 minutes. Work: 
Rest ratios were applied in the form of 1:2 minutes 
and 5 repetitions in single and combined techni-
cal studies on both gloves and safeguards. Finally, 
a training competition called Sparring was held for 
20 min (the athletes participated in the competi-
tion with the “pull system” method). In the mean-
time, tactical indications were given by the coach 
regarding the offensive and defensive stance, tech-
nical demonstration and protection, by intervening 
when necessary.

c.	 Cool-down part (10 mins): Light jogging and static 
flexibility exercises were applied to the athletes for 
5 minutes each.
During the training, the heart rates of the athletes 

were recorded with an electronic polar watch. The aver-
age heart rate of both male and female athletes was be-
tween 57-70 beats/min before the warm-up period and 
around 100 beats/min after the warm-up period. In the 
main circuit, the heart rates of male athletes were be-
tween 158-172 beats/min and between 160-174 beats/
min for female athletes. During the collection of second 
blood samples within 10 minutes after the cooling sec-
tion, the mean heart rates of female and male athletes 
were 79 and 73 beats/min, respectively. The heart rates 
of the athletes were checked every three minutes from 
the warm-up to the cool-down.

Statistical analysis
These analyses were performed using open-source 
jamovi statistical platform [The jamovi project 2021, 
Sydney, Australia, Jamovi (Version 1.2.1.1)] [Computer 
software]. Retrieved from https://www.jamovi.org. 
The data were presented as mean ± standard error of 
mean (mean ± SEM.) Normal distribution was ana-
lysed by Kolmogorov-Smirnov test and age, training 
experience, BMI by independent t-test.The direction 
and strength of the relationship between training ex-
perience, hematological parameters and some these ra-
tio such as NLR, PLR were evaluated with the Pearson 
correlation. A two-way repeated measure analysis of 
variance (ANOVA) was performed to test for the main 
effects corresponding to groups (male, female) and time 
(pre-post), as well as the interaction between the two 
(groups and time: the effect of gender on the pre-post 
change). Results were considered statistically significant 
at the level of p <0.05.

Table 1. Training experiences, demographic values, plasma 
volume changes, hematological parameters and inflammato-
ry biomarkers of Taekwondo athletes (mean ± SEM)a

Female athletes
(n= 12)

Male athletes
(n= 12)

p

Age (years) 20.33 ± 0.57 20.67 ± 0.43 0.645
BMI (kg/m2) 20.91 ± 0.66 21.33 ± 0.34 0.579
Training experi-
ence (years)

8.83 ± 0.56 9.67 ± 0.7 0.363

Plasma Volume 
Change (%)

1.48 ± 0.52 2.55 ± 0.51 0.155

Female athletes
(n= 12)

Male athletes
(n= 12)

Pre Post Pre Post
RBC*, † (106/μL) 4.53 ± 0.08 4.38 ± 0,07 5.27 ± 0.12 5.19 ± 0.1
HBG*,¶, †(g/dL) 13.1 ± 0.2 12.64 ± 0.24 15.24 ± 0.31 15.17 ± 0.42
HCT*,†(%) 39.71 ± 0,61 38.88 ± 0.64 46.45 ± 0.88 45.11 ± 0.94
MCV¶(fL) 87.9 ± 1.68 88.85 ± 1.48 88.49 ± 2.3 87.04 ± 1.9
MCH¶(pg) 28.99 ± 0.54 28.91 ± 0.53 29.01 ± 0.8 29.27 ± 0.82
MCHC¶, †(g/dL) 33 ± 0.18 32.5 ± 0.15 33.12 ± 0.21 33.94 ± 0.29
PLT¶(103/μL) 244.42 ± 

15.7
264 ± 16.87 253.5 ± 10.8 241.83 ± 9.83

MPV*,¶, †(fL) 11.29 ± 0.3 10.86 ± 0.36 10.26 ± 0,25 10.2 ± 0.24
MPV/PLT ratio¶ 0.05 ± 0 0.04 ± 0 0.04 ± 0 0.04 ± 0

WBC*,†(103/μL) 7.07 ± 0.55 8.81 ± 0.7 6.19 ± 0.34 7.06 ± 0.44
NEU*,†(103/μL) 4.65 ± 0.53 6.38 ± 0.74 3.42 ± 0.28 4.52 ± 0.37
NEU*,† % 63.78 ± 3.34 70.64 ± 3.78 54.93 ± 1.5 64.86 ± 1.99
LYM*(103/μL) 1.82 ± 0.1 1.74 ± 0.19 2.12 ± 0.08 1.78 ± 0.12
LYM*,† % 26.73 ± 2.79 21.67 ± 3.23 34.77 ± 1.59 25.91 ± 1.89
MID(103/μL) 0.67 ± 0.06 0.71 ± 0.06 0.66 ± 0.03 0.66 ± 0.05
MID*,† % 9.48 ± 0.75 8.13 ± 0.64 10.74 ± 0.27 9.55 ± 0.34
NLR*,† 2.68 ± 0.39 4.29 ± 0.71 1.62 ± 0.11 2.7 ± 0.28
PLR* 138.46 ± 

10.8
171.69 ± 

21.46
121.7 ± 7.11 143.09 ± 

11.31
a(*: within subject <0.05, ¶: interaction <0.05  †: between 
subject <0.05)

Results
This study was conducted on 24 elite level taekwondo 
athletes (12 males and 12 females), who regularly con-
tinued TKD training and participated in tournaments.
The TKD-specific training containing a high-intensi-
ty interval training component was applied to athletes.
Blood samples were taken from the athletes 10-min be-
fore and after the training (Figure 1). Subjects’ char-
acteristics are display in Table 1.Statistical results of 
hematological parameters are presented in the text and 
Figure 2 and 3.

The main effect for time training-induced RBC count 
was significant [F(1, 22)=11.615, p=0.003, η2 = 0.346]. Its 
trend was downward. However, time and group inter-
action was not significant [F(1, 22)=0. 868, p=0.362, η2 

=0.038]. The mean of RBC count was significantly dif-
ferent between groups, with males being higher [F(1, 
22)=37.669, p<0.001, η2 =0.631], (Figure 2).
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The main effect for timetraining-induced HBGval-
ue was significant [F(1, 22)=7.084, p=0.014, η2 =0.244]. 
Also, time and group interaction was marginally signif-
icant [F(1, 22)=3.943, p=0.060, η2 =0.0152]. The change 
in HBG was more in female gender. The mean HBG was 
significantly different between the groups, with males be-
ing higher [F(1, 22)=31.267, p<0.001, η2 =0.587], (Fig. 2).

The main effect for time training-induced HCT % 
was significant [F(1, 22)=30.395, p<0.001, η2 =0.580]. 
However, the time and group interaction was not signif-
icant [F(1, 22)=1.648, p=0.213, η2 =0.070]. The change 
in HCT % was similar in both genders. The mean 
HCT % was significantly different between the groups, 
with it being higher in males [F(1, 22)=35.735, p<0.001, 
η2 =0.619], (Figure 2).

The main effect for time training-induced MCV 
value was not significant. [F(1, 22)=0.383, p=0.542, η2 

=0.017]. However, time and group interaction was sig-
nificant [F(1, 22)=8.962, p=0.007, η2 =0.289. A change 
in different ways was observed in the MCV in the form 
of an increase in females and a decrease in males. Mean 
MCV was similar in groups [F(1, 22)=0.555, p=0.816, 
η2 =0.003]. 

The main effect for time training-induced MCH 
value was not significant [F(1, 22)=1.055, p=0.315, η2 

=0.046]. However, time and group interaction was mar-
ginally significant [F(1, 22)=3.986, p=0.058, η2 =0.153]. 
A decrease in MCH in females and an increase in males 
were observed in different ways.MCH mean was simi-
lar in groups [F(1, 22)=0.038, p=0.848, η2 =0.002], (Fig-
ure. 2).

The main effect for time training-induced MCHC 
value was not significant [F(1, 22)=0.677, p=0.419, η2 

=0.030]. However, time and group interaction was sig-
nificant [F(1, 22)=11.436, p=0.003, η2 =0.342]. A de-
crease in the MCHC in females and an increase in 

males were observed in different ways.The mean of 
MCHC was significantly different between groups [F(1, 
22)=11.349, p=0.003, η2 =0.340].

The main effect for timetraining-induced PLT count 
was not significant [F(1, 22)=0.229, p=0.637, η2 =0.010]. 
However, time and group interaction was marginal-
ly significant [F(1, 22)=3.573, p=0.072, η2 =0.140]. The 
PLT count trend was downward in males and upward 
in females. The mean of PLT count was similar between 
groups [F(1, 22)=0.141, p=0.711, η2 =0.006], (Figure.3).

The main effect for time training-induced MPV val-
ue was significant [F(1, 22)=6.709, p=0.017, η2 =0.234]. 
Time and group interaction was marginally significant 
[F(1,22)=3.903, p=0.061, η2 =0.151]. The MPV down-
ward trend was more in females. The mean MPV val-
ue was significantly different between the groups, with 
it being higher in females [F(1, 22)=4.431, p=0.047, η2 

=0.168], (Figure 2).
The main effect for time training-induced MPV/

PLT was not significant [F(1,22)=1.044, p=0.318, η2 

=0.045]. However, time and group interaction was mar-
ginally significant [F(1,22)=4.028, p=0.057, η2 =0.155].  
The MPV/PLT trendwas downward in females and up-
ward in males. The rate of change in the mean MPV/
PLT with the effect of training was 11.1 % in females 
and 4.1 % in males. MPV/PLT mean was not significant-
ly different between groups [F(1,22)=0.761, p=0.392, η2 

=0.033], (Figure 2).
The main effect for time training-induced WBC 

count was significant [F(1, 22)=17.352, p<0.001, η2 

=0.441]. Its trend was upward. However, time and group 
interaction was not significant [F(1, 22)=1.953, p=0.176, 
η2 =0.082]. Although the increase in WBC count was 
slightly higher in females, there was marginally signif-
icant difference between the groups [F(1, 22)=3.798, 
p=0.064, η2 =0.147), (Figure 3).

Fig. 2. Changes in hematological parameters and MPV/PLT ratio in response to TKD-specific training containing a high-
intensity interval training component. The changes of RBC count, HBG, HTC, MPV, MPV/PLT ratio and MCH were measured pre 
and post TKD-specific training. There were statistically differences in pre and post (RBC, HBG, HTC, MPV), interaction (marginal 
significant HBG, MPV, MPV/PLT, MCH) and gender (RBC, HBG, HTC, MPV), (p<0.05)
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The main effect for time training-induced NEU 
count and NEU % were significant [F(1, 22)=19.709, 
p<0.001, η2 =0.473, F(1, 22)=20.987, p<0.001, η2 =0.488, 
respectively]. Both trendswere upward. However, the 
time and group interaction for both parameters were 
not significant [F(1, 22)=0. 985, p=0.332, η2 =0.043, F(1, 
22)=0.701, p=0.412, η2 =0.03, respectively]. While the 
mean of NEU count was significant [F(1, 22)=5.712, 
p=0.026, η2 =0.206), the NEU % value was marginally 
significant, between the groups(F(1, 22)=4.293, p=0.050, 
η2 =0.163]. While the average increase in NEU count in 
females was significantly higher than that of males, the 
increase in NEU % in the proportional distribution of 
leukocyte subgroups such as NEU and LYM within the 
total leukocyte count was more pronounced in males, 
(Figure 3).

While, the main effect for time training-induced 
LYM countwas marginally significant, the main effect 
of Lym % was significant [F(1, 22)=3.957, p=0.059, η2 

=0.152, F(1, 22)=18.137, p<0.001, η2 =0.452, respective-
ly]. Both trends were downward. However, time and 
group interaction in Lym count and LYM % value was 
not significant [F(1, 22)=1.621, p=0.216, η2 =0.069, F(1, 
22)=1.345, p=0.259, η2 =0.058, respectively]. While the 
mean of LYM count was not significant between groups, 
the mean of LYM % was marginally significant [F(1, 
22)=1.271, p=0.272, η2 =0.055, F(1, 22)=3.977, p=0.059, 
η2 =0.153, respectively]. In other words, in the propor-
tional distribution of leukocytes within themselves, the 
LYM % decreased more significantly in males. In males, 
this supported the marginally significantly higher distri-
bution of NEU % in leukocytes, (Figure 3).

While the main effect for time training-induced 
MID count was not significant, the main effect of MID 
% change was significant [F(1, 22)=0.353, p=0.558, η2 

=0.016, F(1, 22)=16.693, p<0.001, η2 =0.431, respective-

ly].  While the MID count trend was upward in females, 
it was linear in males. MID % trend was downward in 
both groups. However, time and group interaction in 
MID count and MID % value was not significant [F(1, 
22)=0.353, p=0.558, η2 =0.016, F(1, 22)=0.071, p=0.792, 
η2 =0.003, respectively]. Also, the MID count mean 
was similar between groups, while the MID % mean 
was marginally significant [F(1, 22)=0.183, p=0.673, η2 

=0.008, F(1, 22)=3.733, p=0.066, η2 =0.145, respective-
ly]. In other words, although the decrease in the mean % 
of the MID value, which includes the sum of the small 
group leukocytes, eosinophils, basophils and mono-
cytes, with the effect of training, was more pronounced 
in females than in males, the mean MID % was found 
higher in males.

The main effect for time training-induced NLR 
was significant [F(1,22)=18.332, p<0.001, η2 =0.455]. 
Its trend was upward. However, time and group inter-
action in NLR value was not significant [F(1,22)=0.707, 
p=0.409, η2 =0.031]. Athletes’ training-related NLR 
change was not affected by gender. The NLR change 
rate with the effect of training was 60.1% in females and 
66.3% in males. The mean NLR was significantly differ-
ent between the groups, with the females being higher 
[F(1, 22)=6.353, p=0.019, η2 =0.224], (Figure 3). 

The main effect for time training-induced PLR 
was significant [F(1,22)=6.096, p=0.022, η2 =0.217]. Its 
trend was upward. However, time and group interaction 
in the PLR value was not significant [F(1,22)=0.287, 
p=0.598, η2 =0.013]. Athletes’ training-related PLR 
change was not affected by gender. The rate of change 
in the mean PLR with the effect of training was 24% in 
females and 17.57% in males. Although the mean PLR 
was higher in females, there was no significant differ-
ence between the groups [F(1,22)=2.013, p=0.170, η2 

=0.084], (Figure 3F).

Fig. 3. Changes in WBC subparameters, PLT and systemic inflammation biomarkers in response to TKD-specific training 
containing a high-intensity interval training component. The changes in total WBC and PLT counts and leukocytes 
subparameters % (NEU, LYM) and systemic inflammation markers NEU-to-LYM Ratio and PLT-to-LYM Ratio were measured pre 
and post TKD-specific training, (p<0.05)
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Although there was a weak negative correlation 
(r = -0.303, p=0.150) between training experience and 
NLR in taekwondo athletes, no relationship could be 
found between training experience and PLR (r=-0.17, 
p=0.938). Surprisingly, a negative correlation (r = -0.259, 
p=0.221) was shown between the mean of MPV and 
PLT values, while a positive correlation (r=0.145, 
p=0.498) was shown between the mean of MPV/PLT 
and the training experience. However, statistical signifi-
cance was not found in these relationships.

Discussion
In this study, adaptation responses of hematological pa-
rameters and systemic inflammatory biomarkers includ-
ing NLR and PLR to 90-minute TKD-specific training 
containing HIIT component were investigated in elite 
TKD athletes. In the current study, the main effect of 
training-induced change in RBC and its subparameters 
HBG and HCT was shown to be significant. It was ob-
served that the changes in RBC and HCT values in the 
direction of decrease were not affected by the gender 
factor, but the change in HBG was marginally signifi-
cantly affected. It was determined that the mean of the 
aforementioned values was significantly higher in men. 
In any study, investigating the effects of chronic exercise 
on hematological parameters in TKD athletes, it was in-
terpreted that significant changes in oxygen-carrying 
blood parameters were caused by intravascular hemo-
lysis due to exercise-induced trauma.27 But, in another 
study, increases in hematological parameters have been 
associated with exercise-induced plasma losses.28 Plas-
ma change was not remarkable in our study; therefore, 
we think that other factors rather than plasma change 
are effective in the decrease of hematological parame-
ters.Erdağı et al. showed that RBC, HBG and HCT de-
creased with the effect of acute exercise, similar to the 
findings of our study, in a study they conducted in elite 
female weightlifters in 2018.29 It is known that TKD 
and weightlifting sports trainings include high-intensi-
ty static and low-intensity dynamic exercise patterns.4 
Surprisingly, a decrease in RBC, HBG and HCT values 
was detected in TKD athletes in our study, as well as in 
weightlifters, due to acute exercise. It has been shown 
that the type, duration and intensity of exercise, as well 
as individual factors such as gender and age, have im-
portant effects on the hematological changes that occur 
in the body with the effect of exercise.30 For this reason, 
it can be said that intravascular hemolysis in the vessel 
wall as a result of high blood pressure, stress and trauma 
due to training with acute HIIT component are effective 
in the decrease in RBC, HGB and HCT values as well 
as the type, duration, intensity of exercise and sports 
branch.  On the other hand, Özen et al. showed that 
there was a significant increase in RBC subparameters 
MCH and MCHC values in professional male football 

players with the effect of 6-week preparation training.12 
Similarly, in the findings of our study, the increase in 
MCH and MCHC values with the effect of TKD-specific 
training in males can be considered as a adaptation re-
sponse to the increased metabolic and oxygen demand 
during exercise.

In this study, PLT counts decreased in males and in-
creased in females with the effect of training. The change 
in MPV values, on the other hand, decreased more in 
female than in males. The change in both coagulative 
parameters was marginally significant. The present find-
ings are in full agreement with the findings of Boyalı et 
al.’s study on TKDathletes.27 Similar studies have shown 
increasesin PLT and its sub-parameters, and decreases 
in some others,with the effect of acute and chronic ex-
ercise.28,31,32 Consistent with the literature, in our study, 
PLT increase in female taekwondo athletes; It may be 
due to activation of the sympathetic nervous system, 
which occurs to meet the increased metabolic needs in 
the tissues with the effect of acute exercise, release of 
platelets into the circulation from blood cell stores such 
as the spleen and bone marrow, and hemoconcentration 
due to plasma loss. The decrease in PLT in males may 
be due to intravascular trauma, cellular damage in the 
body under stress and pressure due to acute exercise and 
platelet fragmentation. Decrease in MPV value, which 
is an indicator of platelet hyperactivity in both genders, 
on the other hand, may indicate that the platelet hyper-
activity caused by the effect of exercise in athletes can 
be adequately compensated. However, more extensive 
research is needed to elucidate its cellular mechanisms.

The duration and intensity of exercise have an im-
portant effect on the regulation of leukocyte response.19 

Belviranlı et al. showed that WBC, NEU, and LYM, 
which are associated with all aspects of the immune sys-
tem, increase immediately after acute HIIT exercise.33 In 
some studies, LYM was shown to be decreased in the 
early period after exercise and recovered over time.15,34 
In the current study, which has similar findings with 
the literature, it was shown that the main effect of the 
change in WBC and NEU due to training was signifi-
cant, but the gender group interaction was not signifi-
cant. The change was in the direction of increase. While 
NEU mean was found to be significantly higher in fe-
males than in males, it was observed that the increase in 
NEU % within the leukocyte subparameters was mar-
ginally significantly more pronounced in males than 
in females. Exercise is a factor that causes systemic in-
flammatory response and cell damage by causing the 
secretion of stress hormones such as cortisol and cate-
cholamines from the adrenal gland under the influence 
of stress in both the normal population and martial arts 
athletes including taekwondo players.34 Hemodynamic 
shear stress, which is caused by stress hormones and ex-
ercise, cause an increase in WBC and NEU in the early 
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phase of exercise with a series of immunological reac-
tions and demargination.35 In the current study, while 
the main effect of training-related LYMcount and LYM 
% change was significant, gender-group interaction was 
not. LYM change lines are trending in the decreasing di-
rection. Similar to our findings, Chuang et al. showed a 
significant decrease in the number of circulating LYM 
after TKD competition in 2019. The authors speculated 
that LYM reduction may be related to cytotoxic agents 
released from injured muscles and altered immune cell 
balance profiles during recovery after combat exercise.36 
In our study, it was also observed that, in the propor-
tional distribution of leukocyte subparameters, it was 
observed that the % of LYM decreased significantly 
more in males. This was a finding supporting the pro-
portional distribution of NEU % within the leukocytes 
subparameters in males than in females. The mean % 
of the MID value, which is the sum of the subparam-
eters of leukocytes, eosinophils, basophils and mono-
cytes decreased more significantly in females than in 
males under the training effect. In the current study, 
it was shown that the mean % of MID was higher in 
males, as demonstrated by Erdoğdu et al.15 This may 
be due to the inflammatory process triggered by stress 
hormones such as cortisol and catecholamines that in-
crease in order to tolerate the increased meatbolic needs 
during exercise.29,35 Inflammation is considered as a ba-
sic physiological process inducing exercise adaptation 
mechanisms, as well as facilitating the repair process by 
collecting the internal resources of the organism to the 
damaged area.18 NLR and PLR are accepted as indica-
tors of systemic inflammatory status in athletes, includ-
ing TKD.20,37 It was thought that NLR could be a safe and 
appropriate biomarker to determine the systemic in-
flammatory state during acute HIIT in TKD athletes.But 
there was no study on this field in the literature review. 
Therefore, in this study, these biomarkers were selected 
to determine the systemic inflammatory state caused by 
acute HIIT in TKD athletes. In a study by Chen et al. in 
TKD athletes in 2017, they showed that chronic exer-
cise increases NLR. They associated the increased sys-
temic inflammatory state with weakening the adaptive 
response to training, resulting in decreased aerobic ca-
pacity, low anabolic hormone (testosterone, DHEA-S), 
and increased catabolic hormone (cortisol) levels. Fur-
thermore, they argued that increased systemic inflam-
mation after training may impair the development of 
aerobic capacity and local muscle repair mechanisms.20 

Interestingly, a negative correlation between training 
experience and NLR was detected in our study. There-
fore, we think that intense TKD-specific training for a 
long time can reduce inflammation due to training. Also 
in this study, although the main effect of the change in 
NLR and PLR, which occurred in the direction of in-
crease with the training effect, was found to be signif-

icant, it was observed that this change was not affected 
by gender. In this study, while the mean NLR was found 
to be significant in females and the PLR was non-sig-
nificantly high, the rates of change were observed to be 
60.1%, 24% in females, 66.3% and 17.57% in males, re-
spectively. Similar to our findings, in their study, Ch-
uang et al. showed that NLR and PLR increased with 
the effect of real TKD competition including acute TKD 
training, and the increase after the competition was 
more than the increase after simulated combat train-
ing. The authors declared that this increased systemic 
immune response is associated with many endocrine, 
metabolic and immune processes that occur with the 
effect of exercise.36 On the other hand, in a study con-
ducted in 2016 among elite Taekwondo athletes, it has 
been claimed that the increase of approximately 48% in 
the NLR value measured after 10 weeks of competition 
preparation training after an 8-week period of no train-
ing may be related to the anti-inflammatory effect of 
regular exercise.37

Our study had particularly limitations, as well. First, 
it comprises a small sample of elite TKD athletes. The 
research findings may not apply to other TKD popula-
tions, such as disabled and amateur athletes in this field. 
Second, the markers of muscle damage, such as myoglo-
bin, creatine kinase, caused by exercise, and the blood 
parameters of the recovery period after exercise could 
not be measured in the current study. Thus, eliminat-
ing these limitations in future studies and refining these 
findings may contribute significantly to the literature.

Conclusion
Finally, it can be concluded that the TKD specific training 
containing a HIIT component caused some changes in 
hematological parameters and systemic inflamatuar sta-
tus of both male and female TKD athletes. It can increase 
systemic inflammatory biomarkers such as NLR and PLR 
or decrease oxygen transporter hematological parame-
ters such as RBC and HGB in both males and females. 
This limited effect, which does not lead to a surprising 
change, can be attributed to the fact that the athletes in 
the research group were elite-level competitors, and to 
their ability to develop physiological adaptation to exer-
cise stress thanks to their training background.From this 
point of view, the hematological and inflammatory con-
ditions of TKD athletes should be evaluated periodically 
at different times. The basic data provided by the present 
study may help coaches, athletes, and sport scientists to 
develop a more realistic TKD-specific training program 
and for sports medicine to prevent or rehabilitate possi-
ble health problems in the future. However, the precise 
physiological mechanisms underlying the inflammato-
ry response to the consecutive full-contact TKD combat 
warrant further investigations.
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ABSTRACT
Introduction and aim. Painful, invasive, and expensive arterial blood gas (ABG) analysis is required in the diagnosis, follow-up, 
treatment, and even discharge of patients with chronic obstructive pulmonary disease (COPD). This study aimed to compare 
the end-tidal carbon dioxide (ETCO2) value, which allows non-invasive, painless, low-cost, and continuous monitoring, with 
ABG parameters, in the evaluation of the treatment efficacy of COPD exacerbation.
Material and methods. The study was prospectively conducted with patients who presented to the emergency department 
with COPD exacerbation. ABG analysis and ETCO2 measurement were simultaneously performed in patients with COPD exac-
erbation at the time of arrival and after treatment, and were statistically compared.
Results. The study included a total of 216 patients, of whom 57.4% were male. The mean age of the patients was 67.3±13.9 
years. The ETCO2 values ​​of the patients at arrival and after COPD exacerbation treatment were 39.2±10 and 37.3±9, respectively, 
and a statistically significant difference was determined (p=0.001). The partial pressure of pCO2 values measured at arrival and 
after treatment were 40.85±10.54 and 38.74±9.25, respectively, and it was statistically significant (p=0.001). A strong positive 
and statistically significant correlation was found between the ETCO2 and pCO2 values ​​both at arrival and after COPD exacer-
bation treatment (r=0.840; p<0.001 and r=0.872; p<0.001, respectively). The Bland-Altman plot was constructed for the agree-
ment between ETCO2 and pCO2 at both evaluation times.
Conclusion. ETCO2 measurement could accurately predict the pCO2 of patients with COPD at arrival and after COPD exacerba-
tion treatment. Also, ETCO2 may be useful in cases where pCO2 cannot be used.
Keywords. arterial blood gas, capnograph, chronic obstructive pulmonary disease, end tidal carbon dioxide, partial pressure 
of carbon dioxide 
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Introduction
Chronic obstructive pulmonary disease (COPD) is a 
leading public health problem worldwide. Although 
COPD is a slowly progressive, irreversible disease, it 
is important because of its preventable nature and the 
possibility of stopping of the progression.1-3 However, 

COPD exacerbations adversely affect the patient’s health 
status, hospitalization, and length of stay.4 In these pa-
tients, arterial blood gas (ABG) measurement is one of 
the valuable tests used to determine the patient’s oxy-
genation, ventilation, and acid-base status during and 
after an exacerbation. However, ABG is an invasive and 
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painful procedure and may need to be repeated in cer-
tain cases. Therefore, alternative methods have been 
used in the evaluation of diagnosis, and follow-up of 
these patients.5,6 One of these alternative methods is the 
measurement of end–tidal carbon dioxide (ETCO2). 

ETCO2 is determined by non-invasively with a cap-
nometer by measuring the partial pressure of expira-
tory carbon dioxide from the air inhaled and exhaled 
during respiration.7 This parameter is generally used in 
the emergency department (ED) to confirm the location 
of the endotracheal tube, monitor spontaneous return 
during cardiopulmonary resuscitation in patients with 
cardiac arrest, and monitor ventilation status in proce-
dural sedoanalgesia.8,9 In addition, it can provide instant 
information concerning the metabolic status, perfusion, 
and most importantly ventilation of critically ill patients 
in the ED.4 Studies have emphasized that ETCO2 can be 
used to evaluate the severity of obstructive airway dis-
ease in the ED.7,10

Aim 
In this study, we aimed to compare the ETCO2 value mea-
sured simultaneously with the ABG in patients who came 
to the ED with COPD exacerbation, at the time of admis-
sion and after COPD exacerbation treatment was applied.

Material and methods
Study design
This single-center, prospective clinical study was con-
ducted with patients who presented to the ED with 
COPD exacerbation, between June 27th, 2019 and De-
cember 27th, 2019. The tertiary university hospital, 
where the study was carried out, provides health ser-
vices to approximately 4.5 million people in 12 neigh-
boring provinces. The study protocol was in accordance 
with the Declaration of Helsinki and Good Clinical 
Practices. Informed consent was obtained from all pa-
tients participating in the study. Local ethics committee 
approval was obtained for the study (decision number: 
27.06.2019/05-28).

Patient selection
The eligible participants and sample population were 
the patients who were admitted to the ED with COPD 
exacerbations during the study period. Patients with 
shortness of breath due to reasons other than COPD 
exacerbation, those younger than 18 years, those with 
contraindications to ABG sampling (such as coagulop-
athy, local infection, and thrombus), those that did not 
provide consent for participation in the study, pregnant 
patients, intubated patients or patients that required in-
tubation during their follow-up, patients who could not 
tolerate capnometry for the ETCO2 measurement, those 
with anatomical disabilities, and non-compliant pa-
tients were excluded from the study.

ABG sampling 
In the ABG sampling procedure, after the radial artery 
pulse of the patient was palpated, the most suitable site 
for the intervention was determined and cleaned with 
10% povidone iodine. Then, arterial puncture was per-
formed by the blood gas determination set contain-
ing lithium heparin. All interventions in the ED were 
undertaken by the same physician. The ADL 800 Flex 
device was used for the ABG analyses. The blood gas 
analyzer was calibrated according to the manufacturer’s 
recommendations.

Study protocol
Patients presenting to the ED and included in the study 
were asked to breathe through a nasal cannula con-
nected to a capnometer for at least 30 seconds, during 
which ABG samples were obtained. The ETCO2 value 
was simultaneously recorded with ABG parameters. The 
ETCO2 measurement was performed non-invasively by 
the same physician using a capnograph/pulse oximeter 
device, Capnostream®20p portable bedside monitor. To 
make an accurate measurement, the patient was mon-
itored for at least 6 minutes (240 seconds) with a cap-
nograph/pulse oximeter.11 During the procedure, SpO2, 
rhythm (rate and rhythm) and ETCO2 were monitored 
and respiratory rate were recorded. Then, COPD exac-
erbation treatment was applied to the patients in line 
with the guidelines of the Global Initiative on Chron-
ic Obstructive Pulmonary Disease.12 After the initial 
evaluation and exacerbation treatment, the patients 
were asked to breathe again with a capnometer, and the 
ETCO2 value, respiratory rate, body temperature, heart 
rate, arterial blood pressure, and oxygen saturation val-
ues were recorded again simultaneously with the ABG 
parameters.

Treatment efficacy
The efficacy of treatment was evaluated by comparing 
vital signs, ABG parameters, and ETCO2 measured at 
the time of arrival at the ED and after COPD exacerba-
tion treatment.

Outcome measures
The primary outcome of the study was the correlation 
between ABG parameters and ETCO2, which were ob-
tained at the time of arrival at the ED and after COPD 
exacerbation treatment. The secondary outcome was the 
treatment efficacy evaluated by comparing the pre-treat-
ment and post-treatment vital signs, ABG parameters, 
and ETCO2. 

Statistical analysis
All statistical analyses were performed using the Sta-
tistical Package for the Social Science (SPSS), Version 
20.0 (IBM Corp., Armonk, New York, USA). Data were 
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presented as mean, standard deviation, percentage and 
frequency. The normality of the distribution of contin-
uous variables was analyzed by using the Shapiro-Wilk 
test. In the comparisons of two dependent groups, the 
paired-samples t-test was used for the normally distrib-
uted data, and the Wilcoxon test for data without a nor-
mal distribution. In the comparison of two continuous 
variables, the Pearson correlation test was conducted if 
the normal distribution was determined, and the Spear-
man correlation test otherwise. The agreement between 
the ETCO2 value and ABG parameters was evaluated by 
using the Bland-Altman method. The statistical signifi-
cance level was taken as p<0.05.

Results
Patient population and characteristics
During the study, a total of 556 patients were presented 
to the ED due to COPD exacerbation. After applying the 
inclusion and exclusion criteria, a total of 216 patients 
were included in the study. The flow chart of the study is 
given in Figure 1.

Fig. 1. Flow diagram of the study

Table 1 presents the demographic and clinical fea-
tures of the patients. The mean age of the patients was 
67.3±13.9 years, and 124 (57.4%) were male. All of the 
patients included in the study were COPD patients. The 
second most common disease detected in the partici-
pants was hypertension (n=107, 49.5%).

Comparison of pre-treatment and post-treatment eval-
uations
Figure 2 presents the comparison of the clinical features, 
ETCO2 values and ABG parameters of the patients at the 
time of arrival and after COPD exacerbation treatment. 
There was a statistical significance between the pre- and 
post-treatment vital signs, ETCO2 values and ABG pa-
rameters (p<0.05).  

Table 1. Demographic and clinical characteristics of the 
patients (n=216) a

Variable Value
Mean age (years) 67.3 ± 13.9
Gender
   Male, n (%)
   Female, n (%)

124 (57.4%)
92 (42.6%)

Condenser use, n (%) 110 (50.9%)
Smokers, n (%) 191 (88.4%)
Smoking, pack-day  1.2 ± 0.1
Clinical characteristics	
   Respiratory rate (breaths/min)
   Body temperature (°C)	
   Heart rate (beats/min) 
   Systolic arterial blood pressure (mmHg)
   Diastolic arterial blood pressure (mmHg)
   Oxygen saturation (%)
   ETCO2 

25.1 ± 7.2
36.9 ± 0.3

99.8 ± 19.9
139.9 ± 19.9
84.2 ± 12.3
80.1 ± 10.6
39.2 ± 10

Chronic diseases other than COPD
   Hypertension, n (%)
   Diabetes mellitus, n (%)
   Congestive heart failure, n (%)
   Other, n (%)

107 (49.5%)
69 (31.9%)
56 (25.9%)
43 (19.9%)

a COPD – chronic obstructive pulmonary disease, ETCO2 – 
end-tidal carbon dioxide

Fig. 2. Comparison of the patients’ vital signs, ETCO2 
values and ABG parameters measured at arrival and after 
treatment (X: p=0.001, +: p=0.002, ++: p=0.042, *: p=0.015)

The relationship between the ETCO2 value and 
ABG parameters measured at arrival is shown in Fig-
ure 3. There was a positive, strong and statistically sig-
nificant correlation between ETCO2 and pCO2 (r=0.840, 
p<0.001).
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Figure 4 shows the relationship between the ETCO2 
values and ABG parameters measured after COPD ex-
acerbation treatment. Likewise, a positive, strong and 
statistically significant correlation was found between 
ETCO2 and pCO2 (r=0.872, p<0.001).
According to the Bland-Altman analysis, the mean ± 
standard deviation of the difference between the pCO2 
and ETCO2 values measured at the time of arrival was 
1.64±5.73 [95% confidence interval (CI): 0.87-2.41], and 
the upper and lower limits were determined as 12.87 
and -9.59, respectively (Figure 5a). In the Bland-Alt-
man analysis of the difference between the post-treat-
ment pCO2 and ETCO2, the mean ± standard deviation 
was found to be 1.45±4.41 (95% CI: 0.86‒2.04), and the 
upper and lower limits were 10.09 and -7.19, respective-
ly (Figure 5b).

Discussion
In this study, the ETCO2 value was compared with ABG 
parameters in patients applied with COPD exacerba-
tion, at the time of arrival and after the treatment. In 
order to determine the efficacy of COPD exacerbation 
treatment, the vital signs and ABG parameters of the 
patients were examined before and after treatment, and 
the differences were found to be statistically significant. 
When the correlation of the ETCO2 value with the ABG 
parameters was evaluated, ETCO2 had a strong correla-
tion with pCO2 both at arrival and after treatment, and 
had a moderately positive and statistically significant 
correlation with HCO3. In addition, there was a clear 
agreement between ETCO2 and pCO2 both before and 
after treatment according to the Bland-Altman graph.

ABG evaluation is of great importance in the hospi-
talization and discharge decisions after the treatment of 
patients with COPD exacerbation. The ABG analysis is 
an invasive and painful procedure that may be accom-
panied by possible complications.13 Therefore, the anal-
ysis of ABG is difficult in some cases.14 During the study, 
it was also observed that patients did not want to give an 
ABG sample for the second time.

Capnography, which is a non-invasive, painless and 
uncomplicated method, provides instant information 
concerning the patient’s status by measuring the ETCO2 
value and respiratory rate in patients with acute respira-
tory problems, such as COPD exacerbations.15 In the lit-
erature, comparisons have been made between ETCO2 
and pCO2 in the evaluation of respiratory status of the 
patients who have undergone sedation and general an-
esthesia, except for COPD cases, and the results have 
been reported to be statistically significantly.8,16-18 In the 
current study, it was shown that the ETCO2 value could 
be used in the follow-up of patients with COPD and in 
the evaluation of the efficacy of COPD exacerbation 
treatment. Dogan et al., who investigated the accuracy 
of the ETCO2 level in the prediction of the severity of 
COPD exacerbation in the ED, found the presence of a 
relationship between ETCO2 and pCO2, and pO2, simi-
lar to the results of our study.10 

Cinar et al. investigated whether there was a dif-
ference between the ABG pCO2 value and the ETCO2 
value in patients applied to the ED due to acute dys-
pnea, and reported a positive, strong and statistically 
significant correlation between these two parameters 
(r=0.911; p<0.001).19 The authors also emphasized that 

Fig. 3. Correlation of the patients’ ETCO2 values with arterial blood gas parameters at arrival
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Fig. 4. Correlation of the patients’ post-treatment ETCO2 values with arterial blood gas parameters 

Fig. 5. Bland-Altman graph (a. agreement between ETCO2 and pCO2 at arrival, b. agreement between ETCO2 and pCO2 after 
COPD exacerbation treatment)

ETCO2 could accurately predict the pCO2 value of pa-
tients presenting to the ED with acute dyspnea. In an-
other study conducted with adult asthmatic patients 
with acute exacerbation, Corbo et al. found a signifi-
cant correlation between pCO2 in blood gas and ETCO2 ​​
measured by capnography.20 Kartal et al. investigated the 
value of ETCO2 measurement for patients with COPD 
in the ED and concluded that there was a moderate cor-
relation between the ETCO2 and pCO2 levels, but unlike 
other studies, ETCO2 measurement was not sufficient to 
predict the pCO2 level in this patient group.4 Similarly, 
Pekdemir et al. reported that the ETCO2 value was sig-
nificantly lower than the pCO2 value and that there was 
a weak correlation between these two parameters.21 In a 

review of ETCO2, it was emphasized that, ETCO2 was an 
important tool in evaluating the severity of obstructive 
airway disease.7 In acute respiratory problems, ETCO2 
can detect airway obstruction and hypoventilation at an 
early stage. Thus, they are able to provide earlier medical 
intervention to these patients.

Taghizadieh et al. compared ETCO2 with bicarbon-
ate (HCO3), an ABG parameter, and emphasized that, 
although ETCO2 could be used in the primary diagno-
sis of metabolic acidosis, ABG was still the gold stan-
dard for guiding diagnosis and treatment.22 However, 
Kartal et al. suggested that the ETCO2 level could in-
dicate the severity of metabolic acidosis and mortality.4 
In another study comparing ETCO2 with HCO3 in pa-
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tients with COPD exacerbation, Taghizadieh et al. de-
tected no statistically significant difference between the 
ETCO2 and HCO3 levels (r=0.04; p=0.136).23 In the same 
study, the authors found a low negative correlation be-
tween ETCO2 and pH (r=-0.249; p<0.001), and a mod-
erate positive correlation between ETCO2 and pCO2 
(r=0.611; p<0.001). In the current study, the ETCO2 and 
HCO3 levels of the patients were positively correlated 
both at arrival and after treatment, and this correlation 
was statistically significant. In addition, we observed a 
low level of negative correlation between ETCO2 and 
pH both at arrival and after treatment. According to the 
data obtained from our study, there was a strong positive 
correlation, similar distribution and agreement between 
the values of ETCO2 and PCO2 measured at the time 
of arrival. More importantly, this correlation was even 
stronger in the post-treatment ETCO2 and PCO2 mea-
surements of the patients, showing less bias and lower 
difference, and a much better agreement.

Limitations
The first limitation of the study was that it was conduct-
ed in a single center. Secondly, patients with concom-
itant metabolic diseases, including diabetes mellitus 
and acute renal failure, which affect metabolic param-
eters, such as pH and HCO3, were not excluded from 
the sample. Since real-world COPD patients may have 
some other comorbidities, and our study aimed to study 
all COPD patients, patients with or without certain con-
comitant metabolic diseases, such as diabetes or acute 
renal failure, were not excluded. Subsequently, factors 
such as cardiomegaly and elevated pulmonary artery 
pressure that could affect the correlation between pCO2 
and ETCO2 were not evaluated. Also, body temperature, 
which may affect the pCO2 level, was not taken into con-
sideration. Lastly, the cigarette consumption of the pa-
tients was calculated as package per day. This, in turn, 
does not report how much COPD patients actually con-
sume package cigarettes per year.

Conclusion
It was determined that ETCO2 measurement which was 
non-invasive, painless, repeatable and low-cost capnog-
raphy procedure may provide information about the ven-
tilation, circulation and metabolism of patients during 
COPD exacerbation at the time of arrival and after treat-
ment. Considering the similar and strongly related prop-
erties of ETCO2 to PCO2 and HCO3, we believe that it 
may be used during the follow-up of patients.
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ABSTRACT
Introduction and aim. Cardiorespiratory function has been shown to be impaired in individuals with type 2 diabetes mellitus 
(T2DM). Some deficiencies in cardiopulmonary exercise test (CPET)-derived variables are known, however, the influence of gly-
cemic control on cardiovascular integrity indices as circulatory power (CP) and ventilatory power (VP), deserve to be instigated. 
The aim was to investigate the influence of glycemic control on CP and VP indices in T2DM. 
Material and methods. T2DM individuals of both sexes aged between 40 and 64 years were allocated into two groups: Good 
glycemic control (GGC, n=11; HbA1c≤7%) and insufficient glycemic control (IGC, n=26; HbA1c>7%). All participants underwent 
a CPET on a treadmill using a gas analyzer and a laboratory blood test.  CP values were obtained by the product of peak of ox-
ygen uptake and systolic blood pressure (SBP) and VP by dividing SBP by the ventilatory efficiency (VE/VCO2 slope). The level 
of significance was set at p<0.05. 
Results. No baseline differences were found between the groups, except for the expected fasting glucose and glycated hemoglo-
bin. No differences were found between GGC and IGC groups for CP (4756.05±1061.67 and 4434.15±1247.83 mmHg.ml.kg-1min-1, 
p=0.460) and VP (5.85±1.08 and 5.86±1.31 mmHg, p=0.978), respectively. 
Conclusion. CP and VP were similar in individuals with T2DM regardless of glycemic control. Predictive ability of these variables 
in health outcomes deserves to be further investigated in T2DM.
Keywords. cardiopulmonary exercise test, glycemic control, type 2 diabetes mellitus
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Introduction 
Diabetes mellitus (DM) is a metabolic disorder charac-
terized by persistent hyperglycemia, resulting from a de-
ficiency in the production of insulin by the pancreas, in 
its action, or both mechanisms.1 The number of people 
diagnosed with DM has increased in several countries. In 
2019, the worldwide prevalence of DM was 463 million 
people, with a forecast of reaching 700 million in 2045.1 

One aspect of health impairment in patients diag-
nosed with DM type 2 (T2DM), contributing to a high-
er risk of cardiovascular disease (CVD), is related to the 
inability to perform activities of daily living when com-
pared to individuals without the disease2 and low car-
diorespiratory functional capacity, that can be accessed 
through oxygen uptake (VO2), as studies show a strong 
inverse association between cardiorespiratory function-
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al capacity and diabetes, which is a significant risk factor 
for mortality in this population.3-5

Cardiopulmonary exercise test (CPET) is a non-in-
vasive procedure aimed to assess patient’s functional 
capacity being considered the gold standard for aero-
bic capacity or cardiorespiratory and metabolic per-
formance assessment.6 Peak oxygen consumption 
(VO2PEAK) is the most representative parameter of car-
diorespiratory physical fitness, whose strong association 
with aerobic physical performance certifies it as a tool 
for the prescription of aerobic physical training.7 How-
ever, for some groups of patients, such as diabetic pa-
tients who have very low VO2PEAK ranges, this variable 
may lose its prognostic value a little, giving way to other 
important variables also obtained by CPET.

Circulatory power (CP) and ventilatory pow-
er (VP) has been demonstrated important marker of 
individual’s cardiovascular integrity level.8 According 
to the authors Forman et al, low CP values ​​indicate 
a worse prognosis of the disease, while high VP val-
ues ​​indicate a better prognosis.9 CP assesses the cen-
tral and peripheral components of cardiac work, being 
defined as a product of peak VO2PEAK and peak systol-
ic blood pressure (SBPPEAK) while the VP index com-
bines the assessment of the hemodynamic system with 
ventilatory efficiency during exercise, being defined by 
the division of PASPEAK by VE/VCO2 slope represent-
ing the ventilatory efficiency for the production of car-
bon dioxide.10,11 For some variables, there are already 
known and tabulated values, among the most used is 
the American Heart Association functional classifi-
cation table published in 1972, which is based on the 
VO2PEAK obtained in a CPET. Regarding the variables 
that will be addressed in this study, Mezzani presents 
a table with CP normality values ​​for healthy people, 
however, there are still no comparative values ​​with the 
diabetic population.12 Regarding VP, we did not find 
tables with normal values ​​in the literature.

We can also consider glycemic control as an import-
ant factor for DM control. Adequate glycemic control 
delays the onset and progression of microvascular com-
plications, in addition to reducing the risk of cardiovas-
cular events by 42% and by 57% of non-fatal myocardial 
infarction, stroke, and death.13 When intensified, gly-
cemic control can prevent and/or delay the onset of 
chronic DM complications, and the glycemic index and 
glycemic load are useful factors to predict the glycemic 
response to foods.14 Also, it is already know the impact 
of poor glycemic control in the aerobic capacity demon-
strated by low VO2PEAK and workload achieved in 
CPET.15

In this way, glycated hemoglobin (HbA1c) reflects 
the average concentration of glucose in the blood in re-
cent weeks, instead of the concentration of glucose in 
the blood at that moment representing the percentage 

of hemoglobin that is bound to glucose.16 HbA1c levels 
above 7% indicate poor glycemic control and are associ-
ated with a progressively higher risk of chronic compli-
cations, hence the current concept of diabetes mellitus 
treatment defined by the Brazilian Diabetes Society 
(SBD) stipulated the value of 6.5% as the upper limit of 
the acceptable value for a patient with well-controlled 
DM.17,18

Aim
This study aimed to explore the influence of glycemic 
control on CP and VP indices in T2DM patients. We hy-
pothesize that the worst glycemic profile would translate 
into a worse PC and VP.

Material and methods
This was a cross-sectional, observational study, followed 
by STROBE statement and was developed at the Labo-
ratory of Cardiopulmonary Physiotherapy (LACAP) at 
the Federal University of São Carlos (UFSCar). 

Selection of participants and ethical aspects
The study included individuals of both sexes with a pre-
vious diagnosis of T2DM19 and aged between 40 and 64 
years, residents in the city of São Carlos ‒ São Paulo, 
Brazil, who were allocated into two groups: good glyce-
mic control group (GGC) and insufficient glycemic con-
trol (IGC) according to value for dividing the groups at 
7% HbA1c.17 The study did not include smokers, alco-
holics, or illicit drug users, participants who presented: 
changes in the electrocardiogram [ischemia, overloads, 
severe arrhythmias (such as ventricular tachycardia) 
and conduction disorders], both at rest and during the 
clinical physical exercise test, participants with neuro-
logical and orthopedic disorders, participants who did 
not have sufficient level of understanding to understand 
the routine of the protocols.

The recruitment of participants was carried out 
through dissemination in electronic and printed media, 
and patients registered in the Basic Health Units. After 
identifying the eligible participants, they were invited to 
participate in the study and after their acceptance, they 
performed all the assessments described below.

Participants were also informed and oriented about 
the procedures they would be submitted to, and the 
methods used in this study and the non-invasive na-
ture of the experiments. Information was also provided 
to participants about the confidentiality of data collect-
ed during the study and about the preservation of their 
identities. After clarifying all the doubts raised by the 
participants and freely accepting to participate in the re-
search, all signed an informed consent form, following 
the norms of the National Health Council (resolution 
466/2012). 
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Sample characterization
All participants underwent an anamnesis to obtain per-
sonal data such as full name, address, age, body mass, 
height, daily life, and eating habits. Participants were 
also asked about medications in use, family history, and 
history. 

A laboratory blood tests were performed at Medi-
cal Laboratory Dr. Maricondi Sao Carlos – Brazil, Bio-
chemical analyses, including fasting serum lipids (total 
cholesterol and fractions and triglyceride), glucose pro-
file (glycemia and fasting insulin Homeostasis Model 
Assessment index – HOMA and HbA1c and complete 
blood count. Samples were drawn between 7:00 a.m. 
and 10:00 a.m. and participants were instructed to fast 
for 8 to 12 hours. 

Cardiopulmonary exercise test (CPET)
CPET was performed in the presence of a cardiologist, 
in order to assess the aerobic capacity of the partici-
pants as well as to obtain the variables of interest for this 
study (VO2PEAK and VE/VCO2 slope) in addition, sys-
tolic blood pressure was monitored by the auscultatory 
method using a sphygmomanometer (Tycos/Bic, Brazil) 
and a stethoscope (Littmann® Classic III, Brazil). CPET, 
considered the gold standard for aerobic capacity assess-
ment, was performed on a treadmill (Super ATL, Porto 
Alegre, Rio Grande do Sul, Brazil) applying the Bruce 
steps incrementally. There was an increase in speed and 
inclination every 3 minutes. To analyze the ergospiro-
metric variables, an Oxycon Mobile® gas analyzer (Mijn-
hardt/Jäger, Würzburg, Germany) was used. Volunteers 
were encouraged to perform the test until exhaustion 
and the criteria for test interruption were those de-
scribed by Balady.20 

Operationalization of variables
During CPET, the following variables were collected 
for analysis: VO2PEAK, peak carbon dioxide production 
(VCO2PEAK), respiratory exchange rate (RER) were de-
fined as the mean of the last 30 seconds of exercise.21 
Blood pressure was measured at the end of each stage of 
the test and at the time of peak exercise. The VE/VCO2 
slope was calculated from the beginning to the peak of 
the exercise and the value considered to be VE/VCO2 
slope was obtained through linear regression between 
these variables. CP values ​​were obtained by the product 
of VO2PEAK by SBPPEAK

22 and VP by dividing the SBPPEAK 
values ​​by the VE/VCO2 slope10 (Fig. 1). 

Statistical analysis
For statistical analysis, the Sigma Plot 11.0 software will 
be used (Systat, USA, 2011). The normality of data dis-
tribution will be verified by the Shapiro-Wilk test. For 
comparison between groups according to population 
characteristics, laboratory tests, and CP and VP indices 

obtained in CPET, t-test will be used for data with nor-
mal distribution and Mann-Whitney test for non-nor-
mal distribution. Data are presented as mean ± standard 
deviation for data with normal distribution and median 
and interquartile range for data with non-normal dis-
tribution. 

Fig. 1. Circulatory and ventilatory power equationa

a CP – circulatory power, SAPPEAK – peak of systolic arterial 
pressure, VE/VCO2 slope – relationship between minute 
ventilation and carbon dioxide production, VO2PEAK – 
oxygen uptake, VP – ventilatory power 

To assess the relationship between glycemic control 
and, VP and CP Pearson correlation test was used. Clas-
sification to correlation coefficient was the proposed by 
MUNRO, 2001 with a small correlation being consid-
ered: values from 0 to 0.25; low from 0.26 to 0.49; mod-
erate from 0.50 to 0.69; high from 0.70 to 0.89; and very 
high from 0.90 to 1.00.23 The level of significance was set 
at p<0.05.

Results
Thirty-seven patients diagnosed with T2DM partici-
pated in this study and were divided into two groups 
(GGC, n=11 and IGC, n=26). Baseline characteristics of 
the groups are described in table 1. No baseline differ-
ences were found between the two groups, except for the 
expected fasting glucose and glycated hemoglobin. 

Regarding the cardiovascular parameters during 
cardiopulmonary the results are described in table 2. 

In the interest variables (CP and VP), no differences 
were found between the studied groups and the results 
are described in table 2 and figure 2A and 2B. Further-
more, there was no relationship between the main vari-
ables and glycemic control, either within each group or 
total number of participants (Table 3).

Discussion 
The present study aimed to investigate the influence of 
glycemic control on aerobic functional capacity through 
circulatory power and ventilatory power in patients di-
agnosed with T2DM. After the patients were submitted 
to the cardiorespiratory exercise test, we can consider 
that, for the studied sample, it was not possible to identi-
fy differences between the variables. The initial hypoth-
esis of this study was based on the premise that patients 
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Table 1. Sample characterization

GGC (n=11) IGC (n=26) p TOTAL (n=37)
Age (years) 53 ± 8 54 ± 8 0.69 54 ± 8.26

Gender (M/F) 7M/4F 19M/7F 26M/11F
Body mass (kg) 84.06 ± 14.95 87.10±15.46 0.58 86.20 ± 5.17

Height (m) 1.7 ± 0.13 1.72 ± 0.1 0.68 1.72 ± 0.11
BMI (kg/m²) 28.47 (25.4–30.89) 29.61 (25.74–30.96) 0.79 29.1 ± 4.7

Fasting glucose (mg/dl) 125 (115.25–129.75) 147.5 (127–170) 0.01 148 ± 50.32
Glycated hemoglobin (%) 5.87 ± 1.16 8.98 ± 1.53 <0.001 8.06 ± 2.02
Total cholesterol (mg/dl) 172.18 ± 44.47 184.59±45.56 0.45 180.9 ± 44.99

HDL (mg/dl) 44 (38–55) 42.5 (32–50.6) 0.22 44.93 ± 14.69
LDL (mg/dl) 94.72 ± 44.73 112.46 ± 39.93 0.24 105.5 ±4 2.08

VLDL (mg/dl) 27.09 ± 12.35 33.92 ± 14.58 0.19 31.77 ±14.11
Triglycerides (mg/dl) 114 (82–184.25) 193 (116–232) 0.13 181.98 ± 122
Diabetes time (years) 2 (1–5.5) 7 (4–10) 0.03 6.65 ± 5.6
Hypertension, n (%) 4 (36) 6 (23) 0.44 10 (27)

Obesity, n (%) 4 (36) 11 (38) 0.78 15 (41)
a Data presented as mean ± SD and median (quartile 1 – quartile 3), BMI – body mass index, GGC – good glycemic control 
group, HDL – high-density lipoprotein, IGC – insufficient glycemic control group, LDL – low-density lipoprotein, VLDL – very-
low-density lipoprotein

Table 2. Cardiovascular parameters during cardiopulmonary testinga

GGC (n=11) IGC (n=26) p TOTAL (n=37)
Rest

HRREST (bpm) 76 ± 11 82 ± 11 0.13 80.84 ± 11.05
SBPREST (mmHg) 130 (111.5–130) 130 (120–140) 0.21 131.68 ± 17.16
DBPREST (mmHg) 80 (72.5–90) 80 (80–90) 0.66 81.78 ± 8.42
Peak exercise

VO2Peak (ml/kg/min) 23.4 (19.57–27.02) 21.4 (19.3–25) 0.33 22.51 ± 4.46
VE/VCO2 slope 35.52 (32.82–38.88) 34.3 1(31.8–37.11) 0.58 35.27 ± 6.32

OUES 1.94 ± 0.51 1.84 ± 0.42 0.54 1.87 ± 0.45
HRPEAK (bpm) 163 ± 18 155 ±  20 0.28 158.13 ± 19.25

% HRMAX 97.77 ± 8.92 95.35 ± 10.44 0.47 96.13 ± 9.96
SBPPEAK (mmHg) 201 ± 19 201 ± 30 0.98 201.08 ± 26.93
DBPPEAK (mmHg) 90 (90–107.5) 100 (90–110) 0.59 98.35 ± 12.36

RER 1.13 (1.08–1.23) 1.12 (1.07–1.20) 0.48 1.14 ± 0.1
VP (mmHg) 5.85 ± 1.08 5.86 ± 1.31 0.98 5.86 ± 1.24

CP (mmHg.ml.kg–1min–1) 4756.05 ± 1061.67 4434.15 ± 1247.83 0.46 4529.85 ± 1190.23
a CP – circulatory power, DBPPEAK – peak diastolic blood pressure, DBPREST – resting diastolic blood pressure, GGC – good glycemic 
control group, HRPEAk – peak heart rate, HRREST – resting heart rate, IGC – insufficient glycemic control group, RER – respiratory 
exchange ratio, SBPPEAK – peak systolic blood pressure, SBPREST – resting systolic blood pressure, VE/VCO2 slope – ventilatory 
efficiency index slope of the ventilatory equivalent of carbon dioxide, VO2PEAK – peak oxygen uptake, VP – ventilatory power

Fig. 2. Circulatory and ventilatory powers comparation a

a CP – circulatory power, GGC – good glycemic control, IGC – insufficient glycemic control, VP – ventilatory power
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with insufficient glycemic control would have lower CP 
and VP values when compared to patients with good 
glycemic control, however, when analyzing the results of 
both groups, the variables presented values without sig-
nificant differences, which was not expected.

Table 3. Correlation coefficient analysis between glycemic 
control (HbA1c) and ventilatory power and circulatory 
powera

r p
IGC
VP -0.205 0.314
CP 0.045 0.825

GGC
VP -0.398 0.225
CP -0.443 0.172

TOTAL
VP -0.167 0.322
CP -0.128 0.451

a CP – circulatory power, GGC – good glycemic control 
group, IGC – insufficient glycemic control group, VP – 
ventilatory power

The literature suggests that the increase in HbA1c 
has been shown to be an independent predictor of car-
diovascular disease in adult patients with T2DM.24 
Complications, both macro and microvascular, includ-
ing diabetic neuropathy, are strongly related to the in-
crease in HbA1c17 and among the symptoms related to 
this type of neuropathy is exercise intolerance25 which 
leads to low adherence to physical exercise programs 
resulting in a reduction in cardiorespiratory capaci-
ty assessed by peak oxygen consumption when com-
pared to a control group.26 In this context, our findings 
corroborate those found in the literature, since the pa-
tients included in this study also had reduced aerobic 
functional capacity according to the American Heart 
Association.27

In this way, insufficient glycemic control can com-
promise physical fitness accessed by maximal oxygen 
uptake as confirmed by Niranjen et al. when compar-
ing healthy patients with controlled and uncontrolled 
diabetic patients.28 We expected to find the same dif-
ferences comparing CP and VP since mechanisms such 
as autonomic control and compromised pulmonary re-
sponses and arterial stiffness may affect these variables 
as well as physical fitness.15,29

Regarding CP and VP, we have not yet found refer-
ence values ​​for the T2DM population that can provide 
us with comparative information to our findings, how-
ever, one study compared patients with coronary artery 
disease with healthy individuals finding, in this popu-
lation, higher values ​​for the two variables.9 Compar-
ing the values ​​found in our study with those described 
by Castello-Simões, we can say that the T2DM pop-

ulation has CP and VP values ​​lower than the healthy 
population.9 Likewise, Mezzani describes that CP is an 
interesting parameter provided by the cardiopulmonary 
exercise test capable of non-invasively evaluating the 
systolic function of the left ventricle during incremen-
tal exercise, in this study the author brings values ​​of ref-
erence for the healthy population ranging from 5680 to 
7050 mmHg.ml.kg-1min-1.12 Thus, the patients involved 
in this study had lower CP values compared to the refer-
ence values mentioned.

We had the hypothesis of this study that T2DM 
patients who were part of the group with worse glyce-
mic control would have worse values ​​of CP and VP, due 
to all the adverse effects caused by this lack of control, 
which has already been described above, however, we 
did not find differences between the groups studied. We 
believe that regardless the glycemic control, low aero-
bic functional capacity of T2DM patients in both groups 
may have reflected in the values ​​of CP and VP since VO-
2PEAK presents a significant correlation with the stud-
ied variables.

Our study also had some limitations. First, the sam-
ple size was relatively small, especially for the group 
with good glycemic control. Second, the lack of a con-
trol group with apparently healthy subjects to compare 
CP and VP, since there are no reference values ​​for these 
variables for the T2DM population.

As clinical importance, we can highlight that giv-
en the already known importance of glycemic control 
in several complications in T2DM, this study intend-
ed raise awareness regarding the disease control, how-
ever, although we did not observe a direct influence on 
the PC and PV indices, sample’s particularities and size 
must be considered, so that further studies will be able 
to consolidate these findings.

Also, the study brings to light the CP and VP, im-
portant markers of cardiovascular integrity level to be 
addressed in rehabilitation programs.9 In addition, we 
also reinforce the need for studies to determine indic-
ative cutoff values ​​for patients diagnosed with T2DM.

Conclusion
In conclusion, CP and VP were similar in individuals 
with T2DM regardless of glycemic control. The pre-
dictive ability of these variables in health outcomes de-
serves to be further investigated in T2DM.
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ABSTRACT
Introduction and aim. Acute cholecystitis is one of the most common hepatobiliary emergencies. We aimed to investigate the 
role of the initial hematological inflammatory index and systemic immuno-inflammation index in predicting short-term mor-
tality in patients with acute cholecystitis.
Material and methods. This study with a retrospective observational design was conducted at the emergency department of 
a tertiary teaching hospital. Patients admitted to our clinic between June 15, 2021, and March 15, 2022, according to the Tokyo 
criteria were included in the sample. The hematological inflammatory index and systemic immuno-inflammation index were 
calculated using the hematological test results of the patients evaluated at the emergency department. Survivor and non-sur-
vivor groups were formed according to all-cause 30-day mortality. The differences between survivor and non-survivor groups 
were investigated.
Results. A total of 194 patients were included in the final analysis. The median age of the study population was 59 (25th–75th per-
centiles: 46.75–72) years. The rate of all cause-short-term mortality was 7.7. There were significant differences between the survi-
vor and non-survivor groups in terms of the neutrophil count and the systemic immuno-inflammation index (p=0.007, 0.034, re-
spectively; Mann-Whitney U test). No significant difference was found in the remaining laboratory parameters (lymphocyte count, 
platelet count, and hematological inflammatory index) (p=0.220, 0.489, 0.367 respectively; Mann-Whitney U test).
Conclusion. The systemic immuno-inflammation index was determined to be significantly higher in the non-survivor group 
than in the survivor group among the patients with acute cholecystitis. However, there was no significant difference between 
these two groups in relation to the hematological inflammatory index.
Keywords. acute cholecystitis, neutrophil, lymphocyte, platelet, mortality
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Introduction
Acute cholecystitis is a disease caused by the acute in-
flammation of the gallbladder. Inflammatory changes 
that occur in this disease can range from a mild symp-
tomatic to a severe clinical picture, including acute 
pancreatitis, acute cholangitis, and even empyema or 
gangrene.1 Acute cholecystitis constitutes approxi-

mately 1–3% of patient presentations with abdominal 
pain. The cause is gallstones in 90–95% of cases.1,2 To 
diagnose acute cholecystitis, it is necessary to evalu-
ate the medical history, physical examination findings, 
laboratory results, and radiological imaging findings 
together. There is not a single clinical or laboratory 
parameter that will diagnose or exclude the diagno-
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sis. The Tokyo criteria (TG18 Diagnostic Criteria and 
Severity Grading of Acute Cholecystitis) published in 
2007 and updated in 2013 and 2018 are used as diag-
nostic criteria.3 

In infections, trauma, inflammatory diseases, and 
similar conditions, a series of changes occur as a re-
sponse at or away from the inflammation area. This 
response is called the acute phase response, includ-
ing neuroendocrine, hematopoietic, and metabolic 
changes.4 Proteins with increasing or decreasing serum 
concentrations (acute phase reactants) and some hema-
tological parameters are used in the clinical evaluation 
of the inflammatory acute phase response and response 
to therapy. The most studied hematological parameters 
are the neutrophil count, white blood cell count, and 
lymphocyte count. To determine the ideal marker, re-
searchers have worked on a combination of these pa-
rameters.5 The hematological inflammatory index (HII) 
and systemic immuno-inflammation (SII) are newly 
developed inflammatory indexes.6,7 To the best of our 
knowledge, there is no study in the literature evaluating 
the role of HII and SII in acute cholecystitis. 

Aim
The aim of our study was to investigate the role of the 
initial SII and HII in predicting short-term mortality in 
patients presenting to the emergency department with 
acute cholecystitis.

Material and methods 
Design of study 
The current study with a retrospective observational de-
sign was conducted at the adult emergency department 
of a tertiary teaching hospital, serving a population of 
approximately one million and having an average of 
1,000 admissions per day.

Patient sampling
The data of patients with the acute cholecystitis ICD 
code, who presented to the Emergency Department of 
University of Health Sciences Umraniye Training and 
Research Hospital between June 15, 2021, and March 
15, 2022, were obtained from the hospital comput-
er-based patient information system. Patients who did 
not meet the Tokyo 2018 criteria and those with incom-
plete data were excluded from the study.

Data collection
Demographic data, comorbidities, and laboratory pa-
rameters were gathered from the patient information 
system of the hospital. Comorbidities were noted as 
congestive heart failure, diabetes mellitus, asthma, hy-
pertension, chronic obstructive pulmonary disease, and 
chronic renal failure. The white blood cell count, hemo-
globin, red cell distribution width, neutrophil count, 

lymphocyte count, platelet count, mean platelet vol-
ume, blood urea nitrogen, creatinine, and albumin val-
ues were documented. The neutrophil lymphocyte ratio, 
SII, and HII were calculated. HII was calculated by mul-
tiplying the platelet count by 100 and dividing the result 
by the product of the neutrophil count and lymphocyte 
count. SII was calculated by multiplying the neutro-
phil-lymphocyte ratio by the platelet count.

Statistical analysis
Statistical analysis was performed using Jamovi (The 
Jamovi Project, Version 1.6.21.0; 2020). The fit of the 
parameters to the normal distribution was determined 
with the Shapiro-Wilk test. Categorical data were pre-
sented as numbers and percentages, and continuous 
data as median and 25th and 75th percentile values. The 
correlation between categorical data and mortality was 
investigated using the chi-square test, and the relation-
ship between continuous data and mortality was deter-
mined with the Mann-Whitney U test. The ability of the 
variables to predict mortality was examined using the 
receiver operating characteristic (ROC) analysis. The re-
sults of this analysis were presented with positive and 
negative predictive values, and the cut-off point spec-
ified as the area under the curve (AUC). Values above 
0.7 were considered significant as promising AUC val-
ues.8,9 Values above 0.05 were accepted for the signifi-
cant p value.

Ethics 
Ethical approval for the study was obtained from the 
University of Health Sciences Ümraniye Training and 
Research Hospital ethics committee with 03.31.2022 
date and 114 number. Informed consent was waived 
within the knowledge of the local ethics committee, as 
the study did not include any personal information of 
the patients and had a retrospective design.

Results 
A total of 194 patients were included in the final anal-
ysis. The median age of the study population was 59 
(25th–75th percentiles: 46.75–72) years, and 93 (47.9%) 
patients were female. The rate of all cause-short-term 
mortality was 7.7. The descriptive data of the study 
population and comparison of these characteristics be-
tween the survivor and non-survivor groups are pre-
sented in Table 1. 

There were significant differences between the 
survivor and non-survivor groups in terms of the 
neutrophil count [10.23 (7.48-13.97) versus 14.78 
(9.46-23.2) 103/µL, p = 0.007] and SII [1726.37 (974.21-
2746.58) versus 2381.1 (1509.74-6835.21), p = 0.034] 
(Mann-Whitney U test). No significant difference was 
observed between the two groups in relation to the 
remaining laboratory parameters: lymphocyte count 
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Table 1. Baseline characteristics and laboratory parameters of the enrolled patients and their comparison between the 
survivor and non-survivor groups

Variables Total
n = 194

Survivor
n = 179 (92.3%)

Non-survivor
n = 15 (7.7%) p

n (%)/Median  
(25th-75th percentiles)

n (%)/Median  
(25th-75th percentiles)

n (%)/Median  
(25th-75th percentiles)

Age 59 (46.75 – 72) 58 (45 – 69) 79 (72 – 86) <0.001
<65 years 122 (62.9%) 120 (98.4%) 2 (1.6%)

<0.001
≥65 years 72 (37.1%) 59 (81.9%) 13 (18.1%)

Gender
0.663Female 93 (47.9%) 85 (91.4%) 8 (8.6%)

Male 101 (52.1%) 94 (91.3%) 7 (6.9%)
Comorbidities 

Chronic obstructive pulmonary  
disease 10 (5.2%) 8 (80%) 2 (20%) 0.175

Hypertension 83 (42.8%) 74 (89.2%) 9 (10.8%) 0.161
Diabetes mellitus 47 (24.2%) 43 (91.5%) 4 (8.5%) 0.818
Coronary artery disease 39 (20.1%) 33 (84.6%) 6 (15.4%) 0.085
Congestive heart failure 14 (7.2%) 11 (78.6%) 3 (21.4%) 0.081
Asthma 12 (6.2%) 11 (91.7%) 1 (8.3%) 0.936
History of malignancy 8 (4.1%) 8 (100%) 0 0.403
Hyperlipidemia 41 (21.1%) 38 (92.7%) 3 (7.3%) 0.911

Laboratory parameters
White blood cell count (103/µL) 13.1 (10.07 – 17.06) 12.97 (9.88 – 16.8) 16.8 (12.3 – 25.6) 0.012
Neutrophil count (103/µL) 10.38 (7.53 – 14.24) 10.23 (7.48 – 13.97) 14.78 (9.46 – 23.2) 0.007
Lymphocyte count (103/µL) 1.59 (0.49 – 0.71) 1.61 (1.17 – 2.18) 1.24 (0.98 – 2.12) 0.22
Hemoglobin (g/dL) 10.5 (11.8 – 14.9) 13.6 (12 – 14.9) 11.2 (9.3 – 12.8) <0.001
Hematocrit (%) 40.5 (36.3 – 44.5) 40.9 (37.1 – 44.7) 33 (28.1 – 37) <0.001
Red blood cell distribution width (%) 13.6 (13.1 – 14.5) 13.5 (13 – 14.2) 17.2 (16.9 – 19.3) <0.001
Platelet count (103/µL) 270 (225 – 321) 271 (229 – 321) 244 (197 – 370) 0.489
Mean platelet volume (fL) 9.7 (8.97 – 10.5) 9.8 (9.1 – 10.6) 8.12 (7.26 – 9.53) <0.001
Plateletcrit (%) 0.26 (0.22 – 0.32) 0.26 (0.22 – 0.32) 0.21 (0.15 – 0.27) 0.03
Blood urea nitrogen (mg/dL) 30.6 (22.2 – 40.1) 29.6 (21.5 – 37.3) 55.6 (36.3 – 70.6) <0.001
C-reactive protein, (mg/dL) 51.64 (8.5 – 154.88) 45.8 (8.1 – 145.9) 135 (112 – 188) 0.006
Albumin (g/dL) 42.9 (38.7 – 45) 43 (39.4 – 45) 30 (23 – 33) <0.001
Total bilirubin (mg/dL) 0.84 (0.53 – 1.43) 0.81 (0.51 – 1.39) 1.2 (0.77 – 3.56) 0.018
Direct bilirubin (mg/dL) 0.27 (0.15 – 0.55) 0.26 (0.14 – 0.51) 0.55 (0.27 – 2.61) 0.006
Indirect bilirubin (mg/dL) 0.48 (0.31 – 0.79) 0.48 (0.3 – 0.78) 0.86 (0.43 – 1.24) 0.025
Neutrophil-lymphocyte ratio 6.51 (3.95 – 10.05) 6.37 (3.89 – 9.53) 12.31 (9.27 – 16.58) 0.002

Platelet-lymphocyte ratio 162.62  
(119.65 – 240.16)

162.29  
(12.83 – 233.98)

201.02  
(100.67 – 365) 0.559

C-reactive protein/albumin ratio 1.22 (0.2 – 4.03) 1.08 (0.17 – 3.52) 4.3 (3.95 – 7.45) <0.001
Blood urea nitrogen/albumin ratio 0.71 (0.51 – 0.99) 0.69 (0.48 – 0.94) 2.06 (1.4 – 3.03) <0.001
Systemic immune-inflammation 
index

1764.96  
(1001.77 – 2778.77)

1726.37  
(974.21 – 2746.58)

2381.1  
(1509.74 – 6835.21) 0.034

Hematologic inflammatory index 1.68 (1.08 – 2.5) 1.7 (1.13 – 2.54) 1.5 (0.92 – 2.46) 0.367

[1.61 (1.17-2.18) versus 1.24 (0.98-2.12) 103/µL, p = 
0.220], platelet count [3 (1-22) versus 9 (2-21) 103/µL, 
p= 0.489], and HII [1.7 (1.13-2.54) versus 1.5 (0.92-
2.46), p = 0.367] (Mann-Whitney U test). The initial 
laboratory parameters of the enrolled patients and 
their comparison between the survivor and non-sur-
vivor groups are shown in Table 1.

The ROC curve analysis was performed to deter-
mine the predictive ability of the neutrophil count, 
lymphocyte count, platelet count, SII, and HII for short-
term mortality. The cut-off values of these parameters 
according to the best Youden’s index, as well as their 
sensitivity, specificity, AUC, and 95% confidence inter-
val values are presented in Table 2 and Figure 1.
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Table 2. Accuracy of the investigated laboratory parameters in predicting short-term mortality in patients with acute 
cholecystitis a 

Variables AUC Accuracy 95% CI Cut-off value Sensitivity Specificity PPV NPV PLR NLR p value

Neutrophil count 0.708 0.933 0.639–0.771 >16.82 46.67 91.62 31.8 95.3 5.57 0.58 0.014
Lymphocyte count 0.596 0.923 0.523–0.665 ≤1.39 60.00 64.80 12.5 95.1 1.70 0.62 0.246
Platelet count 0.554 0.923 0.481–0.625 ≤230 46.67 73.74 13.0 94.3 1.78 0.72 0.574
Systemic immuno- 
-inflammation

0.666 0.918 0.593–0.884 >4049.3 40.00 91.62 28.6 94.8 4.77 0.65 0.041

Hematological  
inflammatory index

0.570 0.923 0.498–0.641 ≤1.53 66.67 56.42 11.4 95.3 1.53 0.59 0.428

a AUC – area under the curve, CI – confidence interval, PPV – positive predictive value, NPV – negative predictive value, PLR – 
positive likelihood ratio, NLR – negative likelihood ratio

Fig. 1. Receiver operating characteristic curves of the 
hematological inflammatory index (HII), systemic immuno-
inflammation index (SII), neutrophil count (Neu), lymphocyte 
count (Lym), and platelet count (Plt) for the prediction of 
short-term mortality in patients with acute cholecystitis 

Fig. 2. Receiver operating characteristic curve of the 
multivariate logistic regression model for the prediction of 
short-term mortality in patients with acute cholecystitis 

With the multivariate regression model created for 
the prediction of short-term mortality, the AUC val-
ue was calculated as 0.714 (accuracy: 0.943, sensitivity: 
0.999, and specificity 0.267, p<0.001) (Figure 2).

Discussion 
In the current study, we investigated the role of the ini-
tial SII and HII values in predicting short-term mortal-
ity in patients with acute cholecystitis. According to the 
results of the univariant analysis, there was no signif-
icant difference in the HII value between the survivor 
and non-survivor groups. The SII value was found to be 
significantly higher in the mortality group, and it was 
able to predict short-term mortality in acute cholecysti-
tis with high specificity (91.62%). Another valuable find-
ing for the literature was that the created multivariate 
regression model detected the risk of short-term mor-
tality in acute cholecystitis with high accuracy (0.943).

Neutrophils, one of the primary response agents to 
acute inflammation, constitute 50–70% of circulating 
leukocytes, and an increase in neutrophils is usually ex-
pected in acute cholecystitis.10 In a study by Naidu et al., 
it was shown that the neutrophil count was higher in 
the patient group whose histology was compatible with 
acute cholecystitis among patients who had undergone 
cholecystectomy for acute cholecystitis compared to 
those without this disease (10.1 K/uL versus 6.0 K/uL).11 
In another study, Sato et al. reported that the neutrophil 
values of patients with acute cholecystitis significantly 
differed between the three groups formed according to 
disease severity determined by the TG18 criteria.12 In 
the current study, the neutrophil count was found to be 
significantly higher in the mortality group. These results 
show that the neutrophil value can be used as a guide for 
both the diagnosis of acute cholecystitis and the deter-
mination of severity and prediction of mortality.

Lymphocytes are among markers representing im-
munity.13 In the current literature, there are conflicting 
results in studies evaluating the role of the lymphocyte 
count in acute cholecystitis. In a study by Sato et al., 
evaluating the effectiveness of the lymphocyte count in 
predicting the severity of acute cholecystitis, it was sug-
gested that this parameter did not have a place in this 
prediction.12 These results were later validated by Mah-
mood et al.14 On the other hand, Ertok et al. found that 
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the lymphocyte count was significantly lower in patients 
with acute cholecystitis compared to the control group.15 
In our study, the lymphocyte counts, and mortality were 
unrelated. The results of the mentioned studies reveal 
that there is no relationship between acute cholecystitis 
and lymphocyte count.

Platelet plays a role in inflammation, in addition to 
being an important element of the coagulation cascade. 
The platelet count is a well-known predictor of many in-
fectious diseases, especially sepsis.16 On the other hand, 
there are controversial publications concerning the ef-
fects of platelets on acute cholecystitis. Contrary to ex-
pectations, Sayit et al. reported increased platelet values 
in patients with acute cholecystitis compared to the con-
trol group.17 Sato et al. found a low platelet count in severe 
acute cholecystitis cases.14 In contrast, Woo et al. revealed 
that the platelet count was not affected in patients with 
acute cholecystitis compared to severe cases.18 In the cur-
rent study, the platelet count was unaffected. The results 
of the mentioned studies indicate that there is no rela-
tionship between acute cholecystitis and platelet count.

SII and HII are new and inexpensive biomarkers 
that can be easily calculated using the neutrophil, plate-
let, and lymphocyte counts.19-22 These two indexes are 
parameters that show the balance between inflamma-
tory and immune responses. The role of SII has been 
investigated in many malignant diseases, asthma, coro-
nary disease, ischemic stroke, and as a systemic inflam-
mation and prognostic marker. High SII values ​​have 
been associated with poor outcome in coronary diseas-
es, stroke, and malignant diseases.19-21 A logical expla-
nation for this has been suggested in the literature as 
SII being a marker of a strong inflammatory response 
and a weak immune response. On the other hand, HII is 
a newly developed and less studied indicator compared 
to SII. Şahinli and Türker proposed HII as a new prog-
nostic marker in patients that underwent resection for 
gastric cancer.22 According to the best of our knowledge, 
our study is the first in the literature to evaluate the role 
of SII and HII in predicting short-term mortality in pa-
tients with acute cholecystitis.

There are several important limitations to our study. 
The retrospective design is the most important limita-
tion. In addition, acute cholecystitis represents a het-
erogeneous group, including patients with or without 
stones, gangrenous cholecystitis, and gallbladder empy-
ema. However, in the current study, we were not able to 
perform subgroup analyses. The limited sample and sin-
gle-center design can be considered as other limitations 
that could limit the generalizability of our findings.

Conclusion
In conclusion, SII was determined to be significant-
ly higher in the non-survivor group than in the survi-
vor group among the patients with acute cholecystitis. 

In terms of HII, there was no significant difference be-
tween the survivor and non-survivor groups with acute 
cholecystitis. SII is an easily accessible, inexpensive pa-
rameter that assists clinicians in the clinical follow-up of 
patients with acute cholecystitis. However, we consider 
that our results should be validated through large multi-
center studies to increase their generalizability.
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ABSTRACT
Introduction and aim. Obesity is the leading one among the most common nutritional disorders seen during childhood period. 
We aimed to determine the incidence of obesity, obesity awareness, physical activity and associated factors in school-age children. 
Material and methods. The sampling was composed of 725 students who were studying in secondary schools during the 
2016–2017 academic year. Data were collected with “Personel Information Form”, “Obesity Awareness Scale” and “Physical Ac-
tivity Questionnaire for Older Children”. The mean age was 12.30±1.32 (10–15), 53% of the students were females and 60.1% of 
students have a person with obesity in the family. 
Results. We determined that 18.3% of the students were with obesity. The body mass index of students who have a balanced 
diet compared to those who have not is statistically significantly lower (p<0.05). There was a significant relationship between 
students’ body mass index and obesity awareness (r=-0.084, p=0.024). 
Conclusion. Screening for obesity and related factors, such as obesity awareness, having a balanced diet should begin in 
school-aged children for childhood obesity prevention. 
Keywords. awareness, children, obesity, pediatric obesity, physical exercise

ORIGINAL PAPER

Wydawnictwo UR 2022
ISSN 2544-1361 (online)
doi: 10.15584/ejcem.2022.3.12

Corresponding author: Aylin Kurt, e-mail: aylinkurt67@gmail.com

Received: 26.05.2022 / Revised: 1.07.2022 / Accepted: 19.07.2022 / Published: 30.09.2022

Topan A, Ocakcı AF, Ayyıldız TK, Kurt A, Ozdemir S. The incidence of obesity among children in Turkey – obesity 
awareness, physical activity and other associated factors. Eur J Clin Exp Med. 2022;20(3):336–341. doi: 10.15584/ej-
cem.2022.3.12.

Mariusz Wójcik http://orcid.org/0000-0002-1599-2394
Joanna Daszyk-Wójcik http://orcid.org/0000-0002-8819-5281
Kamil Skoczyński http://orcid.org/0000-0002-7836-0677
Daria Lahoda http://orcid.org/0000-0003-0783-6225
Valentyna Velychko

Krzysztof Milik, Grzegorz Pasternak, 
David Aebisher http://orcid.org/0000-0002-2661-6570

Joanna Gustalik, 
David Aebisher http://orcid.org/0000-0002-2661-6570
Ewa Kaznowska http://orcid.org/0000-0002-4135-0678
Dorota Bartusik-Aebisher http://orcid.org/0000-0002-5557-5464

Grzegorz Pasternak, 
Dorota Bartusik-Aebisher http://orcid.org/0000-0002-5557-5464
David Aebisher http://orcid.org/0000-0002-2661-6570
Rafał Filip http://orcid.org/0000-0002-5954-151X

Tugolbai Tagaev http://orcid.org/0000-0002-3102-6524
Vityala Yethindra http://orcid.org/0000-0003-1007-2422

Berrin Erok (http://orcid.org/0000-0001-8036-547X)
Hakan Önder (http://orcid.org/0000-0001-5207-3314)

Introduction
Obesity is the leading one among the most common nu-
tritional disorders seen during childhood period. Obe-
sity is one of the serious public health problems since 
impaired glucose tolerance and type 2 diabetes are fre-
quently seen among children with obesity as in adults 
and many associated diseases that seriously threaten life 
such as hypertension, cardiovascular diseases, degener-
ative arthritis and thrombophlebitis occur commonly 
during childhood as well as adulthood period.1

Various obesity prevalences have been reported 
from distinct regions of the world today; and accord-

ing to the statement of World Health Organization 
(WHO), 42 millions of overweight children below 5 
years old have been living on earth since 2010, and al-
most 35 million of these children live in developing 
countries.2 Obesity was most common in America, 
Caribbeans, Middle and North Africa by a rate of 20% 
and higher.3

Improper dietary habits, sedentary lifestyle, genetic 
and hormonal factors and lack of physical activity had 
roles in the emergence of childhood obesity. Prevention 
from obesity is based on changing unhealthy dietary 
and exercise habits into healthy behaviors on behalf of 
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childhood obesity.5 These principles are generally eval-
uted as part of obesity awareness. In recent years, stud-
ies examining the effect of obesity awareness on obesity 
have attracted attention.4,5

Awareness about obesity has been reported to be 
an indicator for future increase in an individual’s body 
weight management and their quality of life.6 Obesity 
awareness contains physical activity and nutrition be-
side obesity awareness. At this point, it is required to 
determine and improve obesity awareness and physical 
activity levels among the children and adolescents. Al-
though there are studies in the literature that examine 
the obesity levels of students, studies examining the re-
lationship between body mass index (BMI) and obesity 
awareness are quite limited.6–8

Aim
This study was carried out to determine relationship 
between obesity, obesity awareness, physical activi-
ty and other associated factors in school age children. 
The questions of this study: (1) What was the BMI lev-
els of the students? (2) Is there a difference BMI levels 
of students according to personal characteristics (gen-
der, having person with obesity in the family, having 
breakfast everyday, having dinner everyday and hav-
ing balanced diet)? (3) Are there relationships between 
BMI levels, obesity awareness and physical activity of 
students?

Material and methods
Ethical approval
All procedures performed in studies involving human 
participants were in accordance with the ethical stan-
dards of the institutional and/or national research com-
mittee and with the 1964 Helsinki Declaration and its 
later amendments or comparable ethical standards. 
The study was approved by Human Research the Eth-
ics Committee of the Zonguldak Bülent Ecevit Univer-
sity (Date: 26.01.2017, No: 192). Data collection was 
performed based on the voluntary participation of the 
individuals and their parents enrolled in the study. We 
informed the students and their parents about the aim 
of the study and the confidentiality of all data, and they 
gave their written consents.

Setting
The study used a cross-sectional study design in which 
the data were collected via questionnaires during 
2016‒2017 academic year with 725 school-aged children 
and analyzed using descriptive statistics in Zonguldak, 
Turkey. This study is reported in accordance with the 
Strengthening the Reporting of Observational Studies 
in Epidemiology (STROBE) statement: guidelines for 
reporting observational studies.9

Participants  
The total number of students in five secondary schools 
is 972. The sampling method was not used in this study 
and all students volunteering to particiapte in this study 
were included. A total of 725 (participation rate: 74.6%) 
students participated in the study. Criteria for inclusion 
in the study; being a student at 5, 6, 7 and 8th grades and 
volunteering to participate in the study. Exclusion Crite-
ria: not volunteering to participate in the study.

Data collection 
Data were collected face to face from students. Data 
were collected with “Personel Information Form”, “Obe-
sity Awareness Scale” and “Physical Activity Ques-
tionnare for Older Children”.

Personel information form
This form prepared by the reseachers by scanning the 
literature.10,11 This form consists of questions related to 
the sociodemografic variables of students age, gender, 
height, weight and diet. The children’s height and weight 
were measured by the researchers during 2016‒2017 ac-
ademic year.

Obesity awareness scale (OAS)
In order to determine of obesity awareness of the chil-
dren “Obesity Awareness (OAS) Scale” were used. This 
scale was developed and validated for Turkey by Kaf-
kas and Özen.12 The validity and reliability value of the 
scale is 0.87. It consists of twenty items and questions 
assessing obesity awareness, nutrition and physical ac-
tivity knowledge of the children. Each statement was 
scored from 0 to 4. Original form of the scale consisted 
of 23 items and three domains including obesity aware-
ness (8 items) nutrition (7 items) and physical activi-
ty (8 items). The scores were added to give a final score 
(0–80). Higher scores indicate an increase in the aware-
ness of obesity.13 Cronbach Alpha value was found to be 
0.85 in this study.

Physical activity questionnare for older children 
(PAQ-C 4-8)
This questionnaire was developed by Trocker, Bailey, 
Faulkner, Kowalski and McGrath; and its validity and 
reliability studies were performed by Tanır and Yon-
calık.14 It gives an idea about the general physical ac-
tivity habits of the participants (8‒14 year old children 
who were studying at 4‒8 grades.). The scale consists 
of 9 questions (Cronbach’s alpha = 0.76) graded in 1-5 
Likert type. In calculating the physical activity scores of 
the participants in the study, the average of all questions 
is taken. Five points for each question indicate the high-
est physical activity level and one point indicates the 
lowest physical activity level.14 Cronbach’s Alpha value 
was found to be 0.89 in this study. 



338 European Journal of Clinical and Experimental Medicine 2022; 20 (3): 336–341

Table 1. Disturibution of students’ personal characteristics 
(n=725)

Personal characteristics X– ± SD (Min – Max)

Age 12.30 ± 1.32 (10 – 15)

n %

Gender

Male 384 53

Female 341 47

BMI

Thin 
(<18.9 kg/m2)

195 26.9

Normal 
(19.0-24.9 kg/m2)

305 42.1

Overweight 
(25.0-29.9 kg/m2)

92 12.7

With obesity 
(>30 kg/m2)

133 18.3

Person with obesity in the family

Yes 283 39.9

No 436 60.1

Having breakfast everday

Yes 481 66.3

No 55 7.6

Sometimes 189 26.1

Having lunch everday

Yes 447 65.8

No 41 5.7

Sometimes 207 28.6

Having dinner everday

Yes 23 88.3

No 640 3.2

Sometimes 62 8.6

Having balanced diet

Yes 	 401 55.3

No 74 10.2

Sometimes 250 34.5

Data analysis
Statistical Package for the Social Sciences (SPSS) 
22.0 package program (IBM, Armonk, NY, USA) was 
used to analyze the data. Descriptive data are indi-
caed by number, percentage, mean and standard de-
viation. Whether the data was normally distributed 
was checked with skewness and kurtosis, and para-
metric test were used. In comparison of quantitative 
data, one-way analysis of variance was used for more 
than two groups with the difference of student t test 
between two groups. Bonferroni post hoc test was used 
to determine where the significant difference originat-
ed. The extent of the relationship between BMI and 
obesity awareness was examined by simple linear re-

gression analysis. Analysis results were analyzed as 
p<0.05 significant levels.

Results
The mean age was 12.30 ± 1.32 (10‒15), 53% of the stu-
dents were females and 60.1% of students have a person 
with obesity in the family. Additionally, 66.3% of stu-
dents have breakfast everyday, 65.8% of students have 
lunch everyday, 88.3% of students have dinner everyday 
and 55.3% have a balanced diet. Altogether, 12.7% were 
overweight and 18.3% were with obesity (Table 1). 

A comprison of students according to personel 
characteristics in terms of BMI is given in Table 2. 

Table 2. Comparisons of students’ BMI based on their 
personal characteristics and (n=725)

Personal  
characteristics

BMI
X– ± SD

Statistical 
analysis

Significant 
difference
(post hoc)*

Gender
Male 19.54 ± 4.25 t = -1.195

p = 0.232Female 19.93 ± 4.5
Person with obesity in the family

Yes 19.20 ± 3.89 t = -4.012
p < 0.001No 20.52 ± 4.91

Having breakfast everday
Yes 19.28 ± 4.23

F = 8.429
p < 0.001

1-2 
(p = 0.005)

1-3 
(p = 0.006)

No 21.23 ± 4.1
Sometimes 20.43 ± 4.62

Having lunch everday
Yes 19.74 ± 4.38

F = 0.016
p = 0.984

No 19.64 ± 3.86
Sometimes 19.70 ± 4.47

Having dinner everday
Yes 19.51 ± 4.21 F = 7.981

p < 0.001
1-2  

(p < 0.001)No 20.10 ± 4.1
Sometimes 21.80 ± 5.45

Having balanced diet 1-2 
(p < 0.001)

1-3 
(p = 0.002)

Yes 19.16 ± 4.16 F = 13.529
p < 0.001No 21.91 ± 5.5

Sometimes 19.99 ± 4.1

There was a statistically significant difference in 
terms of BMI according to having person with obesi-
ty in the family,  having breakfast everyday, having din-
ner everyday and having balanced diet (p<0.05). BMI of 
students who have a person with obesity in the family 
compared to who have not is statistically significantly 
higher (p<0.001). BMI of students who have berakfast 
everyday compared to who have not (p=0.005) and have 
sometimes (p=0.006) are statistically significantly lower. 
BMI of students who have balanced diet compared to 
who have not (p<0.001) and have sometimes (p=0.002) 
is statistically significantly lower.
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The total score average of the students’ OAS was 
57.70±8.7 (20‒80) and the highest score among the sub-
dimensions was obesity awareness 22.34±3.91 (8‒42). 
The total score average of the students’ PAQ-C was 22.34 
± 3.91 (8‒42) (Table 3).

Table 3. Students’ obesity awareness scale and physical 
activity questionnare for older children total scores (n=725)

Scales X– ± SD Min-Max
Obesity awareness scale

Awareness 22.34 ± 3. 34 8 – 42
Nutrition 20.57 ± 3.48 7 – 28
Physical activity 14.78 ± 2.68 5 – 20
Total score 57.70 ± 8.7 20 – 80

Physical activity questionnare for older children
Total score 22.34 ± 3.91 8 – 42

There was a significant releationship between stu-
dents’ BMI and obesity awareness (r=-0.084, p=0.024).
There was no significant releationship between students’ 
BMI and physical activity (p<0.05) (Table 4).

Table 4. Correlations between students’ BMI, obesity 
awareness scale and physical activity questionnare for 
older children total scores (n=725) a

Obesity  
awareness scale

total score

Physical activity questionnare  
for older children total score

BMI
r* -0.084 -0.034
p 0.024** 0.365

a *Pearson correlation test, **p<0.05

According to the results of the regression analysis, 
when the significance level corresponding to the F value 
is examined, the model established is statistically signif-
icant (F=5.124; p<0.05). Looking at the beta coefficient 
value, t value and significance level of the indepen-
dent variable; OAS has a statistically significant effect 
on BMI (t=2.264, p<0.05). In this study, 0.7% of the 
change on the BMI is explained (Regulated R2=0.007). 
One unit increase in the OAS variable causes a decrease 
of 0.084 on the BMI (b=0.084, p<0.05) (Table 5).

Discussion
This study was carried out to determine relationship be-
tween obesity, obesity awareness, physical activity and 

and other associated factors in school age children. Al-
though there are studies in the literature that examine 
the obesity levels of students, studies examining the re-
lationship between BMI and obesity awareness are quite 
limited.6–8 In this study, 12.7 % students were overweight 
and 18.3% were with obesity. There was a statistically 
significant difference in terms of BMI according to hav-
ing person with obesity in the family, having breakfast 
everyday, having dinner everyday and having balanced 
diet (p<0.05). There was a significant releationship be-
tween students’ BMI and obesity awareness (r=0.084, 
p=0.024). One unit increase in the OAS variable caus-
es a decrease of 0.084 on the BMI (β=-0.084, p<0.05). 
There was no significant releationship between students’ 
BMI and physical activity (p<0.05). 

In this study, 12.7 % students in this study were over-
weight and 18.3% were with obesity. In a meta analysis 
which was carried out among the children in Turkey be-
tween 1990‒2015, prevalence of excess weight has in-
creased from 0.6% to 7.3% by a 11.6-fold increase during 
1990‒1995 and 2011‒2015.14 This result appears to be an 
estimated outcome according to the previous literature. 
Obesity is increasing in Turkey as well as in whole world. 

Obesity awareness of the students was found to be 
at a moderate level [57.70±8.7 (20‒80)] in this study. In 
the study by examining knowledge levels and awareness 
about obesity, it was reported that only 25.4% of the chil-
dren had awareness among 528 school-aged children.4 

There was a relationship between BMI and obesity 
awareness. A negative correlation was determined be-
tween students’ BMI and obesity awareness (r=-0.084, 
p=0.024). A negative correlation was reported o be-
tween BMI and obesity awareness in an study conduct-
ed with overweight children aged 10–14 years (r=-0.180, 
p=0.001).6 As awareness increases, BMI decreases in 
this study. Children pay attention to their nutrition or 
physical activity level. 

As a result of this study, there was no significant re-
leationship between students’ BMI and physical activity. 
As awareness increases, children pay attention to their 
nutrition in this study. However, Wang et al. have re-
ported a negative correlation between physical activity 
level and BMI among 742 children between 8-13 years 
old.15 One of the issues addressed in the scope of obesity 
awareness is physical activity in the literature.16,17 One of 
the factors that can be evaluated in the scope of obesity 
awareness is physical activity.18 

Table 5. Associations between students’ BMI and obesity awareness scale total scores of the students* (n=725) a

Dependent varia-
bles

Independent  
variables β SD Beta t p F Model

(p) R2 Durbin 
Watson

BMI
Constant 17.298 1.087 – 15.915 0.000

5.124 0.024** 0.007 1.762
Obesity Awareness 0.042 0.019 -0.084 2.264 0.024

a * Simple linear regression analysis, ** p<0.05
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As a result of this study, BMI of students who have 
a person with obesity in the family compared to who 
have not is statistically significantly higher (p<0.001).  
Families and consumption are at the nexus of the prob-
lem, as childhood weight issues depend significantly on 
family-related influences (genetic predispositions, phys-
ical activities, and household food consumption prac-
tices.19,20 Some children with obesity can show higher 
number of nuclear abnormalities compared with chil-
dren with normal weight.21 

In this study, BMI of students who have berakfast 
everyday compared to who have not are lower. Also, 
BMI of students who have balanced diet compared to 
who have not are lower. One of the significant factors 
increasing the risk of obesity is dietary habits. Most 
children tend to skip meals.22 Especially balanced diet 
should be frequently evaluated in order to identify and 
improve dietary habits.23 

Conclusion
In conclusion, 12.7% were overweight and 18.3% were 
with obesity. There was a statistically significant differ-
ence in terms of body mass index according to having 
person with obesity in the family, having breakfast ev-
eryday, having dinner everyday and having balanced 
diet. There was a significant releationship between stu-
dents’ BMI and obesity awareness.

Obesity awareness and having a balanced diet are 
crucial in childhood obesity prevention. Screening for 
obesity and related factors, such as obesity awareness, 
having a balanced diet should begin in school-aged chil-
dren for childhood obesity prevention and health pro-
motion and disease prevention. Also, trainings which 
were given by health care providers and school health 
nurses for the prevention of childhood obesity would be 
effective in increasing obesity awareness. To prevent the 
obesity and improve obesity awareness in children, it is 
important to direct and infom the children about nutri-
tion and having a balanced diet. Efforts are needed to 
develop and implement interventions and policies that 
may promote school nurse active engagement in relat-
ed factors (such as balanced diet and obesity awareness) 
in childhood obesity prevention practices. In addition, 
studies examining the interventions and programs to 
prevent the childhood obesity should be conducted.
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ABSTRACT
Introduction and aim. The aim of this study was to examine the usability of blood urea nitrogen to serum albumin ratio (BAR) 
as a prognostic predictor of in-hospital mortality in patients with gastrointestinal (GI) bleeding.
Material and methods. The electronic medical records of the patients who applied to the emergency department due to upper 
GI bleeding during the study period were reviewed. The receiver operating characteristic (ROC) curve and the area under the 
curve (AUC) were used to evaluate each discriminant cut-off value to estimate mortality.
Results. The study included 225 patients. The median (IQR) age of the patients was 75.0 (68.0–84.0) and 94 (41.8%) were female. 
AUC was determined as 0.784±0.055 (95% CI, 0.677–0.892) for BAR (p<0.001) in terms of in-hospital mortality. The cut-off value 
of BAR for this outcome was calculated as 16.26. In this cut-off value, sensitivity was 71.43%, specificity 82.84%, positive predic-
tive value (PPV) 30.00% and negative predictive value (NPV) 96.57%.
Conclusion. BAR is a useful tool that can be used to predict the in-hospital mortality of patients with GI bleeding. Patients with 
GI bleeding with a BAR above 16.26 will require more aggressive and timely intervention.
Keywords. albumin, blood urea nitrogen, mortality, upper gastrointestinal bleeding
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Introduction
Upper gastrointestinal (GI) bleeding is one of the most 
common causes of emergency department (ED) visits 
worldwide.1–3 There are more than 800,000 ED visits in 
the United States each year due to the disease, and half 
of these are hospitalized.4 Endoscopic and pharmaco-
logical advances have resulted in reductions in mortali-
ty from GI bleeding.5,6 However, despite diagnostic and 
therapeutic advances, the mortality rate due to GI bleed-
ing still varies between 5-10%.7 Therefore, risk identifi-
cation strategies are important in EDs.

It is aimed to predict the prognosis of the disease 
and to recognize critically ill patients early by using 

scoring systems and laboratory values in GI diseases.8,9 
There are scoring systems used to predict mortality, 
length of hospital stay and endoscopy requirement in 
GI bleeding.10,11  However, their use in ED is difficult due 
to the lack of endoscopy units in every hospital and the 
complex structures of the scores.

Urea is formed by the liver metabolization of its ni-
trogen-containing products and is excreted by the kid-
neys. Clinicians often use blood urea nitrogen (BUN) to 
measure the amount of nitrogen from urea in the blood 
as an index of kidney function. BUN is a biomarker that 
provides valuable information about the clinical status 
of patients such as renal hypoperfusion, low cardiac out-
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put, dehydration and neurohumoral activity.12 Albumin 
plays an important role in many physiological mecha-
nisms, including the regulation of osmotic pressure. It 
takes part in the transport of molecules such as hor-
mones, cholesterol, calcium, iron, bilirubin, free fatty 
acids and drugs.13 It has been shown by various studies 
that the BUN albumin ratio (BAR) increases in many 
diseases.14,15

Aim
The aim of this study was to examine predictive value of 
blood urea nitrogen to serum albumin ratio in estimat-
ing in-hospital mortality in patients with upper gastro-
intestinal bleeding who visited the ED.

Material and methods
Between June 1, 2021 and June 1, 2022, this retrospec-
tive cohort research was done in the ED of a tertiary 
care hospital. The institutional review board authorized 
the analysis and waived permission (Ethics Committee 
Ruling number: 2011/KAEK/50/211).

All patients over the age of 18 who visited to ED 
within the period determined for the study and were di-
agnosed with upper GI bleeding were included in the 
study. By scanning the hospital electronic medical re-
cords; vital parameters, comorbid diseases, medications, 
length of hospital stay and in-hospital mortality were re-
corded in a pre-created dataset. After all the data were 
processed by the first researcher, the second researcher 
controlled them. The BAR was defined as the BUN val-
ue divided by the albumin value, and this value was cal-
culated. The definition of upper GI bleeding was based 
on the presence of at least one of the following three fea-
tures: hematemesis, melena, or solid clinical evidence 
and laboratory support for acute blood loss from the 
upper gastrointestinal (UGI) tract. Patients with a diag-
nosis other than upper GI bleeding, patients with defi-
cient BUN and/or albumin values, patients transferred 
from another hospital, patients who died or were dis-
charged in the ED were excluded from the study. Death 
within the hospital during index admission defined as 
in-hospital mortality and interval between hospital ad-
mission (admissions from ED) and discharge defined as 
the length of hospital stay.16 The primary study outcome 
was all-cause in-hospital mortality. The secondary study 
outcome was the relationship between BAR and length 
of the hospital stay.

Statistical analysis
The descriptive statistics were presented in median val-
ues and interquartile ranges (IQR; 25% to 75%) for the 
quantitative variables; and frequencies and percentages 
for the categorical variables. Normality tests were carried 
out by using one-sample Kolmogorov–Smirnov and Sha-
piro-Wilk tests and through histogram graphs. Patients 

were divided into two groups as survivors and non-survi-
vors and all variables were compared according to groups. 
The frequencies of categorical variables were compared 
using Pearson’s chi‐square and Fisher’s exact test as ap-
propriate. The median values of the quantitative variables 
were compared using the Mann-Whitney U test. Receiv-
er operating characteristic (ROC) analysis was performed 
to evaluate the predictive power of the BAR in terms of 
in-hospital mortality. In the light of the ROC analysis, the 
optimum cut-off points were calculated for BAR accord-
ing to Youden’s index. The correlations of BAR, in-hos-
pital mortality and length of hospital stay variables were 
evaluated using point-biserial correlation and Spearman’s 
rho correlation. A 2-sided P-value of 0.05 was regarded as 
statistically significant (except correlation analyses – cor-
relation is significant at the 0.01 level). The area under 
the curve (AUC) was used to evaluate each discriminant 
cut-off value to predict in-hospital mortality. AUC of the 
non-diagnostic test is 0.50. If it is a perfect test, with zero 
false positives and zero false negatives, the value of the 
field would be 1.00. If the value under the curve is 0.90–
1.00, it is excellent, 0.80–0.90 is good, 0.70–0.80 is me-
dium, 0.60–0.70 is weak, 0.50–0.60 is unsuccessful. All 
data analyses were performed using SPSS statistical soft-
ware (IBM SPSS Statistics for Windows, Version 26.0. Ar-
monk, NY: IBM Corp.).

Results
A total of 291 patients were included in the study. Be-
cause 34 patients were diagnosed other than upper GI 
bleeding, 8 patients had deficient BUN and/or albumin 
values, 17 patients were transferred from another hospi-
tal, 2 patients died in ED and 5 patients were discharged 
from ED; were not included in the study. The study was 
completed with 225 patients. The median (IQR) age of 
the patients was 75 (68–84) years and 94 (41.8%) were 
female. In the first evaluation; the Glasgow coma scale/
score (GCS) of 217 patients (96.4%) was 15, six (2.7%) 
of them had a GCS of 14, and two (0.9%) had a GCS 
of 13. The median (IQR) systolic blood pressure of the 
patients was 122 (115–131) mmHg and the pulse rate 
was 97 (87–105) bpm. The comorbidities of the pa-
tients enrolled in the study were examined, the first 
three were acute coronary syndrome (38.7%), diabetes 
mellitus (26.2%), and congestive heart failure (20.4%). 
Fourty-seven (20.9%) of the patients had no comorbid-
ities, 71 (31.6%) had one, 61 (27.1%) had two, and 46 
(20.4%) had three or more comorbidities. 5.8% of the 
patients were using steroids, 24.4% were using anticoag-
ulants, 32.9% were using antiplatelet agents and 13.8% 
were using nonsteroidal anti-inflammatory drugs. While 
74 (32.9%) of the patients did not use any medication, 
130 (57.8%) were using one drug, 20 (8.9%) were using 
two drugs, and 1 (0.4%) was using three drugs. In terms 
of gastrointestinal (GI) bleeding symptoms melena 
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Table 1. Demographic, laboratory and clinical 
characteristics of the patients, n=225 A

Variables Total (%)
Gendera

female 94 (41.8)
male 131 (58.2)

Ageb, years 75.0 (68.0–84.0)
GCSa

13 2 (0.9)
14 6 (2.7)
15 217 (96.4)

SBPb, mmHg 122 (115–131)
Pulse rateb, bpm 97 (87–105)
Comorbiditiesa

Acute coronary syndrome 87 (38.7)
Congestive heart failure 46 (20.4)

Peripheral vascular disease 11 (4.9)
Cerebrovascular disease 24 (10.7)

Dementia 18 (8)
Hemiplegia or paraplegia 1 (0.4)

Chronic pulmonary disease 27 (12)
Rheumatologic disease 0 (0)

Peptic ulcer 23 (10.2)
Diabetes mellitus 59 (26.2)

Chronic renal failure 21 (9.3)
Liver disease 10 (4.4)
Malignancy 27 (12)

Leukemia or Lymphoma 3 (1.3)
Number of comorbiditiesa

0 47 (20.9)
1 71 (31.6)
2 61 (27.1)

2< 46 (20.4)
Drugsa

Steroids 13 (5.8)
Anticoagulants 55 (24.4)

Antiplatelet agents 74 (32.9)
Nonsteroidal anti-inflammatory 31 (13.8)

Number of drugsa

0 74 (32.9)
1 130 (57.8)
2 20 (8.9)
3 1 (0.4)

GI bleeding symptomsa

hematemesis 77 (34.2)
melena 184 (81.8)

hematochezia 6 (2.7)
Number of GI bleeding symptomsa

0 6 (2.7)
1 172 (76.4)
2 46 (20.4)
3 1 (0.4)

Laboratoryb

Hemoglobin, g/dL 8.7 (6.6-10.2)
BUN, mg/dL 30.5 (18.7-50.5)

Creatinine, mg/dL 0.99 (0.79-1.37)
Albumin, g/dL 3.4 (2.96-3.79)

BUN/Albumin, mg/g 8.92 (5.61-15.5)
Length of hospital stayb, days 5 (5-7)
In-hospital mortalitya 21 (9.3)

A GCS – Glasgow coma scale, SBP – systolic blood pressure, 
GI – gastro-intestinal, BUN – blood urea nitrogen, a n (%), b 
median (IQR)

was the leading one with 81.8%. Six (2.7%) of the pa-
tients had no GI bleeding symptom (These patients were 
included in the study because they had decreased hemo-
globin values or symptoms of GI bleeding during their 
observation in the ED) 172 (76.4%) had one, 46 (20.4%) 
had two, and 1 (0.4%) had all three (hematemesis, me-
lena and hematochezia) symptoms. The median length 
of hospital stay was 5 (5–7) days and 21 patients (9.3%) 
died. The demographic, laboratory and clinical charac-
teristics of the patients were shown in Table 1.

The patients were divided into two groups as survi-
vors and non-survivors, and all variables were compared 
over these two groups. There was no significant differ-
ence between the groups in gender, age, GCS, SBP, pulse 
rate, number of comorbidities, drugs used, GI bleeding 
symptoms, number of symptoms and length of hospital 
stay variables (p>0.05 for all). Chronic renal failure was 
found in 23.8% of the non-survivor group and 76.2% of 
the survivor group (p=0.033). No significant difference 
was found between the groups in other comorbidities 
(p>0.05 for all). Laboratory tests were compared be-
tween groups; BUN, creatinine and BUN/albumin lev-
els were significantly higher in the non-survivor group 
(p<0.001, p=0.008 and p<0.001; respectively); and albu-
min was significantly lower in non-survivors (p<0.001). 
There was no difference between the groups in terms of 
hemoglobin levels and also the length of hospital stay 
days (p=0.356 and 0.172, respectively). The compari-
sons of all these parameters were shown in Table 2.

ROC analyses were performed to evaluate the pow-
er of the BAR to predict in-hospital mortality (Figure 1). 

Fig. 1. ROC analysis of BUN/Albumin ratio in terms of in-
hospital mortality (AUC of BUN/albumin=0.784±0.055 
(95% CI=0.677–0.892), (p<0.001))

The area under the curves (AUCs) was deter-
mined as 0.784±0.055 (95% CI, 0.677–0.892) for BAR 
(p<0.001). According to the result of the ROC analyses, 
the optimum cut-off points of the BAR were determined 
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using Youden’s index. The cut-off value of BAR for this 
outcome was calculated as 16.26. In this cut-off value, 
sensitivity was 71.43%, specificity 82.84%, PPV 30.00% 
and NPV 96.57% (Table 3).

Table 3. Optimum cut-off points* of BUN/albumin ratio in 
terms of in-hospital mortality A

Cut-off point Sens 
(%)

Spec 
(%)

PPV 
(%)

NPV 
(%)

AUC Youden’s 
Index

16.15 71.43 81.86 28.85 96.53 0.784 0.533
16.18 71.43 82.35 29.41 96.55 0.784 0.538
16.26 71.43 82.84 30.00 96.57 0.784 0.543

A BUN – blood urea nitrogen, Sens – sensitivity, Spec – 
specificity, PPV – positive predictive value, NPV – negative 
predictive value AUC – area under the curve, *Cut-off points 
with the three highest Youden’s index value were shown

Correlation analysis was performed to evaluate the 
relationships between BAR, in-hospital mortality and 
length of hospital stay parameters (Table 4). There was 
a fair positive correlation between BAR and in-hospital 
mortality (R=0.366, p<0.001), and there was also a poor 
positive correlation between BAR and lenght of the hos-
pital stay (R=0.244, p<0.001).

Table 4. Correlation matrix of BUN/albumin, in-hospital 
mortality and length of hospital stay A

Correlations BUN/albümin
In-hospital 
mortality

Length  
of hospital stay

BUN/albumin -

In-hospital mortality
R=0.366

p<0.001*
-

Length of hospital stay
R=0.244

p<0.001**
R=0.103

p=0.125*
-

A BUN – blood urea nitrogen, *Point-biserial correlation, 
correlation is significant at the 0.01 level (2-tailed), 
**Spearman’s rho correlation, correlation is significant at 
the 0.01 level (2-tailed)

Discussion
This study examined the relationship between BAR and 
in-hospital mortality and length of the hospital stay in 
patients with GI bleeding who visited the ER. It was 
concluded that BAR can be used as a good predictor in 
patients with GI bleeding.

GI bleeding is a disease condition that is frequent-
ly seen in EDs and can be seen in clinical presentations 
with high mortality. Although there are some clinical 
scoring systems used to determine the severity of GI 
bleeding; these scoring systems are not always useful in 
emergency practice. For this reason, laboratory parame-
ters that can be viewed quickly in the ED can guide phy-
sicians in patient management.

There are studies in the literature in which albumin 
and BUN values are used as prognostic tools in patients 

Table 2. The comparison of parameters between survivors 
and non-survivors A

Variables
Survivors,  

n=204 (%)
Non-survivors, 

n=21 (%)
p value

Gendera 0.719*
female 86 (91.5) 8 (8.5)

male 118 (90.1) 13 (9.9)
Ageb, years 75.0 (68.0-83.0) 81.0 (75.0-85.0) 0.061**
GCSa 0.165***

<15 6 (66.7) 2 (33.3)
15 198 (91.2) 19 (8.8)

SBPb, mmHg 122 (115-132) 121 (102-124) 0.103**
Pulse rateb, bpm 97 (87-105) 104 (93-109) 0.058**
Comorbiditiesa

Acute coronary syndrome 77 (37.7) 10 (47.6) 0.376*
Congestive heart failure 40 (19.6) 6 (28.6) 0.392***

Peripheral vascular disease 9 (4.4) 2 (9.5) 0.274***
Cerebrovascular disease 23 (11.3) 1 (4.8) 0.708***

Dementia 16 (7.8) 2 (9.5) 0.678***
Hemiplegia or paraplegia 1 (0.5) 0 (0.0) 1.000***

Chronic pulmonary disease 25 (12.3) 2 (9.5) 1.000***
Rheumatologic disease 0 (0.0) 0 (0.0) -

Peptic ulcer 20 (9.8) 3 (14.3) 0.458***
Diabetes mellitus 52 (25.5) 7 (33.3) 0.437*

Chronic renal failure 16 (7.8) 5 (23.8) 0.033***
Liver disease 9 (4.4) 1 (4.8) 1.000***
Malignancy 25 (12.3) 2 (9.5) 1.000***

Leukemia or Lymphoma 3 (1.5) 0 (0.0) 1.000***
Number of comorbiditiesa 0.199***

0 45 (22.1) 2 (9.5)
1 65 (31.9) 6 (28.6)
2 56 (27.5) 5 (23.8)

2< 38 (18.6) 8 (38.1)
Drugsa

Steroids 11 (5.4) 2 (9.5) 0.347***
Anticoagulants 47 (23.0) 8 (38.1) 0.126*

Antiplatelet agents 66 (32.4) 8 (38.1) 0.594*
Nonsteroidal anti-inflammatory 26 (12.7) 5 (23.8) 0.181***
Number of drugsa 0.036***

0 71 (34.8) 3 (14.3)
1 117 (57.4) 13 (61.9)
2 15 (7.4) 5 (23.8)
3 1 (0.5) 0 (0.0)

GI bleeding symptomsa

hematemesis 70 (34.3) 7 (33.3) 0.928*
melena 166 (81.4) 18 (85.7) 0.773***

hematochezia 5 (2.5) 1 (4.8) 0.448***
Number of GI bleeding symptomsa 0.890***

0 6 (2.9) 0 (0.0)
1 156 (76.5) 16 (76.2)
2 41 (20.1) 5 (23.8)
3 1 (0.5) 0 (0.0)

Laboratoryb

Hemoglobin, g/dL 8.8 (6.7-10.3) 8.4 (5.7-10.0) 0.356**
BUN, mg/dL 29.2 (18.2-46.3) 57.9 (37.9-73.8) <0.001**

Creatinine, mg/dL 0.96 (0.78-1.28) 1.21 (0.96-2.91) 0.008**
Albumin, g/dL 3.42 (3.01-3.84) 2.96 (2.42-3.36) 0.001**

BUN/Albumin, mg/g 8.5 (5.3-15.1) 20.6 (11.5-31.6) <0.001**
Length of hospital stayb, days 5 (5-7) 6 (5-10) 0.172**

A GCS – Glasgow coma scale, SBP – systolic blood pressure, 
GI – gGastro-intestinal, BUN – blood urea nitrogen, a n (%), 
b median (IQR), *Pearson Chi-Square test, ** Mann-Whitney 
U test, ***Fischer’s Exact test
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with GI bleeding. Albumin level decreases in chronic 
diseases. It also gives information about the nutrition-
al and dehydration status of patients.17 The serum BUN 
level increases in cases of severe hemorrhage and de-
hydration. For these reasons, these two laboratory pa-
rameters are used as variables of GI bleeding risk scores. 
BUN is a variant of the Glasgow Blatchford score, while 
albumin is a variant of the AIMS65 score.11

BAR increases in various critical diseases. In a ret-
rospective study conducted by Huang et al. in 1370 
patients diagnosed with COVID-19 in 2021, it was con-
cluded that BAR is an independent predictor for the 
risk of critical illness in COVID-19 patients, with su-
perior performance than CURB-65.15 In the retrospec-
tive study of Zhao et al. in 1827 patients diagnosed with 
acute myocardial infarction in 2022; they concluded 
that BAR was calculated as 11.06 (7–18.59) (p<0.001) 
in the mortality group and 10.42 (7–16.71) in the four-
year mortality group, and that a higher BAR value could 
be used as an independent predictor for four-year mor-
tality.18 In a study by Lee et al. in patients with lower GI 
bleeding in 2021, BUN ≥ 30 mg/dL and albumin ≤ 3.0 
g/dL were associated with all-cause mortality.19 In the 
study of Bae et al., the data of 596 geriatric patients with 
GI bleeding were analyzed and BAR and AIMS65 scores 
were compared. The study concluded that BAR was as 
successful as AIMS65 in estimating in-hospital mor-
tality with an AUC of 0.770.20 In our study, BAR was 
found to be successful in estimating in-hospital mortal-
ity with an AUC of 0.784. At a cut-off value of 16.26, its 
sensitivity was calculated as 71.43%, specificity 82.84%, 
PPV 30.00% and NPV 96.57%. In the light of this infor-
mation, our study was found to be compatible with the 
studies in the literature.

The main limitations of our study are that it is sin-
gle-center and retrospective. The lack of data in the 
medical records, the fact that the tests we used in our 
study were not requested, and the prognosis informa-
tion could not be obtained by being transferred to an-
other hospital caused many patients to be excluded 
from the study.

Conclusion
Simple, inexpensive, rapid and noninvasive tests should be 
used to diagnose, treat, and predict prognosis in patients 
with GI bleeding in EDs. BAR is a useful tool that can be 
used to predict the outcome of patients with GI bleeding. 
Patients with GI bleeding with a BAR above 16.26 will re-
quire more aggressive and timely intervention.
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ABSTRACT
Introduction and aim. Elderly patients with COVID-19 are at increased risk for adverse outcomes. This study aims to evaluate 
the prevalence of nonthyroidal illness syndrome (NTIS) in hospitalized patients with COVID-19 pneumonia, its independent 
impact on patients’ survival. Furthermore, to investigate selected inflammatory biomarkers in those patients and to determine 
whether they predict mortality associated with the disease. 
Material and methods. In this single-centered, retrospective study, the medical records of 53 patients with confirmed SARS-
CoV-2 infection who attended the provincial hospital between October 2020 and January 2021 were reviewed. Demographic 
data, laboratory values, comorbidities, treatments, and clinical outcomes were collected. We compared the data in survivor and 
non-survivor groups.
Results. Of 393 adult patients with SARS-CoV-2 pneumonia, 53 (13,49%) met the inclusion criteria and were included. The me-
dian age was 72±12.2 years, 26 patients (49%) were men. The NTIS prevalence was 62.3% and showed a strong independent 
correlation with disease severity and mortality in COVID-19 patients (p=0.01). The interleukin-6, white blood cells, ferritin and 
neutrophil ratios also differed significantly statistically between survivors and non-survivors.
Conclusion. NTIS and the lowering level of FT3 pose an independent prognostic marker of clinical deterioration and higher 
mortality in elderly patients with COVID-19.  
Keywords. COVID-19, elderly, mortality, NTIS, pneumonia
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Introduction
COVID‑19 is an acute infectious disease of the respi-
ratory system caused by the coronavirus of the severe 
acute respiratory syndrome (SARS‒CoV-2). Most pa-
tients have mild symptoms and recover without special 
treatment. However, some of them develop serious com-
plications and need hospital care. Most of the patients 
requiring hospitalization due to COVID-19 pneumonia 

constitute the geriatric population. Infection-hospitaliza-
tion ratio estimates ranged from 0.4% for those young-
er than 40 years to 9.2% for those older than 60 years.1 
The mortality rate for patients with COVID-19 admit-
ted to hospitals is high.2 SARS-CoV-2 is known to have 
direct effects on endocrine glands, including the pitu-
itary and thyroid gland. The virus has been detected in 
the pituitary gland after mortem. The hypothalamic-pi-
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tuitary-thyroid axis may be one of the most susceptible 
to disturbance in patients with COVID-19.3 The mRNA 
of the SARS‒CoV-2 receptor, ACE-2 is expressed in thy-
roid cells.4 Three main mechanisms for thyroid function 
disorders in patients with COVID-19 are: a direct viral 
effect on thyroid cells; an indirect effect of the systemic 
inflammatory immune response; and the most common 
thyroid dysfunction in the shape of Non-thyroidal illness 
syndrome (NTIS).4 NTIS also known as “sick euthyroid 
syndrome or low T3 syndrome” is usually described as a 
transient biochemical deviation of thyroid hormone lev-
els and is common in the hospitalized older population 
with acute or chronic critical illness. About 93% of to-
tal triiodothyronine (T3) is produced by the peripheral 
conversion from total thyroxine (T4) so this syndrome 
is considered to be a condition with impaired peripheral 
conversion of T4 to T3.5,6 

One of the theories of the NTIS pathogenesis in 
COVID-19 includes suppression of hypothalamic thy-
rotropin-releasing hormone, and as a result reduced 
secretion of TSH. Sometimes distinguishing between 
NTIS and central hypothyroidism can be difficult.7 We 
still do not know whether hormone responses represent 
an adaptive, physiological response or they are a mal-
adaptive response that contributes to the worsening of 
the disease.8 

The most common hormone pattern in NTIS is low 
T3 and free  triiodothyronine (FT3) with low or nor-
mal free thyroxine (FT4) and normal or decreased lev-
els of  thyrotropin (TSH). The elevated plasma reverse 
(rT3) may occur.9  

The mechanism of this syndrome is not yet well de-
fined, so there is controversy about the indication of 
the treatment of this condition with hormone replace-
ment therapy.10 Sciacchitano et al. indicated the method 
which could represent the system in recognizing the ef-
ficacy of T3 treatment in NTIS.11 NTIS occurs more fre-
quently among patients with more severe COVID-19. 
It is clinically relevant whether the occurrence of NTIS 
on admission predicts adverse clinical outcomes in 
COVID‐19 patients and whether this syndrome can 
be useful for clinicians in comprehensive geriatric as-
sessment for management decisions.12 Despite many 
studies, the prognostic role of thyroid hormone abnor-
malities in older patients remains uncertain.

Aim
The aim of this study was to investigate the frequency of 
NTIS in hospitalized elderly patients with COVID-19 
pneumonia and to evaluate if it is an independent risk 
factor of the deterioration and mortality of those pa-
tients. Furthermore, we were additionally looking for 
the role of selected inflammatory biomarkers and their 
independent impact on patient’s survival.

Material and methods
Ethics approval
This retrospective study was approved by the Bioethics 
Committee of the University of Rzeszów (Reference No. 
12/05/2020). The procedures used in this study adhere 
to the tenets of the Declaration of Helsinki. We collated 
data mainly from electronic patient histories. Although 
personal identification numbers were used to match the 
datasets, these were subsequently anonymized.

Study desing
We retrospectively analyzed laboratory data from pa-
tients hospitalized in St. Queen Jadwiga Clinical District 
Hospital No. 2 Rzeszów, in the Department of Internal 
Medicine, Nephrology, and Endocrinology from Octo-
ber 2020 to January 2021 with confirmed SARS‒CoV-
2 infection (n=393). For this analysis, we selected the 
data of 53 patients (13.49%) with COVID-19 pneumo-
nia. Hospitalization due to COVID-19 pneumonia was 
the criterion for inclusion in the study. All patients were 
tested positive for SARS‒CoV-2 using real-time reverse 
transcriptase-polymerase chain reaction (RT-PCR) 
with samples from the respiratory tract, throat, and 
nose swab. All of them were symptomatic and showed 
common respiratory tract symptoms such as dyspnea, 
cough, or gastric symptoms of COVID-19. 

Table 1. Biochemical blood parameters tested at the 
hospitalization, the methodology of determinations and 
the range of reference values*

Findings Reference range Determination method

FT3, pg/mL 2.3–4.2
chemiluminescent immunoassay 

CLIA
FT4, ng/dL 0.89–1.76

TSH, uIU/mL 0.55–4.78

WBC, 10⁹/L 4–11
fluorescence flow cytometry 

using a laser
Neutrophils, 10⁹/L 1.9–7.5

Lymphocytes, 10⁹/L 0.9–4.5

CRP, mg/L < 10 immunoturbidimetry 

Ferritin, ng/mL 10–291
chemiluminescent immunoassay 

CLIA
Interleukin-6, pg/mL < 4.4

PCT, ng/mL < 0.03

* Abbreviations: FT3 – free triiodothyronine; FT4 – free 
thyroxine; TSH – thyrotropin; CRP – C-reactive protein;  
PCT – procalcitonin; WBC – white blood cell count,  
CLIA – clinical laboratory improvement amendments

All patients with COVID-19 infection were initial-
ly in stage II of the course of the disease.13 Patients with 
a history of thyroid disease, patients treated with thy-
roid drugs, and those who recently received iodinated 
contrast were excluded. Most of the patients eligible for 
the study had comorbidities, the most common being 
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hypertension (n=44, 83%), heart disease (n=32, 60.4%) 
(including coronary artery disease, condition after myo-
cardial infarction or coronary angiography with coro-
nary artery bypass surgery, heart failure or arrhythmias) 
and diabetes (n=22, 41.5%). Each patient had blood 
tests at the beginning of hospitalization, before initia-
tion of COVID-19 treatments. Laboratory tests were 
performed in the hospital laboratory. All patients were 
treated for COVID-19 in accordance with the recom-
mendations of the Polish Association of Epidemiol-
ogists and Infectiologists in the period from October 
2020 to January 2021.14,15

Table 1 presents the biochemical parameters tested 
in the blood serum at the beginning of hospitalization, 
the methodology of determinations, and the range of 
reference values.

Statistical analysis
Statistical analysis was performed with the STATISTI-
CA 13.1 statistical program (StatSoft Inc. 2016, Tul-
sa, OK, USA). Differences between categorical variables 
were evaluated using Pearson’s Chi-square test. Yates’ 
correction was used at frequencies lower than five. The 
Shapiro-Wilk test was used for the assessment of the dis-
tribution of continuous variables. Due to non-normal 
distribution, continuous variables were compared using 
Mann Whitney’s U test for two groups, or Kruskal-Wal-
lis one-way analysis of variance with additional post hoc 
comparisons for three or more groups. A correction for 
multiple tests was applied. Correlations between vari-
ables were measured for normal distribution with Pear-
son’s correlation, otherwise with Spearman’s correlation, 
p values < 0.05 were considered statistically significant.

Results
The final study population included 53 patients with 
a laboratory-confirmed presence of SARS-CoV-2 RNA 
and CT confirmed COVID-19 related pneumonia. The 
median age was 72±12.2 years, 26 patients (49%) were 
men. The 45 (84.9%) of included patients were elder-
ly persons according to classification.16 All deaths due 
to COVID-19 pneumonia were over the age of sixty. 
The 51 (96%) patients had chronic diseases. The  de-
mographic and clinical characteristics of  all included 
patients divided into non-survivors and survivors are 
presented in Table 2. 

Table 3 presents the relationship between thyroid 
hormones (TH) levels, selected inflammatory markers 
and in-hospital mortality of patients with COVID-19 
pneumonia.

Our analysis showed the appearance of NTIS in 33 
(62.3%) of all patients, 11 (33.3%) of whom died. Based 
on statistical analysis, serum levels of FT3 were ob-
served to decrease and showed a strong independent 
correlation with disease severity and mortality progno-

sis in COVID-19 patients. The observed relationship is 
presented in Figure 1.

Table 2. Selected demographic and clinical data results in 
survivors and non-survivors of COVID-19 patients*

Parameter
Non-survivors 

(n=14)
Survivors 

(n=39)
p

Demographics, n (%)

Male sex 7 (50%) 19 (48.72%)
0.93

Female sex 7 (50%) 20 (51.28%)
Age, median years  

(min-max)
79.5 (60–91) 72 (37–90) 0.06

< 60 0 8 (20.51%)
0.16

   60 + 14 (100%) 31 (79.49%)

Comorbidities, n (%)

Hypertension 11 (78.57%) 33 (84.62%) 0.92
Heart disease 13 (92.86%) 19 (48.72%) 0.01

COPD 2 (14.29%) 5 (12.82%) 0.75
T2DM 4 (28.57%) 18 (46.15%) 0.41
CKD 8 (57.14%) 8 (20.51%) 0.01

Drugs used, n (%)

Metformin 2 (14.29%) 5 (12.82%) 0.75
Insulin 6 (42.86%) 12 (30.77%) 0.41
ACE-I 6 (42.86%) 20 (51.28%) 0.59
ARB 1 (7.14%) 1 (2.56%) 0.96

*Abbreviations: COPD – chronic obstructive pulmonary 
disease; CKD – chronic kidney disease; T2DM – diabetes 
mellitus type 2; ACE-I – angiotensin converting enzyme 
inhibitors; ARB – angiotensin receptor blockers; p < 0.05 
was considered statistically significant

Table 3. Relationship between TH levels, selected 
inflammatory markers and in-hospital mortality of patients 
with COVID-19 pneumonia*

Predictive  
parameter

Non-survivors (n=14) Survivors (n=39)
p

median min. max. median min. max.
FT3, pg/mL 1.8 1.2 2.5 2.2 1.3 3.4 0.01
FT4, ng/mL 1.1 0.6 1.5 1.3 0.6 1.8 0.05

TSH, uIU/mL 0.8 0.2 3.2 0.7 0.2 2.8 0.37
Interleukin 6, pg/mL 41.9 4.8 620 15 2.7 559 0.05

CRP, µmol/L 76 4 159 49 4 366.2 0.39
PCT, ng/mL 0.165 0.05 2 0.11 0.003 17 0.16

Ferritin, ng/mL 221.25 22 994 570 12 16000 0.01
WBC, 10⁹/L 10.9 7.78 195 6.75 1.01 25.97 0.002

Neutrophils, cells/µL 7860 752 15050 5120 897 23770 0.04
Lymphocyte, cells/µL 1020 210 2150 950 10 11210 0.99

*Abbreviations: FT3 – free triiodothyronine; FT4 – free 
thyroxine; TSH – thyrotropin; CRP – C-reactive protein; 
PCT – procalcitonin; WBC – white blood cell count; min. – 
minimum; max. – maximum

The lowered FT3 level was statistically significant 
(p=0.01). The FT4 levels were marginally lower in the 
non-survivors compared to survivor patients (p=0.05). 
Spearman’s correlations between FT3 and the age of pa-
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tients was statistically significant (R = -0.31). The ob-
served relationship is presented in Figure 2.

Fig. 1. Relationship between the level of FT3 and mortality 
in patients with COVID-19 pneumonia

Figure 2. Relationship between the level of FT3 and age in 
patients with COVID-19 pneumonia

The risk of in-hospital death in elderly COVID-19 
patients was also higher for the increasing values of se-
lected inflammatory markers (Table 3). It was observed 
that WBC (p=0.002), neutrophils (p=0.04) and IL-6 
(p=0.05) could be predictors of deterioration patients with 
COVID-19. The median Il-6 for deceased patients was sta-
tistically significantly higher than for those who survived 
(41.9 pg/mL and 15 pg/mL, respectively). These markers 
can also be useful in the assessment of the risk of death. 

The relationship between Il-6 and mortality in pa-
tients with COVID-19 pneumonia is shown in Figure 3.

Unexpectedly a decrease in ferritin was observed in 
non-survivor elderly patients with COVID-19 pneumo-
nia compared to survivors (p=0.01). There were no sta-
tistically significant differences in the level of CRP and 
PCT between survivors and non-survivors in our study. 

In the tested sample, the relationship between lym-
phocytes and FT3 was also not statistically significant 
(Spearman’s rank order correlation R = 0.13 p> 0.05). 

Figure 3. Relationship between Il-6 and mortality in 
patients with COVID-19 pneumonia

Discussion
Most of the patients requiring hospitalization due to 
COVID-19 pneumonia constitute the geriatric popula-
tion. Some of the risk factors for mortality reported in 
patients with COVID-19, except age, are male gender, 
duration from onset to admission, admission SARS‒
CoV-2 viral load, comorbidities and higher levels of in-
flammatory markers.17,19-21 The study by Alizadehsani et 
al. indicate that age, blood group, heart disease, anosmia 
and dry cough are the most crucial factors in the mor-
tality of patients with COVID-19.18 The coexistence of 
chronic diseases, poor physical condition, lymphopenia, 
bacterial co-infection and smoking history also increase 
the ratio of death.21,22 Many factors influence the thy-
roid function during COVID-19 infection. Hypercorti-
solemia, increased cytokines, oxidative stress can impact 
on thyroid axis.23,24 Several of the commonly used med-
ications, such as glucocorticoids, dopamine or heparin, 
may affect or interfere with thyroid function tests.25,26 
Patients with COVID-19 often require such treatment. 
Therefore, thyroid function was measured, before treat-
ment in the enrolled patients.

It is still not clear whether the finding of low FT3 lev-
els in patients with COVID-19 describes NTIS or if the 
thyroid could be a direct target of SARS‒CoV-2. Wang 
et al. found that the TSH level of COVID-19 patients was 
significantly lower than that in non-COVID-19 pneumo-
nia patients and this suggests that thyroid function abnor-
malities in COVID-19 patients cannot be fully explained 
by NTIS.27 The mRNA encoding for the ACE-2 receptor 
is expressed in follicular thyroid cells, making them a po-
tential target for SARS‒COV-2 entry.28 The potential ef-
fect of systemic inflammation on thyroid is also accent.27,29 
The inflammatory response leads among others to a re-
duction in deiodinase activity and a decrease in the con-
version of T4 to T3. In a study by Ilera et al. all TH (T3, 
T4, FT3, FT4) correlated, in an opposite way, with in-
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flammation parameters and worse clinical outcome.29 The 
suppression of the hypothalamic-pituitary-thyroid axis is 
also observed.7 Some scientists reported that the elevated 
C-reactive protein was independently associated with the 
appearance of low TSH and low FT3.30,31 Wang et al. iden-
tified increased levels of leukocytes, neutrophils, CRP and 
procalcitonin, and decreased levels of lymphocytes in the 
thyroid dysfunction group.27

We did not observe a statistically significant cor-
relation between inflammatory markers (IL-6, CRP, 
lymphocyte levels) with NTIS in our study. These dis-
crepancies may have been due to the small size of our 
group or the age-related decreasing of immune response 
(84.9% of patients were over 60 years of age), but oth-
er factors should be taken into account. NTIS does not 
always correlate with inflammatory markers. Lui et al. 
reported that NTIS on admission could predict clini-
cal deterioration in COVID19 patients, irrespective of 
SARS‒CoV-2 viral load, age and markers of inflamma-
tion and tissue injury.12,30 

The interesting studies analyzed thyroid function 
between COVID-19 patients and healthy control, and 
reported the potential prognostic role of low FT3, main-
ly in severe COVID19 pneumonia. The serum TSH and 
T3 levels in COVID-19 patients were significantly low-
er than those of the healthy group. The degree of the 
decrease in TSH and T3 correlated positively with the 
severity of COVID-19 disease.32-35 A study by Khoo et 
al. detected that patients with COVID-19 had lower ad-
mission levels of TSH and FT4.36 We noticed that low se-
rum FT3 levels showed a strong independent correlation 
with disease severity and mortality in COVID-19 pa-
tients (p=0.01). Many patients with the lower FT3 levels 
at hospital admission had deteriorated and died, which 
is in line with the data from the literature.

Serum FT3 concentration is lower in patients with 
severe COVID-19 and appears to be associated with 
an increased risk of death in COVID-19 patients, so it 
could be a potential independent prognostic marker at 
hospital admission.37-39 

NTIS is common and significantly related to mortal-
ity in acutely ill, hospitalized old patients. Thyroid hor-
mones, especially serum FT3 determination may predict 
clinical outcomes in old, frail patients and perhaps they 
should be included in the assessment of short-term prog-
nosis.40,41 However, the ascertainment of a definite prog-
nostic role of NTIS in older patients with COVID-19 is 
difficult because this syndrome may be due to comorbid-
ities, not only by COVID-19 pneumonia.42 

The inflammatory response plays an important role 
in the progression of COVID-19. Several inflammato-
ry markers have been reported to be associated with the 
severity of COVID-19.31 The analysis of inflammatory 
markers (regardless of NTIS) in our group of patients 
showed that IL-6, WBC and neutrophil levels are sig-

nificantly higher in severe COVID-19 patients, which is 
comparable with the available literature.43-45 In our study, 
lower ferritin is associated with increased mortality of 
patients. This finding is in contrast with the findings of a 
systematic review by Cheng et al.46

This discrepancy could be explained by high fre-
quency of age-related iron deficiency in our patients or 
population differences.47

There are several limitations to our study. First, it is a 
retrospective and unplanned work, and most of the data 
was obtained from electronic patient histories. Second, 
applying the exclusion criteria, the study sample was not 
large. Third, reverse triiodothyronine was not measured, 
therefore partial central hypothyroidism and NTIS were 
difficult to distinguish. 

Finally, elderly patients, especially those with co-
morbidities, have a high incidence of NTIS and it is dif-
ficult to determine to what extent this syndrome is due 
to COVID-19 pneumonia alone. 

Conclusion
Our study provides data that validate the prognostic 
role of low levels of FT3 in COVID-19 patients. We have 
shown that low serum FT3 is an important independent 
mortality risk factor in elderly patients with COVID-19 
pneumonia. Serum FT3 determination could be includ-
ed in the assessment prognosis of elderly patients with 
COVID-19 pneumonia. 

Our findings confirms that the levels of Il-6, WBC, 
ferritin and neutrophils are also the valuable bioindica-
tors of in-hospital mortality in patients with COVID-19. 
This study may be helpful in early prediction and risk 
reduction of mortality in elderly patients infected with 
COVID‐19.
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ABSTRACT
Introduction and aim. Measurement of the satisfaction level with health services is the most frequently used indicator, main-
ly because of its importance for determining the quality of the care offered. It is the key to succeed in achieving high-quality 
healthcare. The purpose of this study was to create a retrospective comparative analysis of the satisfaction level amongst pa-
tients hospitalized before and during the COVID-19 pandemic.
Material and methods. The study covered a total of 966 patients in 19 hospital wards, in the fourth quarter of 2019 (before the 
pandemic) and in the second quarter of 2021 (during the pandemic) at the Masovian Specialist Hospital in Radom. The level 
of patient satisfaction was assessed based on the questionnaire prepared and approved by the Quality Assurance Team in the 
Masovian Specialist Hospital. The statistical analysis was carried out on the basis of the STATISTICA 10.1 program, using the 
Pearson’s chi square test, for the significance level at p<0.05.
Results. The high level of satisfaction of patients staying in the hospital during the pandemic applied to the widely understood 
medical and nursing care as well as sanitary conditions in wards, especially the cleanness of rooms, bed linens and sanitary facilities.
Conclusion. The biggest dissatisfaction of hospitalized patients during the COVID-19 pandemic involved certain restrictions 
of visitations and using pastoral services. 
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Introduction
One of the fundamental aspects of proper function-
ing nowadays health care is the high quality of provid-
ed services including professionalism and competence 
of personnel staff, availability to the medical services, 
continuity of care, following developed procedures, ad-
justing healthcare to the patient’s needs and patient’s 
satisfaction.1,2 The term „satisfaction” comes from the 
Latin language (which means: enough, sufficiently), it 
determines subjective feeling of being satisfied, which 
is connected to personal experiences, expectations and 
values.3 It is patient’s emotional reaction and answer to 
the experiences resulting from the care provided, espe-

cially to the constantly changing situation in the market 
of providing healthcare, an external system of accredi-
tation, growing competition and care about the patient 
force us to start even more effective methods to manage 
facilities. The indicator, which is essential for determin-
ing the quality of care offered, is the measurement of 
patient’s satisfaction level with health services. The anal-
ysis of obtained results from those studies enables the 
introduction of beneficial changes and suggests the di-
rection of further quality-aiming activities in the region 
of medical services.4-6 The current epidemiological situ-
ation in the country, connected to the appearance of the 
SARS-CoV-2 virus, requires from every member of the 
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health system, adaptation to the new situation, imple-
mentation of specific measures and engaging intensified 
effort in order to fight the coronavirus.7

Aim
The purpose of this study was a retrospective comparative 
analysis of the satisfaction level amongst patients hospi-
talized before and during the COVID-19 pandemic.

Material and methods
The study covered a total of 966 patients in 19 hospital 
wards, in the fourth quarter of 2019 (before the pan-
demic) and in the second quarter of 2021 (during the 
pandemic) at the Masovian Specialist Hospital in Ra-
dom. Consent to review of medical records (that are 
survey results) was gained from the Management of 
the Masovian Specialist Hospital sp. z o. o. in Radom, 
where a periodic assessment system outlining patients’ 
satisfaction with medical services, within the Quality 
Management System, is being implemented since 2018 
(hospital approval: 338, date: 10.01.2022). The statisti-
cal analysis was carried out based on the STATISTICA 
10.1 program (Statsoft Statistica 10.1, Lublin, Poland) 
using Pearson’s chi-square test, for the significance lev-
el at p<0.05.

Results
The study took place in 19 hospital wards at the Masovi-
an Specialist Hospital in Radom, in the fourth quarter of 
2019 and in the second quarter of 2021 amongst insofar 
hospitalized patients.

In this patient’s satisfaction survey in 2019, 574 out 
of 949 surveys were fully completed with the return fac-
tor reaching 60.48%. Meanwhile in 2021, in the research 
participated 392 patients (at 615 surveys distributed, the 
return indicator was 63.73%) Less quantity of respon-
dents was probably due to the former epidemic situa-
tion in our country. The most numerous group in 2019 
as well as in 2021 were people aged 40 to 65 years, (2019 
– 224, 2021 – 153), with a dominance of women. Most 
surveys were fulfilled by patients and time spent at the 
hospital was from 3 to 7 days.

Conducted surveys made it possible to analysis the 
most significant aspects of hospital healthcare, which 
may influence the level of patients’ satisfaction:

	– actions linked to admission to the hospital and the 
ward,

	– health-care field concerning stay on the ward: an 
issue of patient’s rights, the topography of the ward, 
the daily schedule, providing meals, maintaining 
cleanness, pain relief effectiveness during hospita-
lization, possibility to use pastoral services, and op-
portunity of visits,

	– assessment of the medical care, nurse/maternity 
care and rehabilitation care,

	– actions associated with executing diagnostic tests,
	– overall, subjective evaluation of the level of services 

provided at Masovian Specialist Hospital (Tab.1).
The vast majority of respondents expressed their 

contentment in hospital care, both before and during 
the COVID-19 pandemic at the Masovian Special-
ist Hospital in Radom. The aspect of cleanliness in the 
wards deserves special emphasis, which is connected to 
the raise of the sanitary regime during the COVID-19 
pandemic. Significant increase of extremely good opin-
ions linked to the cleanness of bed linen (up to approx-
imately 8%) as well as neatness of sanitary facilities (up 
to approximately 10%) compared to the times before 
pandemic. Variety and adequate temperature of served 
meals were also appreciated. 

Due to the epidemic threat, to ensure patient safe-
ty, in the second quarter of 2021 possibility of visits has 
been restricted, which was met with the displeasure of 
around 31% of hospitalized patients. Accessibility and 
ease of contact with doctors and nurses were slightly 
worse assessed (decrease from very good ratings to good 
ratings approximately by 10%) Increase in dissatisfac-
tion among hospitalized patients during the COVID-19 
pandemic involved certain restrictions on using pastoral 
services and rehabilitation care. 

It is worth mentioning that despite restrictions and 
changes in organizations of facility’s work, the level of 
patients’ satisfaction with medical and nurse healthcare 
is at the same level as in the analyzed quarters. Nursing 
interventions were also highly rated, especially in pain 
relief effectiveness, reacting to worse patient’s well-being 
and assistance in self-reliant activities. Whilst no statis-
tically significant dependencies were concluded. 

In spite of the pandemic situation, in terms of or-
ganization, the standard of care during admission to 
the hospital has not changed significantly compared to 
the period before the pandemic. Short waiting time for 
admission to the ward in the SOR (up to 1 hour) was 
confirmed by roughly 40% of respondents, yet 20% of 
patients had waited above 2 hours. During preliminary 
diagnosis before admission to the ward, almost 90% of 
the surveyed were treated with kindness and solicitude 
from the therapeutic team. Growth of good opinions 
in terms of providing information about the current 
health condition and planned treatment was observed 
in the second quarter of 2021. The results of patient’s 
satisfaction with medical services in 2019 are similar to 
those obtained in 2021, which were dominated by the 
COVID-19 pandemic, which means that it was possible 
to manage a high level of medical services despite the 
tough epidemic situation.
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Table 1. Satisfaction of patients hospitalized in the IV quarter of 2019 and the II quarter of 2021
Q4 2019 Q2 2021

Name of the hospital: Masovian Specialist Hospital 19 wards
Amount of distributed questionnaires: 949 615
Amount of returned questionnaires: 574 392

A. ADMISSION TO THE HOSPITAL – PLEASE EVALUATE
1. Waiting time for admission to the ward in the Emergency 

Room
up to 1 

hour
up to 2 
hours

above 2 
hours

no opinion no answer

Q4 2019 42.86%
n=246

30.31%
n=174

20.56%
n=118

2.79%
n=16

3.48%
n=20

Q2 2021 43.37%
n=170

29.08%
n=114

19.9%
n=78

5.36%
n=21

2.3%
n=9

Statistics Chi^2=5.29, Df=4, p=0.258
2. Ensuring the care and kindness of medical staff in the Emer-

gency Room
badly good very good no opinion no answer

Q4 2019 3.48%
n=20

51.57%
n=20

37.46
n=215

4.01%
n=23

3.48%
n=20

Q2 2021 2.55%
n=13

58.16%
n=228

33.16%
n=130

4.08%
n=16

2.04%
n=8

Statistics Chi^2=5.40, Df=4, p=0.248
3. Enough data about admission to hospital (information 

about the patient’s condition and planned course of treat-
ment)

badly good very good no opinion no answer

Q4 2019 6.62%
n=38

49.13%
n=282

29.97%
n=172

5.05%
n=29

9.23%
n=53

Q2 2021 3.32%
n=13

57.91%
n=227

26.79%
n=105

7.14%
n=28

4.85%
n=19

Statistics Chi^2=16.78, Df=4, p=0.002
B. ADMISSION TO THE HOSPITAL WARD – PLEASE EVALUATE
1. Where you accompanied by the hospital staff on your way 

from the Emergency Room to the ward?
yes no no option no answer

Q4 2019 89.55%
n=514

6.10%
n=35

3.31%
n=19

1.05%
n=6

Q2 2021 94.90%
n=372

1.53%
n=6

2.55%
n=10

1.02%
n=4

Statistics Chi^2=12.62, Df=3, p=0.006
2. During your administration to the ward. were you acquaint-

ed with your Patient Rights and indicated where they are 
available?

yes no no option no answer

Q4 2019 79.97%
n=459

13.07%
n=75

4.53%
n=26

2.44
n=14

Q2 2021 81.89%
n=321

12.24%
n=48

3.83%
n=15

2.04%
n=8

Statistics Chi^2=0.66, Df=3, p=0.882
3. Where you familiarized with the topography of the ward 

(location of bathrooms. doctor’s office. nursing station. 
etc.)?

yes no no option no answer

Q4 2019 86.59%
n=497

7.49%
n=43

2.96%
n=17

2.96%
n=17

Q2 2021 89.54
n=351

7.14%
n=28

2.04
n=8

1.28%
n=5

Statistics Chi^2=3.94, Df=3, p=0.268
4. During admission to the ward. were you informed about 

the daily sch
yes no no option no answer

Q4 2019 77.87%
n=447

13.94%
n=80

4.01%
n=23

4.18%
n=24

Q2 2021 77.55%
n=304

13.78%
n=54

6.38%
n=25

2.30%
n=9

Statistics Chi^2=5.06, Df=3, p=0.167
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C. STAY IN THE WARD – PLEASE EVALUATE
1. Cleanliness in sickrooms badly good very good no opinion no answer

Q4 2019 0.70%
n=4

46.34%
n=266

48.43%
n=278

2.96%
n=17

1.57%
n=9

Q2 2021 0.26%
n=1

48.72%
n=191

49.74%
n=195

1.02%
n=4

0.26%
n=1

Statistics Chi^2=9.15, Df=4, p=0.057
2. Cleanliness of the bed linen badly good very good no opinion no answer

Q4 2019 0.70%
n=4

43.21%
n=248

50.52%
n=290

1.92%
n=11

3.66%
n=21

Q2 2021 0%
n=0

39.03%
n=153

58.42%
n=229

1.53%
n=6

1.02%
n=4

Statistics Chi^2=12.87, Df=4, p=0.012
3. Cleanliness of bathrooms and toilets badly good very good no opinion no answer

Q4 2019 6.1%
n=35

56.97%
n=327

24.09%
n=167

2.96%
n=17

4.88%
n=28

Q2 2021 2.81%
n=11

50.26%
n=197

40.56%
n=159

3.34%
n=17

2.04%
n=8

Statistics Chi^2=22.57, Df=4, p=0.0002
4. Providing information on the diet used badly good very good no opinion no answer

Q4 2019 2.09%
n=12

47.39%
n=272

34.32%
n=197

11.5%
n=66

4.7%
n=27

Q2 2021 3.06%
n=12

47.96%
n=188

35.46%
n=139

11.73%
n=46

1.79%
n=7

Statistics Chi^2=6.63, Df=4, p=0.157
5. Temperature of meals badly good very good no opinion no answer

Q4 2019 14.63%
n=83

55.05%
n=316

19.34%
n=111

6.62%
n=38

4.36%
n=25

Q2 2021 5.61%
n=22

57.4%
n=225

30.36%
n=119

5.87%
n=23

0.77%
n=3

Statistics Chi^2=39.9, Df=4, p<0.00001
6. Variety of meals badly good very good no opinion no answer

Q4 2019 9.76%
n=56

52.44%
n=301

23%
n=132

10.98%
n=63

3.83%
n=22

Q2 2021 5.36%
n=21

54.34%
n=213

30.61%
n=120

8.42%
n=33

1.28%
n=5

Statistics Chi^2=17.97, Df=4, p=0.001
7. Pain relief effectiveness badly good very good no opinion no answer

Q4 2019 0.87%
n=5

42.16%
n=242

41.64%
n=239

9.76%
n=56

5.57%
n=32

Q2 2021 2.55%
n=10

39.8%
n=156

48.47%
n=190

7.4%
n=29

1.79%
n=7

Statistics Chi^2=16.75, Df=4, p=0.002
8. Possibility of visits badly good very good no opinion no answer

Q4 2019 0.35%
n=2

37.98%
n=218

50%
n=287

3.83%
n=22

7.84%
n=45

Q2 2021 31.38%
n=123

19.13%
n=75

9.95%
n=39

37.04%
n=106

12.5%
n=49

Statistics Chi^2=411.18, Df=4, p<0.00001
9. Possibility to use pastoral services badly good very good no opinion no answer

Q4 2019 0.35%
n=2

33.45%
n=192

50.17%
n=288

11.67%
n=67

4.36%
n=25

Q2 2021 3.06%
n=12

43.62%
n=171

36.22%
n=142

15.05%
n=59

2.04%
n=8

Statistics Chi^2=34, Df=4, p<0.00001
D. MEDICAL CARE – PLEASE EVALUATE
1. Availability and ease of contact with a doctor if needed badly good very good no opinion no answer

Q4 2019 2.61%
n=15

44.43%
n=255

47.04%
n=270

3.83%
n=22

2.09%
n=12

Q2 2021 4.34%
n=17

55.36%
n=217

33.93%
n=133

5.36%
n=21

1.02%
n=4

Statistics Chi^2=20.21, Df=4, p=0.0005
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2. Ensuring intimacy and privacy during medical examinations badly good very good no opinion no answer
Q4 2019 1.74%

n=10
44.77%
n=257

48.26%
n=277

3.31%
n=19

1.92%
n=11

Q2 2021 1.53%
n=6

52.55%
n=206

40.82%
n=160

3.32%
n=13

1.79%
n=7

Statistics Chi^2=5.87, Df=4, p=0.209
3. Showing interest in patient’s problems badly good very good no opinion no answer

Q4 2019 2.26%
n=13

45.99%
n=264

42.68%
n=245

5.92%
n=34

3.14%
n=18

Q2 2021 2.81%
n=11

51.02%
n=200

40.05%
n=157

3.83%
n=15

2.3%
n=9

Statistics Chi^2=4.49, Df=4, p=0.343
4. Understandable provision of information about current 

health condition. test results. planed treatment
badly good very good no opinion no answer

Q4 2019 3.66%
n=21

45.12%
n=259

44.43%
n=255

4.88%
n=28

1.92%
n=11

Q2 2021 4.34%
n=17

48.21%
n=189

40.05%
n=157

4.85%
n=19

2.55%
n=10

Statistics Chi^2=2.23, Df=4, p=0.694
E. NURSING/MATERNITY CARE – PLEASE EVALUATE
1. Availability and ease of contact with a nurse/midwife if needed badly good very good no opinion no answer

Q4 2019 0.17%
n=1

28.57%
n=164

67.6%
n=388

0.87%
n=5

2.79%
n=16

Q2 2021 0.26%
n=1

37.5%
n=147

58.67%
n=230

1.79%
n=7

1.79%
n=7

Statistics Chi^2=11.29, Df=4, p=0.024
2. Nurses/midwives’ response to reported pain. worse well-be-

ing or other patient’s discomfort
badly good very good no opinion no answer

Q4 2019 0.17%
n=1

27.35%
n=157

65.68%
n=377

2.79%
n=16

4.01%
n=23

Q2 2021 0.51%
n=2

34.95%
n=137

59.44%
n=233

2.55%
n=10

2.55%
n=10

Statistics Chi^2=8.19, Df=4, p=0.085
3. Assistance in daily activities (e.g. personal hygiene. moving. 

using the toilet. etc.)
badly good very good no opinion no answer

Q4 2019 0.35%
n=2

29.62%
n=170

53.48%
n=307

10.28%
n=59

6.27%
n=36

Q2 2021 0.51%
n=2

35.97%
n=141

56.89%
n=223

4.34%
n=17

2.3%
n=9

Statistics Chi^2=5.53, Df=4, p=0.237
4. Providing information on performed procedures and 

planned nursing/obstetric activities
badly good very good no opinion no answer

Q4 2019 0.35%
n=2

37.8%
n=217

51.22%
n=294

5.57%
n=32

5.05%
n=29

Q2 2021 1.02%
n=4

41.33%
n=162

50.51%
n=198

3.83%
n=15

3.32%
n=13

Statistics Chi^2=5.53, Df=4, p=0.237
5. Ensuring a sense of intimacy and privacy during nursing/

obstetric procedures
badly good very good no opinion no answer

Q4 2019 0.35%
n=2

36.93%
n=212

53.31%
n=306

5.4%
n=31

4.01%
n=23

Q2 2021 0%
n=0

43.88%
n=172

48.98%
n=192

4.08%
n=16

3.06%
n=12

Statistics Chi^2=6.45, Df=4, p=0.168
F. REHABILITANS – PLEASE EVALUATE (if applicable)
1. Attitude towards the patient (kindness. care and interest in 

patient. etc.)
badly good very good no opinion no answer

Q4 2019 0%
n=0

19.51%
n=112

28.4%
n=163

15.16%
n=87

36.93%
n=212

Q2 2021 0%
n=0

15.31%
n=60

21.94%
n=86

20.66%
n=81

42.09%
n=165

Statistics Chi^2=11.73, Df=4, p=0.019
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2. Respect for dignity and intimacy during performed treatments badly good very good no opinion no answer
Q4 2019 0%

n=0
17.94%
n=103

29.44%
n=169

14.81%
n=85

37.8%
n=217

Q2 2021 0%
n=0

15.56%
n=61

19.9%
n=78

20.66%
n=81

43.88%
n=172

Statistics Chi^2=15.86, Df=4, p=0.003
3. Understandable transfer of information about the improve-

ment process (types of exercise. how to perform them. etc.)
badly good very good no opinion no answer

Q4 2019 0%
n=0

18.82%
n=108

25.26%
n=145

16.2%
n=93

39.72%
n=228

Q2 2021 0%
n=0

12.76%
n=50

19.9%
n=78

22.7%
n=89

43.88%
n=172

Statistics Chi^2=18.72, Df=4, p=0.0001
G. DIAGNOSTIC TESTS – PLEASE EVALUATE (if applicable)
1. Staff culture in diagnostic offices (e.g. X-ray. ultrasound. etc.) badly good very good no opinion no answer

Q4 2019 1.39%
n=8

37.63%
n=216

43.38%
n=249

6.1%
n=35

11.5%
n=66

Q2 2021 0.77%
n=3

34.69%
n=136

39.03%
n=153

10.46%
n=41

15.05%
n=59

Statistics Chi^2=10.32, Df=4, p=0.035
2. Respect for dignity and intimacy during performed treatments badly good very good no opinion no answer

Q4 2019 1.05%
n=6

36.41%
n=209

44.77%
n=257

7.32%
n=42

10.45%
n=60

Q2 2021 0.26%
n=1

34.95%
n=137

40.31%
n=158

7.4%
n=29

17.09%
n=67

Statistics Chi^2=11.04, Df=4, p=0.026
H. OVERALL EVALUATION
1. How do you evaluate (in general) the level of services pro-

vided at Masovian specialist hospital sp. z o. o. in Radom?
badly good very good no opinion no answer

Q4 2019 0.52%
n=3

50%
n=287

45.47%
n=261

1.05%
n=6

2.96%
n=17

Q2 2021 0.77%
n=3

42.35%
n=166

49.49%
n=194

3.83%
n=15

3.57%
n=15

Statistics Chi^2=12.48, Df=4, p=0.014
I. SOCIODEMOGRAPHIC INFORMATION
1. Age: Q4 2019 Q2 2021

up to 39 19.51%
n=112

30.1%
n=118

40-65 39.02%
n=224

39.03%
n=153

66 and above 35.71%
n=205

28.83%
n=113

no answer 5.75%
n=33

2.04%
n=8

2. Gender: Q4 2019 Q2 2021
woman 49.83%

n=286
58.67%
n=230

man 43.9%
n=252

37.5%
n=147

no answer 6.27%
n=36

3.83%
n=15

3. Time spent at the hospital: Q4 2019 Q2 2021
up to 3 days 17.94%

n=103
31.89%
n=125

from 3 to 7 days 28.75%
n=165

33.93%
n=133

from 7 to 14 days 19.69%
n=113

20.15%
n=79

above 14 days 28.57%
n=164

8.93%
n=35

no answer 5.05%
n=29

4.85%
n=19
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Discussion
A patient satisfaction survey on exercised hospital care 
is an integral criterion of the assessment of the quali-
ty of a health care unit. Its realization enables adjusting 
medical facility to the patient’s needs and expectations, 
as well as creating a positive reputation on the mar-
ket of healthcare providers Respecting the patient’s re-
quirements guarantee high quality of healthcare.8 The 
periodic patient satisfaction assessment system at the 
Masovian Masovian Specialist Hospital, which is func-
tioning in terms of The Quality Management System, is 
used to assess certain aspects of hospital care, enabling 
efficient identification of problems. It enables planning 
and implying corrective action, directed at improving 
the quality of medical services, thus raising the patient’s 
satisfaction. 

According to some authors, factors that influence 
the quality of the services provided and also affect the 
level of beneficiaries’ satisfaction are inter alia: a way 
of patient’s treatment, quantity and quality of provid-
ed information, attention and time dedicated to the pa-
tient by doctor and nurse, as well as safety and access 
to health services. It is being emphasized that doctors 
and nurses are the most relevant persons taking part in 
the prevention, diagnostics, and further treatment and 
nursing of the patient. Both patient treatment and nurs-
ing are complex and complementary processes.3,9 In this 
research it was being analyzed amongst the other, avail-
ability and ease of contact with a doctor or a nurse, the 
way of patient’s treatment, assurance of intimacy and 
privacy during medical examinations In this respect, 
over 80% of patients that had stayed at the Masovi-
an Specialist Hospital in Radom showed contentment, 
although in comparison to the time before pandemic, 
mild decrease in ratings had been observed, thus from 
very good to good – approximately by 10%. 

Other researches confirm that amongst medical staff, 
persons with the most personal contact with patients are 
primarily nurses, thus the patient’s satisfaction is often 
perceived through the prism of nursing care. Per expec-
tations of hospitalized patients on the surgical wards, in 
the exercise of preoperative care, it is necessary to take 
into consideration kindness, attention, understanding of 
needs, reaction speed to the problems and requests of 
the patient, along with providing intimacy during per-
formed treatments. Those indicators are strongly affect-
ing the development of the level of satisfaction directly 
associated with nursing care recipients.9-11

Time of the COVID-19 pandemic conveys several 
challenges in everyday nursing practice, such as fear of 
being infected, concerns about our loved ones, the un-
predictability of events, tiredness, working under chron-
ic stress, and feeling hopeless towards doing current 
professional duties. The pandemic situation revealed any 
weaknesses, highlighted the importance of communica-

tion, the necessity of procedures strictly being followed, 
and the creation of new ones adequate to the situation. 

The first reports from foreign, particularly from 
Asia, but also from native research facilities reaffirms 
that in the present epidemiological situation, nurses 
managed to launch constructive strategy which includes 
coping with the consequences of the experienced psy-
chological stress.12,13

Despite numerous concerns and emotional expe-
riences, the nursing staff holds care for the patient by 
bearing in mind the bio-psycho-social needs, which 
finds confirmation in the own researches. Beyond 80% 
of survey participants pleasantly evaluated nursing in-
terventions, notably staff reaction to the pain reported, 
worse wellness, help in self-reliant activities. 

At the same time, as the survey indicates in the sec-
ond quarter of 2021 (during the pandemic) 31% of pa-
tients showed discontent due to visiting restrictions. 
Implemented restrictions were designed to reduce 
SARS-CoV-2 virus epidemic risks as well as to improve 
the health and safety of patients and their families. 

Profitable aspects of pandemic changes should be 
emphasized, including triage and organizing admission 
to the hospital, shortening the time of hospitalization, 
limiting the movement in the hospital, and introducing 
teleconference to an everyday work schedule. 

The medical personnel’s awareness has also in-
creased in terms of obeying sanitary regimes and usage 
of personal protective equipment, which significantly 
reduced the number of nosocomial infections.14 It also 
finds its acknowledgment in this research, since a sub-
stantial rise in very good opinions, regarding cleanness 
in wards (specifically tidiness of rooms, bed linens and 
sanitary facilities), has been observed compared to the 
time before pandemic. 

What should be taken into particular consideration 
is respect for the patient’s rights by medical personnel, 
being the statutory duty of everyone participating in 
providing healthcare services. The Ombudsman of Pa-
tient Rights is the guardian of the proper realization of 
the patient’s rights, who at the request of the patient or 
his family, can initiate explanatory proceedings and un-
dertake intervention measures.7,15,16 According to the 
own research, above 80% of the surveyed confirmed be-
ing acknowledged with patient’s rights. At the Masovian 
Specialist Hospital, a full version of the Patient’s State-
ment of Rights and Responsibilities can be found in ev-
ery ward at the nurses’ station, and it is available upon 
the patient’s request. Whereas Patient Rights Card is lo-
cated in a widely available and conspicuous place in ev-
ery ward. To meet the expectations and patients’ rights 
during an epidemic emergency, medical facility manag-
ers should make it easier for the ill ones to have tele-
phone contact with their relatives, provide information 
to families via phone, and where possible ‒ allow per-
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sonal visits while maintaining the sanitary regime. In 
the presented study valuable knowledge of patients’ sat-
isfaction with medical healthcare was gained. The anal-
ysis of indicators, which do not comply with patient’s 
requirements, gives a possibility of introducing changes 
adapting healthcare entities to the needs and expecta-
tions of beneficiaries. Cyclical analysis of the satisfaction 
level helps to find many solutions and makes it possible 
to take actions leading to the constant improvement of 
medical healthcare.

Conclusion
The epidemic situation in most aspects of care did not 
reduce the level of patient satisfaction with medical 
services. Over 90% of patients expressed their content-
ment in hospital care. The biggest dissatisfaction of 
hospitalized patients during the COVID-19 pandem-
ic involved certain restrictions on visitations and using 
pastoral services.

The high level of satisfaction of patients staying in 
the hospital during the pandemic applied to the widely 
understood medical and nursing care as well as sanitary 
conditions in wards, especially the cleanness of rooms, 
bed linens and sanitary facilities.

The Periodic assessment system outlining patients’ 
satisfaction with medical services makes it possible to 
identify patients’ needs, and enables performing de-
tailed analysis as well as quick response to any im-
perfections. It is essential for succeeding in obtaining 
high-quality healthcare.
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ABSTRACT
Introduction and aim. Sexuality is one of the basic human needs. The coronavirus has adversely affected every aspect of peo-
ple’s lives. The nurses who were in the closest contact with the patients were affected more negatively due to the many un-
knowns during the COVID-19 pandemic. Aim of this study is to determine the relationship between the COVID-19 pandemic 
and the sexual quality of life of nurses. 
Material and methods. The sample of this descriptive-cross-sectional study consisted of 390 nurses who met the inclusion criteria. 
The data were collected over the social networks between November 2020-January 2021. The data were collected through social 
networks using the “Personal Information Form” and “Quality of Sexual Life Scale-Women” using the self-report method.
Results. The mean age of the nurses was 32.44±6.83, and 59.2% of them had a university level education. The mean score of the 
women’s sexual quality of life scale was calculated as 87.37±20.83. It has been determined that there is a statistically significant 
difference between the scores obtained from the sexual life quality scale according to the status of the nurses having (p<0.05).
Conclusion. In the COVID-19 pandemic, it was determined that the sexual life quality of nurses was above the medium level 
and their sexual life was adversely affected.
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Introduction
The coronavirus disease (COVID-19), which emerged 
in Wuhan, China in late 2019, has affected almost all 
countries, especially starting from European countries 
such as Italy and Spain.1 COVID-19, a member of the 
coronavirus family and discovered recently, is transmit-
ted from the droplets of sick individuals or from con-
taminated surfaces by touching the mouth and throat 
mucosa. Due to its easy and rapid transmission, it has 
affected many people all around the world. More than 
30 million people in the world and more than 314.000 
people in Turkey have been infected with the coronavi-
rus disease.2,3  

Nurses have been playing a leading role in meet-
ing the care needs of the society since the beginning of 
the COVID-19 pandemic, as in many wars, disasters 
and epidemics in history. Like all diseases, it is highly 
significant to determine the care priorities of patients 
diagnosed with COVID-19, to provide a holistic and 
individualized nursing care, to meet the psychosocial 
needs of the patients and to make them feel safe.4  

Sexuality, which is stated to be one of the basic hu-
man needs and considered as a significant part that af-
fects the lives of all individuals from birth to death, is 
an important factor that affects individuals biopsycho-
socially. Human behaviours and sexuality are influenced 
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by physical, psychological and social conditions. There-
fore, sexuality cannot be considered separately from the 
physical, socioeconomic and cultural factors in which 
an individual lives. Sexuality, a concept peculiar to the 
individual, is an integral part of human life. A healthy 
sexual life is one of the most important parameters for 
health and quality of life.5-7 

Sexuality is affected by the factors such as  trust of 
spouses/partners to each other, communication between 
partners, determination of the right place and time and 
providing a safe environment for sexual life, receiving and 
giving sexual pleasure, lack of education and knowledge 
on sexuality, false beliefs about sexual life, physical diseas-
es, drugs, surgeries, alcohol, drug abuse, sexual abuse and 
rape, sexual orientation and gender identity problems, 
loss of interest to the partner, individuals growing up in 
extremely conservative and protective environments.8,9 
During the pandemic, many factors such as busy work-
ing pace of nurses in the field, inability to meet with their 
beloved ones for the fear of transmitting virus, stress, and 
the lack of an exact treatment for the virus may have had 
different effects on the sexual life of the individuals.

There have been many changes in almost every as-
pect of human life with the pandemic.10 Sexuality is one 
of the basic needs of life and is affected by many biopsy-
chosociocultural factors.11 It will be an expected result 
that nurses’ sexual quality of life will change during the 
pandemic period when considered that the nurses, who 
belong to a professional occupation group, have human-
itarian needs as well. There have been no study in Tur-
key examining the nurses’ sexual quality of life during 
COVID-19 pandemic. 

Aim
This study, it was aimed to determine the relationship 
between the COVID-19 pandemic and the nurses’ sex-
ual quality of life.

Material and methods
Study design and participants 
This research is a cross-sectional study. The population 
of the study was composed of female nurses working in 
health institutions. The minimum number of individ-
uals that should be included in the sample of the study 
was calculated using the formula of sample whose pop-
ulation was unknown (n=t2.p.q/d2) and it was found to 
be 385 at a 95% confidence interval (d=0.05, t=1.96, 
p=0.5, q=0.5). This study consisted of 390 nurses who 
were female between the ages of 18‒65 and married, 
who were working as a nurse, who were not pregnant 
and who volunteered to participate in the study.

Data collection tolls
In the data collection, the “Personal Information Form” 
prepared by the researchers and questioning socio-de-

mographic characteristics, and the “Sexual Quality of 
Life Scale–Female”, validity and reliability of which were 
performed by Tuğut and Gölbaşı, were used. In the Per-
sonal Information Form, there were 27 questions related 
to the socio-demographic characteristics (such as age, 
educational status, educational status of the spouse, re-
gion of residence, working shift, number of children, 
family type), medical and sexual life of the nurses.

The Sexual Quality of Life Scale‒Female consists of 18 
items and is in a 6-point Likert type (1 = I totally agree, 2 
= I strongly agree, 3 = I partially agree, 4 = I partially dis-
agree, 5 = I strongly disagree, 6 = I do not agree at all). The 
Cronbach α reliability coefficient of the scale is 0.83. In 
the original of the scale, it is stated that each item can be 
scored between 1‒6 or 0‒5. If the questions of the scale are 
calculated according to the 1-6 scoring system, the min-
imum score to be obtained from the scale is 18 and the 
maximum score is 108. The items numbered 1, 5, 9, 13, 
and 18 in the scale need to be scored by reversing their 
scores. In order to the total scale score’s being turned into 
100, (raw score obtained from the scale-18) x 100 / 90 for-
mula need to be used. The high scores obtained from the 
scale indicate that the quality of sexual life is good.12 The 
data were collected with self-report method by sharing the 
question form which was prepared using www.surveey.
com between 24 November 2020 and 17 January 2021 
via social networks (WhatsApp, Twitter, Facebook, Insta-
gram, e-mail, etc.). The contact numbers of the research-
ers were shared for probable questions before the research. 
After the purpose and significance of the study had been 
explained, the participants were asked to approve their 
participation in the study. After confirming to participate 
in the study, the questions appeared on the screen. In ad-
dition, in order to prevent data loss, the participants were 
not allowed to see the following question before they an-
swered a question and to complete the research. It took 
an average of 10 minutes to answer the questionnaire. The 
flowchart of the research is shown in Figure 1.

Fig. 1. Research flow chart

Ethical considerations
Written permission was obtained from the Bartın Uni-
versity Social and Human Sciences Ethics Committee 
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before starting the research (Date: 05.11.2020, No: 2020-
SBB-0236). Research questions were uploaded to www.
survey.com after obtaining permission from the eth-
ics committee. The consent forms of participants were 
received to see whether they would participate in the 
questionnaire or not, and those who agreed to partic-
ipate in the study were allowed to continue to fill out 
the forms.

Statistical analysis
Research data were analysed with IBM SPSS V23 pro-
gram (IBM, New York, USA). Descriptive statistics such 
as frequency, percentage, arithmetic mean, and stan-
dard deviation were used in the evaluation of the data. 
With the Kolmogrov-Smirnov test, it was found that the 
data were not normally distributed. In the analysis of 
the data, Mann-Whitney U test was used to compare 
parameters that did not show a normal distribution. 
In the comparison of quantitative data, in case of more 
than two groups, the Kruskal-Wallis test was used for 
the comparison of parameters between groups, and the 
Mann-Whitney U test was used for the determination of 
the group that caused the difference. The reliability lev-
el of the scale was calculated with the Cronbach’s alpha 
value, and p<0.05 level was considered significant in the 
comparisons.

Results
The mean age of the nurses is 32.44±6.83 (min.: 21, 
max.: 49) and education level of 59.2% is university. 
25.9% of the nurses participating in the study live in 
the Aegean Region, 21.8% in the Central Anatolia Re-
gion and 95.4% have a nuclear family structure. 68.2% 
of nurses work both day and night (Table 1). 26.2% 
work in the intensive care unit, 9.5% in the emergency 
service, and the others in units such as inpatient ser-
vices and polyclinics. 69.7% of the nurses’ spouses are 
university graduates and have a regular job (74.4%). 
67.2% of the nurses have children and 35.1% of them 
live separately from their children during the pandem-
ic (Table 1).

31.8% of the nurses had a chronic illness and 27.9% 
of them took medicine continuously. 20.3% of the nurs-
es were infected with COVID-19 and 16.2% of them 
took medicine during that period. Almost a quarter 
(23.3%) of the nurses received days-off/health report 
due to the pandemic (Table 2). The duration of days-off 
varied between 3 days and 5 months.

4.6% of the nurses stated that they were pregnant 
in the pre-pandemic period, 8.2% of them got pregnant 
during the pandemic, and 24.9% did not think of be-
coming pregnant during the pandemic. When the effect 
of COVID-19 disease on sexual life in the pandemic was 
examined, it was found that the sexual life of 17.9% of 
the nurses changed a lot and 35.1% changed slightly. The 

Table 1. Distribution of the sociodemographic variables 
(n=390)*

Sociodemographic Variables n (%) ±SD

Age
21–30
31–49

196 (50.3)
194 (49.7)

0.5

Educational 
Status

High School 52 (13.3)
0.868Two-year Degree 48 (12.3)

University 231 (59.2)
Postgraduate 59 (15.1)

Educational 
Status of 
Spouses

Primary School 5 (1.3)
0.562High School 83 (21.3)

University 272 (69.7)
Postgraduate 30 (7.7)

Region of 
Residence

Aegean Region 101 (25.9)

2.078
Central Anatolian 
Region

85 (21.8)

Black Sea Region 68 (17.4)
Marmara Region 51 (13.1)
Mediterranean 
Region

43 (11)

South-East 
Anatolian Region

25 (6.4)

East Anatolian 
Region

17 (4.4)

Working Shift
Day 121 (31)

0.925Night 3 (0.8)
Both day and night 266 (68.2)

Family Type Nuclear Family 372 (95.4)
0.21Extended family 18 (4.6)

Status of 
having children 

Yes 262 (67.2)
0.471 child 116 (29.7)

2 children 114 (29.2)
3 children 32 (8.2)
No 128 (32.8)

*Abbreviations: SD – standard deviation

frequency of sexual intercourse of nurses decreased by 
42.8% in the pandemic. In addition, 32.6% of the nurses 
and 25.9% of their husbands experienced a lack of sex-
ual desire during this period. 22.8% of the nurses stat-
ed that they separated their beds or rooms with their 
spouses due to the pandemic (Table 2).

The total mean score of the nurses’ sexual quali-
ty of life scale was calculated as 87.37±20.83 (min.:23, 
max.:105) in the study. The Cronbach alpha value of 
the scale for this study was found to be 0.964, and the 
scale is reliable for this sample. In Table 3, it is seen that 
the sexual quality of life scale score of nurses having a 
chronic illness, continuously taking medicine, infected 
with COVID-19 disease and taking medicine, receiving 
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days-off/health report is lower and statistically signifi-
cant (p<0.05).

According to the results of the Kruskal-Wal-
lis H-test conducted to determine whether the nurses 
showed a significant difference in terms of sexual quali-
ty of life scale scores, the difference was found to be sig-
nificant in terms of pandemic’s having changed nurses’ 
sexual life, frequency of sexual intercourse and frequen-
cy of sexual desire of the spouse (p<0.05). Mann-Whit-
ney U test was performed to find which group caused 
the difference. According to the test, the sexual quali-
ty of life scale score was determined to be lower in the 
group with decreased sexual intercourse frequency and 
in the group with decreased sexual desire of the spouse 
(p<0.05) (Table 4).

Table 3. Sexual quality of life scale scores of the nurses 
according to their medical information*

Medical Information n x̅ U p
Having a chronic 
illness
   Yes 124 165.39 12758.000 <0.001
    No 266 209.54
Continuously taking 
medicine
    Yes 109 169.50 12480.000 0.005
    No 281 205.59
Getting through 
menopause
    Yes 30 196.87 5359.000 0.945
    No 360 195.39
Being infected with 
COVID-19
    Yes 79 166.54 9997.000 0.01
    No 311 202.86
Taking medicine 
during the disease 
    Yes 63 150.52 7467.000 0.001
    No 327 204.17
Receiving days-off or 
health report
    Yes 91 163.39 10682.500 0.002
    No 299 205.27

*Abbreviations: x̅ – mean rank, U – Mann-Whitney U test

Discussion
In this study, the level of nurses’ sexual quality of life 
were found above the average level. The high score ob-
tained from the sexual quality of life scale examined in 
the study indicates that the sexual quality of life of nurs-
es is good. However, the presence of a chronic illness, 
continuous medication use, having COVID-19 disease, 
receiving COVID-19 treatment, receiving days-off/
health report for COVID-19 negatively affected the sex-
ual quality of life. In different studies examining the sex-

Table 2. Distribution of information about medical and 
sexual life of nurses (n=390)*

Medical Information of Nurses n (%) ±SD
Having a chronic illness
    Yes 124 (31.8)

0.466
    No 266 (68.2)
Taking medicine continuously
    Yes 109 (27.9)

0.449
    No 281 (72.1)
Getting through menopause
   Yes 30 (7.7)

0.267
    No 360 (92.3)
Getting infected with COVID-19 
    Yes 79 (20.3)

0.402
     No 311 (79.7)
Taking medicine during the disease
    Yes 63 (16.2)

0.368
     No 327 (83.8)
Receiving days-off or health report 
during the disease
    Yes 91 (23.3)

0.423
     No 299 (76.7)
Information about the sexual life of 
nurses during the pandemic
Status of getting pregnant during the 
pandemic
  Not pregnant 208 (53.3)

1.731

  Getting pregnant in the pre-pande-
mic period

18 (4.6)

  Getting pregnant during the pan-
demic

32 (8.2)

  Thinking of getting pregnant 35 (9.0)
   Not thinking of getting pregnant 97 (24.9)
Status of the pandemic’s having 
changed the sexual life of nurses
    It has changed a lot 70 (17.9)

   0.752    It has slightly changed 137 (35.1)
    It has not changed 183 (46.9)
 Frequency of sexual intercourse 
   It has decreased compared to the 
pre-pandemic period

167 (42.8)

0.946   It has increased compared to the 
pre-pandemic period

41 (10.5)

   It has not been affected 182 (46.7)
Experiencing low sexual desire
   Yes 127 (32.6)

0.469
    No 263 (67.4)
Sexual desire status of the spouse
   His sexual desire has increased 44 (11.3)

0.69  His sexual desire has decreased 101 (25.9)
   His sexual desire has not changed 245 (62.8)
 Bed/room separation status
   Yes 89 (22.8)

0.42
    No 301 (77.2)
Total 390 (100)

*Abbreviations: SD – standard deviation
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ual quality of life, it was observed that the sexual quality 
of life of women was affected depending on factors such 
as age period, current illness, and operation.13-15 

Table 4. Sexual quality of life scale scores of the nurses 
according to their sexual life*

Information about  
Their Sexual Life

n x̅ KW p

The status of getting 
pregnant in the pandemic
Not pregnant 208 204.40 8.202 0.084
Getting pregnant in the 
pre-pandemic period

18 168.11

Getting pregnant during 
the pandemic

32 185.23

 Thinking of getting 
pregnant 

35 151.44

 Not thinking of getting 
pregnant

97 200.77

Status of the pandemic’s 
having changed the 
sexual life of nurses
 It has changed a lot 70 108.49 68.023 0.000
 It has slightly changed 137 184.47
 It has not changed 183 237.04
 Frequency of sexual 
intercourse
  It has decreased 
compared to the pre-
pandemic period

167 137.43 77.682 0.001

  It has increased 
compared to the pre-
pandemic period

41 240.99

  It has not been affected 182 238.53
Sexual desire status of the 
spouse
His sexual desire has 
increased

44 214.76 77.052 0.000

  His sexual desire has 
decreased

101 111.07

  His sexual desire has not 
changed

245 226.84

*Abbreviations: x̅ – mean rank, KW – Kruskal-Wallis H test

More than half of the nurses participating in the 
study stated that their sexual life changed during the 
pandemic period. Approximately half of the partici-
pants stated that the frequency of sexual intercourse 
decreased, more than one third of them stated that the 
desire for sexual intercourse decreased and a small num-
ber of participants stated that they separated their bed or 
room with their spouse. Similarly, in a study conducted 
to determine the sexual attitudes of healthcare staff in 
the COVID-19 pandemic, it was found that there was 
a significant decrease in the sexual desire, frequency of 
sexual intercourse and duration of sexual intercourse 
compared to the pre-pandemic period.16 In another 

study, it was reported that the COVID-19 pandemic led 
to a decrease in sexual desire and the frequency of sex-
ual intercourse in Polish women.17 In parallel with our 
research results, it was stated in international studies 
that the frequency of sexual intercourse, sexual desire 
and sexual functions between spouses / partners during 
the COVID-19 pandemic decreased compared to the 
pre-pandemic period and the sexual quality of life de-
creased.18-21 However, Yüksel and Özgür (2020) found 
that women’s sexual desire and frequency of sexual in-
tercourse increased in the pandemic compared to the 
pre-pandemic period, but the sexual quality of life de-
creased.22 Since there is not yet sufficient evidence on the 
fact whether the COVID-19 infection can be transmit-
ted by sexual or genital tract secretions and the spouse/
partners are in close contact with each other due to the 
nature of sexual intercourse, there have been changes 
in the sexual lives of individuals during the pandem-
ic.16 Some people may have decreased their sexual func-
tions in this period due to the possibility of transmission 
whereas some may have increased sexual functions due 
to the increase in practices such as quarantine, long stay 
at home, and working distantly. However, it can be said 
that sexual functions and sexual quality of life of health-
care staff are more affected due to the fact that they are 
more likely to get infected with COVID-19 and contact 
with infected people. 

The majority of the participants (82.8%) stated that 
they did not get pregnant during the pandemic and did 
not intend to become pregnant. Studies have also re-
vealed that reasons such as future anxiety led by the pan-
demic, economic difficulties, and exposure of the fetus 
to the virus reduce the desire of women to become preg-
nant.22,23 In the studies of Haung and Zhao, the stress and 
anxiety levels of healthcare staff during the pandemic 
were found to be quite high.24 In another study conduct-
ed in Saudi Arabia, it was found that medical students 
experienced high levels of anxiety against the MERS 
virus.25 Hamilton and Meston stated that high level of 
chronic stress caused a decrease in sexual desire. In this 
study, it is not surprising that sexual functions and de-
sire for getting pregnant of the women working as nurs-
es during the pandemic period have reduced due to the 
busy and stressful working conditions and social isola-
tion measures.26

Limitations of the study
The study had several limitations. The women includ-
ed in the study may have seen the questions about sex-
uality as a violation of their privacy and may not have 
answered fully and correctly. In addition, the online 
collection of the data of the study and the fact that the 
results of the study are based on the self-report of the 
participants can be considered as limitations.
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Conclusion
The COVID-19 pandemic has negatively affected peo-
ple’s quality of life globally. Nurses have been more af-
fected by the negative effects of the pandemic as they 
play an active role in the care and treatment of pa-
tients during the COVID-19 pandemic process. Since 
the nurses are afraid of transmitting the disease to their 
families and loved ones, restrictions have come with 
them in many areas of their lives. Although sexuality is 
not a fundamental factor for the continuation of life, it 
is one of the most important factors that increase the 
quality of life. In this study, it was found that the nurs-
es’ sexual quality of life during the COVID-19 pandem-
ic was above the average level and their sexual life was 
negatively affected due to many reasons related to the 
pandemic. Since sexual life is a phenomenon affected by 
biopsychosocial and cultural factors, many factors such 
as the busy working pace of nurses in the field in the 
COVID-19 pandemic, inability to meet with beloved 
ones for fear of transmitting viruses, stress, the lack of 
an exact treatment for the virus, have different effects 
on the sexual life of individuals in this period. In order 
to clarify the unknowns about COVID-19, studies with 
large samples and comparing different parameters relat-
ed to sexual life are required. 
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interest, financial or otherwise. However, just as financial 
interests need not invalidate the conclusions of an article, 
nor do they automatically disqualify an individual from 
evaluating it. We ask peer-reviewers to inform the editors 
of any related interests, including financial interests 
as defined above that might be perceived as relevant. 
Editors will consider these statements when weighing 
peer-reviewers’ recommendations. 

Availability of materials and data
In order to maintain the integrity, transparency and 
reproducibility of research records, authors are encouraged 
to make their experimental and research data openly 
available either by depositing into data repositories or by 
publishing the data and files as supplementary information 
in this journal.

Data may be deposited with specialized service 
providers or institutional/subject repositories, preferably 

those that use the DataCite mechanism. Large data sets 
and files greater than 60 MB must be deposited in this way. 
For a list of other repositories specialized in scientific and 
experimental data, please consult databib.org or re3data.
org. The data repository name, link to the data set (URL) 
and accession number, doi or handle number of the data 
set must be provided in the paper. The journal Data also 
accepts submissions of data set papers. 

Data availability statement format guidelines
The statement should be provided as a separate section 
(titled ‘Data Availability’) at the end of the main text, 
before the ‘References’ section. Data availability statements 
should include, where applicable, accession codes, other 
unique identifiers and associated web links for publicly 
available datasets, and any conditions for access of 
non-publicly available datasets. Where figure source 
data are provided, statements confirming this should be 
included in data availability statements. Depending on 
the data described in the manuscript, data availability 
statements commonly take one of the following forms, 
or can be a composite of the statements below:

	— The datasets generated during and/or analyzed 
during the current study are available in the 
[NAME] repository, [PERSISTENT WEB LINK TO 
DATASETS].

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

	— All data generated or analyzed during this study 
are included in this published article (and its 
Supplementary Information files).

	— The datasets generated during and/or analyzed during 
the current study are not publicly available due to 
[REASON(S) WHY DATA ARE NOT PUBLIC] 
but are available from the corresponding author on 
reasonable request.

	— No datasets were generated or analyzed during the 
current study.

	— The data that support the findings of this study 
are available from [THIRD PARTY NAME] but 
restrictions apply to the availability of these data, 
which were used under license for the current study, 
and so are not publicly available. Data are however 
available from the authors upon reasonable request 
and with permission of [THIRD PARTY NAME].

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 
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peer-reviewed material, they fall into one of four 
categories: Publisher Correction (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). Notification 
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 
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for publication. In cases where co-authors disagree, the 
in-house editors may seek advice from independent 
referees 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 understanding 
of a significant part of the published contribution.

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. Manuscripts 
that are within scope and seem, on initial assessment, 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 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 will be 
assigned to at least two independent experts for peer-review. 
Reviewers will be able to access your manuscript securely 
using our online system, whilst maintaining referee 
anonymity. A double-blind review is applied, where authors’ 
identities are unknown to reviewers and vice versa. Peer 
review comments are confidential and will only be disclosed 
with the express agreement of the reviewer.

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 
perhaps 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 
revision link provided in the decision letter, and not as a 
new manuscript. The revision should also be accompanied 
by a point-by-point response to referees explaining how 
the manuscript has been changed. 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.

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, 
publication on the http://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 decision. 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 decisions on appeals will 
be made by the Editorial Board Member handling the paper.

Decisions are reversed on appeal only if the relevant 
Editorial Board Member is convinced that the original 
decision 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 
referee’s opinion would have changed the original decision. 
Similarly, disputes on factual issues need not be resolved 
unless they were critical to the outcome.
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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 J Clin Exp Med mandates ORCID iDs for all 
submitting 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 
submitted online at https://mc04.manuscriptcentral.
com/pmur. The submitting author, who is generally the 
corresponding author, is responsible for the manuscript 
during the submission and peer-review process. The 
submitting author must ensure that all eligible co-authors 
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 manuscript. 
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 submission 
system, not in the cover letter.

Accepted File Formats
Authors must use Microsoft Word to prepare their 
manuscript. 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 
recommend that you write concisely and stick to the 
following guidelines:

	— We encourage not exceeding 20 pages for original 
and review papers, and 8 pages for case reports of 
standard computer text (1800 signs on a page).

	— The main text should be no more than 4,500 words 
(not including Abstract, Methods, References and 
figure legends).

	— The title should be no more than 20 words.
	— The abstract should be no more than 250 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 
consideration 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. Systematic 
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, 
commentaries, 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; these will be published alongside the 
final version of your paper.

Please refer to existing guidelines for reporting 
methodology; 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 

Manuscript Preparation
Your paper should consist of the following parts. Title 
page should be supplied as a separate file.
Research manuscripts should comprise:

	— Title page: Title, Author list, Affiliations, Abstract, 
Keywords.

	— Research manuscript sections: Introduction, Aim, 
Materials and Methods, Results, Discussion, Conclu-
sions. 

	— Back matter: Supplementary Materials, Acknowledg-
ments, Funding Statement, Author Contributions, 

https://mc04.manuscriptcentral.com/pmur
https://mc04.manuscriptcentral.com/pmur
http://www.agreetrust.org/resource-centre/agree-reporting-checklist/
https://arriveguidelines.org/
https://www.care-statement.org/
http://www.consort-statement.org/
http://www.prisma-statement.org/
http://www.spirit-statement.org/publications-downloads/
https://bmjopen.bmj.com/content/6/11/e012799
https://strobe-statement.org/index.php?id=available-checklists
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Conflicts of Interest, Data Availability, Ethics Approv-
al, References.

Research manuscript sections:

	— Introduction
State the objectives of the work and provide an adequate 
background, avoiding a detailed literature survey or a 
summary of the results.

	— Material and methods
Provide sufficient details to allow the work to be 
reproduced by an independent researcher. Methods 
that are already published should be summarized, and 
indicated by a reference. If quoting directly from a 
previously published method, use quotation marks and 
also cite the source. Any modifications to existing methods 
should also be described.

	— Results
Results should be clear and concise. The section may be 
divided into subsections, each with a concise subheading. 
Tables and figures central to the study should be included 
in the main paper. Do not use the term “significant” unless 
p-values are provided. Show p-values to 2 or 3 decimal 
places. The Results section should be written in past tense.

	— Discussion
This should explore the significance of the results of the 
work, not repeat them. Avoid extensive citations and 
discussion of published literature.

	— Conclusions
Summarize the work’s findings, state their importance, 
and possibly recommend further research.

Review manuscripts should comprise:
	— Title page: Title, Author list, Affiliations.
	— Abstract, Keywords, Literature review sections.
	— Back matter: Supplementary Materials, Acknowledg-

ments, Funding Statement, Author Contributions, 
Conflicts of Interest, Data Availability, References.

Structured reviews and meta-analyses should use the same 
structure as research articles and ensure they conform to 
the PRISMA guidelines.

Case reports should comprise:
	— Title page: Title, Author list, Affiliations.
	— Abstract, Keywords. Case reports should include 

a succinct introduction about the general medical 
condition or relevant symptoms that will be discussed 
in the case report; the case presentation including 
all of the relevant de-identified demographic and 
descriptive information about the patient(s), and a 
description of the symptoms, diagnosis, treatment, 

and outcome; a discussion providing context and any 
necessary explanation of specific treatment decisions; 
a conclusion briefly outlining the take-home message 
and the lessons learned.

	— Back matter: Supplementary Materials, Acknowledg-
ments, Funding Statement, Author Contributions, 
Conflicts of Interest, Data Availability, Ethics Approv-
al, References.

Requirements for case reports submitted to Eur J Clin 
Exp Med:

	— Patient ethnicity must be included in the Abstract 
under the Case Presentation section.

	— Consent for publication is a mandatory journal 
requirement for all case reports. Written informed 
consent for publication must be obtained from the 
patient (or their parent or legal guardian in the case 
of children under 18, or from the next of kin if the 
patient has died).

Language Style
Manuscripts must be submitted in English (American 
or British usage is accepted, but not a mixture of these).

Title page
These sections should appear in all manuscript types:
Title: The title of your manuscript should be concise 
and informative. It should identify if the study reports 
(human or animal) trial data, or is a systematic review, 
meta-analysis or replication study. When gene or protein 
names are included, the abbreviated name rather than full 
name should be used.
Author List and Affiliations: Authors’ full first and last 
names must be provided. For each affiliation provide the 
details in the following order: department, institution, city, 
country. If available, the e-mail address of each author 
should also be provided. At least one author should be 
designated as corresponding author, and his or her email 
address and other details should be included at the end 
of the affiliation section. 
Abstract: The abstract should be a total of about 250 
words maximum. The abstract should be a single 
paragraph and should follow the style of structured 
abstracts: Introduction and aim: Place the question 
addressed in a broad context and highlight the purpose 
of the study; Material and methods: Describe briefly 
the main methods or treatments applied. Include any 
relevant preregistration numbers, and species and strains 
of any animals used. Results: Summarize the article’s main 
findings; and Conclusion: Indicate the main conclusions 
or interpretations. 
Keywords: Three to six pertinent keywords need to 
be added after the abstract in alphabetical order. We 
recommend that the keywords are specific to the article, 
yet reasonably common within the subject discipline.
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Back Matter
Supplementary Materials: Describe any supplementary 
material published online alongside the manuscript 
(figure, tables, video, spreadsheets, etc.). Please indicate 
the name and title of each element as follows Figure 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 assistance, 
technical help, or special equipment or materials. 
Funding Statement: All sources of funding of the study 
should be disclosed. 
Author Contributions: Authors must supply an Author 
Contribution Statement as described in the Author 
contributions statements section.
Conflicts of Interest: Authors must supply a competing 
interests statement. For more details please see Competing 
interests policy.
Data Availability: Authors must include a Data Availability 
Statement in all submitted manuscripts; see Availability of 
materials and data section for more information.
Ethics approval: Example of an ethical statement: “All 
subjects gave their informed consent for inclusion before 
they participated in the study. The study was conducted 
in accordance with the Declaration of Helsinki, and the 
protocol was approved by the Ethics Committee of XXX 
(Project identification code).”
References: References must be numbered in order of 
appearance in the text (including table captions and 
figure legends) and listed individually at the end of the 
manuscript. We recommend preparing the references 
with a bibliography software package, such as EndNote, 
Reference Manager or Zotero to avoid typing mistakes 
and duplicated references. 

References style
References should be prepared according to the American 
Medical Association style.
Examples: The degree of respiratory muscles fatigue 
depends on the applied exercise protocol and the 
research group’s fitness level.1,2  The greatest load with 
which a patient continues breathing for at least one 
minute is a measure of inspiratory muscles strength.3 

Diabetes mellitus is associated with a high risk of foot 
ulcers.4-6 

A citation should contain a maximum of 6 authors. 
When an article has more than six authors, only the first three 
names should be given by adding ‘et al.’ If the source does 
not have any authors, the citation should begin with the title.

Journal titles should be given in brief according to 
the Index Medicus standard.

The following are examples of individual citations 
made according to the required rules of editing and 
punctuation:

	— Article from a journal, number of authors from 1 to 6
Author AA, Author BB, Author CC. Title of article. 
Abbreviated Journal Title. Year;Volume(Issue):Page-
Page.
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.
Wolf ZR. Nursing practice breakdowns: Good and bad 
nursing. Medsurg Nursing. 2012;21(1):16-36.

	— Article from a journal, number of authors more 
than 6

Author AA, Author BB, Author CC, et al. Title of article. 
Abbreviated Journal Title. Year;Volume (Issue):Page-Page.
Gonzalez ME, Martin EE, Anwar T, et al. Mesenchymal 
stem cell-induced DDR2 mediates stromal-breast 
cancer interactions and metastasis growth. Cell Rep. 
2017;18:1215-1228.
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. J Hypertens. 2016;34:1678-1688.

	— Article from an online journal: DOI	
Author AA, Author BB. Title of article. Abbreviated 
Journal Title. Year;Volume(Issue):Page-Page. doi:xx.xxxx/
xxxxxxxxxxxxxx
Coppinger T, Jeanes YM, Hardwick J, Reeves S. Body 
mass, frequency of eating and breakfast consumption 
in 9-13-year-olds. J Hum Nutr Diet. 2012;25:43-49. doi: 
10.1111/j.1365-277X.2011.01184.x.
Cogulu O, Schoumans J, Toruner G, Demkow U, Karaca 
E, Durmaz AA. Laboratory Genetic Testing in Clinical 
Practice 2016. Biomed Res Int. 2017;2017:5798714. doi: 
10.1155/2017/5798714.

	— Websites	
Webpage title. Name of Website. URL. Published or 
Updated date. Accessed date.
Cholera in Haiti. Centers for Disease Control and 
Prevention Web site. http://www.cdc.gov/haiticholera/. 
Published October 22, 2010. Updated January 9, 2012. 
Accessed February 1, 2012.
Address double burden of malnutrition: WHO. World 
Health Organization site. http://www.searo.who.int/
mediacentre/releases/2016/1636/en/. Accessed February 
2, 2017.

	— Book	
Author AA, Author BB. Title of Work. Location: Publisher; 
Year:Page-Page
Doane GH, Varcoe C. Family Nursing as Relational Inquiry: 
Developing Health– Promoting Practice. Philadelphia, PA: 
Lippincott Williams & Wilkins; 2005:25-28.
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London ML, Ladewig PW, Ball JW, et al. Maternal & Child 
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