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ORIGINAL PAPER

Evaluation of the Glasgow-Blatchford score in predicting clinical
outcomes in upper gastrointestinal bleeding

Fidan inciler ® ', Tolga Diizenli © 2, Hiiseyin Késeoglu © 2, Mesut Sezikli © 2

'Department of Internal Medicine, Hitit University Faculty of Medicine, Corum, Tirkiye
2 Department of Gastroenterology, Hitit University Faculty of Medicine, Corum, Tlrkiye

ABSTRACT

Introduction and aim. Acute upper gastrointestinal bleeding is a common cause of emergency admissions with potentially se-
rious outcomes. Early evaluation of patients is crucial to predict morbidity, recurrence of bleeding, and mortality. The Glasgow
Blatchford score (GBS) is a validated scoring system used to predict the need for medical interventions such as blood transfu-
sion, endoscopy, and surgery. This study aimed to explore the correlation of GBS with prognostic markers in patients with up-
per gastrointestinal bleeding.

Material and methods. This retrospective study included patients >18 years old admitted to Hitit University Corum Erol Olcok
Training and Research Hospital due to upper gastrointestinal bleeding between December 2022 and May 2023. Exclusion cri-
teria were insufficient endoscopy or data or pregnancy. GBS scores were calculated at the initial presentation for each patient
and their association with prognostic markers and mortality was analyzed. Comparison of numerical measurements between
independent groups was evaluated using the Mann-Whitney U test and categorical variables were evaluated using the Chi-
square test. Spearman coefficients were used for correlations. ROC analysis was used to determine the sensitivity and speci-
ficity of GBS to predict endpoints. The predictive factors for the endpoints were investigated using logistic regression analysis.
Results. A total of 140 patients were enrolled in the study. GBS was significant in predicting the need for blood transfusion (OR:
1.493, 95% Cl: 1.297-1.719, p<0.001), need for endoscopic intervention (OR: 1.248, 95% Cl: 1.089-1.430, p=0.001), and prefer-
ence for ward/intensive care unit (OR: 0.869, 95% Cl: 0.790-0.953, p=0.003). For predicting mortality, Charlson Comorbidity In-
dex (OR: 1.023, CI=1.008-1.437, p=0.046) was significant. GBS was not significant for predicting mortality (p=0.582).

The area under the curve (AUC) of GBS with a cut-off of 9.5 for mortality was 0.64 (95% Cl 0.513-0.775, p=0.032) with a sensitiv-
ity of 68.2% and specificity of 52.5%, AUC 0.752 (95% Cl 0.653-0.851, p<0.001) for the need for endoscopic intervention with a
sensitivity of 90% and specificity of 50.8%, AUC 0.729 (95% Cl 0.646-0.812, p<0.001) for admission to intensive care with a sen-
sitivity of 70.1% and specificity of 58.9% and AUC 0.853 (95% Cl 0.782-0.924, p<0.001) for the need for blood transfusion with
a cut-off of 8.5 with a sensitivity of 84.9% and specificity of 75.5% for the selected.

Conclusion. The GBS did not predict mortality, but effectively predicted the need for blood transfusion, endoscopic interven-
tion, and intensive care unit admission. The Charlson comorbidity index was predictive for mortality in this study group.
Keywords. Glasgow-Blatchford score, prognosis, upper gastrointestinal bleeding
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Received: 2.12.2024 / Revised: 3.03.2025 / Accepted: 9.03.2025 / Published: 30.09.2025
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Introduction

Upper gastrointestinal system (GIS) bleeding refers to
bleeding anywhere in the gastrointestinal system proxi-
mal to the Treitz ligament. It is one of the leading causes
of hospital admissions and is associated with significant
morbidity and mortality. The key priorities in manag-
ing GIS bleeding include rapid patient evaluation, stabi-
lization, identifying the site of bleeding, and preventing
recurrent bleeding, which notably increases mortality.!

Various risk scoring systems have been developed
to assess prognostic factors such as mortality, the need
for early intervention, the risk of rebleeding, and length
of hospital stay.? Recently, there has been considerable
interest in pre-endoscopy risk scores for upper GIS
bleeding that can be calculated after hospital admission.
One of the most commonly used scores is the Glasgow
Blatchford score (GBS).* These scoring systems use clin-
ical, hemodynamic, and laboratory variables and can
also identify low-risk patients who could be managed
as outpatients.* Additionally, it has been suggested that
these scores can identify higher-risk patients who may
require urgent endoscopy or intensive care.**

The GBS indicates the need for intervention to con-
trol bleeding. It incorporates variables such as hemoglo-
bin (g/dL), systolic blood pressure (mmHg), presence
of syncope, melena, and history of heart or liver failure,
adjusted by age.* However, additional prognostic mark-
ers have been explored to further refine risk stratifica-
tion in patients with bleeding from the upper GIS. One
such marker is the Charlson Comorbidity Index (CCI),
which is a widely used tool to quantify comorbid condi-
tions and predict long-term mortality.” The CCI assigns
weighted scores to various chronic diseases, providing
an overall comorbidity burden score. In the context of
upper GIS bleeding, higher CCI scores may have been
associated with increased mortality and worse clinical
outcomes. Despite its established prognostic value in
other medical conditions, its role in upper GIS bleeding
risk assessment has not been fully elucidated.

Aim

The aim of this study was to investigate the relationship
between the Glasgow Blatchford Score and prognostic
markers, including the Charlson Comorbidity Index,
in patients with upper GIS bleeding. By assessing the
prognostic value of these markers, we aim to enhance
the risk stratification process and improve clinical deci-
sion-making in this patient population.

Material and methods

Study group

Data related to the study were collected from hospital
records of patients admitted to Hitit Training and Re-
search Hospital between December 2022 and May 2023
with upper GIS bleeding.

Inclusion criteria for the study were patients 18
years and older who were admitted to our hospital due
to upper GIS bleeding. Exclusion criteria included pa-
tients with insufficient endoscopy or data, and pregnant
patients. The diagnoses were made after an endosco-
py; and all subgroups of upper gastrointestinal bleeding
(UGIB), including esophageal variceal bleeding, were
included.

Demographic data such as age, sex, presenting com-
plaints, chronic illnesses, medications, surgical history,
smoking and alcohol history, and previous episodes of
gastrointestinal bleeding were retrospectively evaluat-
ed from discharge summaries. Data on intensive care
and ward admission status, intubation status, initial vi-
tal signs at emergency department admission, rectal ex-
amination findings of bleeding, syncope status, need
for blood transfusion, time of endoscopic intervention,
presence of active bleeding during endoscopy, method
of intervention if performed, need for surgery, occur-
rence of rebleeding, discharge or exitus outcomes, rea-
sons for exitus if occurred, and length of hospital stay
were recorded. Charlson CCI and GBS were calculat-
ed. The CCI evaluates 22 comorbid conditions to pre-
dict the risk of mortality at one year. Each condition
is scored from 1 to 6 based on its associated risk level.
GBS is calculated using parameters that include blood
urea level (mmol/L), hemoglobin level (g/dL), systolic
blood pressure (mmHg) and other markers (pulse rate
above 100, melena, syncope, presence of liver disease,
and heart failure).

The patients were categorized according to hospi-
talization outcomes ending in mortality, and prognostic
indicators of mortality were determined. The relation-
ship between GBS and prognosis/mortality was statis-
tically evaluated.

Statistical methods

All statistical analyzes were performed using IBM SPSS
Statistics for Windows software (version 26; IBM Corp.,
Armonk, NY, USA). Descriptive statistics were report-
ed as number and percentage for categorical variables,
mean for numerical variables. The relationships be-
tween variables were explored using the Spearman cor-
relation test. Comparison of numerical measurements
between independent groups according to research
groups was assessed using the Mann-Whitney U test.
Comparison of rates between research groups for cat-
egorical variables was evaluated using the Chi-square
test. ROC analysis was used to determine the sensitivity
and specificity of GBS to predict endpoints. The Youd-
en index was used to determine cutoft points. The pre-
dictive factors for the endpoints were investigated using
logistic regression analysis. Statistical significance was
established at p<0.05.
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Ethical aspect of the study

The approval for the study was obtained from the Ethics
Committee for Clinical Research of the Faculty of Med-
icine on September 13, 2023, under decision number
2023-120. The study was carried out according to the
Helsinki Declaration and good clinical practices.

Table 1. Clinical characteristics of the study group*

Clinical charesteristics n (%)
Age, mean 69.7£18
Sex, female 58 (41.4)
DOAC use 19(13.6)
NSAID use 43(30.7)
Kvit antagonist use 29(20.7)
LMWH use 5(3.6)
({, mean 55%35
Hospital admission

I 67 (47.9)

Clinic 73(52.1)
Melena 89 (63.6)
Syncope 12(8.6)
Need for transfusion 86 (61.4)
Endoscopic intervention 20(14.3)
Rebleeding 5(3.6)
Exitus 21(15.7)
Length of stay, days 5.1+63

GBS 9.5+4.9

* DOAC - direct oral anticoagulant, ICU - intensive care
unit, LMWH - low-molecular-weight heparin, NSAID - non-
steroidal anti-inflammatory drugs

Results

Among 388 patients, 248 were excluded due to miss-
ing data, leaving a total of 140 patients included in the
study. The mean age of the patients was 69.7+18 years.

Of the patients, 41.4% (n=58) were women and 58.6%
(n=82) were male. Demographic and clinical data of the
patients are presented in Table 1.

Table 2. Etiologies of patients with upper gastrointestinal
bleeding

Etiology n=140 %
Peptic ulcer

Bulbus 24 17.1%

Gastric 17 12.1%
Erosive gastritis 2 1.4%
Esophageal ulcer 2 1.4%
Mallory Weiss syndrome 7 5%
Esophagitis 2 15%
Premalign lesions 5 3.6%
Gastric cancer n 7.9%
Esophageal varices 13 9.3%
Other 14 10%

Among the patients included in the study based on
the etiology of GIS bleeding, 29.2% (n=41) had peptic
ulcer disease. Bulbar ulcer was detected in 17.1% (n=24)
of patients diagnosed with peptic ulcer. The distribution
of patients according to the etiology of GIS bleeding is
shown in Table 2.

Comparisons of patient groups based on mortality,
need for blood transfusion, need for endoscopic inter-
vention, and admission to wards or intensive care units
are presented in Table 3.

The results of the correlation analyzes between con-
tinuous variables age, CCI, length of hospital stay, and
GBS examined in the study group are shown in Table
4. There is a moderate positive correlation between age,
CClI, length of hospital stay, and GBS.

Table 3. Comparisons of patient groups according to clinical outcomes*

Exitus Need for blood tranfusion Need for intervention Need for ICU
Yes (n=22) No (n=118) p Yes (n=86) No (n=54) p Yes (n=20) No (n=120) p Clinic(n=73) 1CU (n=67) p

Age (mean) 784 68 0.013 73 644 0.005 70.6 69.5 0.804 64.1 757 <0.001
Sex (male) " 4 0.374 47 38 0.238 9 49 0.726 32 26 0.546
DOACuse 4 15 0.172 13 6 0.187 3 16 0.865 10 9 0.565
NSAID use 8 38 0.532 30 13 0.177 6 37 0.94 17 26 0.047
Kvit antagonist use 0 n 0.143 8 3 0.429 2 9 0.658 3 8 0.085
Antipletelet use 4 28 0.78 20 9 0.344 4 28 0.932 n 18 0.085
LMWH use 3 2 0.006 5 0 0.071 1 4 0.71 1 4 0.143
(Cl (mean) 78 50 0.001 6.2 43 0.001 55 54 0.906 43 6.8 <0.001
Admission to clinic 2 n <0.001 38 38 0.001 6 67 0.032

Need for intervention 3 17 0.924 19 1 0.001 6 14 0.032
Need for transfusion 18 68 0.032 19 67 0.001 35 51 0.001
Exitus 18 4 0.032 3 19 0.928 2 20 <0.001
Rebleeding 1 4 0.789 5 0 0.071 2 3 0.094 2 3 0.58
Length of stay (days) 9.6 43 <0.001 6.3 32 0.005 57 5 0.626 3.6 6.7 0.003
GBS (mean) 1.9 9.1 0.015 1.9 57 <0.001 13 89 0.001 76 1.6 <0.001

* DOAC - direct oral anticoagulant, ICU - intensive care unit, LMWH - low-molecular-weight heparin, NSAID - non-

steroidal anti-inflammatory drugs
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Table 4. Correlations between Glasgow Blatchford score
and continuous variables

GBS (n=140)
r p
Age 0.47 <0.001
« 0.518 <0.001
Length of stay 0.272 0.001

Logistic regression analyzes performed to predict
mortality, need for blood transfusion, the need for en-
doscopic intervention, and admission to the wards or
intensive care units are provided in Table 5. The parame-
ters showing the differences between groups in the com-
parison table were included in the regression analysis.

Table 5. Logistic regression analysis to predict mortality
and the need for blood transfusion, intervention, and
intensive care unit

OR %95 Cl p
Mortality

GBS 1.036 0.913-1.176 0.582

Age 1.02 0.976-1.066 0.389

LMWH use 0.145 0.020-1.027 0.053

« 1.203 1.008-1.437 0.046
Need for blood transfusion

GBS 1493 1.297-1.719 <0.001

Age 0.985 0.944-1.021 0.39%4

« 0.995 0.830-1.193 0.958
Need for intervention

GBS 1.248 1.089-1.430 0.001
Need for ICU

GBS 1.153 1.049-1.266 0.003

Age 0.956 0.956-1.016 0.354

NSAID use 1.636 0.733-3.653 0.239

« 0.909 0.782-1.056 0.212

* Cl - confidence interval, DOAC - direct oral
anticoagulants, ICU — intensive care unit, LMWH - low
molecular weight heparin, NSAID - non-steroidal anti-
inflammatory drugs, OR - odds ratio

ROC curves for GBS predicting mortality, need for
blood transfusion, need for endoscopic intervention, and
admission to intensive care are presented in Figures 1-4,
respectively. The area under the curve (AUC) for mortal-
ity was 0.64 (95% CI 0.513-0.775, p=0.032) with a sen-
sitivity of 68.2% and specificity of 52.5% for the selected
GBS threshold of 9.5. For the need for blood transfusion,
the AUC was 0.853 (95% CI 0.782-0.924, p<0.001) with a
sensitivity of 84.9% and a specificity of 75.5% for the se-
lected GBS threshold of 8.5. For the need for endoscop-
ic intervention, the AUC was 0.752 (95% CI 0.653-0.851,
p<0.001) with a sensitivity of 90% and a specificity of
50.8% for the selected GBS threshold of 9.5. For admis-
sion to intensive care, the AUC was 0.729 (95% CI 0.646-
0.812, p<0.001) with a sensitivity of 70.1% and specificity
of 58.9% for the selected GBS threshold of 9.5.

ROC Curve
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Discussion

Upper gastrointestinal bleeding (UGIB) represents a
medical emergency with high hospitalization rates and
a mortality risk of up to 10%.¢ Successful treatment of
patients requires careful assessment of their risks. In this
study, we investigated the performance of GBS in pre-
dicting mortality and clinical outcomes in patients with
UGIB.

Firstly, in terms of patients, blood transfusion was
performed in 86% of our patients, indicating a high rate
of blood transfusion compared to the literature.”® This
high rate can be attributed to our hospital being a tertia-
ry referral center, where complex cases are referred and
patients presenting with severe comorbidities and more
critical clinical conditions are admitted. In the literature,
transfusions are reported in 33-53% of hospitalized pa-
tients due to UGIB internationally and as high as 75% in
studies conducted in Turkey.”'° The latest recommenda-
tions from the European Society of Gastrointestinal En-
doscopy (ESGE) and the International Consensus Group
suggest targeting hemoglobin levels between 7 to 9 g/dL
for transfusion, with higher targets considered for pa-
tients with significant comorbidities.” However, our study,
like others, did not investigate the relationship between
hemoglobin levels and the number of units transfused.
Studies by Mokhtare et al. and Robertson et al. comparing
GBS with other scoring systems found similar results.®®

The second result was the rates of recurrent bleed-
ing, whereas our study found a recurrence rate of 3.6%.
Okutur et al. reported recurrent bleeding in 10% of cas-
es, associated with higher average age, length of stay,
and mortality rates.'” Yavorsky et al. reported a recur-
rent bleeding rate of 7.1% in their retrospective study of
3294 patients.'’ Robertson et al.’ also reported a recur-
rent bleeding rate of 9.7% in their study.

According to the Blatchford criteria, the mean GBS
in our study was 9.5+4.9, which aligns with previous

findings.'*"® Advanced age and the presence of comor-
bid diseases increase mortality rates in GIB. Despite
advances in diagnosis and treatment, a significant re-
duction in GIB mortality rates over the years has not
been achieved.'> Mortality rates vary depending on the
cause, location, etiology of bleeding, and the presence of
additional diseases. Mortality rates for GIB range from
8% to 20.3% in studies focusing on GIB and mortali-
ty.'>* In our study, the mortality rate was 15.7%, consis-
tent with the literature.

As another outcome, the average length of hospi-
tal stay in our study was 5.1+6.3 days, which is simi-
lar to findings in other studies.’*' Uysal et al. reported
endoscopic treatment in 38.1% of patients, 17.9% ex-
periencing rebleeding.!* Kim et al. reported re-bleed-
ing in 12.7% and an endoscopic intervention need in
58.8% of their study population.” In our study, the rates
of re-bleeding and endoscopic intervention were 20%
each.

Endoscopy is crucial in identifying UGIB lesions
due to its high sensitivity and specificity. Therapeutic
endoscopy can achieve acute hemostasis and prevent re-
bleeding in most patients once a bleeding lesion is iden-
tified. In our study, 71.4% of the patients underwent
endoscopy within the first 24 hours, consistent with the
findings of the literature.'***

With increasing age, the frequency of chronic dis-
eases that predispose to bleeding and the use of medica-
tions that promote bleeding also increases. In our study,
patients using low molecular weight heparin (LMWH)
and direct oral anticoagulant (DOAC) had higher av-
erage GBS scores, which we attributed to accompany-
ing comorbidities and age. We found that a higher GBS
score predicts the need for transfusion and endoscop-
ic intervention, but not mortality. Stanley et al. and
Gokgek et al. reported that scoring systems predict mor-
tality and the need for transfusions, while they do not
have superiority over each other.'>'s

In deceased patients, our study found higher ages,
LMWH use, CCI, need for blood transfusion, length of
stay, and GBS scores. Other studies have identified co-
morbid diseases as significant predictors of mortality in
patients with nonvariceal upper gastrointestinal bleed-
ing.'”!® Kaplan et al. emphasized that advanced age
and additional medical problems, even if asymptomat-
ic, lead to worse outcomes and higher mortality rates.'
A study in 3508 patients presenting to the emergency
with UGIB reported a mortality rate, with more than
half having one or more accompanying diseases at ad-
mission, and 83% of deaths being associated with one
or more comorbid diseases."” Paksoy et al. found that
25.6% of patients had comorbid diseases, with 1.8% of
deaths directly attributable to these conditions."

Early and effective treatment aims to prevent pa-
tient mortality, accelerate recovery, and prevent compli-
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cations. Identifying which patients require intervention
(such as transfusion, endoscopic bleeding control) is
crucial for prognosis. Patients at low risk for recurrent
bleeding and death due to UGIB may still require trans-
fusions. These patients should be hospitalized and not
considered low-risk. In our study, we found that patients
who underwent endoscopic intervention had a high
need for blood transfusion and high GBS scores. In an-
other study comparing risk scores, GBS was found to
be the most successful score in predicting major trans-
fusion needs and the need for endoscopic treatment.'®

Various independent predictors have been identi-
fied in different studies that predict a poor prognosis
and mortality in patients with GIB, including advanced
age, male gender, presence of comorbidities, coagulopa-
thy, replacement of blood products, redebleeding, high-
risk lesions on endoscopy, and length of stay."" In our
study, we focused on mortality, the need for blood trans-
fusion, endoscopic intervention, and admission to the
ICU as prognosis markers. We found a positive correla-
tion between age, CCI, length of stay, and GBS.

Regression analyzes that evaluated parameters sig-
nificantly associated with mortality among groups in
our study found that each unit increase in CCI increased
mortality by 1.2 times. Yurtsever et al. noted that high
CCI affects mortality in logistic regression analysis.?

Most studies in the literature cover GBS and oth-
er scoring systems. Siebenhiier et al. found that GBS is
the best system for predicting erythrocyte transfusion
needs.?! In our study, each increase in the GBS score was
associated with a 1.4 times increase in the transfusion
requirement.

In a study by Choi et al., it was observed that pa-
tients with a GBS of 10 or higher had a higher rate of ad-
mission to the emergency department ICU.” In a study
by Tasldere et al, scores were compared, and a GBS of 11
or higher was found to predict admission to the ICU.»
In our study, logistic regression analysis to predict ad-
mission to the ICU found GBS to be statistically signif-
icant.

This study had several limitations. First, this study
was unicenter and retrospective. Second, the sample size
was relatively small to obtain robust results. Third, our
hospital is a tertiary referral center where complex cases
are also referred, which may have introduced some bias
in terms of patient selection.

Conclusion

This study has reaffirmed that GBS is a reliable predic-
tive marker of the need for blood transfusion, endo-
scopic intervention, and intensive care management in
upper gastrointestinal bleeding. Furthermore, CCI was
identified as a significant predictor of mortality in this
population of patients.
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ABSTRACT

Introduction and aim. Femoral fractures in elderly people significantly impact their functional recovery and independence.
Identifying reliable prognostic markers upon admission can facilitate optimal resource allocation and improve rehabilitation
outcomes. This study aims to evaluate the predictive significance of pre-injury functional status, comorbid conditions, and cog-
nitive function in determining independent living one year after injury.

Material and methods. This retrospective observational study involved 132 consecutive patients over the age of 60 years who
had suffered femoral fractures and were admitted to a specialized geriatric orthopedic unit. Prior to hospitalization, all patients
were capable of independent living. Upon admission, three key prognostic indicators were evaluated: (1) the level of pre-inju-
ry performance in activities of daily living (ADL); (2) the absence of comorbidities that could hinder recovery; and (3) cognitive
function, measured by a Pfeiffer mental questionnaire score above 7. The relationship between these prognostic factors and
the ability to live independently one year after injury was examined using odds ratios (OR) with 95% confidence intervals (Cl).
Results. Among patients who possessed all three positive prognostic factors, 92% maintained independent living status after
one year. In contrast, individuals with one, two, or three unfavorable predictors exhibited progressively lower rates of indepen-
dent living, recorded at 96%, 82%, and 55%, respectively. The median duration of hospitalization within the first year varied
across these groups, averaging 23, 74, 91, and 96 days, respectively. Furthermore, one-year mortality rates were found to be
associated with the presence of comorbid conditions: 0% among those with only a femoral fracture, 14% in patients with one
or two additional conditions, and 24% for those with three or more comorbidities.

Conclusion. Simple and robust admission predictors including pre-injury ADL performance, absence of significant comorbid-
ities, and preserved cognitive function can effectively estimate long-term functional outcomes in patients with femoral frac-
ture in elderly people. These findings support the optimization of rehabilitation resources to improve recovery and promote
independent living.

Keywords. cognitive function, elderly rehabilitation, femoral fracture, independent living, prognostic factors

Corresponding author: Putra Agina Widyaswara Suwaryo, e-mail: ners.putra@gmail.com
Received: 22.01.2025 / Revised: 23.02.2025 / Accepted: 9.03.2025 / Published: 30.09.2025

Santoso EB, Suwaryo PAW, Setianingsih E, Asti AD. Optimizing rehabilitation strategies for elderly patients with femoral fracture —
a prognostic perspective. Eur ] Clin Exp Med. 2025;23(3):555-561. doi: 10.15584/ejcem.2025.3.3.

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


https://creativecommons.org/licenses/by/4.0/
http://www.ejcem.ur.edu.pl
http://dx.doi.org/10.15584/ejcem.2025.2.12

556

European Journal of Clinical and Experimental Medicine 2025; 23 (3): 555561

Introduction

Femoral fractures are one of the common musculoskel-
etal injuries, especially in the elderly population. With
the increase in life expectancy and the elderly popula-
tion in various countries, the incidence of femoral frac-
tures is also rising."” This injury can have a significant
impact on the patient’s quality of life, considering the
importance of the femoral in supporting the body and
aiding mobility.* Therefore, attention to the aspects of
medical treatment, rehabilitation, and social support
becomes increasingly important to ensure optimal re-
covery for the patient.*

In recent decades, various advances have been made
in surgical procedures for femoral fractures, including
internal fixation techniques, the use of more advanced
implants, and joint replacement procedures for certain
cases.®” In addition, specialized rehabilitation programs
have also been developed to help patients regain motor
functions after surgery.® Social support, both from fam-
ily and healthcare services, also plays an important role
in patient recovery, especially in improving adherence
to rehabilitation therapy and reducing the risk of post-
operative complications.’ !

One of the crucial aspects in the management of
femoral fractures is the assessment of prognosis from
the moment the patient first enters the healthcare facil-
ity."? This assessment can help allocate resources more
optimally, thus increasing the efficiency of the health-
care system." Factors such as the patient’s age, overall
health condition, mental status, and ability to perform
daily activities (Activities of Daily Living/ADL) before
the injury can be important indicators to determine the
most appropriate management strategy.**-'¢

Previous studies have identified various factors that
can influence clinical outcomes in patients with fem-
oral fractures, including patient characteristics and
treatment approaches applied.”” Analysis of these fac-
tors allows identification of key challenges in care and
helps to formulate more effective health policies. How-
ever, there are still gaps in research on how the condi-
tion of patients before experiencing an injury can affect
treatment outcomes and recovery. Therefore, this study
focuses on evaluating the condition of patients before
injury when they are first treated, to provide deeper in-
sights into the factors that contribute to the final recov-
ery outcomes of patients with femoral fractures.

Aim

This study aims to identify key prognostic factors that
influence the likelihood of independent living one year
after a femoral fracture in elderly patients. Specifically,
it evaluates the impact of preinjury functional status,
comorbid medical conditions, and cognitive function
upon admission in predicting long-term recovery out-
comes. By establishing reliable predictive markers, this

research seeks to optimize rehabilitation resource allo-
cation and improve post-fracture care strategies for old-
er adults.

Material and methods

Study design

This study is a retrospective observational study that
evaluates patients over 60 years of age who live inde-
pendently and have been treated in a specialized ortho-
pedic unit with 10 beds due to femoral fractures. This
unit has a higher nurse-to-bed ratio compared to stan-
dard orthopedic wards (1.6 beds vs. 1.2 beds) to prevent
patient isolation and enhance physical and mental acti-
vation. During the year 2023 to 2024, a total of 132 pa-
tients, consisting of 79 women and 53 men, were treated
in this unit. Patients are treated until they show im-
provement or can be discharged home. All medications
that are recognized to exert effects on the central ner-
vous system must be avoided to the greatest extent pos-
sible. The patient is scheduled for surgery at the earliest
opportunity; however, procedures during the night must
be avoided. A sample size calculation was performed
based on previous studies that assessed functional re-
covery in elderly patients with femoral fractures. Using
a power of 80% and an effect size of 0.5, the required
sample size was determined to be at least 120 partici-
pants, ensuring adequate statistical power to detect sig-
nificant associations.

Inclusion criteria were: (1) age >60 years, (2) inde-
pendent living before hospitalization, (3) no history of
severe neurological or psychiatric disorders affecting
cognition, and (4) ability to communicate and provide
consent. Three prognostic factors were evaluated at ad-
mission: (1) preinjury activities of daily living (ADL)
using the Katz Index, (2) absence of comorbid medical
conditions that could impede recovery, and (3) cogni-
tive function scores greater than 7 on the Short Portable
Mental Status Questionnaire (SPMSQ).

Functional status was assessed using the Katz index
of Independence in ADL. This index assesses six fun-
damental self-care tasks, including bathing, dressing,
toileting, transferring, continence management, and
eating. The scale categorizes individuals from A (com-
pletely independent) to G (entirely dependent), where a
score of B or above signifies maintained functional in-
dependence. The Katz index has been widely validated,
demonstrating strong inter-rater reliability and pre-
dictive validity in assessing functional decline in older
adults. Cognitive function was evaluated using the Short
Portable Mental Status Questionnaire (SPMSQ), a 10-
item screening tool that assesses orientation, memory,
and basic problem solving abilities. The total score rang-
es from 0 to 10, with 0-2 errors classified as normal cog-
nition, 3—4 errors indicating mild cognitive impairment,
5-7 errors suggesting moderate cognitive impairment,
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and 8 or more errors reflecting severe cognitive impair-
ment. A score of >7 was used as the cutoff point, as pre-
vious research has shown that people with fewer errors
tend to have better rehabilitation outcomes and greater
independence after fracture.

Previous studies indicating that an ADL score of B
or higher is associated with a significantly higher like-
lihood of independent living after rehabilitation, while
an SPMSQ score of >7 has been associated with pre-
served cognitive function and better rehabilitation out-
comes.'*!!® Medical conditions at the time of admission
were classified according to whether additional health
problems or injuries, apart from the fracture, which
could complicate the rehabilitation process. These in-
cluded conditions such as stroke, emphysema, uncon-
trolled diabetes, or fractures in other limbs.

Data collection

Data were collected from patient medical records, in-
cluding general medical conditions, functional levels
(ADL), and cognitive levels (SPMSQ). The Katz index
and SPMSQ are standard assessment tools used in the
orthopedic unit as part of routine admission procedures
for elderly patients. These measures are incorporated
into patient records to guide rehabilitation planning
and predict long-term functional outcomes. Additional-
ly, patients were advised to avoid medications known to
affect the central nervous system (CNS) to the greatest
extent feasible. This precaution was taken to minimize
possible confounding effects on cognitive and function-
al evaluations, as CNS-active drugs, such as sedatives,
antipsychotics, and certain analgesics, can alter cogni-
tive function, alter alertness, and affect motor coordina-
tion. By limiting their use, cognitive function (SPMSQ)
and activities of daily living (Katz index) more accurate-
ly reflected patients’ baseline and recovery status rath-
er than transient drug-induced effects. Furthermore, we
recorded the functional status of the patients after dis-
charge from the hospital, their living conditions, and
whether the patients were readmitted to the hospital
within one year after the injury.

Data analysis

The percentage of patients who maintained indepen-
dent living at home one year after the fracture was an-
alyzed in relation to different covariates using logistic
regression. Covariates were gradually incorporated
and the significance of each predictor was expressed as
odds ratios with 95% confidence intervals. To identify
factors that influence the total number of days of hos-
pitalization within a year, an analysis of variance was
performed. Before analysis, this variable underwent a
logarithmic transformation to achieve a more normal-
ized distribution.

Ethical approval

This study has received ethical approval from the
Health Research Ethics Committee with number 368.6/
I1.3.AU/F/KEPK/II/2023. All respondents received
complete information about the purpose and proce-
dures, and their participation was voluntary. The re-
searcher ensures the confidentiality of the respondents’
personal data and that it is only used for the purposes of
this study. Written consent was obtained from each re-
spondent before data collection began.

Results

The study included 132 patients, consisting of 79 wom-
en (59.8%) and 53 men (40.2%). The mean age was
74.3 + 6.8 years (range: 61-89 years). Most of the pa-
tients (68%) lived with family members, while 32% lived
alone. The majority (81%) had at least one comorbid
condition, with hypertension (47%) and diabetes mel-
litus (29%) being the most common. The educational
levels varied, with 35% having only primary education,
40% completing secondary education, and 25% attain-
ing higher education.

Table 1 shows the distribution of patients according
to ADL levels, general medical conditions, and cogni-
tive function. Three independent factors were identified
that predicted the probability of independent living af-
ter one year (Table 2): an ADL level of at least B, the ab-
sence of comorbidities that could hinder rehabilitation,
and an SPMSQ score greater than 7. When each predic-
tor is simply categorized by its presence or absence, the
predictive accuracy remains largely unaffected.

These three characteristics correspond to distinct
subgroups with varying healthcare needs. Covariance
analysis indicates that evaluating activities of daily living,
overall health status, and cognitive function can help pre-
dict both the length of initial hospitalization and the total
number of hospital days in the first year after the fracture.
Table 3 illustrates the proportion of patients who con-
tinued to live in their own home one year post-fracture.
Patients who passed away were categorized along with
those who neither returned home upon discharge nor
remained at home after one year. In particular, only 2%
of the people who met all three positive criteria required
long-term institutional care. To assess the predictive val-
ue of different factors, we examined variables such as age,
sex, fracture type, social network size, frequency of social
interactions (more than once a month), living alone, use
of mobility aids, receipt of home care services, and the
ability to perform essential daily activities like cooking,
cleaning and shopping within a limited time frame. How-
ever, no other factors demonstrated stronger predictive
power. Figure 1 illustrates the association between the
number of favorable predictors and the total days inpa-
tient during the first year following the fracture, showing
both the median and percentile distributions.
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Fig. 1. Flow diagram for participant assignment in this
study

Respondents patient treated for a
complicated illness (n=14)

Analysis

Over the year, 30 individuals died, with ten fatal-
ities occurring during the initial hospitalization. The
predicted mortality upon admission was solely based
on the number of preexisting medical conditions. Frac-
tures alone (n=56) demonstrated a mortality rate of 0%.
The death rate was 14% when one or two additional dis-
orders were identified (n=125); however, with three or
more additional diagnoses (n=>51), it increased to 24%
(p<0.001; chi-square analysis).

Table 1. Distribution of 132 patients according to pre-
injury activities of daily living (ADL), general medical
condition, and cognitive function?

n(%) Meanage Meaninitial Mean  Discharge Athome
(year; hospitalstay hospital stay toown afterone
range) (days,SD)  duringthe home (%) year (%)

year (days,
SD)

ADL function

Good* 105(79.5) 80.2(60-84)  15(12) 23(34) 91 81

Dependent 37(20.5) 84.1(65-82)  20(15) 73(62) 52 33
Concomitant medical
conditions**

Yes 65(49.2) 81.5(60-84)  19(15) 25(27) 97 89

No 67(50.8) 78.9(60-82) 13(8) 89(112) 75 61
Cognitive function

Lucig*** 103(78.1) 79.2(60-82) 14(9) 39(52) 9% 85

No lucid 29(21.9) 81.6(65-84)  21(16) 92(97) 52 4

a* _the patient was at least able to dress and undress
independently (A or B on the Katz et al. (1963) graded scale),
** — impairing rehabilitation (Ceder et al. 1980),

**¥ _ >7 points on the Pfeiffer (1975) ten-item questionnaire

This study explores the association between the num-
ber of favorable prognostic factors and the total number
of hospitalization days among patients with femoral frac-
tures, regardless of their specific diagnosis, within the first
year after injury. The outlined sections represent the me-

dian values and encompass 50% of the data, correspond-
ing to the interquartile range. The whiskers extend to the
lower and upper limits of the box, adjusted by £1.0 times
the width of the box. Asterisks denote data points posi-
tioned beyond the box limits by +1.5 times the width of
the box, while circles indicate values exceeding the box
limits by £3.0 times the width of the box.

Table 2. Predictors for independent living one year after
hip fracture

0dd ratios 95% Cl
ADL 35 1.3-9.1
General condition 2.9 1.3-6.1
Mental condition 24 1.9-4.9

Table 3.The outcome and use of health care resources
during the year after fracture were related to the number
of positive predictors

Positive Mea|.1 initial Mean. hospital stay Dischargeto Athome
. n hospital stay duringtheyear ~ ownhome  afterone
predictors (days, SD) (days, SD) %) year(%)
0 22 22(15) 109 (96) 55 27
1 40 22(17) 76 (91) 80 63
2 72 17(11) 53(74) 82 76
3 92 12(7) 23(23) 9% 92
Discussion

Various indicators for prognosis after femoral fractures
have been identified in research aimed at uncovering
generally significant characteristics, including variables
related to care. Research shows that overall health of the
patient and the level of activity before fracture have a
significant impact on the final outcome. According to
Chow (2023), diagnosis, the number of activities of dai-
ly living (ADL), and the level of patient orientation were
important factors for postoperative function. Many
publications also identify age as a major predictor."

In this study, separate inclusion of age did not im-
prove the precision of the prediction for outcomes relat-
ed to daily activities, overall health, and mental status.”
This indicates that the three components used are suf-
ficient to represent the biological age of the patients.”!
Surprisingly, the evaluation of ADL function and cog-
nitive condition one week after surgery did not improve
the prediction.’®* This reinforces findings in modern
orthopedic care showing that show pre-fracture condi-
tion is a major factor in determining patient prognosis.?

Several studies have documented parameters relat-
ed to mortality in the context of femoral fractures. Age
and comorbidities are often identified as predictors of
mortality, but several studies also show a relationship
between mortality and walking ability.** Additionally,
poor cognitive status has also been associated with an
increased risk of mortality.”>*

Understanding these factors is crucial to optimal
utilization of rehabilitation unit resources. Patients with
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a very good prognosis do not require intensive care that
is more needed by patients with a moderate progno-
sis.””*® In addition, understanding the predictive im-
portance of these patient characteristics allows for more
effective comparisons between different treatment mo-
dalities.? It is important to note that these findings cur-
rently lack sufficient precision to warrant the exclusion
of patients with a poor prognosis from rehabilitation
initiatives intended to enhance their functional recov-
ery after fractures.

The three initial indicators associated with the need
for hospitalization or institutional care after a femoral
fracture do not show a significant correlation with one-
year mortality.*® This is consistent with the occurrence
of other diagnoses related to fractures, and the manage-
ment of these conditions imposes a significant strain on
patients.’™** This pressure may become an unbearable
burden when combined with other medical conditions,
but it is often well tolerated by individuals who previ-
ously lived independently, regardless of their age.”

When the patient is admitted to the hospital, it is
recommended to use the Katz ADL and Pfeiffer SPMSQ
assessments together with standard medical histo-
ry and physical examination documentation.* These
assessment tools provide clear and reliable data that
can be used to improve the allocation of available re-
habilitation resources. Furthermore, this tool can also
be beneficial in evaluating the effectiveness of various
treatment methods, allowing a more structured and
evidence-based approach in the treatment of patients
with femoral fractures. The findings of this study em-
phasize the importance of early screening for function-
al and cognitive status prior to injury in elderly patients
with femoral fractures. By integrating Katz’s ADL and
SPMSQ assessments into standard admission protocols,
healthcare providers can improve rehabilitation plan-
ning and optimize resource allocation. These results ad-
vocate for structured rehabilitation strategies tailored to
patient-specific prognostic factors, which may improve
long-term independence outcomes. Although this study
focuses on ADLs, comorbidities and cognition, other
important factors such as social support, type of surgi-
cal intervention, and access to post-discharge rehabil-
itation have not been studied and can affect recovery.
In addition, this study was conducted in a specialized
orthopedic unit, which can limit generalization. Reha-
bilitation compliance was not systematically assessed,
which could affect results. Future research should ad-
dress these limitations by including a broader patient
population and additional confounders.

Conclusion

This study emphasizes that the condition of the patient
before experiencing a femoral fracture has a significant
impact on the postoperative prognosis. Factors such as

the level of activity before injury, overall health, and the
patient’s mental state have proven to be more relevant to
determine rehabilitation outcomes compared to age in-
dividually. Initial evaluation using the Katz ADL scale
and Pfeiffer SPMSQ provides accurate data and can help
with care planning and more effective allocation of re-
habilitation resources. Furthermore, although age and
comorbidities are often associated with mortality, this
study shows that walking ability and cognitive status
are also factors that cannot be overlooked in predict-
ing postoperative outcomes. The use of a more focused
approach on patient characteristics allows for the opti-
mization of more personalized care and rehabilitation.
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ABSTRACT

Introduction and aim. With the development of minimally invasive surgery (MIS), decreased incision size produces limited vi-
sualization leading to an increased risk of adjacent neurovascular structures during the procedure.

The aim was to identify the safest zones of surgical procedures for the prevention of major neurovascular structures around
the acetabulum.

Material and methods. 84 cadaver pelvic specimens with 168 hips were used to analyze the anatomic relationship between
the sciatic nerve and the piriformis muscle in the normal Korean population according to sex and height. We performed a
qualitative and quantitative analysis of the anatomic relationship between the acetabulum and the sciatic nerve, based on the
clockwise direction method, to identify the safety zones of the surgical procedure’s proximity to the acetabulum.

Results. The prevalence of type | (normal type) was more than 79% and 88% in males and females, respectively. Distances A, B and
E were 7.1£0.78 mm between the 3 and 4 o'clock position, 14.2+0.67 mm between the 8 and 9 o'clock position, 17.0£1.22 mm
in the 9 o'clock position, respectively, on the left side, whereas 6.0+0.69 mm between the 8 and 9 o'clock position, 14.8+0.59mm
in the 7 o'clock position, 17.9+1.08 mm in the 3 o'clock position on the right side. The proximity of the retractors to acetabulum
should be placed with careful and proper retraction between the 3 and 5 o'clock position on the left side and between the 7 and
9 o'clock position on the right side, in which the placement in the 9 and 3 o'clock position should be cautious on the right and left
side, respectively. The cautious use of electrocautery between the 3 and 5 o'clock position on the left side, and between the 7 and
9 o'clock position on the right side, is recommended. However, performing the electrocauterization in the 9 o'clock and 3 o'clock
position respectively on the left and right side should be avoided. It is forbidden between the 10 and 12 on the left side and be-
tween 12 and 2 o'clock position on the right side. The absolute safety zones for the placement of the transacetabular screw were
between 1 and 3, and between the position 5 and the 6 o'clock position on the left side and between the position 9 and 11, and
between the 6 and 7 on the right side. Relative safe zones were between 12 and 1, and between the 6 and 7 o'clock position on the
left and between the 11 and 12, and between the 5 and 6 o'clock positions on the right side. Screws with a length of <24mm could
be safely inserted between the 3 and 5 o'clock position on the left side and between the 7 and 9 o'clock position on the right side.
The risk zones were between 7 and 9, and between the 9 and 12 hours on the left side, and between 3 and 5, and between the 12
and 3 o'clock position on the right side. In cases with highly elevated trochanter major, the distances between the acetabulum and
adjacent neurovascular structures changed and the risk of the SN increased.

Conclusion. These data could be helpful for arthroplasty surgeons in avoiding neurovascular injuries in MIS THA.
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Introduction

Since the superiority of minimally invasive surgery over
conventional surgery has been known as less damage
and rapid functional recovery, it has been introduced
to many orthopedic surgeries with the help of advanced
surgical techniques and instruments.'® Despite ad-
vancements in specialized instruments, limited inci-
sions and a narrow surgical field can increase the risk
of injury to adjacent neurovascular structures due to the
potential for blind procedures, and the success of MIS-
THA depends on arthroplasty surgeon’s experience.>*’

The injury of the neurovascular structure close to
the acetabulum is one of the major complications af-
ter hip surgery and total hip arthroplasty (THA).” The
incidence of nerve injury in primary total hip arthro-
plasty ranges from 0 to 3 percent, in which the injury to
the sciatic nerve (SN) is the most common.®® Vascular
injury during conventional THA is relatively rare (0.2-
0.3%), but can result in considerable morbidity or even
mortality.'>!" It is reported that the incidence of neuro-
vascular injury proximity to the acetabulum is higher
in patients with hip dislocation and pelvic fracture, and
superior gluteal neurovascular injury is relatively more
common among them.'"""?

There has been many literatures on the neurovascular
injury around the acetabulum during surgery around the
whole world."*¢ Injury of the sciatic nerve injury is com-
mon in THA with a posterior approach, osteosynthesis
of acetabular fracture and open reduction of hip disloca-
tion, which could result in severe functional impairment
of the hip and lower limb.** In THA, the most common
identifiable cause of intraoperative SN injury is direct and
indirect mechanical damage, including compression by
malpositioned retractors, excessive/prolonged retraction,
and inappropriate electrocauterization.”® Furthermore,
specific anatomic variations between the piriformis mus-
cle (PM) and the SN have long been studied in cadav-
eric specimens, CT and MRI findings, all of which were
focused on the prevention of the nerve injury during
surgical procedure.””? In early 1990s, Wasielewski et
al. suggested the safe zone and depth of transacetabular
screw fixation based on the quartering method of the ac-
etabulum.”” However, in MIS-THA with limited incision,
the landmarks recommended by Wasielewski could not
be identified due to small window and it has been an im-
portant issue especially for young arthroplasty surgeons
with less experience. Aforementioned results have been
limited to the sporadic identification of the anatomic re-
lationship between the acetabulum and individual neu-
rovascular structures including femoral artery (FA), SN
and obturator nerve (ON), based on either quantitative
or qualitative method, which did not include the practi-
cal mapping of safe zone for surgical procedure. There is
a paucity of comprehensive literature that guides safe sur-
gical procedures during THA.

Aim

Therefore, this study is designed to identify the anatom-
ic relationship between the acetabulum and adjacent
neurovascular structures and to determine the relative
and absolute safety zone with the forbidden zone, quan-
titatively and qualitatively.

Material and methods

The anatomy of the acetabulum and adjacent neurovas-
cular structures was examined in 168 hips derived from
84 formalin embalmed cadavers in our university’s anat-
omy laboratory with an intact lower extremity for this
study. Institutional Review/Ethics Board approval was
obtained for the present study (2024-PRK-A10245, Eth-
ics Assembly, Pyongyang University of Medical Sciences).
The dissections were performed by the skilled anatomist
(D.K.S.). Each cadaver was placed in a lateral position,
and skin and the subcutaneous fat on the gluteus maxi-
mus were cut and completely removed to reveal the glu-
teus maximus. The gluteus maximus was dissected at its
origin from the iliac crest. Its insertion in the iliotibi-
al tract and the gluteal tuberosity was released to reflect
the gluteus maximus inferiorly and medially. The gluteus
medius was dissected from its insertion and laterally re-
tracted to identify the course and the branches of the sci-
atic nerve. The connective tissue and fat were dissected
to give a full demonstration of the anatomic course and
branches of the SN in relation to PM. Cadavers with a his-
tory of surgery for hip osteoarthritis or intrapelvic viscera
were excluded from this study, as surgery could have re-
markably changed the relationship between the acetabu-
lum and pelvic vessels remarkably. 48 male and 36 female
cadavers, with an equal distribution of left and right low-
er extremities, were randomly selected from the available
cadavers (Table 1). There was no significant difference in
age between males and females (p>0.05).

Table 1. Characteristics of the cadaveric specimens

Male (n=48) Female (n=36)

Age (years)

Meanzstandard deviation 54.8+16.8 58.4+17.2

Min—Max 37-172 41-76
Height

<155¢m 0(0%) 9 (25%)

156-160 cm 5(10.4%) 19(52.8%)

161-165 cm 17 (35.4%) 7(19.4%)

166-170 cm 19(39.5%) 1(2.8%)

>171m 7(14.7%) 0(0%)

Anatomical variations were analyzed according to the
classification as follows:'®"

I - SN exits the pelvis undivided below the PM,

IT - SN divides in the pelvis, the common peroneal
nerve (CPN) passes through the bifid PM, and the tibial
nerve(TN) lies below the PM,
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IIT - SN divides in the pelvis, CPN courses over the PM,
and TN lies below the PM,

IV - SN exits the pelvis undivided piercing the PM,

V - SN divides in the pelvis, CPN courses over the PM,
and TN passes through the bifid PM,

VI - SN exits the pelvis undivided coursing over the PM,
VII - SN divides in the pelvis, both CPN and TN cours-
ing separately below the PM.

For the identification of the anatomic relationship
between the acetabulum and its adjacent neurovascu-
lar structures, such as SN, ON and FA, the intersection
point (iliofemoral ligament attachment site) between
the acetabular rim and the line connecting the anterior
superior iliac spine and the anterior inferior iliac spine
was used as 12 oclock position to determine clockwise
directions. Magnifying glass (x5) and the pin with ruler
function were utilized to measure the distance measure-
ment between the neurovascular structures and the ac-
etabulum. The distance parameters used in the analysis
of the anatomic relationship were as follows.

A - the shortest distance between the inferior margin
and the inner surface of the acetabular floor at the site
24 mm below the greater sciatic foramen along SN,

B - the shortest distance between the inferior margin of
the SN and the acetabular rim,

C - the shortest distance between the surface of the ace-
tabular floor and the greater sciatic foramen,

D - the shortest distance between the FA and the ace-
tabular rim,

E - the shortest distance between the ON and the ace-
tabular rim,

X - the shortest distance between the SN and the tro-
chanter major,

Y - the shortest distance between the SN and ischial tu-
berosity,

Z - the shortest distance between the SN and the sacral
hiatus,

W - diameter of SN at the site 24 mm below the greater
sciatic foramen along SN.

A pin with a ruler function was inserted vertically
on the surface to measure the safe zone and depth of the
transacetabular screw according to the clockwise direc-
tion method in the acetabulum of the cadaver. Intraop-
erative measurement was performed in 42 femoral neck
nonunions with a highly elevated trochanter major, all
who underwent THA with the posterolateral approach
of the HU between November 2020 and June 2022. Post
hoc power analysis was performed to assess the statis-
tical power of the primary outcome measure. Analysis
showed that with the current sample size of 42 patients,
the study had adequate power (>80%) to detect clini-
cally significant differences, with an effect size at a sig-
nificance level of 0.05. There were 34 men (80.9%) and
8 women (19.1%) with a height of 169.3£13.2 cm and
158.8+13.2 cm, respectively, who had an elevated tro-

chanter major with a mean height of 13.5+3.5 mm. Dis-
tances A, B, and X were measured during conventional
primary THA according to clockwise direction in pa-
tients with femoral neck nonunion, based on which safe
zone was determined. All distance values were present-
ed as meanz+standard deviation.

We retrospectively reviewed the operative note of
36 cases with transient sciatic nerve palsy after THA,
based on the clockwise location and duration of retrac-
tor placement since we started the clinical measuring
trial to determine the safe zone of surgical procedures
during MIS-THA. All sciatic nerve palsy was recovered
within 4 weeks. The duration of retractor placement was
calculated as the time of acetabular preparation.

Results

Anatomic variations between SN and PM

In this study a total of 84 cadavers with 168 hips were
examined. The normal type I variation in which the SN
exits the pelvis as a single entity below the PM was the
most common with a pooled prevalence of 83.3% fol-
lowed by type II with 10.7%, type III with 2.4%, and
type V with 1.8% (Table 2). The remaining types had a
pooled prevalence of <1%. The abnormal type was ob-
served in 20 hips (20.8%) of 12 male cadavers and in 8
hips (11.1%) of 6 female cadavers, demonstrating that
its prevalence was lower in women than in men. Fur-
thermore, abnormal type was observed in 18 (90%) and
7 (87.5%) left hips, respectively, in male and female ca-
davers, indicating that the left side was more prevalent
(89.2% in total) in abnormal type. In male cadavers with
height of >165cm, prevalence of abnormal type was
73.6% (56/76) and in female cadavers with >160cm it
was 87.5% (7/8), indicating that the prevalence of ab-
normal type increased with height.

Table 2. Anatomical relationship between the sciatic nerve
and the piriformis muscle*

Typel Abnormal type
Gender n .
(cadavers/hips) Typell Typelll TypelV TypeV TypeVl TypeVIl
Male 43 40/76 612 23 2 11N
(792%)  (12.5%) (3.2%) (1%) (21%) (1%)  (1%)
Female 3 34/64 46 11 00 11 00 00
(88.9%)  (83%) (1.4%) (0%) (14%) (0%)  (0%)
74/140 1018 34 11 23 1 N
Overall 84

(83.3%) (10.7%) (2.4%) (0.6%) (1.8%) (0.6%) (0.6%)

* percentages in the parenthesis mean the proportion of
individual variants among total number of hips

Anatomical relationship between the acetabulum and
adjacent neurovascular structures (SN, ON, FA)

The acetabulum had anatomic relationship with sciatic
nerve,, obturator nerve and femoral artery, as present-
ed in Table 3. The other distance parameters measured
in the female and male cadavers are shown in Table 4.



Safety zone for surgical procedures for the prevention of neurovascular injury in minimally invasive total hip arthroplasty 565

There was no significant difference in all distance
parameters between the left and right sides. All param-
eters showed the tendency of increasing distances with
height and being longer distances in males than in
females.

Table 3. Anatomical relationship between the acetabulum
and adjacent nerves (SN, ON)

. . Position (clockwise
Distance Distance

direction)
parameter - -
Left (mm) Right (mm)  p Left Right
A 7.1£0.78 7.0+0.69  0.86 3-40dock  8-90'clock
B 14.2+0.67 14.8+0.59  0.81 5o'clock 7 o'clock

E 17.0£1.22 17.9£1.08 0.78 9 o'clock 3o'clock

Table 4. Anatomical relationship between the pelvis and
the adjacent neurovascular structures (FA, SN)

Distance ] Range
parameter  Lft(Mm)  Range (mm) Right (mm) - ) P
C 29.9+£1.27 235-315 30096  23.5-32 0.85

18.8+1.41 16-20.5  19.0£1.19  16.0-20.5 0.91
30.1+0.52 28-31 30.4+0.13  29.0-31 0.88
18.1+0.99 16-19.5  18.2+0.87 16.0-19.5 0.94
69.2+1.64 65-71 69.1£1.59  66.5-71 0.95
3124187 285-335  31.1%1.94  27.0-33 0.92

= N < x< O

Electrocauterization safety zone and retractor place-
ment in THA

On the basis of the aforementioned results, the safety
zone was determined by clockwise method. When the
iliofemoral ligament attachment site was determined as
12 oclock position, the retractors should be careful to
place the retractors between 3 and 5 oclock position on
the left side (L) and between 7 and 9 oclock position
on the right side (R) because there was SN and superior
gluteal neurovascular bundle close to this position. Re-
tractors should be placed carefully at the 9 oclock posi-
tion (L) and 3 oclock position (R) to prevent the injury
of FA and ON injury. If retractors are to be placed in this
position, the use of electrocautery should be forbidden
because of the potential injury owing to current conduc-
tivity. Electrocautery should not be used between 10 and
12 oclock on the left side and between 12 and 2 oclock
position, because the femoral nerve (FN) passes close to
this position.

Safety zone of screw fixation for acetabular cup in THA
Our recommended safety zone for screw fixation of the
acetabular cup is summarized in Table 5. The absolute
safety zone was between 1 and 3 (L) and between 9
and 11 oclock on the right side (R) when the screw
with length of >40 mm was inserted posterolaterally
and superiorly. In the case of post-inferior screw in-
sertion, the absolute safety zone was between 5 and 6
oclock (L) and between 6 and 7 oclock (R) while the
safe length of screw was more than 35 mm. The rela-

tive safety zone was between 3 and 5 oclock (L) and be-
tween 7 and 9 oclock (R) when the screw with a length
of <24 mm was inserted posterolaterally and superior-
ly. Based on safe depths, it was safe when the screw was
inserted posterolaterally and superiorly between the 12
and 1 oclock position (L) and between the 11 and 12
oclock position (R), laterally and inferiorly between
the 6 and 7 oclock position (L) and between 5 and 6
oclock position (R). Screw insertion was forbidden be-
tween the 7 and 9 oclock position (L) and between the
3 and 5 oclock position (R), to prevent the iliac and
obturator to acetabular floor. It was also forbidden to
insert the screw between 9 and 12 oclock positions (L)
and between 12 and 3 oclock positions (R), due to the
thin pelvic wall.

Table 5. Safety zone for transacetabular screw fixation

Left Right
Posterolateral and superior
Relative safety zone 12-1 o'dock 11-12 o'clock
Absolute safety zone 1-3 o'dlock 9-11 o'clock
Posterolateral and inferior(<24mm)
Relative safety zone 3-5o'clock 7-9 o'clock
Absolute safety zone 5-60'clock 6-7 o'clock

Forbidden zone 7-9 o'clock, 9-12 o'clock  12-3 o'clock, 3-5 o'clock

Anatomical relationship between SN and the acetabu-
lum in femoral neck nonunion with a highly elevated
trochanter major

The anatomical relationship was analyzed intraopera-
tively with regard to the anatomical relationship be-
tween SN and the acetabulum in 42 patients with THA
with highly elevated trochanter major (Table 6). There
were no significant differences in most distance param-
eters between cadavers and patients, however, a signif-
icant difference was observed in distance A, B, and X
between them (p<0.01). Distance A was the shortest
(>4 mm) between 2 and 3 oclock positions (L) and be-
tween 9 and 10 oclock positions (R). Distance B was
the shortest (>9 mm) in the 4 and 8 oclock position,
respectively, on the left and right side. The distance be-
tween the SN and the trochanter major was more than
42mm. The three distance parameters were significant-
ly longer than the cadaver results (p<0.01) and the di-
rection of the shortest distance was different from the
cadaver results.

Table 6. Anatomical relationship between the SN and the

acetabulum
Distance Distance Direction (clockwise method)
parameter |eft (mm) Right(mm) p Left Right
A 43+029 444031 089 2-30dock  9-100'cdlock
B 9.2+0.34 9.5+045 084 4 o'clock 8 o'clock
X 423+1.87 441182 079 - -
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Relationship between the risk zone of retractor place-
ment and sciatic nerve palsy

When the retractor was placed in the aforementioned
risk zones during the acetabular preparation, the preva-
lence of transient SN palsy was 8.3%, 19.4%, 72.3%, re-
spectively, when the retractor was placed for 25, 30, 35
minutes (Table 7). Most SN palsy occurred in the case
with retractors placed in risk zones (63.9% vs 8.4%). The
mean duration of retractor placement for transient SN
palsy was 31.2+2.8 minutes.

Table 7. Sciatic nerve palsy in different risk zones of
retractor placement with various duration of retraction*

. Left (n=19) Right (n=17)
Duration
(min) 1-3 3-5 5-7 5-7 7-9  9-11  Overall
oclock odock odock oclock ook  o'clock
25 0 2(5.5) 0 0 1(2.8) 0 3(83)
30 0 3(83) 0 0 4(11.1) 0 7(19.4)
35 1(2.8) 12(333) 1(2.8) 1(2.8) 11(30.6) 0 26(72.3)

*The numbers in parenthesis present the percentage of
cases of SN palsy

Discussion
To reduce the intraoperative neurovascular injury
during THA, many qualitative and quantitative analyses
of the anatomic relationship around the hip have been
performed with increasing attention to MIS-THA.!*202!
Especially, the anatomic relationship between SN and
mini-incision posterolateral approach has been studied
among several authors.>***** The sciatic nerve (SN), the
largest nerve in the human body, is formed in the pelvis
from the union of L4-S3 ventral nerve L4-S3 and it nor-
mally courses as a single trunk following its union and
exits as the most lateral structure from the upper sciat-
ic foramen below the piriform muscle (PM). Thereaf-
ter, it continues its course inferiorly and the tibial and
common peroneal components of the SN typically bi-
furcate at the apex of the popliteal fossa.”® Many studies
have proved the existence of several anatomic variants
of the relationship between SN and PM, by cadaver ex-
amination and imaging such as CT and MRIL.**** There
are seven anatomic variants and type I, a normal type is
a most common with the prevalence of 80 to 90% fol-
lowed by type I with 10 to 15%, type III with 1 to 3%
and type IVVI with 1% or less in cadaveric studies.”*%
In addition, there is a specific type (type VII) that shows
unusual anatomic split into the tibial nerve and perone-
al nerve passing separately below the PM.?”” Our results
suggested that type I had a prevalence of 83.3% and ab-
normal type had a pooled prevalence of 16.7% among
the Korean population, which was comparable with the
previous studies.?’?” The prevalence of the abnormal
type showed the tendency of being higher in male than
in female and higher with height.

We evaluated the anatomic relationship between SN
and the acetabulum, qualitatively with clockwise direc-

tion method and quantitatively with several distance pa-
rameters. The SN was located at the site about 6mm far
away from the inner surface of the acetabular floor, be-
tween 3 and 4 oclock position (L) and between 8 and 9
oclock position (R). The mean value of the shortest dis-
tance between the SN and the acetabular rim was greater
than 13mm at 5 (L) and 7 (R) oclock position. The ON
exits from the obturator foramen to pass anteroinferiorly
above the transverse acetabular ligament, while the mean
value of the shortest distance from the ON to the ace-
tabular rim was approximately 16 mm at 9 (L) and 3(R)
oclock position. The shortest distance between ON and
the acetabular rim was measured at 13 mm in a hip of
a female cadaver, indicating that electrocauterization of
the ligament of femoral head could cause sudden and un-
expected internal rotation of patient’s hip in THA with
anterolateral approach due to current conductivity by
the retractor placed in this position. Therefore, we rec-
ommend that the retractors should be placed careful-
ly around this area, and the utilization of electrocautery
on the acetabular rim should be limited to a defined dis-
tance. This result presented the difference from the other
previous results because they use the MRI and CT slices
to measure the distance between the anatomic structures;
however, they showed the same tendency in measured
values.®

The femoral artery (FA) begins at the common iliac
artery which continues inferiorly into the femoral artery
at the level of the inguinal ligament, giving deep branches
around the acetabulum.” The deep femoral artery bifur-
cates into the lateral circumflex artery at the level of the
obturator foramen, passing anteriorly to the femoral neck
with the mean value of the shortest distance of 18 mm to
the acetabulum. With its running parallel to the ON, FA
was very close to the acetabulum in 9 (L) and 3(R) oclock
position. In 2 hips of 2 female cadavers, the shortest dis-
tance was 16mm, indicating that electrocauterization in
the area less than 16mm away from the acetabular rim
might induce ON injury and abnormal contraction of
muscle innervated by ON.

The shortest distance between the SN and bony
structures, including ischial tuberosity, trochanter ma-
jor, and sacral hiatus were over 17 mm, 29 mm and 67
mm, respectively. The thickness of the SN was measured
as approximately 31 mm in the lateral position which
was different from the previous results due to the differ-
ent preparation and measuring posture. Several authors
measured the sciatic nerve by width and thickness, which
could be varied with different embalming methods.”
However, these distance parameters could be important
in determining the site for safe placement of retractors in
the trochanter major and around the acetabulum.?

From the aforementioned results, we determined the
safe zone of electrocauterization and retractor placement
by identifying the risk zone. Proper retraction should be
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applied to the retractor placed between 3 and 5 oclock
position (L) and between 7 and 9 oclock position (R) be-
cause the SN and the superior gluteal neurovascular bun-
dle pass through this region. Prolonged and excessive
retraction could cause nerve palsy in this region by com-
pression-induced ischemia.?® This suggests that if elec-
trocauterization was applied near the retractor placed in
this direction, current conduction might cause the in-
direct SN injury. Moderate retraction at 9 (L) and 3 (R)
oclock position could reduce the injury of FA and ON in-
jury; however, excessive procedures could cause deep ve-
nous thrombosis and obturator nerve syndrome. The use
of the electrocautery was forbidden between 10 and 12
oclock position (L) and between 12 and 2 oclock position
(R) because the FN lies in this direction, which coincided
with previous results.**

The mean value of the shortest distance between the
greater sciatic foramen and the surface of the acetabu-
lar floor, reflecting the thickness of acetabular wall, was
approximately 29 mm, which was larger in men than in
female and with height. In a female cadaver with height
of 142 cm, the shortest distance was 24 mm on the left
side, demonstrating that the fixation screw with length
of <24 mm could be absolutely safe in the acetabulum.
Wasielewski et al. introduced the quartering method of
the acetabulum for the determination of the safe zone of
transacetabular screw fixation."” Our results suggested
that screw fixation should be prohibited between 3 and 5
oclock position (L) and between 7 and 9 oclock position
(R) due to the short distance to the SN. The absolute safe-
ty zone for screw fixation was between 1 and 3 oclock po-
sition (L) and between 9 and 11 oclock position (R) when
a screw with the length of 40mm was inserted posterolat-
erally and superiorly, which was similar to the results (35
mm). The relative safety zone was between the 5 and the 6
oclock position (L) and 6 and 7 oclock position (R) when
a screw with the length of <35 mm was inserted postero-
inferiorly, comparable to the previous results.”” The safe
fixation of the screw with length of <24 mm was possible
posterolaterally between the position 3 and 5 Oclock and
between 7 and 9 oclock position which was agreed with
the fact that the shortest distance between greater sciat-
ic foramen and the surface of the acetabular floor was 29
mm. Wasielewski et al. suggested that a screw with length
of >25 mm could be fixed safely in this direction but this
difference might come from the difference in skeletal phe-
notype between the European and Asian population.”” In
addition, posterolateral screw fixation was relatively safe
between the position of 12 and 1 oclock (L) and 11 and 12
oclock position (R), respectively, superiorly and inferior-
ly. It might be explained by the fact that the safe direction
of screw fixation was superior and inferiorly in postero-
lateral direction. An author reported that screw fixation
should be avoided in this direction because this area had
a thin wall (<25 mm), indicating the conflict with our re-

sults.® This conflict could come from variation in study
subjects. Screw fixation was forbidden between the 7 and
9 oclock position (L) and the 3 and 5 oclock position (R)
while it was avoided between the 9 and 12 oclock position
(L) and between the 12 and 3 oclock position (R) because
of thin wall and femoral neurovascular bundle close to
it. Previous studies suggested the safety zone for transac-
etabular screw by mapping, but it was too complicated
to understand and clinical application was limited."”** In
contrast, our recommended clockwise direction carries
simplicity and practicality.

To identify the altered anatomic relationship between
SN and adjacent structures, we measured three distance
parameters during primary THA in patients with femo-
ral neck nonunion. Our results demonstrated that among
the distances from the SN to the inner surface of the ac-
etabular floor, the acetabular rim and the trochanter ma-
jor, two former were shorter and later was longer than
the cadaveric results. The altered direction indicates that
the surgeon should extrapolate the safe zone based on ca-
daveric results and care should be taken during surgical
procedures such as retractor placement and electrocau-
terization.

For validation of the significance of the risk zones, we
retrospectively reviewed a operative notes with the focus
on the location and duration of retractors around the ac-
etabulum during the acetabular preparation in THA. Our
results suggest that SN was more vulnerable in the pro-
longed placement of the retractors in risk zones for more
than 30 minutes, proving that our recommended zone for
the safe procedure was practically significant.

However, the present study has certain limitations.
The sample size was small and there may be a varia-
tion in the measurement of the cadaver specimens ow-
ing to the embalming process. Since cadaver samples are
from a single institution, generalizability to other eth-
nic populations is limited. Despite this limitation, this
study provides new information on the identification of
safe zone of surgical procedures based on the qualitative
and quantitative analysis of many anatomic parameters,
which could contribute to the improvement of complica-
tions after MIS-THA with limited visualization, especial-
ly among unexperienced arthroplasty surgeons.

Conclusion

This study provides useful information to perform sur-
gical procedures without causing neurovascular injury
during MIS-THA, based on a comprehensive anatomic
analysis of the acetabulum and the adjacent neurovas-
cular structures.
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ABSTRACT

Introduction and aim. Acute myeloid leukemia (AML) is a genetically heterogeneous malignancy significantly influenced by
FMS-like tyrosine kinase 3 mutations. This study investigated the prevalence and clinical implications of internal tandem dupli-
cation (ITD) mutations in FLT3 in patients with AML in Iraq.

Material and methods. The study involved blood samples collected from 50 newly diagnosed AML and 50 healthy subjects be-
tween April 2023 and January 2024 and used for conventional PCR. PCR products positive for the ITD mutation were subjected
to fragment analysis using capillary electrophoresis (CF) to confirm ITD mutations.

Results. FLT3-ITD mutations were identified in 20% of patients with AML (10/50), with striking female predominance (90% of
mutation-positive cases). Based on the FAB classification, M5 was the most prevalent FAB subtype among mutation carriers
(40%), with no mutations detected in M7.

Conclusion. This study provides critical information on the prevalence and clinical implications of FLT3-ITD mutations in pa-
tients with AML in Iraqi, emphasizing the need for precise molecular diagnostic approaches. This finding revealed a distinct
subset of patients with AML that harbor FLT3-ITD mutations, with a significant proportion exhibiting elevated allelic ratios,
which reinforces their prognostic relevance.

Keywords. acute myeloid leukemia, capillary electrophoresis, FAB, FLT3-ITD mutation, sex disparity

Introduction

Acute myeloid leukemia (AML) is a hematologic tumor
characterized by unrestricted proliferation of clonal my-
eloid progenitors in the bone marrow.? This arises from
the accumulation of sequential mutations in hematopoi-
etic stem cells, leading to impaired differentiation and
excessive blast proliferation.* AML is the most common
type of acute leukemia in adults and affects individu-
als of all ages.*” In Iraq, leukemia is among the top ten
malignancies in both sexes, accounting for 5.34% of all
cancers (4.22 per 100,000 people) according to the Iraqi

Cancer Registry.® The etiology of AML remains largely
unknown, although various risk factors such as ionizing
radiation, benzene exposure, smoking and prior cyto-
toxic chemotherapy have been implicated in its patho-
genesis.” Fms-like tyrosine kinase 3 (FLT3) mutations
are among the most frequent mutations, occurring in
approximately 30% of cases. FLT3 is a transmembrane
receptor crucial for hematopoietic cell differentiation,
survival, and proliferation through multiple signal
transduction pathways.® The two primary FLT3 muta-
tions associated with AML are internal tandem dupli-
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cations (ITD) in the juxtamembrane domain (25%) and
point mutations in the tyrosine kinase domain (TKD,
7-10%).”'® FLT3-ITD mutations lead to constitutive
activation of downstream signaling pathways such as
STATS5, RAS-MEK-MAPK, and PI3K-AKT, driving un-
controlled cell proliferation and inhibiting differentia-
tion.'” These mutations are associated with poor overall
survival (OS) and high relapse rates following intensive
therapy.’

Factors such as ITD length, allelic ratio, ITD site
within FLT3, cytogenetic aberrations and genetic mu-
tations, and overall patient variation in these areas
suggest that FLT3-mutated AML is a highly ethnically
heterogeneous disease with far-reaching prognostic im-
plications." Importantly, the allelic ratio of FLT3-ITD
mutations has been identified as a critical prognostic
factor influencing risk stratification and treatment deci-
sions, particularly regarding the need for hematopoietic
stem cell transplantation (HSCT)."? Despite the well-es-
tablished importance of FLT3-ITD mutations in the
prognosis in Iraqi patients. Ethnic and genetic variabil-
ities may influence the prevalence of mutation and its
prognostic implications. Furthermore, standard diag-
nostic techniques such as gel electrophoresis may have
limitations in detecting FLT3-ITD mutations and accu-
rately determining the allelic ratio, which is essential for
risk stratification. Fragment analysis offers greater sensi-
tivity and accuracy in identifying FLT3-ITD mutations,
allowing for a more precise assessment of their clinical
impact.

This study aimed to evaluate the distribution of
FLT3-ITD mutations in newly diagnosed Iraqi pa-
tients with AML and their association with sex and the
French-American-British (FAB) subtype of AML. Fur-
thermore, this study aimed to compare gel electropho-
resis with fragment analysis to evaluate its effectiveness
in FLT3-ITD detection and determine the allelic ratio.

Material and methods
The study included 50 patients (25 men and 25 women)
with a new diagnosis of acute myeloid leukemia (AML)
and 50 healthy controls matched for age and sex. Be-
tween April 2023 and January 2024, patients with AML
were recruited from the Hematology Center at Medical
City in Baghdad. All study participants provided their
written informed consent and the study was approved
by the institutional review board of the Hematology
Center (approval number # 18982, 22 May 2023).
Control group subjects were randomly selected,
ensuring gender distribution CLMSPAY distribution.
The majority of controls were from the general pop-
ulation, and a small proportion were recruited from
healthcare staff. Other exclusion criteria for AML pa-
tients were previous treatment (chemotherapy/radio-
therapy) or a diagnosis of secondary AML. Controls

were excluded if they had a history of blood disorders,
malignancy, ongoing infections, use of immunosup-
pressive agents, autoimmune diseases or blood tests
with abnormal results.

Blood samples (3 mL) from AML patients and con-
trols were drawn into EDTA coated tubes and stored at
-20°C for one week before processing. Genomic DNA
was isolated using the Wizard® Genomic DNA Purifica-
tion Kit (Promega, USA) according to the manufactur-
er’s instructions. DNA quality and concentration were
determined using NanoDrop spectrophometry. Flow
cytometry data was used to classify subclasses accord-
ing to French-American-British (FAB) criteria from a
review of clinical records of all patients with AML diag-
nosed at UTMB until October 2023.

FLT3-ITD detection

Exons 14-15 of FLT3 were amplified using conventional
PCR. The following primer sequences were used.

- Forward primer: 5-GCAATTTAGGTATGA-

AAGCCAGC-3
- Reverse primer: 5-CTTTCAGCATTTTGACGG-

CAACC-3"

The initial PCR was performed in a 25 pL vol-
ume consisting of 12 pL of green master mix (Prome-
ga, Madison, USA), 6 uL of nuclease-free water, 1 pL of
the forward primer, 1 uL of the reverse primer, and 5 uL
of genomic DNA (25 ng). The PCR cycling conditions
were as follows: an initial denaturation step at 94 °C for
3 minutes; 35 cycles of 94 °C for 30 seconds (denatur-
ation), 56 °C for 1 minute (annealing), and 72 °C for
2 minutes (extension); followed by a final extension at
72 °C for 7 minutes. The PCR products were resolved
on 3% agarose gel. The wild-type FLT3 allele produced
a 329 bp fragment, whereas any fragment larger than
329 bp was classified as a mutant (FLT3-ITD positive).
Fragment analysis was performed on FLT3-ITD posi-
tive samples using a SeqStudio Genetic Analyzer (Ap-
plied Biosystems, MA, USA) with the LeukoStrat® FLT3
Mutation Assay 2.0 (Invivoscribe, San Diego, CA, USA),
according to the manufacturer’s instructions. Genomic
DNA from FLT3-ITD positive cases (as determined by
gel electrophoresis) was re-amplified in a 50 uL PCR re-
action containing 45 uL of FLT3 ITD master mix, 0.25 pl
of Taq DNA polymerase (Promega, Madison, USA), and
5 uL of gDNA (5 ng). The PCR cycling conditions for
this step were: initial denaturation: 95°C for 5 min; 35
cycles of denaturation at 94°C for 30 s, annealing at 55°C
for 30 s, extension at 72°C for 1 min; and final extension:
72°C for 60 min. For the fragment analysis, PCR prod-
ucts were mixed in a 96-well PCR plate with 9 pL of Hi-
Di formamide (Applied Biosystems, CA, USA), 1 pL of
GeneScan™ 600 LIZ ™ Size Standard v2.0 (Thermo Fisher
Scientific, MA, USA), a fluorescently labeled marker for
accurate sizing, and 0.5 pL of each amplicon. The sam-
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ples were denatured at 95°C for 3 minutes, then chilled
on ice for 5 min. The plate was subsequently loaded into
the SeqStudio Genetic Analyzer, and the run was ini-
tiated according to the manufacturer’s instructions. In
this assay, any electrophoretic peak equal to or greater
than 330 bp was considered positive for the FLT3-ITD
mutations. Gene Marker™ Software v 3.0.1 (SoftGenet-
ics, PA, USA) was used to evaluate fragment profiles by
quantifying the size, quantity, and area under the curve
(AUC) of each peak. The allelic ratio (AR) was deter-
mined by dividing the AUC of the mutant allele by that
of the wild-type allele. In cases where multiple mutant
alleles were detected, their AUCs were summed. The
difference in the total number of base pairs between the
mutant and wild-type alleles was used to determine the
mutation size.

All positive samples were analyzed in duplicate to
confirm the results, and negative control was included
in each run to ensure the validity of the assay.

Statistical analysis

The Statistical Analysis System software (SAS Institute,
Cary, NC, USA), version 9.4 was used for data analyses.
For continuous variables, comparisons were performed
by using Student t-test or the least significance differ-
ence (LSD) method. For categorical variables, the chi-
square test was used. Pearson correlation coefficients
were computed to assess relationships between vari-
ables. Statistical significance was determined by a prob-
ability value (p) less than 0.05.

Results

This study included 50 newly diagnosed AML patients
and 50 healthy subjects. The AML patients had a medi-
an age of 43.5 years (range: 15-80 years), with a mean
age of 43.06 years. In the control group, age ranged from
16 to 67 years, with a median age of 44 years and a mean
age of 42.02 years. There were no significant differences
in age between groups. FLT3-ITD mutations were de-
tected in 10 of 50 AML patients (20%), while none of the
healthy controls exhibited these mutations. In FLT3-I-
TD-positive patients, mutant clones were identified by
the presence of one or two additional fragments, along
with the wild-type fragment. The duplication region
varied in size from 33 to 73 bp, as determined by aga-
rose gel electrophoresis. Among the 10 patients with the
ITD mutation, 9 (90%) had a single ITD (one mutat-
ed clone), and 1 (10%) had double ITDs (two mutat-
ed clones) and lane 4 (~380 bp and ~400 bp). None of
the patients had more than two ITD mutations. In one
patient (lane 9), there was very weak or absent amplifi-
cation of the wild-type FLT3 allele on agarose gel, with
only a single band (~400 bp) corresponding to the mu-
tant allele, as illustrated in Figure 1.
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Fig. 1. Image of a 3% agarose gel stained with ethidium
bromide displaying mutations in FLT3-/TD. Lane 12 served
as a negative control. Lane 1 is a 50 bp DNA ladder; lanes
2-11 show patient samples that were positive for the FLT3-
ITD mutation

Table 1.The nature of ITD in the FLT 3 gene in Individuals
with AML according to CE

Size (bp)
Wild-type Mutant -type Inserted nudleotides

1 327 363 36
2 327 387 60
3 177 381 54

408 81
4 327 390 63
5 327 363 36
6 327 353 26
7 327 378 51
8 327 391 64
9 327 390 63
10 327 347 20

Table 2. Comparison of the ITDs sizes in both agarose gel
electrophoresis and CE methods

ITD size via capillary electrophoresis ITD size via agarose gel

(bp) electrophoresis (bp)

1 363 ~360

2 387 ~370
381 ~380

} 408 ~ 400

4 390 ~375

5 363 ~360

6 353 ~350

7 378 ~370

8 391 ~ 400

9 390 ~ 400

10 347 ~350

Fragment analysis of FLT3-ITD revealed 11 distinct
types, with one patient exhibiting double ITDs. The me-
dian ITD size was 50.3 bp, with sizes ranging from 21
bp to 81 bp, as determined by capillary electrophoresis
(CE) (Table 1).
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When comparing the allele sizes obtained via agarose
and CE, the ITD sizes were nearly identical (Table 2).

Regarding the patient in lane 9 (Figure 1), no wild-
type allele band was detected by gel electrophoresis
in lane 9 (Figure 1); however, CE revealed the pres-
ence of both wild-type and mutant alleles (Figure 2).
For FLT3-ITD positive patients, the mean age was 44.7
years, with ages ranging from 23 to 74 years and a medi-
an age of 44 years. There were no significant differences
in age distribution among patients with these mutations.
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Fig. 2. A: Capillary electrophoresis for case number 8, B: Gel
electrophoresis for case number 8 (lane 9)

AML patients without FLT3-ITD mutations were pre-
dominantly male. Conversely, in the group with FLT3-I-
TD mutations, females were predominant, with mutations
detected in nine females (90%) and one male (10%), as
shown in Table 3. The odds ratio (OR) was calculated to
assess the association between sex and FLT3 gene mu-
tation status in AML patients. An OR greater than 1 in-
dicates higher odds of the event (mutation) occurring
in females compared to males, while an OR less than 1
suggests lower odds. In this study, the OR for the mutant
FLT3 type was 1.372, indicating that females had higher
odds of carrying the FLT3 mutation compared to males.
The associated p-value (p=0.01) suggests that this differ-
ence is statistically significant. Conversely, the OR for the
wild-type FLT3 gene was 0.317, indicating lower odds of
females having the wild-type allele compared to males,
although this was not statistically significant (p=0.206).
These findings suggest a potential sex-related difference in
the distribution of FLT3 mutations among AML patients.

In the distribution of AML patients with and with-
out the FLT3-ITD mutation across FAB subtypes, nei-
ther group included individuals with the M1 subtype and

no FLT3-ITD mutations were observed in the M7 sub-
type. Among patients with wild-type FLT3-ITD (n=40),
the most prevalent subtype was M5, accounting for 17
cases (42.5%), followed by M4 in 9 patients (22.5%). In
contrast, in the FLT3-ITD-positive cohort (n=10), M5 re-
mained the most common subtype (four patients, 40%),
followed by MO (two patients, 20%) (Table 4). The OR
was calculated to assess the association between FLT3
mutation status and the different FAB subtypes of AML.
The OR analysis revealed a significant association be-
tween FLT3 mutations and FAB subtypes M5 and M4, in-
dicating higher mutation frequency in these groups. In
contrast, subtypes M2 and M3 showed lower, non-signif-
icant odds. OR values could not be determined for some
subtypes (MO0, M1, M6) due to limited sample size.

Table 3. Distribution of sample study according to ITD
mutation in the FLT 3 gene and sex

Individuals with AML
0dds ratio (95% Cl) P

FIT 3 gene
Male Female X2

Wild Type 24(96%) 16 (64%) 1.60 0.317(0.22-0.78)  0.206
Mutant Type 1 (4%)  9(36%) 6.40 1.372(0.84-1.75) 0.01

Total 25(100%) 25 (100%) - - -

Table 4. Relationship between ITD mutation in the FLT 3
gene and FAB classification
FABn(100%) Wildtype Mutanttype X2  Oddsratio (95%Cl) p
Mo 2 (5%) 2(20%) 0.00 - >0.999
M1 0 (0%) 0(0%) 0.00 - <0.001

M2 3 (7.5%)  1(10%) 1.00 0294 (0.17-0.63) 0317
M3 4 (10(%)  1(10%) 180 0387 (0.22-0.93) 0.179
M4 9 (22.5%)  1(10%) 640 1372 (0.84-1.75) 0.01
M5 17(42.5%) 4 (40%) 8047 1.502 (0.92-2.26) 0.0046
Mé 1(25%)  1(10%) 0.00 - >0.999
M7 4 (10%) 0(0%) 372 086 (0.47-1.59) 0.0419

Total 40(100%)  10(100%) - - -

Table 5. Allelic ratio (AR) for the FLT 3 — ITD mutations

Capillary band area

FAB - AR (%)
Wild-type Mutant-type
1 M5 232121 108325 0.47
2 M2 82303 21559 0.26
3 M4 265237 B 0.58
54190
4 M3 67911 3750 0.05
5 M5 171245 1128722 0.75
6 M5 190602 181357 0.95
7 Mé 37533 12512 033
8 Mo 52943 222871 42
9 Mo 248057 162024 0.65
10 M5 11599 23 0.36

Table 5 presents the allelic ratio (AR) for each pa-
tient with ITD mutation. The distribution was balanced,
with 50% of the patients exhibiting a high AR and 50%
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exhibiting a low AR. For patients with two mutant al-
leles, the band areas for each allele were summed.

Regarding the correlation of the hematological pa-
rameters between the patients harboring FLT3-ITD
and other individuals with AML without mutation
(wild-type) who were enrolled in this study, the mean
counts of white blood cells and peripheral blood blast
cell percentages in patients harboring the mutations of
FLT3-ITD were insignificant compared to other patients
without mutations (Table 6).

Table 6. Relationship between the FLT 3 gene ITD mutation
and hematological parameters

. Mean=+SE
FLT 3 gene ITD mutation 5 -
WBC count x10°/L  Peripheral blood blast cell
Wild type 29.09+2.05 49.72+4.19
Mutant type 30.78+2.81 49.37+3.62
p 0.873 0.902
Discussion

FLT3 is a proto-oncogene that plays a critical role in he-
matopoietic cell survival, differentiation, and prolifera-
tion." ITD mutations in FLT3 occur in approximately
one-third of patients with AML and are frequently asso-
ciated with poor prognosis and diminished responses to
chemotherapy." In this study, the investigated the prev-
alence and characteristics of FLT3-ITD mutations in a
cohort of 50 patients with AML in Irag, using both gel
electrophoresis and CE for mutation detection. Despite
the clinical significance of these mutations, research
on FLT3 in Iraq is limited. no prior regional study has
employed highly sensitive fragment analysis to detect
FLT3-ITD mutations.

The median age of AML patients in this study was
43.5 years (range: 15-80 years), which aligns with the
results of previous Iraqi studies. For example, Latif et al.
reported a median age of 47 years (range: 14-86 years)*®,
whereas Al-Shammari et al. found a median age of 46
years (range: 15-85 years)."”

FLT3-ITD mutations were detected in 10 of 50 pa-
tients (20%), a prevalence consistent with regional re-
ports (21.88% in one study, 20.15% in a Saudi Arabian
study, and 20.4% in another)."*** However, lower fre-
quencies have been reported, such as 16%, 17.4%, and
14.54%.2°-22 These discrepancies may be attributed to
differences in the sample source (peripheral blood vs.
bone marrow), nucleic acid type (DNA vs. RNA), and
the assay used for amplification and detection.”

Since the detection of the FLT3-ITD mutation can fa-
cilitate the diagnosis, prognosis, and treatment of patients
with AML, a pivotal component of current research is the
comparative analysis of FLT3-ITD mutation detection us-
ing traditional gel electrophoresis versus CE.> While gel
electrophoresis is widely utilized owing to its accessibili-
ty and cost-effectiveness, it relies on the visual interpre-

tation of bands and is prone to errors, particularly when
bands are faint or when the tumor cell content in a sam-
ple is low. Unlike traditional agarose gel electrophore-
sis, CE provides precise measurement of amplified DNA
fragment sizes while eliminating distortions like band
shifting and inconsistencies between different gels. Ad-
ditionally, CE superior resolution enables distinguishing
PCR products differing by as little as a single base pair.
These advancements enhance analytical accuracy, prov-
ing particularly valuable for detecting tandemly dupli-
cated regions, which may be nearly identical in length to
non-duplicated (wild-type) alleles.**

The findings highlight these limitations. One patient
was initially classified as homozygous (FLT3-ITD/ITD)
by gel electrophoresis because of the apparent absence
of a wild-type band, which was later correctly identified
by CE as heterozygous (FLT3-ITD/WT), displaying two
distinct peaks, one for the mutant allele and another for
the wild-type allele.

It is crucial to differentiate between homozygous
and heterozygous FLT3-ITD mutations because homo-
zygosity is linked to a more aggressive progression of
the disease, higher relapse rates, and worse prognosis
than heterozygous or wild-type cases.” The FLT3-ITD
allelic burden plays a pivotal role in disease outcomes,
with patients lacking or having low levels of the wild-
type allele exhibiting particularly poor survival rates.?

AML treatment achieves complete remission in
60-80% of patients with induction therapy, Over re-
cent decades, advancements in targeted therapies and
supportive care have significantly improved the 5-year
survival rate for de novo AML, increasing from 13% to
55%.27?* Therefore, a highly accurate FLT3-ITD detec-
tion method is required for optimal risk stratification
and treatment planning of AML.

When conducting gel electrophoresis, careful anal-
ysis of FLT3-ITD testing outcomes is crucial. This tech-
nique requires visual examination of band patterns to
draw conclusions, and since human judgment is involved,
there remains an inherent risk of inaccuracies in result
interpretation. In present study, the wild-type band was
not observed on gel electrophoresis but was clearly de-
tected using CE. When the gel electrophoresis band is
very faint, it is difficult to determine by visual inspection
whether it represents a typical band for FLT3-ITD. CE
provides higher resolution and consistent measurement
of amplicon sizes, enabling the detection of subtle differ-
ences between mutant and wild-type alleles.”” Therefore,
it is essential to conduct fragment analysis during screen-
ing for FLT3-ITD to ensure accurate mutation detection
and minimize misclassification. This issue is particularly
pertinent in the Iraqi clinical context, where many lab-
oratories continue to rely on PCR followed by gel elec-
trophoresis for FLT3-ITD detection, primarily because
of financial and logistical constraints. A study involving
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25 Iraqi patients with acute lymphoblastic leukemia used
conventional PCR techniques for FLT3-ITD detection,
identifying mutations in 8% of cases. The study recom-
mended the incorporation of advanced and potentially
more sensitive methods, such as CE, to improve diagnos-
tic accuracy.® Additionally, a comparative study found
that CE detected FLT3-ITD mutations at lower allele ra-
tios, reducing false negatives.?* Given these advantages,
integrating fragment analysis into routine AML diagno-
sis in Iraq is crucial for more precise risk stratification and
treatment decisions.

Although fragment analysis has not yet been wide-
ly adopted in Iragq, it provides critical quantitative data
on the mutant-to-wild-type AR, which has significant
prognostic implications. High AR is associated with ag-
gressive disease and poor outcomes. The European Leu-
kemia Net (ELN 2017) set an AR cutoff of 0.5, but the
revised ELN guidelines now classify all FLT3-ITD mu-
tations as intermediate-risk, leaving the clinical signifi-
cance of AR under debate.”

The current study found that 50% of FLT3-ITD-po-
sitive patients had high AR, consistent with Zhou et al.,
who reported 51.1% high AR cases, while Kivioja et al.
found a high AR in only 36% of patients.?>*

Regarding AML subtypes (FAB classification), we
found no FLT3-ITD mutations in M7 cases, whereas
M5 exhibited the highest mutation frequency (40%).
This aligns with Fahed et al. and regional studies by
Hamed et al. and Sarojam et al., who reported FLT3-I-
TD prevalence rates of 50% and 25.4% in M5 cases, re-
spectively.®**'»* The M2 subtype had the second highest
mutation rate (20% and 23.9% in different studies), and
these variations were potentially influenced by sample
size and ethnic diversity.

The findings revealed a significantly higher frequen-
cy of FLT3-ITD mutations in females (90% of FLT3-ITD
positive cases) than in males. This sex-related difference
in incidence, molecular presentation, and outcomes is
being increasingly recognized. Studies have shown that
FLT3-ITD mutations are more prevalent in females with
co-occurring mutations in NPM1 and DNMT3A, in
contrast, males are more predisposed to possess supple-
mentary mutations in splicing of RNA and methylation
modifier genes. These molecular differences may con-
tribute to variations in disease progression and treat-
ment response.”® The exact mechanisms underlying
these sex-based disparities remain poorly understood,
but may involve hormonal influences, environmental
stressors, or socioeconomic factors. Further research is
needed to elucidate the impact of sex on FLT3-ITD driv-
en AML and develop sex-specific therapeutic strategies.

Study limitations
The research has several constraints, such as a compar-
atively limited participant pool and a single-site meth-

odology, which could reduce the broader applicability
of the outcomes. Although fragment analysis and allelic
ratio assessment were performed for FLT3-ITD detec-
tion, sequencing of FLT3-ITD mutations was not con-
ducted. Future studies should incorporate sequencing
techniques to characterize ITD length, insertion sites,
and sequence variations, which may have prognostic
significance. Furthermore, collaborative research across
multiple institutions involving expanded patient groups,
along with combined genetic and RNA expression pro-
filing, may enhance the understanding of both molecu-
lar mechanisms and clinical implications of FLT3-ITD
mutations in Iraqi AML patients.

Conclusion

This study provides critical insights into the prevalence
and clinical implications of FLT3-ITD mutations in
AML patients in Iraqi, emphasizing the need for precise
molecular diagnostic approaches. This finding revealed
a distinct subset of AML patients harboring FLT3-ITD
mutations, with a significant proportion exhibiting el-
evated allelic ratios, reinforcing their prognostic rele-
vance. A striking sex-based disparity was observed as
these mutations were predominantly detected in female
patients, suggesting potential sex-specific molecular
pathways in AML pathogenesis that merit further in-
vestigation. CE has been found to provide better resolu-
tion than conventional gel electrophoresis, especially in
ambiguous cases, and to distinguish between heterozy-
gous and homozygous mutations. This methodological
advancement is critical for improving risk stratification
and therapeutic considerations, including targeted ther-
apies and transplantation eligibility. These findings were
in line with mutation frequencies reported elsewhere,
but highlight the need for standardized, high-sensitivi-
ty diagnostic protocols in clinical practice, which should
help to reduce uncertainties in molecular diagnostics.
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ABSTRACT

Introduction and aim. Diuretics are used for edema, heart failure, and hypertension, but may cause side effects and resistance.
Sida schimperiana is used for urinary retention in Ethiopian folk medicine, although its diuretic effects are unverified. This study
aims to evaluate the diuretic potential and phytochemical content of the 80% methanol extract of S. schimperiana.

Material and methods. Male rats were administered distilled water (2 mL/100 g), furosemide (10 mg/kg), or 80% methanol ex-
tract (100, 200, or 400 mg/kg). Diuretic effects were assessed by monitoring urination onset, urine volume, electrolyte levels,
and pH. Phytochemical analysis was performed to explore underlying diuretic mechanisms.

Results. The 80% methanol extract demonstrated significant diuretic and natriuretic effects in a dose- and time-dependent
manner, surpassing the negative control. At doses of 200 and 400 mg/kg, diuresis (p<0.001) and sodium and chloride excre-
tion (p<0.001) were notably increased at all time points. The treated group also showed significant changes in urine pH. Phyto-
chemical analysis identified alkaloids, flavonoids, polyphenols, and tannins, with high concentrations of flavonoids (187.3 mg
quercetin equivalent/g) and polyphenols (128.4 mg quercetin equivalent/g).

Conclusion. This study affirmed the methanolic extract’s diuretic potency, comparable to furosemide, emphasizing its prospec-
tive therapeutic value.

Keywords. diuretic activity, in vivo, phytochemicals, rats, Sida schimperiana

Introduction Despite the significant therapeutic benefits offered
Diuretics are drugs commonly prescribed for managing by conventional agents, their use is frequently accompa-
conditions such as edema, heart failure, and hyperten- nied by a wide range of adverse effects, including elec-
sion, they facilitate the excretion of sodium and water, trolyte disturbances, ototoxicity, and renal dysfunction.’
thus mitigating excess extracellular fluid accumula- Among these, the most prominent issues are fluid and
tion.* electrolyte balance disruptions, particularly hypokale-
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mia and volume depletion, which can severely compro-
mise normal physiological functions. Such imbalances
can give rise to serious complications, including hy-
perglycemia, cardiac arrhythmias, hyperlipidemia, and
other potentially life-threatening conditions that may
exacerbate underlying health problems.>*

The most prominent are fluid and electrolyte bal-
ance perturbations, specifically hypokalemia and
volume depletion, which can critically undermine phys-
iological processes. These imbalances may lead to severe
complications, such as hyperglycemia, cardiac arrhyth-
mias, hyperlipidemia, and other potentially life-threat-
ening conditions.® Additionally, diuretic therapy may
induce metabolic disturbances, including acidosis or al-
kalosis, and escalate the overall cost of treatment.’

These limitations have prompted an increasing in-
terest in natural products as alternative or complemen-
tary sources of diuretic agents, particularly those with
fewer side effects and additional health benefits. Owing
to the ease of access and affordability of herbal remedies,
many people rely on them instead of modern medica-
tions, which are often expensive and difficult to obtain.?

Among these, Sida schimperiana Hochst. ex A. Rich.
(S. schimperiana), also known as “Chifrig” in Ambharic
in the genus Sida, belongs to the family Malvaceae and
is commonly used as a diuretic for the treatment of uri-
nary retention.”'! It is a perennial subshrub with woody,
erect, or procumbent stems that can grow up to a height
of about 90 centimeters and grows primarily in the sea-
sonally dry tropical biome.'>*?

Geographically, S. schimperiana is native to eastern
Africa, specifically found in Eritrea, Ethiopia, Kenya,
Tanzania, and Uganda. Additionally, it has been intro-
duced to India."

In Ethiopian traditional medicine, the leaves and
stems of S. schimperiana are used orally for the treat-
ment of gonorrhea, and urinary retention.” The roots
treat abdominal pain and evil eye disease.'* S. schimpe-
riana has several pharmacologically proven activities.
Its root extract has antifungal,”” antibacterial, and im-
munomodulatory activities.!* The crude root extract’s
phytochemical analysis has revealed a diverse array of
bioactive compounds, including polyphenols, flavo-
noids, coumarins, and phytosteroids."

Aim

The aim was to evaluate the diuretic potential and phy-
tochemical contents of the 80% methanol extract of S.
schimperiana.

Material and methods

Drugs, chemicals, and reagents

Distilled water and normal saline were obtained from
EPHARM (Ethiopia). Acetic anhydride, atropine, chlo-
roform, Folin-Ciocalteu reagent, gallic acid, glacial ace-

tic acid, magnesium ribbon, methanol, phosphate buffer
solution, quercetin, and tannic acid were purchased from
Sigma-Aldrich (Germany). Aluminum chloride, ammo-
nium hydroxide, bismuth nitrate, bromocresol green,
dimethyl sulfoxide, ferric chloride, hydrochloric acid, io-
dine, isopropyl alcohol, lead acetate, mercuric chloride,
potassium hydroxide, potassium iodide, sodium carbon-
ate, sodium hydroxide, sodium nitrate, and sulfuric acid
were purchased from Fisher Scientific (UK). Furosemide
was obtained from Denk Pharma GmbH and Co. KG
(Germany) and sodium pentobarbitone was purchased
from Taj Pharmaceuticals Ltd. (India). All drugs, chemi-
cals, and reagents used were of analytical grade.

Plant material collection and extraction

In September 2023, the stems of S. schimperiana were
collected from the region surrounding Debre Markos.
A taxonomist authenticated the botanical specimen and
a voucher specimen (BGM04) was duly archived. Fresh-
ly collected stems were meticulously rinsed with tap wa-
ter and subsequently air-dried in a shaded environment
at ambient temperature. After that, the desiccated stems
were ground into coarse powder. A 150-gram of the
coarse powder was subjected to maceration in 1.5 liters
of 80% methanol within a conical flask, and the mixture
was agitated at 120 rpm for 72 hours at ambient tempera-
ture. The resultant extract underwent a sequential filtra-
tion process, initially utilizing muslin cloth, followed by
filtration through Whatman® grade 1 filter paper. The re-
sidual marc was then subjected to two subsequent rounds
of re-extraction, employing fresh solvent in identical vol-
umes to those used in the initial extraction, as outlined
previously. The fluid extract was concentrated using a ro-
tary evaporator (Buchi, Rotavapor R-210/215, Switzer-
land) under reduced pressure at 40°C, and then dried in
a lyophilizer (OPR-FDU-5012, Korea). The dried extract
was 12.4% (w/w). It was subsequently stored in a deep
freezer at -20°C until use.

Experimental animals

Sprague-Dawley rats (males for the main study and fe-
males for the acute toxicity study), aged 6-10 weeks
and weighing 280-320 g, were used in the experiment.
The rats were housed in polypropylene cages (6 rats
per cage) under standard environmental conditions
(25+2°C, 55£5% humidity, and a 12 h/12 h light/dark
cycle). They had free access to tap water and laboratory
pellets and were acclimatized to the laboratory condi-
tions for one week before the experiment. Each rat was
placed in a metabolic cage (Tecniplast, Italy) 24 hours
before the experiment.

Acute oral toxicity test
An acute oral toxicity test for the 80% methanol extract
of S. schimperiana was conducted following the guide-
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lines of the Organization for Economic Co-operation
and Development.'® Rats were fasted overnight before
and 4 hours after administration of the extract. Initial-
ly, a sighting study was performed to determine the
starting dose, with one rat receiving 2000 mg/kg 80%
methanol extract as a single dose via oral gavage. As no
death was observed within a day, an additional four rats
were administered the same dose. The rats were mon-
itored continuously for 4 hours at 30-minute intervals
and subsequently observed daily for 14 days to assess
the general signs and symptoms of toxicity (diarrhea,
weight loss, tremor, lethargy, and paralysis), food and
water intake, and mortality. Three dose levels were se-
lected for further testing: a middle dose, which was one-
tenth of the maximum dose used in the acute toxicity
study; a low dose, which was half of the middle dose;
and a high dose, which was twice the middle dose."”

Experimental design

Rats were randomly assigned to five groups (two con-
trol and three test groups), comprising six animals per
group. Negative controls were treated with the vehicle
used for reconstitution (2 mL/100 g distilled water),
positive controls were treated with the standard drug
furosemide 10 mg/kg (F10), and the three test groups
were treated with 100, 200, and 400 mg/kg doses of the
80% methanol extract of S. schimperiana as SSME100,
SSME200, and SSME400, respectively. Each group re-
ceived the assigned treatment via oral gavage. Doses
were determined using data from an acute oral toxicity
study. At the end of the experiment, all rats were eutha-
nized by an intraperitoneal injection of sodium pento-
barbital at a dose of 150 mg/kg.

Determination of diuretic activity

The diuretic activity was determined using the method
described by Hailu and Engidawork.'® Rats were fast-
ed overnight with free access to water, and pretreat-
ed with normal saline at an oral dose of 15 mL/kg to
impose uniform water and salt load. Rats were divid-
ed into groups and treated as described in the Experi-
mental Design section. Immediately after the assigned
treatment, the animals were placed in metabolic cag-
es (a rat in a cage). Urine was collected and measured
at the time of first urination, and 1, 2, 3, 4, and 5 h af-
ter dosing, and stored at —20°C for electrolyte analysis.
No food or water was available at the time of the urine
collection.

The following parameters were recorded for each
rat: first urinary latency (time to the first urination);
urine volume; urine concentration of Na*, K*, and Cl;
and urine pH. To compare the effects of three different
doses of the 80% methanol extract with each other and
with the controls (positive and negative), parameters
such as percent urinary excretion, diuretic action, and

diuretic activity were also calculated using the follow-
ing formulas:

Total wrinary output
Total Tiquid ~ adminisiered > 100,

Percent wurinary excretion =

. . . Mean  urinary excretion  of treatment  groups
diuretic action = - - ,
Mean  urinary excretion of control  group

Diuretic _action _of test sample 18
Diuretic action of standard drug’

and diuretic activity =

Urinary electrolyte level determination

The 80% methanol extract of S. schimperiana and rat
urine were analyzed for the levels of three electrolytes
(Na*, K*, and CI"). The Na* and K* concentrations were
determined using a high-precision flame photometer
(FP8400 Flame Photometer, A. KRUSS OPTRONIC
GmbH, Germany), and the Cl~ was determined using
an ion-selective electrode analyzer (AVL 9181 Electro-
lyte Analyzer, Roche, Germany). Electrolyte ratios, in-
cluding test/control, Na*/K*, and CI7/[K* + Na*], were
calculated to assess saluretic, natriuretic, and carbonic
anhydrase inhibitory activities, respectively. The urine
pH was measured using a pH meter.”

Qualitative phytochemical screening

Qualitative phytochemical analysis of the 80% metha-
nol extract of S. schimperiana was conducted to identify
bioactive secondary metabolites with potential medic-
inal properties. The investigation targeted compounds
such as alkaloids, cardiac glycosides, flavonoids, poly-
phenols, saponins, steroids, tannins, and terpenoids,
employing established methods for detection.?***

Alkaloid detection test

About 10 mg of the 80% methanol extract was dissolved
in 2 mL of 5% hydrochloric acid and subsequently fil-
tered. The resulting filtrate was divided into separate
test tubes, with each aliquot treated with a few drops of
one of the following reagents: Bouchardat, Dragendorft,
Mayer, or Wagner. The formation of distinct precipi-
tates; brown (Bouchardat), red-orange (Dragendorff),
yellowish-white (Mayer), and red-brown (Wagner), pro-
vides conclusive evidence for the presence of alkaloids.

Anthraquinone glycoside detection test
Borntrager’s assay: To 3 mL of the 80% methanol extract,
3 mL of chloroform was added, and the chloroform lay-
er was meticulously separated. Subsequently, a 5% potas-
sium hydroxide solution was introduced to the mixture.
The emergence of a red coloration serves as a definitive
indication of the presence of anthraquinone glycosides.
Ammonijum hydroxide assay: A solution comprising
10 mg of the 80% methanol extract was meticulously dis-
solved in 10 mL of isopropyl alcohol. To this resultant mix-
ture, a single drop of concentrated ammonium hydroxide
was introduced. Following a two-minute incubation peri-
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od, the emergence of a pink-red hue serves as an indica-
tive marker for the presence of anthraquinone glycosides.

Cardiac glycoside detection test (Keller-Kiliani as-
say): An aliquot of 0.25 g of the 80% methanol extract
was dissolved in distilled water. To 5 mL of the result-
ing 80% methanol extract solution, 2 mL of glacial ace-
tic acid, fortified with a single drop of ferric chloride
solution, was carefully added. The mixture was then un-
derplayed with 1 mL of concentrated sulfuric acid. The
development of a distinct brown ring at the interface
of the two layers serves as a definitive indication of the
presence of cardiac glycosides.

Flavonoid detection test
Alkaline reagent assay: A volume of 1 mL of the 80% meth-
anol extract was subjected to treatment with a few drops
of a 20% sodium hydroxide solution. The development of
a vivid yellow coloration, which subsequently decoloriz-
es upon the introduction of hydrochloric acid, serves as a
qualitative indicator of the presence of flavonoids.
Shinoda assay: To 5 mL of the 80% methanol ex-
tract, fragments of magnesium ribbon were introduced,
followed by the addition of concentrated hydrochloric
acid. The emergence of a red-to-pink hue after a brief
interval signifies the presence of flavonoids.

Polyphenol detection test
Lead acetate assay: A few drops of a 10% lead acetate
solution were introduced into the 80% methanol extract.
The formation of a white precipitate serves as a definitive
indication of the presence of phenolic compounds.
Ferric chloride assay: To 2 mL of the filtered 80%
methanol extract, four drops of a 10% ferric chloride
solution were added. The manifestation of a blue-green
coloration signifies the presence of phenolic compounds.

Saponin detection test (Frothing assay)

To 0.25 g of the 80% methanol extract, 20 mL of dis-
tilled water was added, followed by vigorous agitation
for 15 minutes. The development of a stable and per-
sistent froth is indicative of the presence of saponins.

Steroid detection test (Libermann-Buchard assay)

A volume of 1 mL of the 80% methanol extract was
combined with 10 mL of chloroform and subsequently
filtered. The filtrate was treated with a few drops of ace-
tic anhydride, subjected to boiling, and then allowed to
cool. Concentrated sulfuric acid was cautiously added
to the mixture. The emergence of a distinct brown ring
at the phase interface unequivocally confirms the pres-
ence of steroids.

Tannin detection test (Ferric chloride assay)
A quantity of 10 mg of the 80% methanol extract was
dissolved in 2 mL of distilled water and subsequently fil-

tered. To the resultant filtrate, a few drops of a 10% ferric
chloride solution were introduced. The appearance of a
blue or green coloration serves as a definitive indicator
of the presence of tannins.

Terpenoid detection test (Salkowski assay)

To 10 mg of the 80% methanol extract, 2 mL of chloro-
form was introduced. To this mixture, 3 mL of concentrat-
ed sulfuric acid was cautiously added. The development
of a reddish-brown coloration at the interface serves as a
definitive indicator of the presence of terpenoids.

Quantitative estimation of phytochemical constituents
Phytochemicals detected through qualitative screening
such as alkaloids, flavonoids, polyphenols, and tannins
were subsequently quantified using meticulously vali-
dated standard methods outlined below.

Total alkaloid content determination

The total alkaloid concentration in the 80% methanol
extract of S. schimperiana was quantified using a spec-
trophotometric method, relying on the interaction be-
tween alkaloids and bromocresol green (BCG).” One
milligram of the plant extract was dissolved in dimeth-
yl sulfoxide (DMSO). To this solution, 1 mL of 2N hy-
drochloric acid was added, and the resulting mixture
was filtered. The pH of the filtrate was adjusted to neu-
tral using 0.1 N sodium hydroxide. The solution was
then transferred into a separatory funnel, and 5 mL
of BCG solution, along with 5 mL of phosphate buf-
ter (pH 4.7), was introduced. The mixture was vigor-
ously shaken with chloroform in volumes of 1, 2, 3,
and 4 mL, then diluted to a total volume of 10 mL with
additional chloroform. Similarly, standard solutions of
atropine (12.5, 25, 50, 100, 200, and 400 pg/mL) were
prepared by combining accurately measured atropine
aliquots with 5 mL of BCG solution and 5 mL of phos-
phate buffer (pH 4.7), followed by shaking with chlo-
roform in volumes of 1, 2, 3, and 4 mL. These solutions
were collected in a 10 mL volumetric flask and diluted
with chloroform to a final volume of 10 mL. The absor-
bance of both the atropine standards and the test solu-
tions was measured against a reagent blank at 470 nm
using a UV-visible spectrophotometer (SHIMADZU
UV 1800, Kyoto, Japan). To ensure accuracy, all pro-
cedures were conducted on the same day and repeated
in triplicate. The total alkaloid content was expressed
as milligrams of atropine equivalents per gram of dry
plant extract (AE/g).

Total flavonoid content determination

The total flavonoid content in the 80% methanol ex-
tract of S. schimperiana was assessed using the alu-
minum chloride colorimetric method.* A series of
quercetin standards in methanol were prepared at con-
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centrations of 12.5, 50, 100, 200, and 400 ug/mL. To
each standard, 250 pL of the solution was combined
with 125 pL of water and 75 pL of sodium nitrate solu-
tion. The mixtures were kept in the dark at 25°C for
6 minutes. Afterward, 150 uL of aluminum chloride
was added, and the samples were left in the dark for 5
hours. Subsequently, 500 puL of sodium hydroxide and
275 uL of water were added to each solution. The ab-
sorbance was recorded at 510 nm using a UV-visible
spectrophotometer, and a standard curve correlating
concentration to absorbance was constructed. The test
sample was treated in the same manner and analyzed.
All experiments were performed in triplicate. The total
flavonoid content was expressed as milligrams of quer-
cetin equivalents per gram of dry plant extract (QE/g).

Total phenolic content determination

The total phenolic content of the 80% methanolic ex-
tract of S. schimperiana was quantified using the Fo-
lin-Ciocalteu reagent assay.”?® Serial dilutions of
methanolic gallic acid solutions at concentrations of
12.5, 25, 50, 100, 200, and 400 pg/mL were prepared,
and 50 pL of each solution was combined with 100 uL
of 10% Folin-Ciocalteu reagent and 100 uL of 7% sodi-
um carbonate. The reaction mixture was incubated at
ambient temperature for 30 minutes, after which the
absorbance was measured at 765 nm using a UV-vis-
ible spectrophotometer, with a reagent blank serving
as the reference. A calibration curve was generated by
plotting absorbance values against gallic acid concen-
trations. The test sample was prepared and analyzed
following the same procedure. All measurements were
conducted in triplicate on the same day. The total phe-
nolic content was reported as milligrams of gallic acid
equivalents per gram of dry plant extract (mg GAE/g).

Total tannin content determination

The total tannin content of the 80% methanolic extract
of S. schimperiana was determined using the method
described by Chandran and Indira.” To 0.1 mL of the
sample extract, 0.5 mL of Folin-Ciocalteu reagent, and
1 mL of 35% sodium carbonate solution were added.
The resulting mixture was diluted to a final volume of
10 mL with distilled water, thoroughly mixed, and al-
lowed to stand at room temperature for 30 minutes. In
parallel, a series of tannic acid reference standards at
concentrations of 12.5, 25, 50, 100, 200, and 400 pg/mL
were prepared and processed similarly. The absorbance
of both the test samples and the standard solutions was
recorded at 700 nm using a UV-visible spectropho-
tometer, with a reagent blank serving as the baseline
reference. All analyses were performed in triplicate on
the same day. The total tannin content was expressed
as milligrams of tannic acid equivalents per gram of
dry plant extract (mg TAE/g).

Statistical analysis

The study findings were expressed as meantstandard
error of the mean (S.E.M). Statistical analysis was con-
ducted using one-way analysis of variance (ANOVA),
followed by Tukey’s post-hoc multiple comparison test
to discern specific group differences using SPSS ver-
sion 25 (IBM, Armonk, NY, USA). Dose-dependent ef-
fects were examined using linear regression analysis.
Statistical significance was determined using a thresh-
old p-value of less than 0.05.

Ethical consideration

Animal handling was conducted following the guide-
lines set forth by the National Institutes of Health for
the Care and Use of Laboratory Animals, as well as
with the standards for international animal care and
welfare.*** The study received formal approval from
the Research Ethics Committee of the Department of
Pharmacy, College of Medicine and Health Sciences at
Debre Markos University, as documented in the ethical
approval letter with reference number 1921/23.

Results

Acute oral toxicity test

The acute oral toxicity test of the 80% methanol extract
of S. schimperiana demonstrated that it did not induce
gross behavioral changes or mortality either within 24
hours or over the course of 14 days. Consequently, the
median lethal oral dose of the 80% methanol extract
was estimated to exceed 2000 mg/kg in rats.
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Fig. 1. Effect of 80% methanol extract on the onset of
urination in rats (DW - distilled water; F10 - furosemide 10
mg/kg; SSME100 - S. schimperiana methanol extract 100 mg/
kg; SSME200 - S. schimperiana methanol extract 200 mg/kg;
SSME400 - S. schimperiana methanol extract 400 mg/kg)

Determination of diuretic activity

Effect on the onset of urination

The effect of the 80% methanol extract of S. schimpe-
riana on the onset of urination is shown in Figure 1.
Rats in the treatment group that received 100 mg/kg
of the extract did not exhibit a significant difference in
the onset of urination compared to the negative con-
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trol. However, rats treated with 200 mg/kg and 400
mg/kg of the extract showed a significantly faster onset
of urination, with times of 38.51+1.94 and 31.68+2.26
minutes, respectively (p<0.001), compared to the neg-
ative control (52.46+2.02 minutes).

Effect on urine volume

The effect of the 80% methanol extract of S. schimpe-
riana on urine volume in rats is presented in Table 1.
The extract-induced diuresis appeared to be dose- and
time-dependent (r’=0.901; p<0.001). Although rats
treated with SSME100 showed a significant increase
in urine output (p<0.01) after the fifth hour, no de-
tectable change in urine volume was observed during
the first four hours post-dosing, compared to the neg-
ative control. In contrast, rats treated with SSME200
and SSME400 demonstrated a significant increase in
urine volume at all time points, with maximum diure-
sis of 111% (p<0.001) and 124% (p<0.001), respective-
ly. Additionally, the diuretic effects of SSME200 and
SSME400 were comparable to those of F10. Among the
three doses, SSME200 and SSME400 produced signifi-
cantly greater diuresis than SSME100 at all time points.
Specifically, SSME200 and SSME400 exhibited urinary
excretion rates of 103% and 110%, respectively, and di-
uretic actions of 2.11 and 2.24 (Table 1).

Effect on cumulative urine output

The cumulative urine output of rats administered the
80% methanol extract of S. schimperiana is illustrated
in Figure 2. SSME100 showed no statistically signifi-
cant change in cumulative urine output during the first
4 hours; however, it induced a notable increase (p<0.01)
by the end of the fifth hour compared to the negative

Cumulative urine output (mL)
Cumulative urine output (mL)
=] -k W st =

1h
Time (hr)

Cumulative urine output (mL)
SR W e Mo a®
Cumulative urine output (mL)
O wamo g me

4h
Time (hr)
=DW ®F10 ®SSMEI00 ®SSME200  mSSME400 EDW  EF10

control. Both SSME200 and SSME400 demonstrated
urine outputs comparable to that of F10. Furthermore,
SSMEA400 resulted in a cumulative urine output that ex-
ceeded that of the standard at both the third and fourth
hours (Fig. 2).

Table 1. Effect of 80% methanol extract of S. schimperiana
on urine volume in rats*

Grou Volume of urine (mL) % Urinary Diuretic
P 1h 2h 3h 4h Sh  excetion action Diuretic
162 240 275 304 activity
+
oW 1018 4021 s008 oy SR2HN#10
360 472 SB3 682 71274036
F1 0 i0.30 ait i0.23 aft i0.40 atH i0.29 ait ait 1 1 2 2'26 1'00
189 246 318 346 3954009
SSMEIO0  +0.17 019 +022 020 b 63 13 054
Dkt chy, dikh  bEEECHER dEFE  DERECHER dbBE  DERECHES, digE i di
286 387 532 664 6.80%0.10
SSMEZOO i0.26 aftf i0.23 aft i0.29 atH iO.ZS ait ait 103 2'1 1 0'93
308 408 614 696 721028
SSME400 i024 aifit i027 it i042 afit i034 aifit aifit ] 10 224 099

Time (hr)
EDW EF10 WSSMEIO) WSSME200  WSSME400 EDW HF10 WSSMEL00 ®SSME200 WSSME400

* each value represents the mean+S.E.M, n=6, 2 — against
negative control (DW), ® - against standard (F10), < -
against 200 mg/kg, ¢ - against 400 mg/kg, * - p<0.05,

# _ p<0.01, #* - p<0.001, DW - distilled water, F10

- furosemide 10 mg/kg, SSME100 - S. schimperiana
methanol extract 100 mg/kg, SSME200 - S. schimperiana
methanol extract 200 mg/kg, SSME400 - S. schimperiana
methanol extract 400 mg/kg

Effect on urinary electrolyte excretion

The electrolyte contents (Na*, K*, and CI") in the collect-
ed urine samples were quantified and are presented in Ta-
ble 2. SSME100 did not significantly increase the excretion
of any of the three electrolytes compared to the negative
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Fig. 2. Effect of 80% methanol extract on cumulative urine output in rats (DW - distilled water; F10 — furosemide 10 mg/kg;
SSME100 - S. schimperiana methanol extract 100 mg/kg; SSME200 - S. schimperiana methanol extract 200 mg/kg; SSME400 —

S. schimperiana methanol extract 400 mg/kg)
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control. In contrast, SSME200 and SSME400 significantly
enhanced the excretion of Na* and Cl- (p<0.001), as well
as K* (p<0.01), when compared to the negative control.
Specifically, SSME200 increased Na* and Cl- excretion by
131% and 44%, respectively, while SSME400 increased Na*
and CI- excretion by 184% and 52%, respectively, relative
to the negative control (Table 2). No significant differences
were observed in Na* and Cl- excretion between F10 and
the two doses of the 80% methanol extract. However, F10
significantly outperformed both SSME200 and SSME400
in K* excretion, with a 209.2% increase (p<0.001) com-
pared to the negative control, which was significantly
greater than the K* excretion induced by SSME200 (63%,
p<0.01) and SSME400 (85%, p<0.01).

Table 2. Effect of 80% methanol extract of S. schimperiana
on urinary electrolyte excretion in rats*

Urinary electrolyte concentration ~ Saluretic

Group (mmol/L) index  Na/k Nava- O
(Na*+K*)

Na* K - N K O
381+ 3856+ 7687+

oW h ag e M0T000 13 om0 08
15634+ 11921+ 13807+

O me gger e 291309079 13111 050
6888 4164

+
Bz 128108117 165 077 081

3“'6 bttt diit

SSME100 278 +2.08

b chid i b chid i

+ + +
SSME200 1:‘;333#; 36;'583#;” 1::316%’”_ 2311614 18 12 059

+ + +
SSME400 1352:8,; ;;fj,;” 1;2:9,”— 28418515 214 131 082

* each value represents the mean+S.E.M, n=6, * — against
negative control (DW), ® - against standard (F10), < -
against 200 mg/kg, ¢ - against 400 mg/kg, * - p<0.05,

# _ p<0.01, #* — p<0.001, DW - distilled water, F10

— furosemide 10 mg/kg, SSME100 - S. schimperiana
methanol extract 100 mg/kg, SSME200 - S. schimperiana
methanol extract 200 mg/kg, SSME400 - S. schimperiana
methanol extract 400 mg/kg

The indices for saluretic, natriuretic (aldosterone
secretory), thiazide secretory, and carbonic anhydrase
inhibitory activities of the 80% methanol extract of S.
schimperiana at three different doses are summarized in
Table 2. SSME400 exhibited saluretic indices of 2.84 for
Na*, 1.85 for K*, and 1.52 for Cl-, while F10’s indices
were 2.91, 3.09, and 1.79 for these three ions, respective-
ly. The natriuretic indices (Na*/K*) for SSME100 (1.65),
SSME200 (1.98), and SSME400 (2.14) were all higher
than that of the standard drug (1.31). The carbonic an-
hydrase inhibitory activity indices, represented by the
[Cl-/(Na* + K*)] ratios, were 0.52 for SSME200 and 0.59
for SSME400 (Table 2).

Electrolyte content of the 80% methanol extract
To preclude potential interference, the 80% methanol
extract of S. schimperiana was rigorously analyzed for

the presence of three specific electrolytes: Na*, K*, and
Cl. The results revealed that none of these ions were de-
tectable across any of the concentrations tested.

Effect on urine pH

The pH of the urine samples was measured, yielding
varying results (Fig. 3). Both SSME200 and SSME400
generated relatively alkaline urine, with pH values of
8.54+0.32 and 8.82+0.37, respectively. F10 also resulted
in slightly basic urine, with a pH of 8.37+0.21 (Figure 3).
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Fig. 3. Effect of 80% methanol extract on urine pH of
rats (DW - distilled water; F10 - furosemide 10 mg/kg;
SSME100 - S. schimperiana methanol extract 100 mg/kg;
SSME200 - S. schimperiana methanol extract 200 mg/kg;
SSME400 - S. schimperiana methanol extract 400 mg/kg)

Table 3. Qualitative phytochemical screening of the 80%
methanol extract of S. schimperiana

Phytochemical Testmethod  Observation Result

Alkaloids Bouchardat
Dragendorff  ared-orange precipitate was the presence of alkaloids confirmed

brown precipitate was formed  the presence of alkaloids confirmed

formed
Mayer ayellowish-white precipitate ~ the presence of alkaloids confirmed
was formed
Wagner ared-brown precipitate was  the presence of alkaloids confirmed
formed
Anthraquinone  Borntrager’s test the red color did notoccur  ahsence of anthraquinone
Glycosides glycosides
Ammonium  the pink-red colorwasnot  absence of anthraquinone
hydroxide test ~ formed glycosides
Cardiac Keller-Kiliani  no formation of brown-ring  absence of cardiac glycosides

Glycosides test between layers

Flavonoids Alkaline reagent yellow fluorescence was
test present

presence of flavonoids

Shinodatest  the red-pink color was formed presence of flavonoids

Polyphenols  Leadacetate  abulky white precipitate was presence of polyphenols
test formed
Ferric chloride ~ the blue-green color was presence of polyphenols
test formed

Saponins Frothingtest  astable persistent frothwas  absence of saponins

not formed

Steroids Libermann- noformation of abrownring  absence of steroids
Buchardtest  atthe interface

Tannins Ferricchloride ~ the blue-purple or green presence of tannins

test precipitate was formed

Terpenoids Salkowski test  a reddish-brown precipitate  absence of terpenoids
was not formed
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Qualitative phytochemical screening

The preliminary phytochemical analysis revealed the
presence of alkaloids, flavonoids, polyphenols, and tan-
nins in the 80% methanolic extract of S. schimperiana
(Table 3).

Quantitative estimation of phytochemical constituents
The analysis of phytochemical constituents demonstrat-
ed a marked increase in the total concentrations of flavo-
noids and polyphenols, with values quantified at 187.3 mg
of GAE/g and 128.4 mg of QE/g, respectively (Table 4).

Table 4. Quantitative phytochemical content estimation of
the 80% methanol extract of S. schimperiana*

Content (mg/g dry

Parameter weight of plant extract)
Total alkaloid content (mg AE/g dry weight of plant extract) 61.8
Total flavonoid content (mg QE/g dry weight of plant extract) 1873
Total polyphenol content (mg GAE/g dry weight of plant extract) 128.4
Total tannin content (mg TAE/g dry weight of plant extract) 225

* AE - atropine equivalent, QE — quercetin equivalent, GAE
- gallic acid equivalent, TAE - tannic acid equivalent

Discussion

An ethnopharmacological survey conducted in North-
western Ethiopia highlighted the traditional use of S.
schimperiana stem powder for treating urinary reten-
tion.” This study investigates the plant’s diuretic poten-
tial and analyzes the phytochemicals found in the 80%
methanol extract. The results reveal that the 80% meth-
anol extract of S. schimperiana (SSME) enhanced diure-
sis in a dose- and time-dependent manner (r’=0.901,
p<0.001). While the 100 mg/kg dose (SSME100) did
not induce significant diuresis, both the 200 mg/kg
(SSME200) and 400 mg/kg (SSME400) doses sub-
stantially increased urine volume at all time points,
with maximum diuresis of 111% (p<0.001) and 124%
(p<0.001), respectively. These findings suggest that 100
mg/kg is below the minimum effective dose, while 200
mg/kg and 400 mg/kg are sufficient to induce a diuret-
ic effect. Notably, the diuretic action of SSME400 was
comparable to the standard, with ratios of 2.24, 0.99,
2.26, and 1.00, respectively.

The onset of urinary latency was significantly de-
layed in rats administered SSME100 (51.29+2.51 min,
p<0.001). In contrast, both SSME200 and SSME400
caused only a modest delay in the onset of diuresis, with
latencies of 38.51+1.94 min and 31.68+2.26 min, re-
spectively (p<0.001), compared to F10, which exhibited
a latency of 29.72+2.37 min (Fig. 1). The rapid onset of
diuresis observed with the higher doses is likely attrib-
utable to their action on the ion co-transport mecha-
nism, similar to the mode of action of loop diuretics.*

Treatment with SSME100 did not significantly af-
fect the excretion of any of the three electrolytes com-

pared to the negative control. However, SSME200 and
SSME400 treatments notably increased the excretion of
Na*, CI" (p<0.001), and K* (p<0.01) relative to the neg-
ative control. Specifically, Na* and Cl~ excretions were
elevated by 131% and 44% with SSME200, and 184%
and 52% with SSME400, respectively. No significant dif-
ference in Na* and Cl~ excretion was observed between
F10 and the two doses of the 80% methanol extract. In
contrast, F10 induced a 209.2% increase in K* excretion
(p<0.001) compared to the negative control, a result that
was significantly higher than the K* loss observed with
SSME200 (63%, p<0.01) and SSME400 (85%, p<0.01).

The extract significantly enhanced the excretion
of three urinary electrolytes (Na*, K*, and CI") in a
dose-dependent manner. The lowest dose did not sig-
nificantly affect the excretion of any of these electro-
lytes, while the intermediate and highest doses notably
increased Na* and CI~ excretion compared to the stan-
dard. However, K* excretion was lower than that ob-
served with the standard drug. The natriuretic and
carbonic anhydrase inhibitory activities can be quanti-
fied via the aldosterone secretory index, employing the
Na*/K* ratio to measure natriuresis and the [Cl-/(Na* +
K*)] ratio to evaluate carbonic anhydrase inhibition."**

The natriuretic indices of the extract were found
to be higher than those of the standard across all mea-
sures: 1.65 for SSME100, 1.98 for SSME200, and 2.14
for SSME400, compared to 1.31 for F10. Similarly, at the
highest dose, the extract exhibited carbonic anhydrase
activity comparable to that of F10, as determined by the
CI*/[Na* + K*] ratio. Ratios between 1.0 and 0.8 indicate
no inhibition of carbonic anhydrase, while a reduction
in this ratio suggests enzyme-inhibitory activity.'** As
shown in Table 2, the values of 0.52 for SSME200 and
0.59 for SSME400 indicate significant carbonic anhy-
drase inhibition, which is further supported by the ob-
served increase in urinary pH (Fig. 3); a characteristic
effect of carbonic anhydrase inhibitors.®

The plant extract exhibited a potassium-sparing
effect while promoting the excretion of sodium and
chloride ions, presenting a notable advantage over con-
ventional pharmacological agents. This is especially
significant given that a primary adverse effect associ-
ated with loop and thiazide diuretics is hypokalemia,
a condition that often requires oral potassium supple-
mentation or the use of potassium-sparing diuretics to
mitigate potassium loss in urine.>***

Collectively, these results suggest that the potent
natriuretic, potassium-sparing, and carbonic anhy-
drase-inhibitory effects of the extract may be attribut-
ed to its secondary metabolites, as has been observed
in several other plants.'®*” While the precise bioactive
constituents responsible for the diuretic and natriuretic
properties of S. schimperiana remain unidentified, qual-
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itative phytochemical assays have identified the pres-
ence of alkaloids, flavonoids, polyphenols, and tannins
(Table 3). These phytoconstituents may exert their ef-
fects either individually or synergistically, contributing
to the observed physiological outcomes.

Existing literature supports the notion that these phy-
tochemicals possess diuretic and natriuretic properties
through various biochemical mechanisms. For example,
alkaloids inhibit carbonic anhydrase activity, promote re-
nal perfusion through vasodilation, and may increase so-
dium excretion while conserving calcium.***

Flavonoids induce diuresis by enhancing re-
nal perfusion, inhibiting carbonic anhydrase, block-
ing the sodium-potassium-chloride cotransporter, and
modulating Na*/K*-ATPase activity. They also inhib-
it angiotensin-converting enzyme (ACE) and act as Al
adenosine receptor antagonists, promoting sodium ex-
cretion and diuresis through reduced sodium reabsorp-
tion and afferent arteriole dilation.***

Similarly, polyphenols promote diuresis by modu-
lating ion channels and pumps involved in sodium and
chloride reabsorption, inhibiting carbonic anhydrase,
and regulating ACE and Na'/K*-ATPase activity.**

Flavonoids exhibit dual roles, providing both di-
uretic and potassium-sparing effects. The minimal
impact of the plant extract on potassium excretion sup-
ports its potassium-sparing potential. Meanwhile, tan-
nins contribute to hypotensive effects by promoting the
excretion of water and electrolytes.® Overall, empirical
evidence suggests that S. schimperiana exhibits diuretic
activity through multiple mechanisms, which can be at-
tributed to its diverse phytochemical profile.

Above all, this study presents the first comprehen-
sive, dose-dependent assessment of the diuretic activity
of 80% methanol extract from S. schimperiana, reveal-
ing its efficacy to be comparable to that of the standard
diuretic, furosemide, at higher doses. Furthermore, the
study provides a systematic exploration of the plant’s
phytochemical composition, establishing a connection
between these compounds and the observed pharma-
cological effects. This suggests that S. schimperiana op-
erates through multiple mechanisms of action. Notably,
the findings underscore the potential of S. schimperia-
na as a natural diuretic, particularly for the manage-
ment of fluid retention disorders. Its potassium-sparing
properties offer promise as a safer alternative, with the
potential for synergistic effects when combined with
conventional diuretics.

Study limitations

Although the study offers compelling evidence for the
diuretic potential and phytochemical composition of
80% methanol extract of S. schimperiana, it is not with-
out limitations. First, the specific bioactive compounds
responsible for the observed effects remain unidentified.

While preliminary phytochemical analysis indicates the
presence of several bioactive classes, advanced tech-
niques such as high-performance liquid chromatogra-
phy-mass spectrometry or nuclear magnetic resonance
spectroscopy are necessary to isolate and characterize
these compounds. Second, as a preclinical study, the
findings are based solely on a rat model, which, despite
its relevance, may not fully replicate human physiology.
To confirm the extract’s safety, efficacy, and therapeutic
potential in humans, further isolation and characteri-
zation of bioactive compounds, along with clinical tri-
als, are indispensable. It remains difficult to extrapolate
findings from animal models to humans in the absence
of such studies.

Moreover, the long-term effects of S. schimperia-
na methanolic extract were not investigated. Prolonged
administration may lead to cumulative toxicity or ad-
verse outcomes, particularly electrolyte imbalances. The
study also lacked pharmacokinetic profiling, including
absorption, distribution, metabolism, and excretion,
which are essential for determining bioavailability and
the therapeutic window. Finally, potential interactions
between the extract and conventional diuretics or other
medications were not evaluated, potentially limiting its
clinical utility.

Conclusion

The 80% methanolic extract of S. schimperiana exhib-
its significant dose-dependent diuretic activity with
confirmed safety at tested doses. Its efficacy, compara-
ble to furosemide, is linked to its rich phytochemical
profile. Further studies are needed to isolate bioactive
compounds, clarify mechanisms, and validate clinical
efficacy and safety.
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ABSTRACT

Introduction and aim. The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has become a global pandemic that
disrupts both public health operations and financial structures throughout the world. This article aims to evaluate the relation-
ship between the severity of coronavirus disease 2019 (COVID-19) and its alterations in specific biomarkers such as D-dimer
and C-reactive protein (CRP) together with alanine transaminase (ALT), aspartate aminotransferase (AST) and lactate dehydro-
genase (LDH).

Material and methods. Participants in this study were split into two groups consisting of 200 COVID-19 patients and 200
healthy controls ranging from 18 to 80 years old. Polymerase chain reaction and chest radiograph examinations were used to
officially verify the participant’s diagnosis. This study used Mann-Whitney U tests combined with logistic regression and receiv-
er operating characteristic (ROC) curves to identify and determine their value as diagnostic tools and prognostic indicators.
Results. D-dimer and CRP along with ALT, AST, and LDH demonstrated significant and elevated levels in COVID-19 infected
participants when analyzed against control participants (p<0.0001). D-dimer emerged as a diagnostic biomarker according to
ROC analysis with an AUC value of 0.96 and a p-value<0.001 which signified its quality for the evaluation of the severity of the
disease. The additional biomarkers AST and LDH received AUC scores of 0.79 and 0.76, respectively, with ALT reaching an AUC
value of 0.74.

Conclusion. The combination of the biochemical markers D-dimer, AST, and LDH significantly improves risk assessment while
enhancing predictions about disease outcomes. These biomarkers provide vital data for early disease detection in combination
with disease progression through tracking patient outcomes and therapeutic planning assessments.

Keywords. COVID-19 biomarkers, D-dimer, lactate dehydrogenase, liver enzymes

Introduction coronavirus 2 (SARS-CoV-2). Precise disease identifica-
New unparalleled difficulties for both public health- tion in combination with effective disease management
care organizations and healthcare delivery systems arose practices is desireable for healthcare success. Biochemical
due to the worldwide spread of coronavirus disease 2019 markers serve as an important diagnostic tool for identify-
(COVID-19) from severe acute respiratory syndrome ing COVID-19 and the ability to forecast its disease path.'
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Therefore, rapid diagnostic methods combined
with risk assessment capabilities and smart use of
critical healthcare resources emerged as essential re-
quirements during the current pandemic. Through
biochemical assessments, practitioners achieve early
diagnosis and identify disease severity which directs
medical choices which begin at hospital entry and cov-
er the entire treatment period.? Moreover, COVID-19
produces complex medical manifestations involving
systemic responses between inflammatory pathways
and immunological processes together with coagula-
tion abnormalities. When COVID-19 progresses to
life-threatening levels, it creates dangerous acute respi-
ratory distress syndrome while simultaneously dam-
aging heart systems and liver and kidney impairment
across the body.>*

Researchers in the medical field have discovered
essential biochemical indicators that prove valuable in
differentiating COVID-19 from comparable viral condi-
tions.” Biochemical indicators in COVID-19 assessment
include the standard inflammatory measures C-reactive
protein (CRP), interleukin-6 (IL-6), and procalcitonin
together with coagulation factors including D-dimer
and fibrinogen. The risk of thromboembolic events,
along with mortality rates and severe disease outcomes,
such as multiple organ failure (MOF) and disseminat-
ed intravascular coagulation (DIC), increases with high
levels of these biochemical markers.*”

This study combines biomarkers alongside med-
ical observations and imaging scans to develop a bet-
ter understanding of disease assessment. Through
daily marker monitoring, clinicians obtain useful dis-
ease information which helps them enhance care for
COVID-19 patients.

In addition, the findings from this research estab-
lished new information about how biochemical markers
serve as diagnostic tools together with prognostic indi-
cators for patients particularly considering D-dimer,
aspartate aminotransferase (AST) and lactate dehydro-
genase (LDH).

The study develops biomarker diagnostics for
COVID-19 while providing clinically applicable sta-
tistical evidence confirming how D-dimer, AST, and
LDH function in predicting disease severity. The re-
search data shows potential to shape clinical guidelines
through D-dimer promotion as front-running severity
indicator and offer encouragement in gender-based dis-
ease susceptibility research.

Previous studies

Previous studies showed the relation between biochem-
ical markers and COVID-19 disease severity.”” Studies
on these biomarkers showed the essential value for dis-
ease diagnosis and clinical evaluation alongside patient
outcomes. Table 1 shows key studies that have investi-

gated the role of D-dimer, CRP, alanine transaminase
(ALT), AST, and LDH levels in patients with COVID-19.

Table 1. Previous related studies

Sample size Key findings

The research showed that severe COVID-19 cases had elevated levels of D-dimer
and CRP that proved useful for predicting disease severity."

Research findings showed that COVID-19 patients with higher levels of AST and
ALT exhibited liver problems that indicated poorer disease outcomes.”

179 patients

2912 patients

LDH demonstrated excellent potential to evaluate tissue damage and predicted

123 pati
3 patients apoor outcome during COVID-19 patient treatment.

D-dimer levels combined with CRP and LDH levels displayed strong correlations
with mortality in COVID-19 patients admitted to hospital care.”

Studies revealed that measuring AST ALT and LDH levels together provides a
diagnostic tool for assessing the severe progression of COVID-19 disease.™

100 patients

5971

The findings of previous studies establish the core
knowledge necessary to understand the decisive effect
of diverse blood biomarkers during COVID-19 clini-
cal care.” This investigation expands upon earlier stud-
ies through detailed disease severity correlations, while
utilizing expanded sample diversity to enhance both
generalizations and information about SARS-CoV-2
pathophysiology.

Aim

This article aims to evaluate the relationship between
the severity of COVID-19 and its alterations in specif-
ic biomarkers such as D-dimer and CRP together with
ALT, AST and LDH.

Material and methods

Study sample

This study used a case-control approach within the AL
Fayhaa Teaching Hospital in Basrah, southern Iraq.
Data collection started on April 30 until October 1,
2020. 400 participants enrolled in the study, including
200 patients confirmed having COVID-19 and 200 as
healthy controls. A power analysis from previous stud-
ies showed that 200 participants in each group would
be needed using a significance threshold of 0.05 and
80% power.">'¢ This study increased the original partic-
ipant target of 200 per group to prevent measurement
problems and participant dropouts and maintain reli-
able data detection between patient groups. Official ap-
proval was obtained to conduct this investigation from
the University of Basrah-Al-Zahraa College of Medicine
(no. 4/35 on 1-04-2020), and the Basrah Health Direc-
torate. Verbal consent was obtained from all patients
who participated.

The medical diagnosis of patients with COVID-19
occurred through polymerase chain reaction (PCR)
tests, while their symptoms correlated with typical
COVID-19. The study exclusively examined viral im-
pacts by including healthy asymptomatic controls who
had no previous SARS-CoV-2 infection or vaccination,
while also absent any other respiratory diseases.
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Inclusion criteria and exclusion

The inclusion criteria for the COVID-19 case group:
Age > 18 years) Adults only), positive RT-PCR test for
COVID-19 from a nasopharyngeal swab with other spe-
cific lab tests and clinical investigations, onset of symp-
toms within the past 14 days, hospitalized patients, and
no prior history of COVID-19 infection or other chron-
ic diseases before the study period.

Exclusion criteria: pediatric patients (<18 years),
negative COVID-19 test and unconfirmed or suspect-
ed cases, individuals with chronic diseases, immuno-
suppressive conditions or drugs, smoking and other
abnormalities are excluded and those with incomplete
medical investigations or missing data.

Control subjects were randomly from the general
population which were healthy participants without a
history of COVID-19 infection or chronic diseases, and
matched the COVID-19 case group by age, sex, and lo-
cation. The samples were collected in the fasted state
and all samples processed in the same manner.

Samples were ran at one time. In this research that
involved standard good laboratory practice of biochem-
ical analysis (biomarkers in COVID-19 patients), the
running of samples was performed at one time to en-
sure reliability of results.

All laboratory instruments and procedures were cal-
ibrated according to the manufacturer’s guidelines prior
to analysis. In addition, internal quality control samples
were run regularly with each run to ensure the precision
and accuracy of the tests.

Patients and controls

Additionally, COVID-19 patients were divided into
categories according to their disease. In the first cat-
egory, patients with mild COVID-19 developed fever
alongside cough and fatigue without imaging find-
ings of pneumonia. The second was moderate cases
with patients who demonstrated pneumonia-relat-
ed respiratory symptoms alongside imaging proof of
lung infection while staying off supplemental oxygen
and who matched the moderate COVID-19 classifi-
cations of the CDC. Finally, severe cases in which pa-
tients showed at least one of several possible criteria
that included over 30-breaths-per-minute respirato-
ry rate of more than 30 breaths per minute combined
with a resting oxygen saturation below 93% or signifi-
cant lung involvement above 50% within 24-48 hours,
sometimes developing respiratory failure or septic
shock complications.

All participants provided blood samples which al-
lowed periodic evaluation of D-dimer, CRP, ALT, AST,
and LDH through automated measurements with Roche
Diagnostics’ Integra 400 PLUS analyzer during three
days. The basis for AST and ALT principles is IFCC,
which does not require pyridoxal phosphate activation.

In contrast, the turbidimetric immunoassay (TIA) is the
basis for the CRP assay.

Statistical analysis

A Shapiro-Wilk test was performed to verify whether
the biomarker data sets of all measurements had nor-
mal distribution patterns. Additionally, this study used
the Mann-Whitney U test for biomarker evaluation
between COVID-19 patients and healthy control par-
ticipants and between all participants by sex. Further-
more, a Kruskal-Wallis test analyzed biomarker levels
between patients in mild-to-moderate-to-severity and
severe severity groups was conducted. In addition, lo-
gistic regression analysis evaluated the predictive power
of biomarkers for COVID-19 severity after adjustments
for participant age demographic data of the age of the
participants and premorbid conditions. The chance of
disease worsening for each increase in biomarker in-
tensities was estimated using odds ratios together with
their associated 95% confidence intervals (95% CI). Re-
ceiver operating characteristic (ROC) curves: Areas un-
der curve (AUC) analysis determined the diagnostic
discrimination power of each biomarker by generating
assessment scores to distinguish severe from nonsevere
cases of COVID-19.

IBM SPSS Statistics 26 (Armonk, NY, USA) served
as the platform to perform all statistical computations.
The cut-off point for statistical significance was p<0.05
for this study. The detailed method revealed subtle rela-
tionships between marker levels and disease severity to
deliver authoritative clinical conclusions.

Results

Demographics and clinical classification

The research enrolled an equal number of 400 par-
ticipants, comprising 200 patients suffering from
COVID-19 and 200 individuals without the virus. Ta-
ble 2 presents the demographic distribution. The
49-63-year-old age group comprised the study’s larg-
est segment at 45% of COVID-19 patients and 33.5%
of controls. Men measured more frequently than wom-
en in the study population (53.5% compared to 46.5%).

Table 2. Demographics of Patients and Controls

Variable COVID-19 patients Healthy controls Mean difference
(n=200) (n=200) (95% ()
Age (years) 54.72+12.83 46.93+16.28 1.79
Gender
Male (%) 107 (53.5%) 146 (73%) -
Female (%) 93 (46.5%) 54(27%) -

This study classified the severity of COVID-19 in-
fection into three categories according to clinical defini-
tions. Patient data by severity level appears in (Table 3).
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Table 3. Severity classification of COVID-19 patients

Severity level Number of patients (n=200) Percentage (%)
Mild 65 32.5%
Moderate 70 35%
Severe 65 32.5%

Biochemical markers in patients and controls

A comparison of biochemical marker levels is present-
ed in Table 4 between COVID-19 patients and control
groups. The patient group showed a significant elevation
of all biomarkers (p<0.001).

Table 4. Biomarkers in COVID-19 patients vs. controls

Biomarker COVID-19 patients (Mean+SD)  Controls (Mean+SD) p
D-dimer (ng/mL) 286.08+90.12 114.93+40.15 <0.001
CRP (mg/dL) 300.03+110.07 100.97+35.25 <0.001
ALT (IU/L) 267.18+75.36 133.83+45.40 <0.001
AST (IU/L) 270.82+80.90 130.18+40.75 <0.001
LDH (IU/L) 294.89+95.32 106.11£35.15 <0.001

Gender-based differences in biomarker levels
Biomarkers reveal gender-specific variations according
to data presented in (Table 5). Given the analysis results,
males showed elevated D-dimer and LDH concentra-
tions compared to females (p<0.05). CRP evaluation
along with the analysis of ALT and AST showed no sub-
stantial differences between assessment points.

Table 5. Biomarker levels by gender

Biomarker Male (Mean+SD) Female (Mean+SD) p
D-dimer (ng/mL) 108.68 91.09 0.032
CRP (mgy/dL) 102.23 98.51 0.649
ALT (IU/L) 107.00 93.03 0.089
AST(IU/L) 106.74 93.32 0.102
LDH (IU/L) 109.05 90.66 0.025

Biomarker trends with disease severity

The results in Table 6 show biomarkers trending upward
along with the severity of the progression of COVID-19
disease. The D-dimer, along with AST, presented the
most prominent association between these biomarkers
and the deterioration of COVID-19 disease.

Table 6. Biomarker levels by disease severity

Biomarker Mild Moderate Severe
(Mean rank) (Meanrnk)  (Mean rank)
D-dimer (ng/mL) 68.68 108.68 125.90 <0.001
CRP (mg/dL) 60.78 71.92 91.46 0.02
ALT (IU/L) 76.72 83.89 100.35 0.04
AST (IU/L) 65.85 87.72 106.58 <0.001
LDH (1U/L) 73.18 88.92 98.83 0.01

The logistic regression model evaluated the pre-
dictive characteristics of COVID-19 severity associat-
ed with five biomarkers, including D-dimer, CRP, ALT,

AST, and LDH. Results are presented in (Table 7). Ad-
justing for age, gender, and preexisting conditions pro-
duced odds ratios with corresponding 95% CI.

Table 7. Logistic regression analysis for biomarkers and
COVID-19 severity

Biomarker 0dds ratio 95%Cl p
D-dimer (ng/mL) 1.50 1.20-1.80 <0.001
CRP (mg/dL) 130 1.10-1.60 <0.001
ALT (IU/D) 1.20 1.00-1.50 0.02
AST (IU/L) 1.40 1.10-1.70 <0.001
LDH (IU/L) 1.70 1.30-2.00 <0.001

The D-dimer along with LDH and AST shows the
most robust indicator potential for the of COVID-19,
of the severity assessment but CRP and ALT help sup-
port supplemental diagnostic information. When used
together during clinical evaluations, these metrics help
medical staff uncover high-risk patients before it be-
comes too late for intervention. A ROC curve analysis
was performed to determine the discriminative power
of biomarkers for identifying COVID-19 severity levels.
Table 8 shows pictorially the AUC values from the bio-
marker analysis in Figure 1.

Table 8. ROC analysis for biomarker predictive
performance

Biomarker AUC 95% Cl p Interpretation
D-dimer 0.96 0.90-1.00 <0.001 Excellent
CRP 0.28 0.15-0.42 0.02 Poor
ALT 0.74 0.61-0.86 <0.001 Fair to Good
AST 0.79 0.67-0.89 <0.001 Good
LDH 0.76 0.64-0.88 <0.001 Good

ROC Curves for Each Biomarker
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Fig. 1. ROC curves

Each biomarker in Figure 1 presents a visual repre-
sentation of the sensitivity versus specificity trade-offs it
offers. The steep D-dimer curve shows improved diag-
nostic capabilities with its position in the top left corner
of Figure 1. The ROC curve analysis evaluates biomark-
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ers for their ability to detect severe from nonsevere cases
of COVID-19. Subsequent data analysis presents infor-
mation from ROC visualization using extracted AUC
measures.

Discussion
The results demonstrate that the D-dimer, together with
CRP, ALT, AST, and LDH, serves as important molecu-
lar markers to assess the severity of the COVID-19 dis-
ease, but D-dimer shows better diagnostic potential for
this purpose. This study demonstrates that the D-dimer
exhibits a very high diagnostic accuracy (AUC=0.96,
p<0.001) indicating its potential to detect coagulation
abnormalities and disease severity among COVID-19
patients due to its proven association with thrombotic
conditions and unfavorable outcomes. Previous stud-
ies confirm that higher D-dimer measurements signify
higher probabilities of deep vein thrombosis along with
pulmonary embolism and death among patients with se-
vere illness who need intensive care hospitalization.'”!*
Our study results demonstrate a strong predictive value
which supports current literature on the administration
of rapid anticoagulation therapy administration in pa-
tients with COVID-19. Monitoring D-dimer levels as a
routine medical practice allows clinicians to make better
decisions about thromboprophylaxis against anticoagu-
lant medication administration for patients with severe
COVID-19 who face high mortality risk.'®

The evaluation of the severity of COVID-19 benefits
from AST and LDH since they add valuable predictive
diagnostic power. Biomarkers exhibited substantial di-
agnostic power (AUC=0.79 and 0.76 respectively) con-
firmed using statistical tests (p<0.001) and have shown
regular correlation with inflammatory tissue damage
and organ dysfunction. AST levels increase when pa-
tients with COVID-19 develop hepatic and myocardi-
al injuries leading to more severe disease progression."”
LDH functions as a surrogate marker of cell damage and
disease severity because observed increases become as-
sociated with lung injuries and multi-organ failure.”
Therefore, research findings on LDH predictive capabil-
ity establish its value as a biomarker for disease track-
ing alongside medical prognosis assessment. Healthcare
providers use standard clinical laboratory results for
AST and LDH to obtain additional information regard-
ing the progression of COVID-19 disease when lung in-
fections and swelling of body tissue occur in patients.

The AUC outcome for CRP was 0.28 along with
p=0.02 which indicated insufficient capacity for distin-
guishing COVID-19 among patients. The CRP results of
the study failed to validate the previous claims made by
Pourfathi and Kadlecek® about its usefulness in signal-
ing the inflammatory response and disease progression.
CRP functions as a nonspecific indicator of inflamma-
tion that does not specifically reflect the severity lev-

els specifically. The diagnostic potential of CRP testing
for COVID-19 detection depends on various environ-
mental factors because these levels rise during numer-
ous infectious and inflammatory diseases, yet in their
own right they provide limited clinical value. Research-
ers must investigate if using combinations of CRP with
inflammatory markers IL-6 and ferritin improves pre-
dictive accuracy levels.

The study findings showed that D-dimer and LDH
levels differed according to sex, indicating that patients
of each sex experience dissimilar immune responses
to COVID-19 infection. The literature shows that hor-
mones and genetics lead to males producing greater in-
flammatory responses and demonstrating increased
thrombotic risks compared to females.?! Studies indi-
cate that female patients experience reduced severity of
COVID-19 outcomes because estrogen provides protec-
tion, so females typically show lower concentrations of
D-dimer and LDH compared to male patients.”?

Biomarker concentration levels show a direct con-
nection to disease severity in this research, demon-
strating their value for clinical practice in determining
patient risk and predicting health outcomes and plan-
ning treatment approaches. Medical professionals can
use regularly performed laboratory tests to detect D-di-
mer together with AST and LDH values that enable
them to start early treatments effectively. Our study in-
cludes specific restrictions that must be noted. Robust
statistics from our work exist, yet larger studies must an-
alyze various patient groups uniformly to prove these
findings.

Study limitations and future directions

This research produces valuable findings, yet it also
contains some performance limitations. Sample mea-
surement cannot adequately capture diverse types ade-
quately but larger-scale confirmation studies are needed.
This research omitted analysis of confounding variables,
including pre-existing cardiovascular diseases and liv-
er disorders, which might affect biomarker values. The
use of a cross-sectional design restricts the assessment
of biomarker dynamics that unfolds throughout time.
Future research should investigate the biological mech-
anisms that produce elevated biomarkers and then use
this knowledge to create treatment algorithms based on
these biomarkers.

Conclusion

Biochemical biomarkers that include D-dimer as well
as AST ALT LDH and CRP, provide significant sup-
port for COVID-19 recognition and disease severity
ratings. The combination of these markers with clinical
symptoms and imaging data improves both diagnosis
precision and helps producers better understand risk
levels. Clinical studies validate the diagnostic superi-
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ority of D-dimer over other biomarkers due to its high
diagnostic performance rate (AUC=0.96, p<0.001) that
supports its use as a central measure of hypercoagula-
bility and severe pandemic health outcomes. AST and
LDH tests showed strong diagnostic values (AUC=0.79
and 0.76) when combined with evidence of systemic
inflammation and tissue damage. The results showed
that CRP provided minimal diagnostic benefit (AUC =
0.28, p = 0.02) to distinguish severe cases which sug-
gests its use should support diagnostic procedures in-
stead of serving as the primary assessment tool for
COVID-19. Tracking biomarker levels during disease
progression demonstrates their effectiveness as tools
to assess both the patient’s condition and determine
appropriate timely interventions. Energy metabolism
measurements including D-dimer and LDH show dif-
ferent patterns between sexes, thus supporting the
utilization of custom COVID-19 management meth-
odologies.
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ABSTRACT

Introduction and aim. Women with both Hashimoto's thyroiditis (HT) and polycystic ovary syndrome (PCOS) often experience
hormonal imbalances and metabolic changes. We investigated the correlation between sonographic changes and hormonal
abnormalities in women with Hashimoto's thyroiditis and PCOS.

Material and methods. A case-control study including 150 women with PCOS and Hashimoto’s thyroiditis, and 50 healthy
women as a control group, was conducted at Al-Habobbi Teaching Hospital from 7/1/2023 to 7/10/2024. Lipid, blood sugar, lu-
teinizing hormone (LH), follicle-stimulating hormone (FSH), prolactin, testosterone, and thyroid hormones were assessed, the
groups had similar mean ages and smoking rates.

Results. When the case group was compared with the control group, significant hormonal and metabolic differences were
observed. Specifically, levels of LH were significantly higher in the case group (14.68+1.21 vs. 3.31£1.03 mIU/mL, p=0.001), as
were levels of FSH (14.85+1.07 vs. 5.26+£0.51 mlU/mL, p<0.001), prolactin (28.90+1.34 vs. 7.02+1.16 ng/dL, p<0.001), and tes-
tosterone (57.71+2.61 vs. 12.414+2.27 ng/dL, p<0.001). In terms of lipid profile, the case group showed elevated total choles-
terol (229.93+14.61 vs. 134.51+£9.38 mg/dL, p<0.001), triglycerides (287.78+41.43 vs. 128.04+10.20 mg/dL, p<0.001), low-den-
sity lipoprotein (LDL) (136.98+20.02 vs. 58.67+11.45 mg/dL, p<0.001), and very low-density lipoprotein (VLDL) (57.55+8.28 vs.
25.60+2.04 mg/dL, p<0.001), while levels of high-density lipoprotein (HDL) were significantly lower (35.39+3.54 vs. 50.23+4.55
mg/dL, p<0.001). Regarding thyroid function, thyroxine (T4) levels were significantly reduced in the case group (9.80+0.77
vs. 15.02+1.25, p<0.001), while thyroid-stimulating hormone levels were elevated (6.25+1.10 vs. 2.17+0.74 plU/mL, p<0.001).
Conclusion. These findings suggest a potential complex interaction between the thyroid and reproductive glands, which may
influence the pathogenesis and metabolic effects of these endocrine disorders. However, the individual and combined effects
require further detailed investigation.
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Introduction

Polycystic ovary syndrome (PCOS) is one of the most
prevalent endocrine and metabolic disorders among
women of reproductive age, with a global prevalence
ranging between 3% and 15%. This complex disorder af-
fects not only reproductive function but is also strong-
ly associated with metabolic and mental health issues,
which may collectively compromise overall health
and well-being."” PCOS is a heterogeneous disorder
that varies based on factors such as age, genetics, race,
and environmental influences. Despite this variability,
PCOS is classified into four phenotypes, which are dis-
tinguished by three key factors such as polycystic ovary
morphology, ovulatory dysfunction, and elevated an-
drogen levels.’ Thyroid disorders are also common and
often overlapped with PCOS, aside from reproductive
dysfunction. Women with PCOS are at an increased risk
of thyroid disease such as sub-clinical hypothyroidism
and autoimmune thyroiditis (AIT). Researchers have
found that women with PCOS are significantly more
likely to have hypothyroidism, with a prevalence of
11% to 14%, compared to only 1% to 2% among women
without the disorder. Both conditions commonly share
metabolic abnormalities such as insulin resistance, dys-
lipidemia, and obesity.** The most common autoim-
mune thyroid disorder is HT, first reported by Hakaru
Hashimoto in 1912. However its ability to cause inflam-
mation was not fully realized until the 1950s. Epidemi-
ologic data suggests that the most common cause of
hypothyroidism is HT.® The disease is characterized by
lymphocytic infiltration of the thyroid gland and may
present in various forms, including painless (silent)
thyroiditis and subclinical or overt hypothyroidism.
HT could be secondary to immune-modulating med-
ical therapies like interferon-alpha or monoclonal an-
tibodies against Cytotoxic T-lymphocyte-associated
protein 4 (CTLA-4).7® Abnormal thyroid function is a
common hormonal imbalance in both PCOS and HT.
Hypothyroidism is often caused by an autoimmune re-
sponse in which the immune system produces antibod-
ies against thyroid proteins such as thyroid peroxidase
(TPO) and thyroglobulin (TG). This autoimmune ac-
tivity may interfere with estrogen metabolism. Elevated
estrogen levels are associated with enhanced humoral
immunity, while androgen and progesterone levels are
generally reduced in women with PCOS.*!® The meta-
bolic disturbances observed in both conditions such as
insulin resistance, dyslipidemia, and weight gain are sig-
nificantly more pronounced in women with concurrent
PCOS and hypothyroidism."" Dysfunction of thyroid
has been linked with a more severe metabolic profile in
the population of PCOS. Patients with either condition
have higher triglycerides or fasting insulin or homeosta-
sis model assessment of insulin resistance (HOMA-IR)
than subjects with PCOS alone. Obese women with HT

and longstanding PCOS show significantly greater body
mass index (BMI), fasting blood glucose and cholester-
ol levels than controls or those with HT alone.'>"* More-
over, the coexistence of PCOS and hypothyroidism has
been associated with more severe metabolic and hor-
monal disturbances. Studies have shown that correcting
thyroid hormone levels in hypothyroid patients leads
to significant improvements in metabolic health. These
findings support the growing body of evidence linking
thyroid dysfunction with the metabolic abnormalities
commonly observed in patients with PCOS."*'®

Aim

The aim of this study is to investigate the correlation be-
tween sonographic changes and hormonal abnormali-
ties in women with both HT and PCOS. The study will
analyze sonographic changes in the ovaries and thyroid,
correlating these with hormone levels such as thyroid
hormones and androgens.

Material and methods

This case-control study included 150 women diagnosed
with both HT and PCOS. Diagnosis of PCOS was con-
firmed by physicians using the Rotterdam criteria, which
require at least two of the following: irregular ovulation,
clinical or biochemical signs of hyperandrogenism, and
polycystic ovarian morphology on ultrasound. Partici-
pants in the case group were consecutively recruited as
they presented and met the inclusion criteria. The con-
trol group consisted of 50 age-matched healthy women
who were randomly selected from individuals attend-
ing routine check-ups. The health status of the control
participants was verified through clinical evaluation, de-
tailed medical history, and laboratory screening to ex-
clude thyroid or reproductive disorders. These sample
sizes of cases and controls were selected to achieve ad-
equate statistical power and robust comparisons, given
the estimated prevalence of PCOS and HT. This 3:1 ra-
tio optimized data collection from cases while preserv-
ing sufficient controls. The age range (18-45 years) was
chosen to encompass the reproductive years, guiding
enrollment based on study endpoints and supported
the feasibility and objectives of the study. All informa-
tion was recorded by participants and transcribed. The
study was conducted at Al-Haboubi Teaching Hospital
for the period between 1/7/2023 to 10/7/2024. Women
with hyperthyroidism, those on treatment, and patients
who had had their thyroid removed were excluded. 5
mL was collected from each participant and placed in
a gel tube and left for 15 minutes at room temperature
until clotting. Serum was separated using a centrifuge at
3500 rpm for 15 minutes. The blood serum was isolated
and kept at a temperature of minus 20°C until use. Lip-
id profile levels (total cholesterol, low-density lipopro-
tein (LDL), very low-density lipoprotein (VLDL) and
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high-density lipoprotein (HDL)) and fasting blood sug-
ar (FBS) were estimated using colorimetric methods us-
ing a spectrophotometer (Biolabo, Firance). The levels
of triiodothyronine (T3), thyroxine (T4), thyroid-stim-
ulating hormone (TSH), thyroid peroxidase antibodies
(TPOADb), luteinizing hormone (LH), follicle-stimulat-
ing hormone (FSH), prolactin, and testosterone were
estimated using the Cobas E411 device (Roche, Ger-
man). Thyroid hormone levels were measured in en-
zyme-linked immunosorbent assay (Biotechne, USA).
Additionally, all assays were validated in terms of their
sensitivity (limit of detection), specificity, and variabil-
ity (coefficient of variation, CV%), which were closely
monitored to ensure the reliability of the results. These
measures guarantee the robustness of the findings and
enhance the overall credibility of the study.

Statistical analysis

Statistical analysis was conducted using SPSS version
26 (IBM, Armonk, NY, USA). Data were expressed as
frequencies, percentages, and means+SD. Independent
and dependent t-tests were applied for normally dis-
tributed variables, while Mann-Whitney U, Wilcoxon,
and Chi-square tests were used for non-normal data. A
p-value <0.05 was considered statistically significant.

Ethical approval

Prior to sample collection, all participants were thor-
oughly informed about the study’s objectives and pro-
cedures. Written informed consent was obtained from
each participant, confirming their voluntary partici-
pation. The study was approved by the Committee on
Publication Ethics at the Thi-Qar Health Directorate (Al
Habbobi Teaching Hospital) and Ninevah Health Di-
rectorate (Al Batool Teaching Hospital) under approval
form No. 3997, dated January 7, 2023.

Results

Socio-demographic characteristics and clinical profiles
of patients with concomitant HT and PCOS

The study revealed significant demographic and clinical
differences between the control and case groups. While
there was no significant difference in mean age (years)
(p=0.92) or smoking status (p=0.77), BMI was nota-
bly higher in the case group (32.72+2.95 vs. 23.63+1.80
kg/m?, p<0.001). Physical activity was lower in the case
group (2.1+1.1 vs. 3.5+1.2 hours/week, p=0.02), and a
higher proportion of the case group had a family dis-
ease history (40% vs. 10%, p<0.001). Differences in ed-
ucation (secondary education: 30% vs. 50%, p=0.05),
marital status (unmarried: 60% vs. 40%, p=0.03), and
socioeconomic status (low class: 50% vs. 20%, p<0.001)
were also significant, as detailed in Table 1.

Table 1. A comparative analysis of demographic, lifestyle,
and clinical parameters

Control group Case group
Parameters (n=50) (n=150) P
Mean=+SD Mean=£SD
Age (years) 28.98+7.10 29.09+7.35 0.92
BMI (kg/m?) 23.63+1.80 32.7242.95 <0.001
Smoking status (%) 15% (7) 18% (27) 0.77
Physical activity (hours/week) 3.5+1.2 2.1£11 0.02
Family history (%) 10% (5) 40% (60) <0.001
High school: 50% High school: 30%
(25) (45)

College: 30% College: 40%

Education level 15) (60) 0.05
University: 20% University: 30%
(10) (45)
Single: 40% Single: 60%
) (20) (90)
Marital status (%) - - 0.03
Married: 60% Married: 40%
(30) (60)
Low: 50% Low: 20%
(25) (30)
Socioeconomic status Med|tlzrg; 40% Medl:l;g; 0% <0.001
High: 10% High: 30%
(5 (45)

Ultrasound findings

Transvaginal ultrasound imaging revealed characteristic
features in patients presenting with ovarian and thyroid
abnormalities. As shown in Figure 1, both ovaries ap-
peared bilaterally enlarged with borderline dimensions.
Multiple small follicles, each numbering more than
ten, were observed to be arranged peripherally a typi-
cal finding consistent with polycystic ovary morpholo-
gy. In Figure 2, a significantly enlarged right ovary was
noted, exhibiting a peripheral distribution of follicles
and a centrally located echogenic stroma, further sup-
porting the diagnosis of ovarian dysfunction. Regarding
thyroid abnormalities, Figure 3 demonstrates a longitu-
dinal scan of a female patient diagnosed with nodular
Hashimoto’s thyroiditis. The image reveals a solid, hy-
poechoic, homogeneous nodule with poorly defined
margins, while the background thyroid parenchyma
appears normal. In contrast, Figure 4 displays a trans-
verse scan from another patient with the same diagno-
sis, showing a solid, hyperechoic, homogeneous nodule
with sharply defined margins and a thin hypoechoic
halo. The background parenchyma in this case exhibits
a micronodular pattern, which is commonly associated
with chronic autoimmune thyroiditis.

Lipid profile alterations in patients with concomitant
HT and PCOS

The study demonstrated significant differences in lipid
profiles between the case and control groups. The case
group had higher mean total cholesterol (229.93£14.61
vs. 134.51+9.38 mg/dL, p<0.001), triglycerides
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(287.78+41.43 vs. 128.04+10.20 mg/dL, p<0.001), LDL
(136.98+20.02 vs. 58.67+11.45 mg/dL, p<0.001), and
VLDL (57.55+8.28 vs. 25.60+£2.04 mg/dL, p<0.001).
In contrast, HDL levels were lower in the case group
(35.39+3.54 vs. 50.23+4.55 mg/dL, p<0.001). These
findings highlight a significant impact of disease state
on lipid profiles, as shown in Table 2.

Table 2. A comparative study of serum lipid levels between
control and case groups

Control group Case group
Parameters (n=50) (n=150) p
Mean£SD Mean£SD
TC(mg/dL) 134.51+9.38 229.93+14.61 <0.001
TG (mg/dL) 128.04+10.20 287.78+41.43 <0.001
HDL (mg/dL) 50.23+4.55 35.39+3.54 <0.001
LDL (mg/dL) 58.67+11.45 136.98+20.02 <0.001
VLDL (mg/dL) 25.60+2.04 57.55+8.28 <0.001

Fig. 1. Transvaginal ultrasound image shows bilaterally
enlarged ovaries with a borderline size, multiple small
follicles, more than 10 in number, are located peripherally

? br. Abser Wall Amed i
305204 O72506PM

Fig. 2. Transvaginal ultrasound reveals a significantly
enlarged right ovary, characterized by peripherally
distributed follicles and a centrally located echogenic stroma

Hormonal profile differences in patients with HT and
PCOS

The study revealed significant hormonal differences be-
tween the case and control groups. The case group had

a significantly higher mean level of LH (14.68+1.21
vs. 3.31+1.03 mIU/mL, p=0.001), FSH (14.85+1.07 vs.
5.26£0.51 mIU/mL), prolactin (28.90+1.34 vs. 7.02+1.16
ng/dL, p<0.001), and testosterone (57.71+2.61 vs.
12.4142.27 ng/dL, p<0.001). These findings indicate no-
table changes in circulating hormones, demonstrating
the differential effects of disease on hormone levels, as
shown in Table 3.

Fig. 3. Woman with nodular HT, longitudinal scan shows
solid hypoechoic homogeneous poorly marginated nodule
(cursors), background parenchyma is normal

Fig. 4. Woman with nodular HT, transverse scan shows

solid hyperechoic homogeneous sharply marginated
nodule (cursors) with thin hypoechoic halo, background
parenchyma is micronodular

Table 3. A comparative analysis of LH, FSH, prolactin, and
testosterone levels

Control group Case group
Parameters (n=50) (n=150) p
Mean+SD Mean+SD
LH (mIU/mL) 3.31+1.03 14.68+1.21 <0.001
FSH (mIU/mL) 5.26+0.51 14.85+1.07 <0.001
Prolactin (ng/mL) 7.02+1.16 28.90+1.34 <0.001
Testosterone (ng/dL) 12.41+2.27 57.71£2.61 <0.001
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Comparative study of glycemic and thyroid function pa-
rameters in patients with HT and PCOS

The study showed significant differences in thyroid
function between the case and control groups. While
FBS and T3 levels were similar between the groups
(p=0.53 and p=0.52, respectively), T4 levels were signifi-
cantly lower in the case group (9.80£0.77 vs. 15.02+1.25
pg/dL, p<0.001) and TSH levels were significantly high-
er (6.25£1.10 vs. 2.1740.74 uIU/mL, p<0.001). These
findings highlight the significant impact of disease sta-
tus on thyroid function, as shown in Table 4.

Table 4. Analysis of fasting blood sugar and thyroid
hormone levels between control and case groups

Control group Case group
Parameters (n=50) (n=150) p
Mean+SD Mean=SD
FBS (mg/dL) 95.54+8.81 96.46+9.05 0.53
T3 (ng/dL) 4.46+0.54 4.52+0.55 0.52
T4 (ug/dL) 15.02+1.25 9.80+0.77 <0.001
TSH (pIU/mL) 2.17+0.74 6.25+1.10 <0.001

Correlation analysis of age, BMI, lipid profile, hormon-
al levels, and glycemic parameters in patients with HT
and PCOS

The Table 5 shows correlations between key clinical pa-
rameters using Spearman’s test. Significant relationships
were found between some key variables. For example,
LDL, VLDL, and TG levels showed strong negative cor-
relations with each other (p<0.01), indicating an inter-
dependence between these lipids. A significant positive
correlation was also observed between TSH, T4, and T3
(p<0.01), indicating a hormonal interaction between
these substances that play a role in thyroid regulation.
On the other hand, testosterone showed a moderate cor-
relation with BMI (p<0.05), reflecting its potential effect
on lipids or body weight. FBS levels also showed rela-
tively weak correlations with most other parameters.
An asterisk (*) indicates statistical significance, with

one asterisk meaning p<0.05 and two asterisks mean-
ing p<0.01, reflecting different levels of statistical signif-
icance of these relationships.

Discussion

Thyroiditis is a diverse disorder that impacts the thyroid
gland and has multiple underlying causes. HT, or chron-
ic lymphocytic thyroiditis, is an AIT that frequently oc-
curs in young women and is a prevalent form of thyroid
inflammation. HT can occur simultaneously with clini-
cal hypothyroidism, normal thyroid function, or hyper-
thyroidism.'® Significant differences between the
control and case groups have been observed at the level
of various patient demographic, lifestyle, and clinical pa-
rameters, as described below. Age (p=0.92) is
matched between groups, removing a confounder of age
found in studies including, which used age-matched co-
horts to minimize bias.”” The much higher BMI in the
case group (32.72+2.95 vs. 23.63+1.80 kg/m?, p<0.001)
emphasizes the contribution of obesity in making people
more susceptible to the disease, like, which elevated BMI
as a predictor of metabolic disorders; however, Serin et
al. pointed out that only calculating fat mass or BMI is
not enough and should be placed in the context of body
composition and factors reflecting metabolic activity
with the call for a better metabolic fingerprint.'** Given
that there was no substantial difference in smoking sta-
tus (p=0.77), we agree with Arduc et al., who described
the variability in smoking exposure impact across cultur-
al contexts in contrast to the findings of Ho et al., who
highlighted smoking as a major risk factor.”**' The re-
duction in physical activity in the case group (2.1£1.1
hours/week vs. 3.5£1.2 hours/week, p=0.02) is concor-
dant with, making associations between sedentary be-
havior and chronic disease risk; however, argued that
differences in dietary intake may play a more significant
role.”> The crystal-clear family history (40% vs. 10%, p
< 0.001) risk positioned the case group up significantly
which underpins genetic susceptibility as supported by,

Table 5. Evaluating interrelationships among key clinical variables®

Parameters  BMI TC TG HDL LDL VLDL FSH Pro. Test. FBS 3 T4 TSH
BMI 1.000 -0.070 0.018 0.065 -0.070 0.018 -0.147 0.015 0.002 0.190* 0.000 0.005 -0.013  0.053
TC -0.070 1.000 -0.287**  -0.281*  0.898**  -0.287**  0.028 -0.033 0.106 0.009 0.035 -0.070 0.152  -0.194*
TG 0018  -0.287** 1.000 0.128  -0.646** 0.287**  0.073 0.094 -0.140 0.089 0.000 0.046  -0.320%* 0.270**
HDL 0.065 -0.281** 0.128 1.000  -0.435%*  0.128 -0.040 -0.083 -0.115 -0.040 0.128 -0.057  -0.040  0.248**
LDL -0.070 0.898** -0.646**  -0.435**  1.000  -0.646**  -0.003 -0.048 0.156 -0.023 0.036 -0.060  0.251%*  -0.297**
VLDL 0.018  -0.287** 0.287** 0128 -0.646**  1.000 0.073 0.094 -0.140 0.089 0.000 0.046  -0.320** 0.270**
LH -0.147 0.028 0.073 -0.040  -0.003 0.073 1.000 0.094 0.070 0.089 -0.062 -0.070 0.046  0.270**
FSH 0.015 -0.033 0.094 -0.083 -0.048 0.094 0.094 1.000 0.070 0.094 -0.014  -0.04  -0.017  0.047
Pro. 0.002 0.106 -0.140 -0.115 0.156 -0.140 0.070 0.070 1.000 -0.041 -0.093 0.069 -0.035  -0.096
Test. 0.190* 0.009 0.089 -0.040  -0.023 0.089 0.089 0.094 -0.041 1.000 0.278 0.119 -0.138  0.038
FBS 0.000 0.035 0.000 0.128 0.036 0.000 -0.062 -0.014 -0.093 0.278 1.000 0.026 0.063  -0.088
LE} 0.005 -0.070 0.046 -0.057  -0.060 0.046 -0.070 -0.044 0.069 0.119 0.026 1.000 -0.091  -0.006
T4 -0.013 0.152 -0.320%%  -0.040  0.257*  -0.320**  0.046 -0.017 -0.035 -0.138 0.063 -0.091 1.000  -0.156
TSH 0.053 -0.194% 0.270%*  0.248**  -0.297**  0.270**  0.270** 0.047 -0.096 0.038 -0.088 -0.006  -0.156  1.000

2% _ p<0.05, ** — p<0.01
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who highlighted heredity as risk factor, while Mukherjee
et al. that environmental changes can reduce genetic
susceptibility.?*** Differences in education level with a
moderate link (p=0.05) suggest that higher education fa-
cilitates better health management. The greater propor-
tion of singles within the case group (60% vs. 40%,
p=0.03) highlights a possible association with stress and
limited social support. Additionally, the elevated socio-
economic status in the case group (p<0.001) challenges
traditional assumptions and indicates region-specific
factors or sample-related biases. These findings suggest
multifactorial relationships genetic, lifestyle, and socio-
economic that require further investigation in regional
and cultural contexts, as these parameters collectively in-
fluence human health and protection against various pa-
thologies.”* The values in table 2 demonstrate a
statistically significant difference in serum lipids ob-
served in the case group versus controls, with total cho-
lesterol, triglycerides, LDL, and VLDL being higher and
HDL being lower in the case group, all with p<0.001.
These findings strongly point towards dyslipidemia in
the case group, an established determinant of cardiovas-
cular and metabolic disorders. In the case group, the to-
tal cholesterol and LDL were higher (229.93+14.61 and
136.98+20.02 mg/dL, respectively), a finding in agree-
ment with Cai et al., emphasized the importance of hy-
percholesterolemia for atherosclerosis risk.” Contrarily,
Zhao et al., These findings suggest that the majority of
lipid dysregulations are a function of abnormal diets, and
not due to genetic or pathophysiological predisposi-
tions.”® The high levels of triglycerides (287.78+41.43
mg/dL) and VLDL (57.55+8.28 mg/dL) are similar
with.? Establishing connections with each of these pa-
rameters with insulin resistance and metabolic syn-
drome. However, Arduc et al. indicated that such
elevations could be related to genetic factors, especially
in populations with a history of dyslipidemia.* Reduced
HDL levels (35.39£3.54 in the case group vs. 50.23+4.55
mg/dL in controls) were in accordance with Fan et al.
and noted that HDL provided a protective effect and the
absence of it also increased cardiovascular risk. Such di-
etary interventions have been shown to increase HDL
levels, and so even though HDL levels are affected by risk
factors at their origins as mentioned, this leaves open the
possibility for corrective action to be taken to ad-
dress the imbalance.” As proposed by Palomba et al.
(2023), the dyslipidemic profile in the case group can be
attributed on a scientific basis to chronic inflammation,
oxidative stress and changes in lipid metabolism path-
way.*? Studie like Batog et al., also support this interpre-
tation, which stated that systemic inflammation directly
disrupts lipid metabolism by reducing the production of
HDL and increasing the production of LDL and VLDL.
This highlights the need for timely interventions such as
lifestyle changes, medications to manage lipids to reduce

the risk of chronic diseases resulting from poor lipid pro-
files. Future work should investigate the genetic and mo-
lecular pathways associated with myogenic lipids in finer
detail to better align therapeutic targeting approaches.”
The case group has higher total cholesterol, triglycerides,
LDL, and VLDL levels, and lower HDL levels, which
means more significant atherosclerosis risk and cardio-
vascular diseases are mediated. Management of dyslip-
idemia involves lifestyle modifications (diet, exercise)
and medicinal therapy (statins or fibrates) to correct lip-
id abnormality to normal. “Indeed, the low HDL lev-
els most specifically demand treatment programs
designed to raise HDL, such as weight loss and aerobic
exercise. Dysfunction of thyroid hormones aggravates
aberrations of lipid metabolism mediated by the way of
decreased hepatic lipase activity and disrupted cholester-
ol transport.**2 Levothyroxine therapy for correcting hy-
pothyroidism may also improve the lipid profile. Elevated
androgen levels contribute to increased insulin resis-
tance, which exacerbates dyslipidemia. Both androgen
excess and lipid disturbances can be managed with insu-
lin-sensitizing agents, such as metformin. Addressing
the complex interaction between hormonal and lipid ab-
normalities requires a multidisciplinary approach in-
volving endocrinologists, gynecologists, and dietitians.
Early diagnosis and targeted treatment are essential to
prevent long-term complications, such as type 2 diabe-
tes, cardiovascular diseases, and infertility.*>* The key is
to monitor thyroid function and lipid profiles regularly,
which allows for adjustment of therapy to promote opti-
mal patient outcomes. Tailored therapy, according to
the severity of hormonal and metabolic derangements,
may result in increased effectiveness and less adverse ef-
fects. Chronic low-grade inflammation, pathological in
PCOS and thyroid disorders for example, may also play
a role in modulating metabolic profiles. Anti-inflamma-
tory agents (e.g., omega-3 fatty acids or antioxidants)
may supplement standard therapies.”” Table 3 shows the
differences in hormonal levels between control and case
groups, noting that levels of LH, FSH, prolactin and tes-
tosterone were higher in the case group with p<0.001.
Strong evidence suggest disruption of hypothalamic-pi-
tuitary-gonadal axis which may be associated with bas
pathology or some physiological conditions. The signifi-
cantly high LH and FSH levels of case group are similar
to Lee et al., who noted similar hormonal spikes in dis-
eases such as PCOS or gonadal dysfunction. Heightened
gonadotropins might represent compensatory mecha-
nisms to correct disrupted gonadal feedback or increased
androgen synthesis.** However, Batog et al., further pro-
posed that such elevations could be attributed to hypo-
thalamic hyperactivity or pituitary adenomas, warranting
additional clinical evaluation.” Prolactin were signifi-
cantly higher in the case group in agreement with
Davoudi et al., associated hyperprolactinemia with
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stress or the pituitary disorders. Elevated prolactin can
inhibit gonadotropin secretion leading to a feedback
dysregulation worsening hormone dysregulation.* Con-
trastingly, Elnour et al., postulated that transient eleva-
tion in prolactin levels could also stem from medication
or physiological stress, necessitating distinction from
pathological causes.” The excessively high testosterone
levels are indicative of hyperandrogenism, the classic
sign of a disease such PCOS or adrenal hyperplasia. This
observation is in agreement with what was observed by
Ma et al., who identified androgen excess as a key driver
of metabolic and reproductive abnormalities.*® However,
Kim et al. indicated that elevations in testosterone could
be derived from exogenous supplementation or tu-
mors, thus requiring more extensive diagnostic work-
up.” These hormonal derangements might be indicative
of systemic inflammation, oxidative stress, or genetic
mutations that influence endocrine pathways, according
to Abdul-Ameer. Finally, lifestyle factors with obesity
and insulin resistance, which commonly come along
with dysregulated testosterone and prolactin levels.*
Data in Table 4 demonstrated significant variance in T4
levels of the control and case group however, FBS and T3
levels showed non-significant variance. The similar re-
sults were observed for FBS and T3, indicating that these
parameters are not significantly affected by the condition
of interest, consistent with Elslimani et al., who stated
that increased T3 in the presence of normal FBS could
reflect early thyroid dysfunction or non-metabolic con-
ditions.* However, Novais et al. suggested that glucose
metabolism changes may happen in later stages, and lon-
gitudinal studies are needed to confirm.*”” On the con-
trary, T4 levels in the case group were markedly lower
(p<0.001), while TSH levels were higher (p<0.001). This
pattern is consistent with primary hypothyroidism, as
outlined by Gaberscek et al. further recognized lower T4
and higher TSH as key evidence of dysfunction of thy-
roid gland.* Du et al. also note that elevated TSH reflects
compensatory activity in the pituitary gland in response
to insufficient thyroid hormone production. Elevated
TSH and reduced T4 levels indicate subclinical or overt
hypothyroidism, likely linked to Hashimoto’s thyroiditis.
Thyroid hormone replacement therapy with levothyrox-
ine is essential to restore euthyroid status, improve met-
abolic functions, and mitigate long-term cardiovascular
risks.* Extreme dysfunction of the thyroid gland may
be due to autoimmune processes, chronic inflammation
or iodine deficiency.* also found that hypethyroidization
of the hypothalamic-pituitary-thyroid axis due to sys-
temic stress might also be involved. In contrast to Shan-
mugham et al., observing small reductions in T4 without
elevated TSH, highlight the heterogeneous nature of
thyroid dysfunction, potentially influenced by genetic
and environmental factors.* The elevation of both LH
and testosterone in the case group indicates hyperandro-

genism, a hallmark of PCOS, strongly linked with men-
strual irregularities, infertility and hirsutism. The
treatment performed is going to lower amount of an-
drogen in the body and this consist of combined oral
contraceptive or anti-androgens like spironolactone. El-
evated FSH levels and alterations in the LH:FSH ratios
might decrease ovarian folliculogenesis. Ovulation in-
duction agents such as clomiphene citrate or letrozole
may be used to restore ovulatory cycles. Hyperprolac-
tinemia was also noticed in the case group which can be
a sign of pituitary invasion or an alteration of the endo-
crine system was related to stress. In order to normalize
the serum prolactin levels and concomitant symptoms
such as galactorrhea and infertility, pituitary function
tests and dopaminergic medications such as cabergoline
should be discussed.”

Study limitations

Although a single-center design is superior for re-
search focused on clinical needs, the paradigm could
be stretched to multicenter operations to advance gen-
eralizability of findings. A lack of demographic charac-
teristics could impact results, and controlling for them
would make stronger conclusions, as seen from dif-
ferences between the case and control groups. Like-
wise, greater diversity would enhance the applicability
of the study to different ethnic backgrounds, allowing
for more global conclusions. Implementing a longitudi-
nal design that considers key lifestyle aspects will ad-
vance the awareness of the interrelationship of these
conditions and the potential implications they will have
throughout lives, laying foundations for further deep
and actionable research.

Conclusion

In summary, the results show significant differenc-
es regarding the hormonal and lipid profiles between
HT and PCOS women and healthy control group. The
evidence indicates a potential bidirectional relation-
ship between the thyroid and reproductive gland that
may contribute toward the pathogenesis and metabolic
consequences of these endocrine disorders. Nonethe-
less, more extensive exploration of their isolated and
collective roles is warranted. The absence of separate
subgroup analysis in the present study hampers the
possibility of exploring the effects of PCOS or HT in
isolation or in combination. Future studies will need
to revisit the design to allow subgroup comparisons
and potentially to elucidate the relationship between
these two endocrine disorders.
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ABSTRACT

Introduction and aim. As the population ages, the management of type 2 diabetes mellitus in older adults with multiple co-
morbidities becomes more complex. Geriatric patients often face a medication burden, impacting their quality of life and ad-
herence. Psychosocial variables such as depression, anxiety, social support, and health literacy may influence how patients
cope with their medications. This study explores the relationship between these variables and the burden in geriatric patients
with type 2 diabetes and comorbidities, offering insight into improving care and outcomes.

Material and methods. The cross-sectional survey was carried out from April to September 2024. 250 patients were included.
The demographics of the participants, the burden of the disease, polypharmacy, the burden of the medication, and the psy-
chosocial variables were evaluated. Univariate and multivariate linear regression analyzes assessed the variables associated
with the burden of medications.

Results. There was a positive correlation between the belief in medication, depression, disease burden, number of medications,
number of comorbidities, and medication burden (p<0.05). Knowledge about medications was not significantly correlated with
the burden (p>0.05).

Conclusion. Low self-efficacy, depression, polypharmacy, high disease burden, and decreased medication satisfaction can all
contribute to medication burden. Comprehending these factors helps identify patients with geriatric diabetes and enables
personalized treatment to ease their burden.

Keywords. geriatric patients, medication burden, multiple comorbidities, psychosocial variables, type 2 diabetes mellitus

Introduction and lack of physical activity. To maintain this glycemic

The global prevalence of type 2 diabetes is increasing,
with 25.2 million adults affected by impaired glucose
tolerance (IGT) today expected to rise to 35.7 million by
2045. India is second after China, with 77 million peo-
ple living with diabetes, particularly older adults over
60, due to aging, urbanization, poor lifestyle choices

target and prevent long-term problems, type 2 diabetes
frequently requires a gradual increase in pharmaceuti-
cal therapy in addition to lifestyle modifications.! The
geriatric cohort, often burdened with multiple comor-
bidities such as hypertension, cardiovascular disease,
osteoarthritis, and dyslipidemia, faces unique challeng-
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es in the management of type 2 diabetes mellitus, all of
which put diabetes patients at high risk of polypharma-
cy. According to a national population-based survey,
more than 80% of older adults in India were prescribed
at least one drug and over one-third were taking at least
five prescription drugs at the same time.?

Polypharmacotherapy and high pill load are caused
by microvascular and macrovascular problems related to
diabetes, as well as the risk of linked comorbidities such as
hypertension and hyperlipidemia in many patients with
type 2 diabetes. These challenges are not only medical but
also psychosocial, and the complexities of managing mul-
tiple chronic diseases frequently leading to medication
burden that significantly impacts quality of life.?

Geriatric patients with type 2 diabetes with multiple
comorbidities are particularly vulnerable to the negative
impacts of medication burden, which may manifest it-
self as increased difficulty in adhering to treatment, a
higher risk of drug interactions, and the potential for
adverse drug reactions. The psychosocial aspects of
managing chronic diseases, such as mental health prob-
lems, social support, cognitive function, and health lit-
eracy, can significantly influence how elderly patients
perceive and manage their medication regimens.* These
psychosocial variables can either exacerbate or alleviate
the challenges associated with medication burden.

Medication adherence is complicated by aging-re-
lated physiological changes, such as altered drug metab-
olism and declining cognitive functions, which make
it difficult for older adults to comply with multidose
schedules. Different physical conditions, such as arthri-
tis or a lack of financial resources, can also contribute
to the difficulty of drug intake. Research conducted in
Spain indicates that the more chronic diseases accumu-
lated by older people, the more medicine-related prob-
lems appeared: drug interactions and inappropriate
prescriptions.’

The medication burden is the time and effort re-
quired to manage chronic diseases, which is especially
high in older patients with multiple comorbid condi-
tions. A significant part of this is the medication bur-
den, which is the workload and burden associated with
medication use.” Maidment et al. defined five types of
medication burden: ambiguity (unclear medication
management), concealment (lack of information shar-
ing), unfamiliarity (inconsistent care providers), frag-
mentation (difficulty navigating fragmented healthcare
services), and exclusion (lack of participation in deci-
sion making). These factors significantly affect the abili-
ty of older adults to manage their health effectively.®

Overuse of medications can result in poor social
functioning, noncompliance, suboptimal treatment out-
comes, and a lower quality of life.” The burden depends
on both the individual’s ability to manage the burden and
the workload associated with taking medications. Ac-

cording to the cumulative complexity model, an adaptive
balance between burden and capacity is necessary for the
successful self-management of chronic disease.?

Managing pharmaceutical loads and their impact
on health results from internal resources of the patient
(functional and cognitive abilities) combined with ex-
ternal support, including the healthcare system and the
family.’ The term “medication self-management capac-
ity” refers to the skills and knowledge needed to cor-
rectly follow a prescribed regimen, including the filling,
organizing, taking and monitoring medications. De-
mographic factors, including age, education level, and
financial background, influence these abilities, while
some patient attitudes and external support could fur-
ther facilitate or hinder medication management. “Un-
derstanding the competence of patients in medication
self-management is relevant because difficulties faced by
patients with respect to the control of their prescription
indicate areas of intervention”*’

Attributes are factors directly affecting patient sat-
isfaction of the patient on medication, which makes
their satisfaction dependent on treatment expectations,
side effects, ease of use, and efficiency. Patients report
discontent primarily due to a lack of perceived bene-
fits, side effects, or inconvenience. Negative perceptions
about medication often evolve from dissatisfaction. Pa-
tients dissatisfied with their treatment are less effective
at managing side effects and are even less likely to incor-
porate medications into their daily lives."

Most research on the burden is qualitative, focus-
ing on drug use, with some studies examining the im-
pact of clinical and demographic factors. Univariate
analyses often produce incomplete data due to the in-
terdependence of these factors. Limited literature exists
on psychosocial influences that contribute to medica-
tion burden among patients with type 2 diabetes mel-
litus (T2DM). Previous studies observe that healthcare
providers are prone to overestimate patients’ ability to
handle their medication and management issues; there-
fore, knowledge of psychological factors associated with
medication burden becomes imperative for implement-
ing suitable treatment plans for improved compliance
and self-management.'?

However, older adults with T2DM and multimor-
bidity are most susceptible to medication burden and
low self-management. Therefore, understanding these
psychosocial variables is paramount in patient-centered
care strategies to promote adherence, reduce complica-
tions, and improve quality of life.

Aim

Given the increasing burden of T2DM globally and,
particularly, in India, this study aims to evaluate psycho-
social variables related to the medication burden among
elderly T2DM patients with comorbidities.
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Material and methods

Study design and participants

Considering that geriatric patients may face challenges
in terms of mobility, cognitive function, and participa-
tion in long-term studies, we conducted a cross-sec-
tional study at the tertiary healthcare center from April
to September 2024. The single proportion sample size
formula was used; therefore, the proportion was taken
as 50%, with a margin of error of 6% and a confidence
interval of 95%. n=z 2p(1-p)/w %, where n=sample size,
p=proportion (50%), z=1.96 confidence level, w=mar-
gin error (6%) and n=1.96 2(0.5(1-0.5)/ (0.06)*=267.89.
Therefore, n=268. In that 12 patients were not interested
in participating in the study. And 6 patients had missing
data, and their responses were unclear. Hence, 18 pa-
tients were excluded. And based on the G* power analy-
sis with a medium effect size (Cohen’s d=0.5), assuming
80% power and a 0.05 alpha level, the sample size of 250
patients is sufficient to detect the observed effects. Fi-
nally, a total of 250 patients were recruited in this study.

Inclusion and exclusion criteria

Patients with type 2 diabetes mellitus 60 years or above
with multiple comorbidities, prescribed with one or
more medications and able to self-administer medica-
tions were included in the study, and the exclusion crite-
ria were having type 1 or gestational diabetes, cognitive
impairment, severe mental illness, deafness and not
willing to participate in the study.

Data collection tools

Demographic characteristics

The first section assesses demographic characteris-
tics, including age, sex, marital status, education level,
monthly income and type of multimorbidity.

Medication knowledge

The second section of the survey assesses the patient’s
knowledge of medications. Medication knowledge was
assessed using the Patient’s Perceived Knowledge in
Medication Use Questionnaire (PKMUQ).!® The assess-
ment includes five items that assess the knowledge of
medication use and drug interactions. The survey uses
a 5-point Likert scale, with 1 representing severe dis-
agreement and 5 representing strong agreement. The
scores for each item are added together to create a total
score that ranges from 5 to 25. A higher score denotes
greater awareness of medications. Cronbach’s alpha for
the scale in the current study was 0.738.

Medication beliefs

The Beliefs About Medication Questionnaire (BMQ),
which included 18 items, was used to assess medica-
tion beliefs.!* The BMQ consists of two sections with
two subscales each. (1) BMQ-Specific assesses beliefs

about the necessity and concerns (5 items), while (2)
BMQ-General assesses beliefs about pharmaceutical
damage and overuse by physicians (4 items). The items
were evaluated on a 5-point Likert scale, with 1 indicat-
ing strong disagreement and 5 indicating strong agree-
ment. A higher overall score suggests greater trust in the
relevant notions of each subscale. The current study had
a Cronbach’s alpha of 0.702 for the BMQ.

Treatment satisfaction

The Treatment Satisfaction Questionnaire Version II
(TSQM-II) was used to assess medication treatment
satisfaction.'>'® Four dimensions are included in the
11-item survey: global satisfaction, side effects, effec-
tiveness, and convenience. A five- or seven-point Likert
scale is used to rate each item. The scores of the com-
ponents that make up each dimension are added to-
gether to determine the composite score, which is then
converted into a number between 0 and 100. This study
evaluated participants’ satisfaction with pharmaco-
logical treatments using the global satisfaction score.
A higher score denotes greater contentment with the
use of medications. The scale’s Cronbach’s alpha in the
current study was 0.643.

Depression

The nine-item Patient Health Questionnaire (PHQ) was
used to measure depression.”” The purpose of this scale
is to collect information about a person’s depressive ep-
isodes during the last two weeks. The Likert scale has
four points (0 being not at all and 3 being almost daily).
A higher score denotes a stronger depression; the total
score ranges from 0 to 27. In the current investigation,
the scale’s Cronbach’s alpha was 0.759.

Polypharmacy and disease burden

Furthermore, participants were questioned about the
quantity of medications they were currently using. If
an elderly person took five or more medications, it
was considered that they had polypharmacy. The Cu-
mulative Illness Rating Scale-Geriatric (CIRS-G) was
used to evaluate the burden of disease in 14 bodily
systems in an individual.'®?° The severity of each con-
dition and its effects on the individual are scored on
this scale in addition to chronic disorders. Each body
system is assessed on a 5-point Likert scale, with 0
denoting no problem and 4 denoting extremely se-
vere. The sum of each system’s severity scores yields
the overall score. The burden of the disease is higher
when the total score (which can vary from 0 to 56) is
higher. Salvi et al. devised a set of guidelines that were
followed to score the scale. Elderly individuals have
validated this scale.
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Medication burden

The third section of the survey assesses the burden of
medication. The first four items assessed the burden
of medication. The 15-item self-reported scale assess-
es the behavioral and emotional burden associated with
treatment procedures. The tool assesses an individu-
al's perceived burden from pharmaceutical use, lifestyle
modifications, and treatment-related social and econom-
ic consequences.?>? On the Likert scale, 0 represents “not
a problem” and 10 represents “large problem”. The greater
hardship experienced is indicated by a higher score. The
scale employed in this study had a Cronbach’s alpha of
0.865. The first four items assess drug burden, including
discomfort, daily medication schedules, reminders, and
necessary precautions. The pharmaceutical burden was
calculated by adding their scores on four questions, re-
sulting in a total score ranging from 0 to 40.

Data collection procedure

The entire survey took around 15 to 20 minutes to com-
plete. Data collection for this study was divided into
three phases. In phase 1, the patient’s demographic and
clinical characteristics were gathered from records or
through face-to-face interaction with the patient. Phase
2, the patient’s knowledge (PKMUQ), belief (BMQ),
treatment satisfaction (TSQM-II), depression (PHQ),
disease burden (CIRS-G), polypharmacy (number of
medications) and phase 3, medication burden (TBQ)
these were obtained from face-to-face interviews using
questionnaires. Each participant gave their informed
consent before the study.

Data analysis

The characteristics were summarized using means
and standard deviations for continuous data and fre-
quencies and percentages for categorical data. The
student’s t-test, one-way ANOVA, and Pearson’s 2 test
assessed medication burden across demographics and
clinical features. Pearson correlation identified cor-
relations between variables, while univariate and mul-
tivariate linear regression models identified variables
linked to medication burden. Variables with p<0.05 in
the univariate analysis were included in multivariate
models and multicollinearity was assessed using the
Pearson’s correlation coefficient. Additional analysis
considered psychosocial factors and significant vari-
ables, with IBM SPSS statistics (Armonk, NY, USA)
version 25.0 used for all analyses. A p<0.05 was con-
sidered significant.

Ethical considerations

The institutional ethics committee approved an eth-
ical authorization for the study (approval number
1056/2024). The ethical criteria of the national and/or
institutional research committee, the Declaration of

Helsinki of 1964 and its subsequent modifications or
comparable standards were adhered to by every proce-
dure used in this study involving human subjects.

Table 1. Sociodemographic and clinical characteristics
among 250 type 2 diabetes mellitus patients

Medication burden,

icti 0
Characteristics n (%) mean (SD) t ]
Age (years)
60-70 158 (63.2) 8.19(9.46)
>70 92(36.8) 7.32(8.21) 0.40 0852
Gender
Male 112 (44.8) 6.67 (7.09)
Female 138(55.2) 7.44(8.87) 0.0 0.537
Education level
Literate 154 (61.6) 6.34 (8.06)
llliterate 96 (38.4) 7.90(9.85) 105 0.449
Marital status
Married 178 (71.2) 6.83(9.50)
Single/Widow/Divorces 72 (28.8) 7.16 (8.44) 132 0.248
Monthly income (Rupees)
<10000 198(79.2) 7.48(11.14)
>10000 52(20.8) 6.68 (8.64) 0.09 0.654
HbA1c (%)
<7 60 (24) 5.6(1.21)
>7 190(76)  9.7(039) 28 <000
Hypertension
Yes 187 (74.8) 7.59(8.62)
No 63(25.2) 8.84(9.42) 109 0.131
Lipid disorder
Yes 62(24.8) 8.53(10.67)
No 188(752)  4.58(648) 8 0w
Coronary heart disease
Yes 122 (48.8) 6.46 (8.58)
No 128(51.2) 7.47(9.44) 0.54 0.279
Glaucoma/cataract
Yes 54(21.6) 9.87(10.34)
No 196 (78.4) 5.97 (6.78) 067 000
Kidney problems
Yes 95(38) 10.67(9.84)
No 155 (62) 4.33(5.90) 0.0 0.045
Any chronic painful
condition
Yes 181(72.4) 10.45(10.98)
No 69 (27.6) 5.72(7.24) 207 0.009
Polypharmacy
Yes 98(39.2) 11.46 (10.89)
No 152 (60.8) 4.52(6.34) 0.001 0.001
Results

This analysis includes 250 T2DM patients. Sociodemo-
graphic and clinical characteristics are shown in Table
1. Most of the participants were in the age group - 60-
70 years (63.2%); gender — female (55.2%); educational
level - literate (61.6%); marital status — married (76%).
Chronic illnesses with >30% prevalence included hy-
pertension (74.8%), lipid disorders (24.8%), coronary
heart disease (48.8%), glaucoma/cataracts (21.6%), kid-
ney problems (38%), and chronic painful conditions
(72.4%). The average number of prescription drugs was
3.78 (SD: 2.48). More than one-third (39.2%) of the sub-
jects. Individuals with chronic painful conditions, poly-
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pharmacy and kidney problems had considerably high
medication burdens (all p<0.05).

Table 3. Variables associated with medication burden
using univariate linear regression analysis

Unstandardized

Relationships between continuous variables and medi- Variables - ochdents S:z:;t:::sd t p 5%l
cation burden g Standard g
The associations between the number of chronic illness- ener
. . . Age 0.12 0.06 0.08 -0.13 0008 -1352t01.142
es, tbe bgrden of disease, the ps?fchosoaal variables .and Gender 056 117 005 6 0539 011511277
medication burden are shown in Table 2. The findings Eutionallevel 046 142 009 146 0308 3667101359
demonstrated a statistically significant negative rela- Marital status 19 18 005 00 0689 17501358
tionship between medication knowledge, social support, Monthlyinome 078 147 007 032 0011 -2014t03270
self-efficacy, and treatment satisfaction (r ranged from HbATc 07 1% 001 102 0005 4926106016
-0.12 to -0.96, p<0.05). Additionally, there was a posi- Hypertension 25165 002 047 0824 -2361t03552
tive correlation between medication belief, depression, Lipiddisorder ~ -186 159 006 -083 0625 -1045t02464
disease burden, number of medications, number of co- Coronary heart disease 243 147 03 074 0029 -2048t04846
morbidities, and medication burden (r ranged from 0.01 Glaucoma/Gataract 205 135 0.19 106 0002 -0.541t01.237
to 0.57, p<0.05). Kidneyproblems 192 1.08 012 012 003 -1686t02571
Any chronicpainful ~ 3.97 136 051 286 0.004 2.110t04.096
Table 2. Association between the number of chronic Conditon
. . . . Polypharmacy 245 1.25 -0.17 145 0002 5.017t01.146
diseases, disease burden, psychosocial variables, and —
. Medication knowledge -1.56  0.19 0.03 054 0014 -1.680t02.502
medication burden Medication belief
Variable Mean (SD) Correlation with medication burden i.Necessity of 142 020 o 186 <0001 0.131t01.288
r p medication
Medication Knowledge 9.74(1.83) -0.12 0.023 ii.Concemsabout 012 064 045 019 <0.001 -0214t01.702
Medication beliefs medication
i. Necessity of medication 12.17 (2.35) 0.01 0.064 jii. Overuse of -1.58 0.34 0.06 046 <0.001 -1.078t03.781
ii. Concerns about 19.28(5.01) 0.02 0.016 medication
medication iv. Harm of medication ~ 0.37 0.1 034 141 0007 3.140t00.055
iii. Overuse of medication 14.34(3.15) 0.01 0.006 Medication social -1.10 0.22 -0.22 008 0721 -0.788t01.003
iv. Harm of medication 10.06 (4.92) 0.45 0.001 support
Medication social support 1.37(0.47) 20.26 0.046 Medication self-efficacy -0.18 033 028 105 0011 -1.155t01.990
Medication self-efficacy 22.64(3.05) -0.48 0.009 Treatment satisfaction ~ 3.79 0.20 -0.63 -0.07 0062 -1.085t01.588
Treatment satisfaction 72.37(839) -0.96 <0.001 Depression 303 076 047 248 <0001 5217106305
Depression 3.05 (2.65) 0.20 <0.001 Disease burden 1.00 0.14 042 553 <0.001 7.952t010.544
Disease burden 7.34(1.53) 057 0.01 Number of 6.02 0.32 031 445 <0.001 6.271t08.246
Number of medications 4.70(1.65) 0.18 0.004 comrbictes
Number of comorbidities 3.90(1.73) 0.52 <0.001
Medication burden 8.18(5.38) 14 - Multivariate linear regression analysis for the burden

Univariate linear regression analysis for the burden of
medication

A univariate linear regression analysis (Table 3) revealed
a statistically significant correlation between mediation
burden and age ($=0.08, p=0.008), monthly income
(B=0.07, p=0.11), HbA1lc (f=-0.01, p=0.005), coronary
heart disease (B=-0.23, p=0.029), glaucoma/cataract
(p=0.19, p=0.002), kidney problems (f=0.12, p=0.03),
polypharmacy (p=0.51, p=0.004), medication knowl-
edge (p=-0.17, p=0.002), medication belief [necessity of
medication (f=-0.12, p<0.001); concerns about medica-
tion (f=0.45, p<0.001); overuse of medication ($=0.06,
p<0.001) and harm of medication ($=0.34, p=0.007)],
medication self-efficacy (f=-0.28, p=0.011), treatment
satisfaction (B=-0.63, p=0.062), depression ($=0.47, p
<0.001), disease burden ($=0.42, p<0.001), and number
of comorbidities (f=0.31, p<0.001).

In Table 4, the results of the multivariate analysis also
showed that age (p=0.16, p=0.001), monthly income
(B=0.45, p=0.003), HbAlc (f=0.13, p=0.041), any chronic
pain condition ($=0.15, p<0.001), polypharmacy ($=0.34,
p=0.001), medication [necessity of medication (B= -0.09,
p<0.001); concerns about medication (= -0.32, p=0.007);
overuse of medication (p=0.14, p=0.016) and harm of
medication (f=0.03, p<0.001)], medication self-effica-
cy (p=0.54, p<0.001), treatment satisfaction (= -0.13,
p<0.001), depression (f=0.02, p<0.001), and disease bur-
den (B=0.12, p=0.04) have statistically significant associa-
tions with medication burden. Medication knowledge and
social support are not significantly associated with medi-
cation burden (=0.04, p=0.524). Variables like glaucoma/
cataract and the number of comorbidities also show no
significant impact on medication burden in this analysis.
In general, 36.8% of the variation was explained by this
model [F (11, 410) =19.24, p <0.001]. VIF values <5 for all
variables indicate the absence of multicollinearity.
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Table 4. Variables associated with medication burden
using multiple linear regression analysis
Unstandardized

Variables - oeffidents S:z:f(:ﬁacri::tesd t p 95%0l
B Standard Beta
error
Age 1.20 0.03 0.16 -043 0001 -1.685t01.906
Monthlyincome 0.92 0.17 045 <134 0003 -1.467t02.291
HbA1c -158 052 0.13 347 0041 -2441105.070
Glaucoma/Cataract  -0.08  1.01 -0.23 012 020 -1550t02.456
Kidneyproblems ~ 1.87 012 0.14 -167 002 -3.125t04.380
Any chronicpainful 122 046 0.15 -269 <0001 5463t08431
condition
Polypharmacy 238 198 034 157 0001 -2464t03.012
Medication knowledge 0.13  1.06 0.04 -1.01 0524 -1.464t02.464
Medication belief
i. Necessity of 048 0.6 -0.09 -0.73 <0001 -7.993t04.552
medication
ii.Concemsabout ~ -0.10  0.05 032 -0.504 0007 -15.632t08.024
medication
jii. Overuse of 135 0.78 0.14 -018 0016  -5.135t09.465
medication
iv.Harm of medication -0.17 041 0.03 -1.14 <0001 -1.664t02.707
Medicationsocial ~ 0.67 0.06 -0.26 079 0489 -5210t02.348
support
Medication self- 0.15 0.24 0.54 -1.09 <0001 -4.777t02.146
efficacy
Treatment satisfaction -0.84  0.13 -0.13 -135 <0001 -9.134t011.235
Depression 1.16 043 0.02 245 <0001 -1.054t02.684
Disease burden 091 0.29 0.12 <192 004  10.362t012.450
Number of 0.24 1.19 0.00 127 0721 4124107668
comorbidities
Discussion

The delivery of patient-centered care has become an un-
derstanding of people’s experiences and difficulties relat-
ed to medication use.”” This study assessed the variables
related to drug burden in older adults with multiple co-
morbidities living with type 2 diabetes mellitus. Positively,
this study also includes the majority with higher HbAlc
values, which tended to show favorable results. Our study
shed light on how different personal and psychological
aspects influence the burden from a multifaceted point of
view. According to the findings, older adults with multi-
ple comorbidities who also experienced depression, poly-
pharmacy, low self-efficacy of medications, high disease
burden, and poor satisfaction with medication treatment
were more likely to perceive the burden of medication
treatments as high. Similar studies by Mostafavi et al. in
Iran and Gonzalez et al. in America demonstrated that
polypharmacy, disease burden, and depression have a
greater perceived burden of medications among elderly
patients with type 2 diabetes.***

The study highlighted the association of polyphar-
macy with the burden of medications, which increases
the risk of drug interaction, adverse effects and non-ad-
herence and negatively affects psychosocial well-being

by causing cognitive decline and anxiety due to side ef-
fects. According to studies by Bourgeois et al. and Kirk-
man et al., multiple medication management has been
associated with worse glycemic control in older adults.
Scott et al. suggested that the de-prescribing and stream-
lining of drug schedules may lead to better outcomes
and a higher standard of living.*

In general, the burden in our study was minimal.
The first four items had an average score somewhat low-
er than what had been found in the study by Bekalu et
al. in Ethiopia.” The multivariate analysis revealed that
the variables entered into the model could account for
about half of the variation in the burden of medications.
Compared to the study by Akshatha et al., which solely
considered the demographic and clinical characteristics
of the participants, the percentage of explained variance
was higher (range: 12% to 47.9%). This disparity could
be explained by the addition of psychological variables
to the account of the medicine load.?®

Treatment satisfaction, with the highest regression
coefficient in our model, significantly impacts the bur-
den by influencing how patients view and use phar-
maceuticals, ultimately affecting their decisions and
outcomes. Previous research by Yang in China and
Sendekie in Northwest Ethiopia has documented a bi-
variate relationship between medication burden and
satisfaction with medication treatment.”

Self-efficacy, a key factor in change and disease
management, is strongly linked to lower medication
burden. Our research shows that higher self-efficacy
in older adults with type 2 diabetes helps them man-
age challenges such as side effects, daily integration, and
medication use, leading to better adherence to treat-
ment and a reduced sense of medication burden. Simi-
larly, Borson et al. have demonstrated that the burden of
treatment burden was predicted by their level of self-ef-
ficacy in the treatment of chronic illnesses.’*® Our in-
vestigation further illustrated their strong correlations
about drug treatments. To reduce the detrimental ef-
fects of the drug burden on patients’ lives and health,
healthcare providers should assist patients in develop-
ing medication self-efficacy. Consequently, influenc-
ing medication self-efficacy, social support, beliefs, and
information about medications can have an impact on
medication burden. Future studies may be necessary to
confirm the possible indirect impacts of these variables
on the burden on medicine, as they have not been exam-
ined in previous research.

Type 2 diabetic geriatric patients who have a high
disease burden are more likely to find it difficult to man-
age the demands of multiple healthcare services. In ad-
dition to impairing mental and physical functioning,
multimorbidity can further reduce an older person’s
ability to control his health. It is not unexpected that the
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multivariate analysis showed a substantial positive cor-
relation between the burden and disease burden. A sim-
ilar study by Horne et al., Rayana et al. and Okere et
al. shows that more chronic diseases, longer duration,
higher severity, and low self-rated health have all been
linked to higher perceived treatment burdens.***

Furthermore, our research revealed that not all indi-
vidual physical conditions were substantially correlated
with drug burden, except depression. A similar study by
Lalwani RK in India indicated that the burden of treat-
ment of a patient was correlated significantly with de-
pression, dementia or severe mental health issues, but
not with any specific medical condition.”® This result
would suggest that mental health issues play a significant
part in exacerbating the need for medicines. However,
in Morocco, research found that a significant increase
in drug or overall treatment burden was predicted by
having diabetes, atrial fibrillation, or hypertension.***
Therefore, more research is needed to determine wheth-
er a person’s physical state may be a contributing factor
to their high drug burden.

The demographic characteristics of the patients and
their drug burden were not found to be related in our
study. The findings of earlier research are contradicto-
ry. Numerous research studies have shown a correlation
between medication burden of medications and specific
demographic characteristics, such as age, gender, mari-
tal and employment status. However, according to a re-
cent study in East Uganda, the of patients of medication
burden was the same regardless of their demographic
characteristics. Additionally, the authors suggested that
demographic characteristics could moderate the impact
of patients’ ability to manage their care on treatment
burden.’

Previous findings by Fisher et al. and van Baste-
laar et al. demonstrated that HbAlc (>7%) levels and
medication burden had a significant positive correla-
tion similar to our study. According to previous inter-
national reports by Aikens et al., the influence of DM
medication regimens on the level of medication burden
was statistically significant at (p<0.05).”” Previous quan-
titative research suggested that insulin-treated patients
have experienced a significantly higher burden of diabe-
tes medications, which may directly affect the psychoso-
cial variables.*® Therefore, more research is required to
determine the exact role of these components.

Study limitations

First, this is a cross-sectional study, making it difficult to
determine the causal relationships. A longitudinal data
set would be valuable to better understanding the caus-
al relationships between psychosocial factors and med-
ication burden. Future research should investigate the
possible relationships between study characteristics and
medication burden because it is a dynamic process that

changes when new medicines are developed or chronic
diseases develop. Second, the study’s conclusions may
be limited because the individuals were chosen from a
single tertiary care facility. Third, elderly people with
type 2 diabetes who have a high disease or medication
burden may not be included in our study because they
are unlikely to have the energy or time to participate in
the volunteer study. Fourth, we excluded institutional /
infrastructure factors, including continuity of care and
quality of healthcare service, as well as interpersonal
factors such as family concerns and consultation meth-
ods. For a more complete understanding of drug bur-
den, these elements must be included in future research.
Additionally, the study relied on self-reported data,
which may have introduced biases in assessing adher-
ence to medication and psychosocial variables. Objec-
tive measures, such as pill counts, electronic medication
monitoring, or pharmacy refill data, could be used in fu-
ture studies to obtain more accurate data.

Conclusion

The study shows that in elderly patients with type 2 di-
abetes who had multiple comorbidities, greater self-ef-
ficacy for medications and satisfaction with treatment
were independently related to a lower drug burden,
while depression, polypharmacy, and a higher disease
burden were associated with a higher drug burden. It
may be possible to identify geriatric patients who feel
overwhelmed by their drug treatments by identifying
the psychological aspects linked to the burden of med-
ications. Type 2 diabetic geriatric patients with multi-
ple comorbidities should receive support in medication
self-management and personalized psychosocial thera-
pies to reduce drug burden, improve medication adher-
ence, and alleviate depression, potentially reducing the
need for medication.
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ABSTRACT

Introduction and aim. The study evaluated factors and the significant indicators of time to first birth for reproductive aged
women (aged 15-49 years) in Somalia.

Material and methods. The study considered SDHS, 2020. The log-rank test was used to assess the statistical significance of the
observed difference between waiting time for first birth and various socioeconomic and demographic factors. The Cox propor-
tional hazard model was applied to identify the influential factors for the waiting time to the first birth.

Results. The study established that about 71.19% of the respondents got married before the age of 20, while 28.81% did marry
after the 20 years of age. Survival analysis revealed that the place of residence, region, age at first marriage, respondent’s edu-
cation, employment status, and Wealth quintile were statistically significant determinants of waiting time to first birth. The ma-
jority of the respondents (64.56%) of the total had their first birth between the ages of 15 and 24. Among these age groups, the
highest number of first births occurs at the age of 19 years, with 11.98% of respondents falling into this category. The study also
found that the different age groups revealed significantly lower hazards for first births as the age increased. Regarding region-
al differences, the study found significant variations in the probability of survival of the first birth. In particular, the Togdheer
region exhibited a higher hazard ratio (HR=1.132979, p=0.030), indicating an increased risk of experiencing the first birth com-
pared to the reference category. Other regions, such as Galgaduud (HR=1.140067, p=0.029) and Bay (HR=1.199272, p=0.018),
also showed higher hazards. On the contrary, Woqooyi Galbeed did not show significant difference in survival probabilities
(HR=0.972095, p=0.604) compared to the reference category.

Conclusion. Raising the minimum age for the first childbirth and promoting women’s education are crucial for reducing child
marriage rates in Somalia.

Keywords. age at first birth, reproductive age women, Somalia, survival analysis

Introduction an’s life, often influenced by these factors. It indicates the

The decision to begin childbearing and the timing of
the first birth represent two important transitions in fe-
male life.! The time to first birth varies from one wom-
an to another, due to different individual, sociocultural,
economic and environmental factors. We know that the
first child is one of the most important events in a wom-

beginning of intensive responsibilities of maternity and
childcare. Around 1 in 10 childbirths worldwide is con-
tributed by young mothers, with developing countries
accounting for the majority of these cases, 95% of the
share. Girls under 15 years of age account for 2 million
(27%) of the 7.3 million births that occur in 18-year-
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old adolescent girls in developing countries.? The age
at which a woman begins to have children has a direct
impact on the total number of children she will have
during her reproductive years, assuming no active use
of fertility control methods, in regions such as sub-Sa-
haran Africa, where contraceptive use is relatively low
compared to developed nations, a younger age at the
first birth tends to increase the likelihood of a higher
number of children for a woman, as highlighted.**

The United Nations Population Fund (UNFPA) re-
port states that early pregnancy can have severe conse-
quences for adolescent girls.” In fact, globally, about 14
percent of adolescent girls and young women gave birth
before the age of 18 years in 2021. It prevents them from
continuing their education and livelihoods, in addition
to affecting their health adversities that, in turn, delay
their overall healthy development into adulthood. Es-
pecially, adolescent girls in the early stages of adoles-
cence are at greater risk of health complications during
pregnancy and delivery. About one in six young women
globally gives birth before the age of 18 years.

The report states that in South Asia, approximate-
ly 10% of adolescent girls and young women gave birth
before age 18 between 2015 and 2021, while on the Afri-
can side, this has more than doubled in sub-Saharan Af-
rica. More than a quarter of adolescent girls and young
women in western and Central Africa and Eastern and
southern Africa have given birth before the age of 18
from the same period. That would be approximately 11
million young women in both regions.

Somalia has one of the highest rates of child mar-
riage worldwide, with more than 1 million child brides.
This translates into the fact that the majority of girls in
Somalia are married before they reach the age of matu-
rity. This report further shows that four out of every ten
young women in Somalia were married when they were
children. Child marriage is more common in rural areas
than in urban areas of Somalia, which means that it is
more practiced in nonurban environments.

Except for Burkina Faso, the fertility rates fell in
nearly all eight sub-Saharan African countries under
observation during the period between the two sur-
veys. Data indicate that this proportion decreased in all
countries except Burkina Faso. In particular, Mali had
the highest rate of teenage childbearing at 45%. On the
contrary, Ghana, Kenya, and Zimbabwe had a consider-
ably lower percentage with less than 25% of girls giving
birth at an early age. Cote d’Ivoire recorded the biggest
decline in the proportion of early first births between
the surveys, falling from 41% to 28%. In Mali, the differ-
ence was only minor.*

The time to first birth among women of childbearing
age varies between different regions and countries with
median ages ranging from 15 to 20 years according to
studies.>’"' In Ethiopia, the median age at first birth was

found to be 20 years, which is lower than the optimal
age to give birth. Factors associated with early childbirth
in Ethiopia include early age at first marriage, early sex-
ual intercourse, high spousal age difference, and being
Muslim.” The percentage of women who begin child de-
livery before reaching age 18 is approximately 36.80% in
Nigeria. Some of the factors associated with the young-
er maternal age at the first birth in Nigeria include the
place of residence in the North East region, Islamic re-
ligion, and the low literacy level in the community.® In
Ghana, the median age at which women gave birth for
the first time increased from 17 years in 1998 to 19 years
in 2014.® Most women in most of the selected sub-Saha-
ran African countries had optimally spaced, although a
high proportion of births in Chad and the Democratic
Republic of Congo had short birth intervals. In eastern
and Southern African countries, long birth spacing was
more common, with the highest rate expressed in Zim-
babwe.'" he residence in rural areas, occupation, early
sexual intercourse, early age at first marriage, high spou-
sal age gap, and unmet need for family planning factors
are some of the factors associated with early child mar-
riages, consequently leading to early births in Africa.'*"?

Socioeconomic factors are considered contribut-
ing factors to the timing of first birth among women in
sub-Saharan Africa. Some studies have established that
variables such as educational status, age, residence, eco-
nomic status, and knowledge about maternal health care
determine the use of maternity care among adolescent
mothers in the region." The promoting female education
can help delay the age of first birth, highlighting the sig-
nificant role of education in shaping fertility behavior."®
Further, in the matter of family formation, which differs
throughout sub-Saharan Africa, differences in socioeco-
nomic status have been shown to be related to the age at
first marriage and first birth between different socio-eco-
nomic status groups.'® Furthermore, early childbirth, es-
pecially before full physical maturity, was associated with
a higher risk of maternal death, evidence that the effect
of early age at first birth impacts maternal health out-
comes.” Budu et al. found that young women who gave
birth for the first time between ages 20 and 24 years had
a higher proportion of delivery with skilled birth atten-
dance, emphasizing that the timing of first birth plays an
important role in accessing obstetric care."”

On the other hand, Neonatal mortality remains a
major challenge in sub-Saharan Africa, with 99% of the
world’s neonatal deaths occurring in poorer regions,
particularly in sub-Saharan Africa and South Asia.’ In
2018, sub-Saharan Africa had a neonatal mortality rate
of 28 deaths per 1,000 live births.'* Despite efforts to re-
duce neonatal mortality, disparities exist across the re-
gion. in Kenya, the rate of neonatal mortality in 2018
was 19.6 deaths per 1,000 live births, a decrease from
35.4 in 1975, while South Africa saw a more substantial
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reduction from 27.9 to 10.7 deaths per 1,000 live births
during the same period.'® The main causes of neonatal
deaths in both countries are preterm birth complica-
tions and intrapartum-related events.”® Birth asphyx-
ia is also a significant contributor, with the combined
prevalence in sub-Saharan Africa estimated at 17.28%."
Factors such as low birth weight, primigravida status,
and meconium-stained amniotic fluid were significant-
ly associated with birth asphyxia.’” To address these
challenges, community-based breastfeeding promo-
tion programs play a crucial role in improving neona-
tal survival.'® Studies show varying prevalence rates for
early initiation and exclusivity of breastfeeding across
the region, with Southern Africa showing the highest
rates.'®? However, regions like West and Central Africa
show lower rates of early initiation and exclusive breast-
feeding, both of which are crucial for improving neo-
natal health outcomes. Interventions should focus on
increasing breastfeeding practices, particularly in re-
gions with low rates, to reduce neonatal deaths and im-
prove survival outcomes.

While global standards call for the legal age of mar-
riage to be 18 years or older and for pregnancies to oc-
cur at an age that minimizes health risks for both mother
and child, the opposite seems true in Somalia. By the age
of 15 years, according to the Somali Health and Demo-
graphic Survey (SHDS) report 2020.%! the percentages of
married women aged 20-49 years are 16%. Another 34%
in this age group were married by age 18 years, while 44%
were married by the age of 20 years. The median age at
first marriage among women aged 25 49 years is 20 years.
These figures indicate that the early marriage rate in So-
malia is quite high. This study tries to fill the knowledge
gap by analyzing determinants of the timing of the first
birth among young married women in Somalia. It will
provide an understanding of what factors cause variation
in this behavior; such knowledge is necessary to develop
interventions that may eventually bring the ideal and ac-
tual situations closer to each other, thus improving repro-
ductive health outcomes for women in Somalia.

Aim

The aim of this paper is to investigate the determinants
that influence the time to first birth among young mar-
ried women in Somalia, with a specific focus on iden-
tifying key sociodemographic, economic and cultural
factors. Using survival analysis techniques, the study
aims to understand how variables such as education
level, marital age, employment status, and access to
healthcare affect the age at which women have their first
child. In addition, the paper explores contextual influ-
ences, including societal norms and regional disparities,
to provide a comprehensive analysis of the factors that
shape reproductive behavior.

Significance and novelty of the study

This study is novel, as it is the first to utilize SHDS data
to analyze the timing of first births among Somali wom-
en. By applying survival analysis, it reveals critical socio-
economic and regional disparities influencing first-birth
risks. These findings fill a significant research gap, provid-
ing actionable insights to improve maternal and newborn
health outcomes, contributing directly to SDG 3.

Material and methods

Study area

Somalia is located in the Horn of Africa and covers a
total area of 637,657 square kilometers. It consists of
diverse landscapes, including plains, plateaus, and
mountains. Somalia has the longest coastline in Afri-
ca, stretching approximately 3,333 kilometers from the
northern tip, known as the Gulf of Aden, to the east and
south, bordering the Indian Ocean. It shares borders
with Kenya in the southwest, Ethiopia to the west, and
Djibouti to the north, with few seasons fluctuations and
regular temperatures ranging from 30°C to 40°C. There-
fore, the study encompassed Somalia as a whole (includ-
ing Somaliland), including its urban, rural and nomadic
areas, as well as all geographic regions.

Study design and data source

The study will use a data set acquired from the Soma-
lia National Bureau of Statistics (SNBS), which was
obtained from the published reports of the Somali De-
mographic and Health Survey 2020.*' The survey data
collection began in February 2018 and was completed
in January 2019 for urban and rural areas. The focus of
the survey was limited to women aged 15 to 49 years
who were of reproductive age. This survey, which is the
first of its kind in Somalia, was conducted as part of the
global DHS project. The data collected in this survey
will provide detailed information on the determinant
of time to first birth among women of childbearing age
in Somalia. The study utilizes a survival analysis model.
The author used secondary data from the SHDS.

Variables of the study

Dependent variable

The outcome variable in this research was the age in
years at which a woman had her first child. The occur-
rence of a woman giving birth for the first time was con-
sidered an event.

Independent variables

This study examined several independent variables, in-
cluding age at first marriage, education level, employ-
ment status, socioeconomic status, and community level
factors including place of residence, health access, geo-
graphical region, and others.
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Operational definitions

Event: giving first birth. (2) Censored: not giving first
birth. (3) Survival time: the time is taken in years (age)
from birth to give her first birth.

Sampling methods and sample size

The SHDS 2020 interviewed 16,486 women-11,876
married women and 4,610 never-married women, af-
ter cleaning; the final sample size is 11,579 ever-married
women used in this Study.

Statistical analysis

Survival analysis is a collection of statistical procedures for
the analysis of data in which the outcome variable of inter-
est is time until an event occurs. By event, we mean birth,
death, disease incidence or any designated experience of
interest that may happen to an individual - In summa-
rizing survival data, two key functions are of central inter-
est: the survivor function and the hazard function.

Survivor function

The survivor function is the probability that individuals or
groups of individuals will survive beyond a particular time
point, t; it is usually denoted as S(t). It gives an estimate of
the survival probability over time. The usual practice is to
estimate the survivor function non-parametrically using
the Kaplan-Meier estimator, which calculates the proba-
bility of survival at each observed time. The survivor func-
tion is decreasing as time passes, which reflects the fact
that survival is less and less likely to happen.

Consider a random variable, denoted “T;” which is
associated with survival times. The actual survival times
are represented by the variable “t,” and the probability
density function of these survival times is denoted as
“f(t)” We can define the cumulative distribution func-
tion, denoted as “F(t)”* which represents the probabil-
ity that a randomly chosen subject will have a survival
time less than a specified value”t” which is given by:

F(t) :P(T< t) = [ f(w)du, where t>0 0

Where

F(t) = P(that a woman has her first Birth before the time t),
The survivor function, represented by “S (t),” refers to
the probability that a subject, chosen randomly, will sur-
vive for a time duration greater than or equal to a spec-
ified value “t,” then

S(t)=P(T>t)=1-F(t), where t > 0, (2)
The survivor function “S(t)” is defined as the comple-
ment of the cumulative probability “P” that a woman

has her first child before time “t”

So, S(t) = 1 - P(a women has her first Birth before the time t) (3)

The relationship between the probability density func-
tion “f(t)” and the survivor function “S(t)” can be de-
rived from equations. (2) and (3).

f(t) = F(F@®) = 51~ 5@t) = —55(t), where t>0 (4)

The hazard function h(t)
It is usually applied as a measure that quantifies the
risk or probability of an individual experiencing the
event of interest-a particular event like death-at a giv-
en time point. It is derived from the probability that
an individual will experience the event at time t, since
the individual has survived up to that time. In dif-
ferent fields, it is referred to by various names, such
as conditional failure rate in reliability, force of mor-
tality in demography, intensity function in stochastic
processes, age-specific failure rate in epidemiology,
inverse of the Mill ratio in economics, or simply the
hazard rate. The hazard function provides informa-
tion about the instantaneous potential for the event to
occur per unit of time, given that the individual has
survived up to time.

The hazard function h(#|z) or simply k(%) is defined
mathematically as:

= lim -+ <T< > =
h(t) lim AtP{t_T_t—&-At\T_t,Z z} (5)

Where,

7 = m-Dimensional vector of covariates;

h(t) = Hazard Function;

P = Conditional probability of failure;

t = Survived up to time;

T = random variable representing the survival time,
which is nothing but the time-to-event;

t = given a small time period and

(t + A) = Time interval

Thus, the hazard rate and survival function are closely
related by:

h(t) = 44 = —%log(s(1)), (©6)

Or, to put it the other way around
S(t) = ezp(f fot h(t)dt (7)

The integral in the expression above is known as the
cumulative hazard function.” The cumulative hazard
function can be expressed mathematically in different
ways depending on the specific survival model used.
Here are a few common expressions:

Non-parametric estimation (Kaplan-Meier method)
In nonparametric estimation, the cumulative hazard
function is estimated using the Kaplan-Meier method.
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The expression for the cumulative hazard function at
time t is given by the following:

H(t) = -log[S(1)] (8)

where S (t) is the estimated survival function,
representing the probability of surviving beyond time t.

Cox proportional hazard ratio

Cox regression A semi-parametric technique that is com-
monly used for survival data analysis that allows one to
simultaneously assess the association between multiple
covariates and survival, also termed Cox proportional
hazards model.® The researcher used STATA version14
software to extract and process the data in order to per-
form survival analysis. To find missing values, the extract-
ed data was subjected to a series of recording and cleaning
procedures, such as frequency analysis, listing, and sort-
ing. The Kaplan-Meier method, which is a nonparamet-
ric method to estimate survival probabilities over time,
can be employed to estimate the median time to first birth
and visualize the survival experience across different sub-
groups.*® Moreover, when comparisons of two or more
groups were made for survival experiences, the difference
in the Kaplan-Meier survival plot was tested by a loga-
rithmic rank test for its statistical significance. The loga-
rithmic ranking test tells whether the survival curves of
different groups differ significantly differ from each other.

Results

A total of 11,579 married women were interviewed in the
SHDS 2020 data. Most of respondents (95.41%) had their
first birth, while a small percentage (4.59%) had not yet
given birth yet. The majority of the respondents (64.56%)
of the total had their first birth between the ages of 15 and
24. Among these age groups, the highest number of first
births occurs at the age of 19 years, with 11.98% of re-
spondents falling into this category (Table 1).

Regarding the level of education, significant majori-
ty of respondents “uneducated” — meaning that they have
no formal education, are the first to give their first child
(84.37%), primary school is the next (11.89%), while
women who have reached higher education are the last to
give birth to their first child with only (0.79%). In terms
of residence, Nomadics are the first to give birth for the
first time, while rural residents are the next, and urban
residents are the last to get their first birth (Fig. 1, Fig. 2).

The different age groups revealed significantly lower
hazards for first births as the age increased. The risk levels
for women aged 20-24, 25-29, 30-34, 35-39, 40-44, and
45-49 were 0.5025168, 0.3491268, 0.2619968, 0.1797551,
0.1313247, and 0.0845131, respectively, (p<0.001). These
findings highlight the decreasing risk of first birth as
women age (Table 3). The estimates for the age group 25
29 years are far lower in both the adjusted and unadjust-

Table 1. Univariate analysis of Socio-demographic
distribution of the first birth among women of childbearing
age in Somalia, SDHS, 2020 (n=11,579)

Variables Categories Weighted Weighted percent
frequency (%)
Age of first birth 0 (have first birth) 11,047 95.41
1 (no birth) 532 459
Total 11,579 100
Age group 15-19 399 345
20-24 2,158 18.64
25-29 3,537 30.55
30-34 2,533 21.88
35-39 2,063 17.82
40-44 665 5.74
45-49 224 1.93
Total 11,579 100
Region Awdal 630 5.44
Wogooyi Galbeed 896 7.74
Togdheer 955 8.25
Sool 1,040 8.98
Sanaag 1,001 8.64
Bari 614 5.30
Nugaal 709 6.12
Mudug 717 6.19
Galgaduud 581 5.02
Hiraan 530 458
Middle Shabelle 559 483
Banadir 1,121 9.68
Bay 260 2.25
Bakool 736 6.36
Gedo 578 4.99
Lower Juba 652 5.63
Total 11,579 100
Type of place of Rural 3,130 27.03
residence
Urban 4742 40.95
Nomadic 3,707 32.01
Total 11,579 100
Highest educational No education 9,769 8437
level
Primary 1,377 11.89
Secondary 341 2.94
Higher 92 0.80
Total 11,579 100
Listeningradio At least once a week 772 6.67
Less than once a 283 244
week
Not at all 10,524 90.89
Total 11,579 100
Watching television At least once a week 931 8.04
Less than once a 274 237
week
Not at all 10,374 89.59
Total 11,579 100
Wealth quintile Lowest 2,796 2415
Second 2,440 21.07
Middle 2,207 19.06
Fourth 2,202 19.02
Highest 1,934 16.70
Total 11,579 100
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ed models than the reference group of 15- 19 years. This
is supported by the unadjusted risk ratio, which is 0.264
at a p<0.001 with a 95% CI of (0.235, 0.297); therefore, it
is approximately 73.6% lower. In the fully adjusted model,
the risk ratio increases slightly to 0.35, also with a p<0.001
and a 95% CI of (0.311, 0.393), which also represents a
hazard ratio of -65% relative to the reference group. It
shows that adjusting the HR from 0.264 to 0.35, after ac-
counting for other factors, the risk is still significantly
lower, but part of the reduction seen in the unadjusted
model may be due to the effects of other covariates that
have been introduced into the model.

The result shows that more than 70 % (> 8,243) of
Somali women marry under the age of 20 while the rest
marry over 20 year age (Table 2). Most of them report-
ed that the husband had attended school at 82.25%,
while 17.75% responded that their husband did not at-
tend any school. On employment, 45.66% of the respon-
dent husbands were employed in the last 12 months,
while 54.34% were not. However, only a small propor-
tion (0.92%) of the respondents themselves had worked
during that period. Otherwise, (1.91%) of the respon-
dents used contraceptive, while the majority (98.09%)
were nonusers Table 2.

Regarding regional differences, the study found sig-
nificant variations in the probability of survival of the first
birth. In particular, the hazard ratio increases Togdheer,
HR=1.123179, p=0.030; thus, this region is at a higher
risk of having the first birth than the reference category.
Correspondingly, Galgaduud with an HR of 1.140067 and
a p-value of 0.029, and Bay with an HR of 1.199272 and
a p-value of 0.018, also recorded higher hazards. On the
contrary, Woqooyi Galbeed did not show significant dif-
ference in survival probabilities (HR=0.972095, p=0.604)
compared to the reference category.

The influence of residence on first birth survival
probabilities was also examined. The urban residence
category did not demonstrate a significant differ-
ence (HR=0.9877183, p=0.629). However, the nomad-
ic residence category showed a higher hazard ratio
(HR=1.077211, p=0.004), suggesting an increased risk
compared to the reference category.

Table 2. Distribution of reproductive factors of married
female youths in Somalia, SDHS, 2020 (n=11,579)
Weighted Weighted

Variables Categories frequency percent (%)
Contraceptive use and intention Users 221 191
Non-users 11358 98.09
Age at first marriage Lessthan 20 years 8243 7119
20 and more 3336 28.81
Husband worked in last 12 months Yes 5287 45.66
No 6292 5434
Respondent worked in last 12 Yes 107 0.92
months No 11472 99.08

Table 3. Bivariate analysis of the sociodemographic
distribution of first birth among women of childbearing
age in Somalia, SDHS, 2020 (n=11,579)

Characteristics

Event observed Event expected Chisquare Df p

Age in 5-year groups
15-19
20-24
25-29
30-34
35-39
40-44
45-49

Total
Region
Awdal

Woqooyi Galbeed
Togdheer
Sool
Sanaag
Bari
Nugaal
Mudug
Galgaduud
Hiraan
Middle Shabelle
Banadir
Bay
Bakool
Gedo
Lower Juba
Total

Type of place of
residence

Rural
Urban
Nomadic
Total
Educational level
No education
Primary
Secondary
Higher
Total
Listening radio
At least once a week
Less than once a week
Not at all
Total
Watching television
At least once a week
Less than once a week
Not at all
Total
Wealth quintile
Lowest
Second
Middle
Fourth

329
2041
3344
24
2031

657

224

11047

587
835
921
979
961
596
682
709
561
509
523
1081
258
696
548
601
11047

301
4555
3481
11047

9319

1312
327
89

11047

700
262
10085
11047

872
255
9920
11047

2704
2325
2059
2120

85.660
997.420
2761.400
2553.120
2889.120
1199.640
560.640
11047.000

692.560
957.750
865.810
1000.380
889.760
550.360
629.890
757.400
470.880
628.700
500.620
1081.710
202.420
633.110
538.590
647.050
11047.000

3173.810
4693.430
3179.760
11047.000

9530.570
1099.140
285.070
132.220

11047.000

665.500
268.580
10112.910
11047.000

899.150
220.510
9927.340
11047.000

2813.100
2316.960
1916.740
2094.050

3592.39

150.17

51.25

82.85

2.52

7.70

21.86

6 <0.001

15 <0.001

2 <0.001

3 <0.001

2 02833

2 0.0213

4 0.0002
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Highest 1839 1906.140
Total 11047 11047.000
Contraic:t;;:\;ieol;se and 334 1 00677
Users 209 186.780
Non-users 10838 10860.220
Total 11047 11047.000
Smokes cigarettes 2.77 1 0.0959
Everyday 77 64.920
Not at all 10970 10982.080
Total 11047 11047.000
Age at first marriage 432716 1 <0.001
Less than 20 years 7753 4931.650
20 and more 3294 6115350
Total 11047 11047.000
Husbandsz\]/zgfttended 16.70 1 <0.00]
Yes 9086 9228.710
No 1961 1818.290
Total 11047 11047.000
HUSba?g "nvlzrnkt‘;]ds infast #51 1 <0001
Yes 5030 4799.370
No 6017 6247.630
Total 11047 11047.000
The respondent worked 73 1 00068

in last 12 months

Yes 105 82.880
No 10942 10964.120
Total 11047 11047.000
Discussion

The study identified key factors influencing the timing
of first births among Somali women. Most of respon-
dents (95.41%) had given birth, with the majority of first
births occurring between 15 and 24, and the highest
percentage (11.98%) at 19 years old. Educational attain-
ment, type of residence, and age significantly impacted
the timing of the first birth. Uneducated women had the
first births (84.37%), followed by primary school grad-
uates (11.89%), while higher educated women had the
latest (0.79%). Nomadic women had the highest risk of
early first births, followed by rural and urban residents.
The risk of first births decreased significantly as age in-
creased, with the adjusted risk ratio for the 25-29 age
group being 65% lower than the reference group. Fur-
thermore, significant regional variations were observed,
with the Togdheer, Galgaduud, and Bay regions show-
ing higher risks of first birth, while urban residence did
not show a significant effect. Most women (more than
70%) married before age 20, and contraceptive use was
minimal (1.91%). These findings underscore the influ-
ence of sociodemographic, regional, and behavioral fac-
tors on the timing of first birth in Somalia.

The proportional hazards model revealed that the
probability of first birth decreased significantly with in-
creasing age, as demonstrated by lower hazard ratios in
older age groups. Women in regions such as Togdheer,

Galgaduud and Bay were identified as having a higher
risk for early first births compared to others. Similar-
ly, contraceptive use was almost negligible (1.91%), re-
flecting further cultural and systemic barriers to family
planning in the population. The same result applies in
this research to a similar context in Uganda, Ethiopia
and Nigeria.®!>%

The median age at first birth among Somali Wom-
en is 18 years, so this study has reinforced the follow-
ing studies.>”"'*!* all these studies have been done in
Ethiopia, Sub-Saharan Africa Countries, On the other
hand, factors associated with delayed first birth includ-
ed higher education level and being within the richest
wealth index. This finding was in line with the findings
of Ethiopia Nigeria, Bangladesh and Iran.”*'%!3*! The re-
sults for the age group 25-29 years indicate a significant
reduction in hazard both in unadjusted and adjusted
models compared to the reference group of 15-19 years.
Unadjusted HR of 0.264, with a p<0.001 and a 95% CI of
0.235, 0.297, suggests approximately 73.6% lower risk.
After adjusting for other variables, this result is similar
to the studies in Ethiopia'? and Bangladesh.*

Women living in rural areas are more likely than ur-
ban individuals to have children at a younger age, and
early motherhood can be a desirable option in rural ar-
eas as an alternative to education, and the authors are
similar in the results to research carried out in Uganda,
Bangladesh and Ethiopia Respectively.>*!*

The authors found different from most studies con-
ducted in Africa as most of them classified regions by re-
ligion (Muslim, Christian, etc.), or Ethnic.>'%*' But this
research is based on a Muslim community (for all of the
regions of Somalia), and this is the reason behind the lack
of contraceptive, because around 2% use contraceptive
and 98% nonusers in the Somali community compared
to Ethiopia (35% contraceptive users), Iran (76% contra-
ceptive users) and Bangladesh (62% are contraceptive us-
ers) that have different religious approaches to Islam.'>>*
It leads to a decrease in its use, the Somali community’s
understanding of contraceptives is very low, and the lack
of community awareness in addition to that, the culture
of Somali society is very strict. Contraceptive use, age at
marriage and husband’s fertility desires show significant
effects, reflecting cultural and personal behavior impacts.

Regional disparities in maternal and neonatal health
risks are pronounced in areas such as Togdheer, Galgad-
uud, and Bay due to different socioeconomic and envi-
ronmental factors. Early marriages and pregnancies are
more prevalent in these regions, with many girls starting
to have children at ages 15-19, a group at increased risk
for pregnancy complications due to physical immaturity
and limited access to healthcare. Rural settings exacer-
bate these challenges with inadequate medical facilities
and emergency care, leading to increased rates of birth
complications and neonatal mortality.
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Table 4. Proportional hazard model on the determinants of time to first birth for the significant socioeconomic and

demographic covariates, SDHS-2020

Number of women n=11,579 Number of women n=11,579
Background characteristics
Unadjusted HR p 95% (I Adjusted HR p 959l
Age in 5-year group (ref:15-19)
20-24 0.492 <0.001 (0.438, 0554) 0.507 <0.001 (0.451,0.571)
25-29 0.264 <0.001 (0.235,0297) 0.35 <0.001 (0.311,0.393)
30-34 0.193 <0.001 (0.171,0.217) 0.26 <0.001 (0.23,0.293)
35-39 0.132 <0.001 (0.117,0.149) 0.178 <0.001 (0.157,0.201)
40-44 0.096 <0.001 (0.084,0.111) 0.13 <0.001 (0.113,0.15)
45-49 0.063 <0.001 (0.053,0.075) 0.084 <0.001 (0.07,0.1)
Region
Wogooyi Galbeed 1 0.583 (0.927,1.145) 1 0.452 (0.862, 1.068)
Togdheer 1.03 0 (1.135,1.396) 0.96 0.0750 (0.99,1.22)
Sool 1.259 0.005 (1.045,1.282) 11 0.517 (0.87,1.072)
Sanaag 1.157 <0.001 (1.153,1.416) 0.966 0.487 (0.935,1.152)
Bari 1.278 <0.001 (1.144,1.438) 1.038 0.101 (0.981,1.236)
Nugaal 1.283 <0.001 (1.148,1.432) 1.101 0.3450 (0.944,1.181)
Mudug 1.282 0.073 (0.991,1.233) 1.056 0.8740 (0.903,1.128)
Galgaduud 1.105 <0.001 (1.257,1.585) 1.009 0.0490 (1,1.265)
Hiraan 1.412 0.428 (0.846, 1.073) 1.125 <0.001 (0.681,0.869)
Middle Shabelle 195300 <0.001 (1.098,1.391) 0.7690 0.682 (0.91,1.155)
Banadir 1.236 0.001 (1.069, 1.307) 1.025 0.068 (0.993,1.226)
Bay 1.182 <0.001 (1.305,1.75) 1.103 0.027 (1.02,1.381)
Bakool 1.512 <0.001 (1.166, 1.453) 1.187 0.073 (0.99,1.237)
Gedo 1302 0.002 (1.071,1.352) 1.107 0.42 (0.932,1.183)
Lower Juba 1.203 0.1M (0.979,1.229) 1.05 0.681 (0.869, 1.096)
Type of place of residence 1.097 0.976
Urban 1 0.333 (0.977,1.071) 1 0.829 (0.946, 1.046)
Nomadic 1.023 <0.001 (1.099,1.212) 0.994 0.002 (1.031,1.142)
Frequency of listening radio 1.154 1.085
Less than once a week 1 0.298 (0.805, 1.069) 1 0.2 (0.78,1.054)
Not atall 0.927 0.173 (0.878,1.024) 0.906 0.733 (0.908, 1.07)
Frequency of watching television 0.948 0.986
Less than once a week 1 0.013 (1.037,1.371) 1 0.264 (0.938,1.261)
Not atall 1.193 0.397 (0.961,1.104) 1.088 0.594 (0.94,1.115)
Wealth quintile 1.030 1.024
Second 1 0.128 (0.988,1.104) 1 0.249 (0.912,1.024)
Middle 1.044 0.000 (1.055,1.184) 0.966 0.386 (0.914,1.035)
Fourth 1.18 0.073 (0.995,1.115) 0.973 0.012 (0.867,0.982)
Highest 1.053 0.901 (0.946, 1.065) 0.923 0.064 (0.866, 1.004)
Contraceptive use and intention 1.004 0.932
Non-users 1 0.101 (0.778,1.023) 1 0.098 (0.771,1.022)
Age at first marriage 0.892 0.888
20 and More 1 0.000 (0.262,0.287) 1 <0.001 (0.288,0.316)
Husbands desire 0.274 0.302
More children 1 0.119 (0.988, 1.106) 1 0.008 (1.021, 1.146)
Fewer children 1.046 0.795 (0.845,1.246) 1.082 0.023 (0.651,0.968)
Don’t know 1.026 0.169 (0.987,1.074) 0.794 <0.001 (1.056,1.152)
Husband/partner work 1.030 1.103
No 1 0.000 (0.884,0.953) 1 0.152 (0.929,1.011)
Respondent worked 1 1
No 0.78765 0.015 (0.649,0.954) 0.85 0.101 (0.699,1.032)
Highest educational 1 . 1
Primary 123 0.000 (1.154,1.296) 0.995 0.872 (0.935,1.059)
Secondary 1.174 0.004 (1.052,1.311) 0.894 0.062 (0.794,1.006)
Higher 0.687 0.000 (0.557,0.846) 0.54 <0.001 (0.435,0.67)
Mean dependent var 19.802 SD dependent var 372
Pseudo r-squared 0.030 Number of obs 11579
Chi-square 5582.964 Prob > chi2 0.000
Akaike crit. (AIC) 180563.538 Bayesian crit. (BIC) 180865.173
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Fig. 1. Kaplan-Meier survival curves of timing at first birth by the characteristics of the selected respondents

This paper is the first from the SHDS to explore time
to first birth among childbearing age women in Somalia,
adding significant strengths to its contribution. Howev-
er, due to security concerns, all strata in the Lower She-
belle and Middle Juba regions, along with the rural and
nomadic segments in the Bay region, were omitted from
the survey, which is the limitation of the paper.

When addressing the limitations of the Cox propor-
tional hazards model in survival analysis, researchers
have several alternative statistical methods and mod-
els at their disposal. Parametric Survival Models Ac-
celerated Failure Time (AFT) Model, Bayesian Survival
Analysis. These methodologies expand the analytical ca-

pabilities of researchers, allowing for more tailored and
insightful survival analyses.

Conclusion
The paper explores 71.19% of the respondents who got
married before the age of 20, while 28.81% did married
after the age of 20 years. Survival analysis revealed that
the place of residence, region, and age at the first mar-
riage, respondent’s education; employment status and
the wealth quartile were statistically significant deter-
minants of the waiting time to first birth.

This significant reduction in risk for women aged
25-29 years is statistically robust, suggesting a majority
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Fig. 2. Kaplan-Meier survival curves of timing at first birth by the characteristics of the selected respondents

protective effect that could be attributed to factors such
as increased maturity, lifestyle changes, or other demo-
graphic characteristics prevalent in this age group. These
findings are very important and could inform targeted in-
terventions or further investigations of protective factors
among this age group. I recommend setting this age as
the lowest age of marriage in Somali society, so that you
can find women who are highly educated, fully aware of
the responsibilities of motherhood, and experienced in
household and childbirth responsibilities.

For the Bay and Bakool, the survival analysis con-
sistently reveals consistently higher risks, even after ad-
justments for other variables. Bay has a significantly

higher unadjusted HR of 1.182 with statistically signifi-
cant (p=0), and the risk remains significant with an ad-
justed HR of 1.103 and a (p=0.027). Similarly, Bakool
shows the highest unadjusted HR of 1.512, also signifi-
cant with a (p<0.001), which decreases slightly to an ad-
justed HR of 1.187 with a (p=0.073), yet remains elevated.
These previous findings suggest that both regions still
face higher risks than the reference region, highlighting
the need for targeted health interventions and further re-
search into the factors that drive these disparities.
According to the United Nations report on trends
in Maternal Mortality (2000-2020), Somalia faces crit-
ical challenges, with one of the highest maternal mor-
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tality ratios globally — 621 maternal deaths per 100,000
live births — accompanied by poor newborn outcomes,
including 36 newborn deaths per 1,000 live births and
28 stillbirths per 1,000 births.*® These alarming statis-
tics underscore the urgency of addressing maternal and
newborn health. In particular, the median age at first
birth among Somali women is 18 years. Our study high-
lights that older maternal age correlates with signifi-
cantly lower risks associated with first births. Combined
with enhanced health interventions, this finding under-
scores the potential to improve maternal and newborn
health outcomes in Somalia, directly contributing to the
achievement of the Sustainable Development Goal 3.

This study underscores the prevalence of early child-
birth among Somali women, with education and residen-
tial status emerging as significant determinants. Women
without formal education and those living in nomadic
settings are at increased risk of early first births. The find-
ings also highlight considerable regional disparities, with
specific regions exhibiting increased risks. Policymakers
should prioritize interventions aimed at education and
access to reproductive health services to delay first births,
particularly in high-risk regions and among marginalized
populations. Future research should adopt longitudinal
designs and incorporate broader sociocultural factors to
better understand and address the determinants of early
childbearing in Somalia.

The authors advise that promoting education, es-
pecially completion of education up to the universi-
ty level, not only delays the age at first birth, but also
equips women with knowledge and resources to make
informed decisions, ultimately improving maternal and
child health outcomes. This study contributes to factors
that influence the probability the understanding of sur-
vival of the first birth survival probabilities. The findings
emphasize the importance of considering age, region,
and residence when addressing maternal and child
health outcomes. Policy makers and healthcare profes-
sionals should tailor interventions to target vulnerable
age groups and regions with higher risks.
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ABSTRACT

Introduction and aim. Liver fibrosis, a progressive disorder marked by the surplus buildup of extracellular matrix proteins, fre-
quently results from long-term ethanol intake. Our aim of study is to investigate how naringenin’s antifibrotic properties impact
ethanol induced liver fibrosis in rats.

Material and methods. Rats were divided into four groups: groups 1 and 2 received carboxymethylcellulose (CMC) containing
0.5% glucose, while groups 3 and 4 received 20% ethanol (6 g/kg of body weight) over a 60-day period. In the last 30 days, na-
ringenin (50 mg/kg) was administered each day to groups 2 and 4.

Results. Rats treated with ethanol exhibited liver damage and fibrosis, leading to elevated serum concentrations of aspar-
tate and alanine transaminases. Expression levels of matrix metalloproteinases (MMPs), tissue inhibitors of metalloproteinases
(TIMPs), alpha-smooth muscle actin (a-SMA) and related proteins were compared with the control group.

Conclusion. Ethanol-fed rats showed an increase in serum matrix metalloproteinases, TIMPs, a-SMA, transaminases, and other
proteins compared to the control group. The administration of ethanol led to liver damage and fibrosis. During the final 30 days
of the trial, the inclusion of naringenin in the diets of rats notably reduced the levels of a-SMA, MMP2, MMP9, TIMP1, along with
serum levels of aspartate and alanine transaminase levels and significant differences were observed compared to control group.

Keywords. ethanol, fibrogenic factors, histopathology, liver damage, naringenin

Introduction

The WHO estimates two billion alcohol consumers
worldwide, with 76.3 million having alcohol use dis-
orders, leading to significant disease burden and mor-
tality.»* A percentage of heavy drinkers develop liver
cirrhosis, making excessive use of ethanol an avoidable
cause of illness. Alcoholics and heavy drinkers are more
likely to develop cirrhosis.* Worldwide, excessive alco-
hol use causes cirrhosis, liver fibrosis, liver injury, fat ac-

cumulation, cell death, and decreased liver cell renewal,
among other sociomedical and public health problems.
The importance of prevention and treatment in public
health is growing.*® In this cycle, cells change into my-
ofibroblasts, the matrix expands, fat, inflammation, fi-
brosis to permanent harm, and collagen types I and III
in ECM(extracellular matrix), build up due to changes
in the assembly or breakdown, resulting in 4,000 deaths
annually in the UK, with two-thirds occurring before
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the age of 65.71° Matrix metalloproteinases (MMPs) are
proteases influencing various processes. in tissue re-
modeling and the breakdown of excess collagen. 17 of
the more than 60 MMPs that have been sequenced are
human MMPs. Growth factors, hormones, interactions
between cells and the cell matrix, and inflammatory cy-
tokines all alter their activity through transcription.'"'?

Endopeptidases known as matrixins degrade ex-
tracellular matrix (ECM) proteins such as collagen and
fibronectin, which are crucial for tissue remodeling, em-
bryonic growth, and repair.”® Their expression is regulat-
ed by growth factors, hormones, inflammatory cytokines,
and interactions among cells within a matrix. In verte-
brates, four TIMPs (TIMP 1-4) have been discovered;
their functions in liver diseases are still not well under-
stood and they are overproduced in liver fibrosis. TGF-f1
is a key factor in the progression and development.'**'
Naringenin, a flavanone in citrus fruits, is used in tradi-
tional Chinese medicine and shows various health bene-
fits, including anti-inflammatory and anticancer effects,
with adults consuming approximately 68 g daily.*

OH

HO o _

OH o

Fig. 1. Naringenin structure

Aim
The study investigates the effects of naringenin’s impact
on liver fibrosis from ethanol in rats.

Material and methods

Chemicals and reagents

Naringenin was sourced from Sigma, ethanol from
E.LD Parry, and antibodies for MMP and TIMPs from
Santa Cruz.

Animals

Adult male albino Wistar rats (150-170 g) were ob-
tained from Annamalai University and kept in regulat-
ed conditions featuring a 12-hour light/dark cycle, 50%
humidity, and a temperature of 28°C, with the experi-
mental protocols sanctioned by the Institutional Animal
Ethics Committee (Reg. No. 160/1999/CPCSEA/557).

Study design

The study categorized the animals into four groups, each
with eight rats on a standard pellet diet. Groups 1 and
2 received isocaloric glucose, while groups 3 and 4 re-

ceived 20% ethanol for 60 days. Subsequently, group II
received naringenin with CMC, and group IV received
ethanol alongside naringenin (50 mg/kg/day), based on
a previously published study, ensuring similar dietary
conditions for groups 1 and 3. Since ethanol-induced
liver fibrosis is prevalent in India, ethanol induction
is used instead of CCl4 and bile duct ligation. The en-
tire experiment lasted for sixty days. Fig. 2 shows the
study design. Retroorbital punctures were used to ob-
tain blood samples.

Animals received 30 mg / kg of ketamine intramus-
cularly, starved overnight, and blood samples were cen-
trifuged in heparinized tubes to separate plasma.

Days

0 10 20 30 40 50 60

Group | |

o | B

o | L EEETT

|:| Isocaloric glucose from a 40% glucose solution

[ﬂ Naringenin (50 mg/kg body weight in 0.5% CMC,
I:’ Ethanol (6 g/kg body weight p.o.) every day

Fig. 2. Study design

Quantitative real-time PCR

Total RNA was obtained from tissues using the QIA-
GEN Total RNA Kit, and subsequently, DNase treat-
ment was performed to eliminate genomic DNA.
Reverse transcription utilized 200 units of Superscript
reverse transcriptase, 2 ug RNA, and 0.25 pug random
hexamer, incubated at 25°C and 50°C. Real-time PCR
employed 3 pL cDNA with SYBR Green Master Mix and
specific primase.

PCR primer design
S.No.  Symbol
1 Alpha-SMA

Forward primer
CAGTTCTTTGGCCACACTCA

Reverse primer
(CAGGATTAAGGCCGATGTA

Western blot analysis

Liver proteins were isolated using SDS-PAGE, followed
by coating a PVDF membrane with the proteins. The
membranes were immersed in 5% non-fat dry milk in
TBS for one hour at room temperature prior to the ad-
dition of primary antibodies: MMP-9, TIMP-1, and
MMP-2. Incubation overnight with Santa Cruz Bio-
technology antibodies (1:1000 dilution) was carried out
at 4°C, and secondary antibodies (1:5000 dilution) were
added after three to five washes.
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Liver histopathology and sirus red staining

After sacrifice, the liver is extracted and preserved in
10% formal saline for 48 hours for histological analy-
sis. Subsequently, it was dehydrated with ethanol and
water, cleaned utilizing xylene, and encased in paraffin.
Sections, cut to a thickness of 5-6 pm, are stained with
hematoxylin and eosin, mounted in neutral DPX, and
analyzed microscopically.

Masson trichrome staining method for collagen

Liver slices were stained for collagen using Masson’s
trichrome, a method from 1929. Acid fuchsin, phos-
phomolybdic acid, glacial acetic acid, potassium dichro-
mate, concentrated HCI, and quick green were among
the reagents. The materials were dehydrated with eth-
anol after being absorbed in trays with distilled water,
ethanol, and xylene. The slides were mounted in a resin-
ous substance after cleaning with xylene.

Statistical analysis
Results presented as mean+SD for eight rats; signifi-
cance p<0.05 (SPSS software, IBM, Armonk, NY, USA).

Log fold change Vs

1
Groups

OControl @ Control+Naringenin @ Ethanol & Ethanol+Naringenin

Fig. 3. Effect of narigenin and ethanol on alpha-SMA in rat
livers

¥ 2 3 4 A

Lanes

72kDa —b -- - . MMP2

210 — g s T e o

2KkDa —s -- - S e

BlDa — - - - S A

L1 - control, L2 — naringenin treated group, L3 — ethanol treated group, L4 — ethanol+naringenin treated
groups

Fig. 4A. Effect of narigenin and ethanol on MMP-2, MMP-9,
and TIMP-1 in the liver of control and experimental rats

Results

Hepatic fibrosis, an early pathological condition of cirrho-
sis, is caused by significant liver damage in several chron-
ic liver illnesses. Cirrhosis is recognized to contribute to
several types of liver cancer. Numerous experimental an-
imal groups participated in immunoblot investigations of
MMP-2 and MMP-9 (Figs. 3, 4A and 4B).

The results showed that rats given ethanol (group 3)
had higher blood levels than rats in the control group
(group 1). The combined administration of ethanol and
naringenin resulted in a considerable reduction in the
expression of MMP-2 and MMP-9. Western blot anal-
ysis was used to look at TIMP-1 in a number of exper-
imental animal groups. TIMP-1 levels improved in rats
compared to control rats.

[SIEN I N}

Normalized intensities to beta-actin

o N A O ®

MMP2 MMP9 TIMP-1

‘ a Control @ Control+Naringenin @Ethanol @ Ethanol+Naringenin ‘

Fig. 4B. Naringenin and ethanol influence liver enzymes
MMP-2, MMP-9

When ethanol and naringenin were combined,
TIMP-1 expression somewhat decreased. The accumu-
lation of normal chemicals in the extracellular matrix
causes fibrosis. In order to provide a framework and
maintain the regular operation of different liver cells,
the liver extracellular matrix (ECM) provides structural
support. Numerous biological functions depend on the
regulation of collagen and ECM stability, which is strict-
ly regulated by endogenous inhibitors (TIMPs). Sever-
al disorders arise as a result of dysregulation of MMP
activity.” Additionally, it interacts with other molecules
to carry out unrelated MMP processes, which are well
documented in the invasion, migration, and develop-
ment of cancer. Recent data clearly indicate that CD147
is important in PF, induces MMP, and transforms fibro-
blasts into myofibroblasts. In a number of fibrotic dis-
eases, TIMPs and MMPs are essential.”’*® The primary
constituents of ECM29 can be broken down by gelati-
nase, which is made up of gelatinase A (MMP-2) and
B (MMP-9). TIMP-1 is a naturally occurring tissue in-
hibitor of gelatinases that can prevent them from per-
forming their gelatinolytic work.*® We discovered that
the livers of rats given ethanol expressed more MMP.

Alcohol consumption increases MMP activity by
two mechanisms: ethanol oxidation through CYP2E1
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produces reactive oxygen species that activate MMPs,
and liver injury leads to cytokine release, further en-
hancing MMP activation and correlating with increased
liver fibrosis. MMP-13 levels are elevated in various
cancers, contributing to tumor progression and me-
tastasis by cleaving collagens I, II, IIT and other ECM
components. In addition to causing ECM remodeling,
its action frequently results in the release of several an-
giogenetic and sequestered growth factors that promote
the development, invasion, and angiogenesis of tumor
cells.”> Corresponding to activated stellate cells there af-
ter serving as a significant source of TGF-p, the prima-
ry mediator of MMPs during liver damage.*® According
to the above process, increased ROS generation of ROS
and/or ECM in the group that received alcohol may be
what caused the increased expression of MMPs. Narin-
genin may reduce MMPs and fibrosis by lowering the
inflammatory response linked to alcohol-mediated liver
injury due to its anti-inflammatory properties.

Normal control rat liver: H&E, 20X Naringenin treated rat liver: H&E, 20X

.-

Ethanol treated rat liver: H&E, 20X

.

Fig. 5. Histopathological changes in the liver after ethanol
administration

Ethanol + naringenin treated rat liver: H&E, 20X

The data reported above suggest that naringenin
inhibited the formation of hydroxyproline and the se-
cretion of MMP by regulating HSC activity. This would
help preserve the tissue’s structural integrity by bringing
MMP expression down to nearly normal. Figure 5 dis-
plays the liver’s histological alterations. Hepatocytes in
the liver of control rats were normal (Fig 5A).

Liver samples from rats given ethanol showed si-
nusoidal enlargement, ortal inflammation, and steato-
sis with micro- and macrovesicular alterations (Fig. 5C).
The liver treated with ethanol and naringenin (Fig. 5D)
exhibited normal histological characteristics with re-
duced and smaller fatty cysts. Rats treated with narin-
genin exhibited normal hepatocytes (Fig. 5B). These
results aligned with our biochemical and cellular discov-

ery that naringenin supplementation protects against
ethanol-induced liver damage (Fig. 6). Serial sections
were stained with Sirius red to visualize collagen. The
liver of control rats did not show histological alter-
ation (Fig. 6A). The livers of rats fed ethanol showed
high collagen levels and clusters of collagen fibers sur-
rounding the lobes. The central vein and the portal triad
show a notable accumulation of collagen (Fig. 6C). Liv-
er treated with ethanol and naringenin (shown in Fig.
6D) exhibited lower levels of collagen, reduced collagen
deposition around the portal triad and central vein, a
reduction in collagen fiber bundles, and decreased liv-
er fibrosis scores. No alterations were observed in the
histology of rats administered naringenin. These find-
ings are consistent with the biochemical and cellular ev-
idence that indicates that naringenin supplementation
protects against ethanol-induced liver damage.

Naringenin treated rat liver: H&E, 20X

Normal control rat liver: H&E, 20X

Fig. 6. Staining of collagen

A- Normal control rat liver (40X) B: Naringenin treated rat liver (40X)

AV

Fig. 7. Trichrome staining for collagen
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Figure 7A shows the liver of the control rat, utiliz-
ing trichrome staining (red for collagen fibers), exhibits
minimal collagen accumulation in the portal triad and
central vein. Figure 7B presents rats exhibit collagen
buildup and fatty changes in hepatocytes, while Figure
7C shows the livers show slight collagen accumulation
around the veins, while hepatocytes remain within nor-
mal range after treatment.

Discussion

In our investigation, we observed elevated collagen lev-
els and SMA expression in the livers of rats ingested
ethanol. Liver disease injury caused by obstruction of
the bile ducts has been associated with elevated levels
of liver collagen.’>* In this context, it was shown that
SMA-positive immunological cells are located primar-
ily located in the portal ducts and fibrous septa align
with collagen circulation.” Furthermore, SMA expres-
sion has been reported that SMA expression rises in the
livers of rats fed ethanol, along with increased colla-
gen levels in these livers. Elevated levels of collagen and
SMA expression could be attributed to a higher count of
SMA-positive cells in the liver. Furthermore, injured he-
patocytes serve as significant sources of reactive oxygen
intermediates, which are recognized for their ability to
induce paracrine activation of stellate cells.***

In rats fed ethanol, naringenin supplementation
markedly decreased the expression of collagen and SMA
in liver. This could be due to reduced collagen levels,
decreased oxidative stress, and suppressed HSC acti-
vation. Furthermore, rats treated with naringenin were
found to exhibit reduced SMA expression levels in their
livers.***> The amount of naringenin used in this study
could not reach the levels suggested for human treat-
ment. Furthermore, the length of the study was inade-
quate to observe the full range of effects and long-term
outcomes of naringenin treatment. Injection of ethanol
can influence the level of liver fibrosis in the rat model.
Variations in ethanol-induced fibrosis could influence
the relevance of the findings. Not all aspects of a healthy
liver might be reflected in the specific biomarkers and
endpoints used to assess hepatic fibrosis and the effica-
cy of treatment. More studies will be conducted to de-
termine the pharmacokinetic properties of naringenin.

Conclusion

The study suggests that naringenin positively impacts
alcoholic liver fibrosis by regulating MMPs, TIMPs,
and SMA, preventing ethanol-induced toxicity. Narin-
genin may improve liver histology and reduce fibrosis
markers, potential therapeutic agent for liver fibrosis
treatment. This study is limited by the inherent con-
straints of animal models, dosage parameters, and the
need to further explore the safety profile and underly-
ing mechanisms to establish naringenin’s efficacy and

safety of naringenin in human liver fibrosis. Additional
research is needed, including clinical trials and studies
addressing long-term effects and optimal therapeutic
conditions.
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ABSTRACT

Introduction and aim. Gestational diabetes mellitus (GDM) is a prevalent metabolic disorder in pregnancy associated with
significant maternal and fetal complications. Chronic low-grade inflammation is increasingly recognized as a key contributor
to GDM pathophysiology, with interleukin 6 (IL-6) emerging as an important mediator of insulin resistance. The aim was to in-
vestigate the relationship between IL-6 levels and metabolic parameters in pregnant women with and without GDM, and to
evaluate the diagnostic performance of IL-6 for distinguishing GDM.

Material and methods. A total of 45 pregnant women with GDM and 45 normoglycemic controls between 24 and 28 weeks of
gestation were enrolled. Clinical data age, body mass index (BMI), gestational age, fasting insulin, oral glucose tolerance test
(OGTT), and lipid profile were assessed. IL-6 was quantified by high-sensitivity enzyme-linked immunosorbent assay. Correla-
tion analysis, multiple linear regression, and receiver operating characteristic (ROC) curve analysis were performed using SPSS.
Results. Women with GDM exhibited significantly higher IL-6 levels (25.35+11.76 ng/L) than controls (11.02+£3.59 ng/L,
p<0.001). IL-6 showed strong positive correlations with fasting insulin (r=0.900, p<0.001) and OGTT (r=0.684, p<0.001). Mul-
tiple regression indicated that gestational age, BMI, and total cholesterol were significant predictors of IL-6 in GDM (p<0.05).
ROC analysis revealed an area under the curve of 0.923 (p<0.001) for IL-6, with a sensitivity of 88.9% and specificity of 78.3% at
the cutoff of 13.243 ng/L.

Conclusion. Elevated IL-6 is strongly associated with insulin resistance and dyslipidemia in GDM, suggesting a potential role
as an inflammatory biomarker for early risk stratification. Incorporating IL-6 measurement into GDM screening protocols may
enhance diagnostic accuracy and facilitate timely interventions to improve pregnancy outcomes.

Keywords. gestational diabetes mellitus, insulin resistance, interleukin-6, maternal inflammation, metabolic dysregulation,
pregnancy complications

Introduction
Gestational diabetes mellitus (GDM) is a common met-

and fetal health, including increased risk of hyperten-
sive disorders, cesarean delivery, macrosomia, and fu-

abolic disorder characterized by glucose intolerance that
first arises during pregnancy, with a global prevalence
ranging from 5% to 20% depending on diagnostic cri-
teria and population characteristics.! It has significant
short- and long-term implications for both maternal

ture development of type 2 diabetes.?

A growing body of evidence indicates that inflam-
mation plays a pivotal role in GDM, linking excess
adiposity, insulin resistance, and placental hormon-
al changes to a pro-inflammatory state.> Among the
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various inflammatory mediators implicated in meta-
bolic dysfunction, interleukin 6 (IL-6) has gained con-
siderable attention for its multifaceted role in glucose
homeostasis and insulin signaling.*IL-6 is primarily se-
creted by adipose tissue and the placenta in pregnan-
cy, though it can also be produced by immune cells and
skeletal muscle in response to stressors such as infection
or hypoxia.® Elevated IL-6 concentrations have been
observed consistently in pregnant women with GDM
compared to those with normal glucose tolerance, sup-
porting the hypothesis that chronic low-grade inflam-
mation contributes to the development and progression
of gestational dysglycemia.®

Mechanistically, IL-6 modulates insulin signaling
through several pathways. Experimental models sug-
gest that IL-6 can induce serine phosphorylation of
insulin receptor substrate-1 (IRS-1), thereby impair-
ing downstream insulin signaling and promoting in-
sulin resistance.® In addition, IL-6 appears to regulate
hepatic gluconeogenesis by influencing key enzymes,
including phosphoenolpyruvate carboxykinase and glu-
cose-6-phosphatase, leading to increased endogenous
glucose production.” During pregnancy, the placenta it-
self can be an abundant source of IL-6, and circulating
levels tend to rise as gestation advances, further chal-
lenging maternal glucose homeostasis.®

Several clinical investigations have demonstrated a
strong correlation between IL-6 and impaired glucose
tolerance in pregnant populations. Nonetheless, most
of these studies have focused solely on establishing this
association, with limited exploration into the diagnos-
tic utility of IL-6. In our study, we not only confirm the
link between elevated IL-6 and GDM but also propose
a specific cutoff value of 213.243 ng/L based on receiv-
er operating characteristic (ROC) curve analysis. This
threshold, which exhibits a sensitivity of 88.9% and a
specificity of 78.3%, offers a valuable clinical tool for
distinguishing GDM from normoglycemic pregnan-
cies. By defining this diagnostic parameter, our work
advances current understanding and holds promise for
enhancing early screening strategies and guiding time-
ly interventions in gestational diabetes management.
Despite mounting evidence of IL-6 pathogenic signifi-
cance, there is still a need to elucidate its precise rela-
tionship with classical metabolic and lipid parameters
in pregnancy. Clarifying the interplay between IL-6, in-
sulin resistance, and dyslipidemia may illuminate novel
diagnostic or therapeutic avenues. Early identification
of elevated IL-6 could help pinpoint those at the highest
risk for GDM and enable timely interventions such as
lifestyle modifications or pharmacotherapy.® Addition-
ally, further exploration of IL-6 potential as a predic-
tive biomarker may guide individualized management,
ultimately improving maternal and neonatal outcomes.

Aim

Against this backdrop, the present study was designed to
examine IL-6 levels in pregnant women with and without
GDM, with particular emphasis on its correlation with
insulin resistance indices and lipid abnormalities. Our in-
vestigation integrates both cross-sectional measurements
and regression analyses to delineate factors influencing
IL-6 in GDM, alongside a ROC curve assessment to de-
termine the diagnostic accuracy of IL-6. By focusing on
the multifaceted role of IL-6, we aim to contribute novel
insights into the inflammatory underpinnings of GDM
and to explore the potential clinical utility of this cyto-
kine in enhancing early screening and risk stratification.

Material and methods

Study design and ethical approval

This study was conducted between September 10, 2024,
and February 10, 2025, at Al-Najaf Al-Ashraf Teaching
Hospital and Al-Hakim General Hospital in Najaf City,
Iraq. The study protocol was reviewed and approved by
the Institutional Review Board of the Najaf Health Di-
rectorate, Training and Human Development Center
(Approval No. 33652), ensuring compliance with the
ethical principles outlined in the Declaration of Helsin-
ki.? Informed consent was obtained from all participants
prior to enrollment in the study.

Study population and diagnostic criteria

Pregnant women between 13 and 27 weeks of gestation
were screened. Those meeting the standard diagnostic
criteria for GDM, based on the International Associa-
tion of the Diabetes and Pregnancy Study Groups (IAD-
PSG) 75 g oral glucose tolerance test (OGTT) thresholds
(fasting plasma glucose 292 mg/dL, 1 h >180 mg/dL, or
2h =153 mg/dL)", were enrolled as cases (GDM group).
Pregnant women within the same gestational age range
but without GDM served as controls. Exclusion crite-
ria included known diabetes prior to pregnancy, hy-
pertension, preeclampsia, multiple gestation, chronic
inflammatory conditions, and use of corticosteroids
or immunosuppressive therapy. A total of 45 pregnant
women with GDM and 45 normoglycemic pregnant
women were included in the final analysis. The sample
size was determined using the formula for comparing
two means. Based on an anticipated difference in IL-6
levels of 14.33 ng/L, a standard deviation of 8.7 ng/L, an
alpha level of 0.05, and a power of 80%, the calculated
minimum sample size per group was 6. To account for
potential dropouts and to ensure adequate power, a total
of 90 participants were recruited.'!

Anthropometric and clinical assessment

Comprehensive anthropometric and clinical assess-
ments were performed for all participants at the time
of enrollment, which was between 13 and 27 weeks of
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gestation. Maternal age, gestational age, and body mass
index (BMI) were recorded and participants were cat-
egorized based on the World Health Organization
(WHO) classification.'” BMI was calculated using the
formula: BMI=weight (kg)/height (m?), with body
weight and height measured using a calibrated stadiom-
eter and digital weighing scale. It is important to note
that these BMI values reflect maternal adiposity during
the second trimester of pregnancy, rather than preges-
tational BML

Blood sample collection

Venous blood samples (5 mL) were collected from
each participant at a single time point between 09:00
and 10:00 a.m. following a standardized 12-hour fast-
ing period. Participants were enrolled at various stag-
es of pregnancy, and the gestational age at the time of
blood collection was recorded. For the purpose of anal-
ysis, participants were grouped according to their ges-
tational age into the following categories: 13-16 weeks,
17-20 weeks, and 221 weeks. This approach enabled a
cross-sectional analysis of IL-6 levels at different stages
of gestation. Serum was separated by centrifugation at
3,000 rpm for 5 minutes at 4°C, aliquoted, and stored at
-20°C until further processing.

Biochemical and biomarker analysis

OGTT

The 75 g OGTT was administered following IADPSG
guidelines. Fasting, 1-hour, and 2-hour plasma glu-
cose concentrations were measured using the Mindray
Chemistry Analyzer (Shenzhen Mindray Bio-medical
Electronics, China), providing precise and reproducible
glucose measurements. Fasting plasma glucose (FPG)
was measured as part of the 75 g OGTT protocol. To
assess insulin resistance, the homeostatic model assess-
ment of insulin resistance (HOMA-IR) was calculated
for each participant using the formula:

HOMA-IR fasting insulin (mIU/L)/FPG (mmol/L)/22.5
For calculations, FPG values measured in mg/dL were
converted to mmol/L by dividing by 18.

Glycated hemoglobin (HbA1c) measurement

HbA1c levels were quantified using a high-performance
liquid chromatography (HPLC) method (Tosoh G8 Au-
tomated HPLC Analyzer, Tosoh Bioscience, USA), with
results expressed as percentages (%), reflecting the aver-
age blood glucose levels over the preceding 2-3 months.

Lipid profile assessment

Serum lipid profile, including total cholesterol, tri-
glycerides, HDL-C, and LDL-C, was evaluated using
enzymatic colorimetric methods (Clinichem, Hungary)
with the Biolis30i analyzer. Assays were calibrated daily,
ensuring adherence to quality control protocols.

Fasting serum insulin

Insulin concentrations were measured through a highly
sensitive sandwich enzyme-linked immunosorbent as-
say (ELISA) (BT Lab, China; Cat. No. E0010Hu). This
method employed specific monoclonal antibodies for
precise detection of serum insulin levels, with optical
density measured at 450 nm using a Paramedical mi-
croplate reader (Italy).

IL-6

Serum IL-6 levels were determined using a Human IL-6
ELISA Kit (BT Lab, China; Cat. No. EO090Hu). The as-
say utilized a sandwich ELISA technique, incorporating
wells pre-coated with anti-IL-6 antibodies. The colori-
metric detection involved biotinylated antibodies and
Streptavidin-HRP, with optical density measured at 450
nm. The assay featured a sensitivity of 1.03 ng/L and a
detection range of 2-600 ng/L, providing robust data on
the inflammatory status of participants.

Statistical analysis
All statistical analyses were conducted using SPSS soft-
ware version 28 (IBM, Armonk, NY, USA). Prior to
performing regression analyses, we assessed the as-
sumptions of linear regression, including linearity, nor-
mality of residuals, homoscedasticity, and independence
of observations. Scatter plots and normal probability
plots were utilized to evaluate these assumptions, while
the Durbin-Watson statistic was employed to assess the
independence of residuals. When necessary, data trans-
formations were applied to meet these assumptions.
Furthermore, potential confounders such as mater-
nal age, BMI, and gestational age were included in the
regression models as covariates to isolate the indepen-
dent effect of IL-6 on metabolic parameters. Multicol-
linearity among predictors was examined by calculating
the variance inflation factor (VIF), ensuring that all VIF
values remained below 5, which supports the reliabili-
ty of our estimates. These steps helped ensure that our

statistical models were robust and that our findings are
both valid and reliable.”

Results

In Table 1, no statistically significant differences were
observed in maternal age (p=0.485) or gestational age
(p=0.510) between the GDM and control groups. How-
ever, participants with GDM exhibited significant-
ly higher BMI (p=0.0001), triglyceride (p=0.0001),
and total cholesterol levels (p=0.030). Differences in
HDL (p=0.064) and LDL (p=0.297) did not reach sta-
tistical significance. Although the HbAlc values did
not differ significantly (p=0.153), the GDM group dis-
played markedly elevated fasting insulin (p=0.0001) and
OGTT (p=0.0001) values, indicating pronounced glu-
cose intolerance. Furthermore, GDM was associated
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with a heightened inflammatory profile, as evidenced crucial role of inflammation in exacerbating insulin re-
by significantly elevated IL-6 (p=0.0001). sistance during pregnancy.
Table 1. Comparison of clinical and biochemical 30-
parameters between GDM and non-GDM pregnant women p<0.001**
Pregnancy women
Variables Mean:xD p
GDM (HG) Controls (NG)
n=45 n=45
Age (years) 26.18+4.99 25.52+3.88 0.485 5
BMI (kg/m?) 29.36+3.3 26.2+3.11 0.0001 %,
Gestational age (weeks) 19.02+4.14 18.46+4.03 0.510 f
TG (mg/dL) 176.8+46.57  130.55+18.44 0.0001 =
Chol (mg/dL) 224.69+42.78  204.99+42.29 0.030 §
HDL (mg/dL) 51.2+11.68 55.84+11.91 0.064
LDL (mg/dL) 124773123 117.8+32.11 0.297
HbA1c (%) 5.41+0.36 5.27+0.5 0.153
Fasting insulin (mIU/L) 7.89+1.85 5.46+1.35 0.0001
0GTT (mg/dL) 1594341589 81.45+5.69 0.0001
IL-6 (ng/L) 25.35+11.76 11.02+3.59 0.0001 0-
HOMAT-IR 3.171.03 1.09:£0.25 0.0001 GDM Eontrol
Pregnancy women

In Figure 1, the mean IL-6 concentration was sub- Fig. 1. Mean serum IL-6 levels in GDM versus control
stantially higher among women with GDM (25.35 ng/L) pregnant women
than in those without GDM (11.27 ng/L), a difference
that reached statistical significance (p<0.001). This no- Table 2. Changes in fasting insulin, OGTT, and IL-6 levels by
table increase in IL-6 suggests an intensified inflam- gestational age in GDM versus control pregnant women*
matory state in GDM, potentially reflecting a pivotal Pregnancy Mean+SD
pathophysiological mechanism. women 13-16weeks 17-20weeks >2Tweeks  p

In Table 2, fasting insulin, OGTT, and IL-6 levels in GDM Fasting insulin (mIU/L) ~ 6.56+0.86 7.66+1.58 9.16+1.77  0.0001
the GDM group increased significantly with advancing 0GTT (mg/dL) 146.66+9.86 165821617 168.69+1247 00001
gestational age (p=0.0001 for each), indicating progres- 16 (ng/L) 1664427 2034637  3435:M34 00000
sive insulin resistance and an augmented inflammatory Control Fastinginsulin (miU/L) ~ 558+142  589+138 491111 0.159
response. By contrast, these parameters remained stable 06T (m/d) N3 DI BII6 0113
over the same interval in the control group (p>0.05), sug- L6 g/ M35A15 1041228 TI0BE348 0780
gesting a consistent metabolic and inflammatory profile. * values represent mean=SD for each parameter across

In Figure 2, IL-6 levels exhibited a strong positive gestational age groups based on the single time point at
correlation with both OGTT (r=0.684, p<0.001) and which each participant’s blood sample was collected (i.e.,
fasting insulin (r=0.900, p<0.001). These findings im- 13-16, 17-20, and =21 weeks) These groupings allow for a
ply that elevated IL-6 is linked to deteriorating glucose cross-sectional comparison of metabolic and inflammatory
tolerance and increased insulin levels, underscoring the markers at different stages of pregnancy
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Fig. 2. Correlations between serum IL-6 levels and A: OGTT and B: fasting insulin in pregnant women, in these scatter plots,
red dots represent women diagnosed with GDM and blue dots represent normoglycemic control women
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Correlation analysis in Figure 3 demonstrated a
significant positive association between IL-6 and HO-
MA-IR (r=0.879, p<0.001), further confirming the link
between elevated IL-6 levels and insulin resistance in
GDM. These findings are consistent with the observed
relationships between IL-6, fasting insulin, and OGTT
values.

HOMAIL-IR

0.00 10.00 20.00 30.00 40.00 50.00
IL-6 (ng/L)

Fig. 3. Correlations between serum IL-6 Levels and HOMA-
IR, in these scatter plots, red dots represent women
diagnosed with gestational diabetes mellitus (GDM) and
blue dots represent normoglycemic control women

Table 3 shows that among pregnant women with
GDM, BMI (B=0.451, p=0.010) and gestational age
(P=0.399, p=0.017) emerged as significant predictors
of IL-6, whereas age did not exhibit a significant asso-
ciation (p=-0.110, p=0.307). These results suggest that
both increased adiposity and advanced gestational age
independently contribute to an elevated inflammatory
status, as indicated by higher IL-6 levels.

Table 3. Linear regression analysis of demographic
predictors of IL-6 in GDM

Dependent variable: IL-6 (ng/L)

Pregnancy

women Predictors Standardized coefficients ¢ Sig.
Beta

Age -0.110 -1.034  0.307

GDM BMI (kg/m?) 0.451 271 0.010

Gestational age (weeks) 0.399 2481 0.017

*This table presents the standardized beta coefficients,
t-values, and significance levels (p) for demographic
variables (age, BMI, gestational age) predicting serum IL-6
levels among women with GDM

In Table 4, of the lipid parameters analyzed, only
total cholesterol significantly predicted IL-6 ($=0.528,
p=0.001). Triglycerides (p=0.362), HDL (p=0.535), and
LDL (p=0.558) were not significant predictors. These
findings indicate that heightened cholesterol levels may
critically influence the inflammatory processes in GDM,
further highlighting the multifactorial pathophysiology
of this condition.

Table 4. Linear regression analysis of lipid profile predictors
of IL-6 in GDM

Pregnancy . Dependent variable: IL-6 (ng/L)
Predicators
women Standardized coefficients Beta t Sig.
TG (mg/dL) 0.139 0.923  0.362
oM Chol (mg/dL) 0.528 3450  0.001
HDL (mg/dL) -0.076 -0.625 0.535
LDL (mg/dL) 0.089 0.591  0.558

Table 5, IL-6 demonstrated a strong diagnostic per-
formance for distinguishing GDM, with an area under
the curve (AUC) of 0.923 (p=0.0001; 95% CI: 0.873-
0.973). A cutoff value of 213.2425 ng/L yielded a sensi-
tivity of 88.9% and a specificity of 78.3%. These findings
highlight IL-6 as a promising biomarker for identifying
GDM risk, supported by the high accuracy depicted in
the ROC curve.

Table 5. ROC analysis of IL-6 in differentiating GDM from
control pregnant women

Predictors Area under the curve
Area Sig. 95% Cutoff ~ Sensitivity Specificity
IL-6 (ng/L) ? 0.0001 0.873-0.973 =>13.2425 0.889 0.783
1.0
m—TL-6 (ng/L)
=== Reference Line
0.8 AUC: 092

p<0.001

0.6

Sensitivity

0.4

0.2

0.0
0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity

Fig. 4. ROC curve for IL-6 in GDM vs. non-GDM pregnant
women

Discussion
The present study aimed to investigate the role of IL-6
in the pathophysiology of GDM by comparing clinical,
biochemical, and inflammatory markers between preg-
nant women with and without GDM. Our data demon-
strate significantly elevated IL-6 levels in the GDM
group, alongside higher BMI, total cholesterol, fasting
insulin, and impaired oral glucose tolerance. The strong
positive correlations of IL-6 with fasting insulin and
OGTT, coupled with our regression analyses, under-
score IL-6 as a key inflammatory predictor of GDM.
Our findings revealed elevated IL-6 levels in GDM
patients, aligning closely with previous studies that have
demonstrated a comparable increase in this pro-inflam-



638

European Journal of Clinical and Experimental Medicine 2025; 23 (3): 633—640

matory cytokine among diabetic pregnancies. (14)re-
ported a similar pattern, showing nearly triple the IL-6
concentration in GDM women compared to healthy con-
trols. Likewise, observed a pronounced elevation in IL-6
among GDM participants, significantly surpassing levels
seen in normoglycemic pregnancies. Although method-
ological differences, such as assay techniques and sample
processing, can influence IL-6 measurements, the consis-
tency across these studies underscores the robust associa-
tion between heightened IL-6 and GDM.

Mechanistically, IL-6 is known to be secreted by ad-
ipose tissue and the placenta in response to heightened
metabolic demands and insulin resistance in pregnan-
cy.'® Elevated IL-6 can exacerbate insulin resistance by
interfering with insulin signaling pathways in both he-
patic and skeletal muscle tissues, leading to increased
hepatic gluconeogenesis and reduced peripheral glucose
uptake.” In the context of GDM, expanding adipose tis-
sue and placental size across gestation may further stim-
ulate IL-6 production, This pro-inflammatory milieu
can, in turn, amplify insulin resistance, creating a vi-
cious cycle that contributes to hyperglycemia.'®

Our findings also highlight the significant associa-
tion between IL-6 and lipid abnormalities—particularly
total cholesterol — a phenomenon that has been impli-
cated in vascular inflammation and endothelial dys-
function."” Elevated cholesterol may promote oxidative
stress and inflammation, thus driving IL-6 production
and contributing to the progression of GDM.' In addi-
tion, the high BMI observed in GDM participants like-
ly reflects excess adipose tissue, which is a key source of
pro-inflammatory cytokines like IL-6.' These interrelat-
ed metabolic and inflammatory derangements point to
the multifactorial etiology of GDM.

Building on our findings, the clinical implications
of IL-6 measurement in GDM screening merit further
consideration. Incorporating IL-6 as an adjunct to con-
ventional glucose-based screening methods could en-
hance early risk stratification, particularly by identifying
patients who might be missed by standard tests alone.
The diagnostic cutoff of 213.243 ng/L, as derived from
our ROC analysis, offers a promising threshold for flag-
ging pregnant women at heightened risk of GDM. In
practice, IL-6 assays could be performed concurrently
with routine OGTT or fasting glucose measurements,
thereby providing an additional layer of diagnostic ac-
curacy and enabling earlier lifestyle or pharmacological
interventions.

Looking ahead, future research should aim to vali-
date the diagnostic utility of IL-6 in larger, multi-center,
and longitudinal studies. Such studies could assess the
predictive power of IL-6 over the course of pregnancy, ex-
amine its relationship with long-term maternal and neo-
natal outcomes, and potentially refine the optimal cutoft
value for clinical use. Additionally, research exploring

the cost-effectiveness and feasibility of integrating IL-6
screening into existing prenatal care protocols will be es-
sential to inform its translation into clinical practice.

A key strength of this study is the focused investi-
gation of IL-6 as both an inflammatory and diagnos-
tic biomarker in GDM, encompassing correlations with
metabolic parameters and lipid profiles. By establish-
ing a specific cutoff for IL-6, we propose a potentially
valuable clinical screening tool. The integration of com-
prehensive biochemical assessments, including insulin
and lipid measurements, further strengthens our con-
clusions regarding the interplay between inflammation
and metabolic dysfunction in pregnancy.

Despite the robust associations observed between
IL-6 levels and GDM, several limitations of our study
warrant consideration. First, the single-center design
may limit the generalizability of our findings to broader
populations, as patient demographics and clinical prac-
tices might differ in other settings. Second, the relative-
ly small sample size (n=90) may reduce the statistical
power and limit the detection of more subtle associa-
tions. These factors, combined with potential variabil-
ity in IL-6 assay measurements, suggest that caution
should be exercised when extrapolating our results. Fu-
ture studies involving larger, multi-center cohorts are
needed to confirm these findings and to further delin-
eate the role of IL-6 in the pathophysiology and early di-
agnosis of GDM.

Nonetheless, we recognize that expanding the scope
of inflammatory profiling could further enhance our
understanding of GDM. Future research should con-
sider analyzing the interactions between IL-6 and other
emerging biomarkers, such as C-reactive protein (CRP)
and tumor necrosis factor-alpha (TNF-a), within the
same patient cohort. Such studies could help determine
whether IL-6 adds significant diagnostic and prognostic
value over existing markers. Additionally, tracking preg-
nancy outcomes — both short-term (e.g., preeclampsia,
preterm birth) and long-term (e.g., development of type
2 diabetes post-pregnancy) - would further underscore
the clinical relevance of these inflammatory markers.

It would also be valuable to assess how IL-6 levels
fluctuate across different stages of pregnancy. Our cur-
rent study was limited to measurements between 24 and
28 weeks of gestation; however, evaluating IL-6 across
all trimesters could identify critical windows when in-
flammatory changes are most predictive of GDM. Fi-
nally, while we controlled for key confounders such as
BMI, age, and gestational age, other factors - including
smoking, dietary habits, physical activity, and comorbid
conditions — may influence IL-6 levels and should be ad-
dressed in future, larger-scale studies to improve gener-
alizability.

While our study demonstrates that IL-6 levels are
significantly elevated in women with GDM and suggests
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a potential diagnostic cutoff of 213.243 ng/L, it is im-
portant to note that IL-6 is an acute-phase cytokine that
lacks specificity. Elevated IL-6 is observed in a variety of
inflammatory and metabolic disorders - including type
2 diabetes and obesity - and may be affected by factors
such as dietary habits, physical activity, and stress. To
mitigate these confounding effects, we excluded patients
with known inflammatory conditions and controlled for
variables such as BMI, age, and gestational age. None-
theless, unmeasured factors (e.g., red meat consump-
tion, exercise levels, and stress) could have contributed
to the observed IL-6 levels.

Given these limitations, the diagnostic utility of IL-6
as a stand-alone marker for GDM must be interpreted
with caution. Our study was not designed as a diagnos-
tic trial with blinded protocols and focused sensitivity
and specificity evaluations. Therefore, while our data
support the potential of IL-6 as an adjunct biomark-
er, future studies employing specially designed, blind-
ed protocols are warranted. In addition, exploring the
interactions of IL-6 with other inflammatory markers
- such as CRP and TNF-a - could enhance the speci-
ficity and clinical relevance of the inflammatory profile
in GDM.

Conclusion

In conclusion, our findings indicate that elevated IL-6
levels are associated with gestational diabetes melli-
tus and may serve as a useful adjunct to conventional
screening methods. However, because IL-6 is a non-spe-
cific marker affected by various confounding factors,
further research using rigorously designed, blinded
protocols is necessary to confirm its diagnostic value.
Future investigations should also explore the combined
use of IL-6 with other inflammatory biomarkers to im-
prove the specificity of GDM screening and better pre-
dict both short- and long-term clinical outcomes.
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ABSTRACT

Introduction and aim. Thrombus burden (TB) is a critical factor in the pathogenesis of acute coronary syndrome (ACS) patho-
genesis with biomarkers such as C-reactive protein (CRP) and serum albumin that reflect systemic inflammatory and nutritional
states. The CRP and albumin ratio (CAR) has emerged as a new composite marker, offering enhanced prognostic value. The aim
of this study was to evaluate the association between CAR and TB in patients with ACS and to assess the predictive utility of
CAR compared to CRP and albumin individually.

Material and methods. A hospital cross-sectional analytical study was conducted among 93 patients ages 18-60 years with
ACS who underwent coronary angiography (CAG). CAR was calculated and its association with TB was analyzed.

Results. Of the participants, 9.7% had high tuberculosis. CAR, CRP, and albumin were significantly associated with TB (p<0.001).
CAR showed the highest correlation (r=0.728) and perfect diagnostic accuracy (AUC=1), outperforming CRP (AUC=0.987) and
albumin (AUC=0.030). High TB was significantly associated with the presentation of grade 1 TIMI and ST-elevated myocardial
infarction (STEMI) presentation (p<0.05).

Conclusion. CAR is a reliable, accessible and independent biomarker for predicting TB in ACS, and its incorporation into stan-
dard clinical protocols could improve early risk stratification, therapeutic decision-making, and patient outcomes. More multi-
centric study are warranted to validate its broader clinical applicability.

Keywords. acute coronary syndrome, albumin, C-reactive protein, thrombus burden

Introduction

Acute coronary syndrome (ACS) characterized by sud-
den, reduced blood flow to the heart, causing symptoms
includes unstable angina (UA), non-ST segment eleva-
tion myocardial infarction (NSTEMI), and ST segment
elevation myocardial infarction (STEMI).*? Despite ad-
vances in therapeutic strategies, ACS remains a signif-
icant global health problem.* The pathophysiology of
ACS involves atherosclerotic plaque rupture, endothe-
lial dysfunction, and thrombus formation, leading to
partial or complete coronary arteries.”> Among these

thrombus formation following plaque rupture plays a
critical role in determining the severity of myocardial
ischemia and infarction.*

Thrombus burden (TB) is the amount of thrombus
present in the blood vessel,® and it is a crucial factor in
determining the severity of myocardial ischemia and
infarction in ACS and is essential for risk stratification
and management.” As patients with high TB are more
likely to experience extensive myocardial damage, in-
creased coronary artery obstruction, and an increased
risk of major adverse cardiac events (MACE).® Accurate
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assessment of TB is crucial to determine the severity of
ACS and guiding therapeutic interventions. Techniques
like angiographic evaluation, intravascular ultrasound
(IVUS), and optical coherence tomography (OCT) are
used to visualize TB and assess its composition.’

Additionally, systemic inflammation is crucial in
the pathogenesis of ACS, contributing to plaque forma-
tion, instability, and thrombus generation.>*!® C-reac-
tive protein (CRP), an acute phase reactant produced by
the liver, is a biomarker of inflammation, associated with
worse outcomes in patients with ACS.""* Elevated lev-
els of CRP are associated with increased mortality and a
higher incidence of MACE.">'* However, relying on a sin-
gle biomarker may not fully capture the complexity of in-
flammatory and thrombotic processes in ACS.

Recently, the ratio of C-reactive protein to albumin
(CAR) has emerged as a novel prognostic marker that
reflects both inflammation and nutritional status.!!-'41718
CAR provides a comprehensive understanding of the
condition of a patient, including hypoalbuminemia,"
which has been associated with worse outcomes in car-
diovascular disease (CVD).?*?! Furthermore, since both
inflammation and malnutrition have been shown to in-
fluence the development of thrombotic complications, it
is plausible that CAR may correlate with TB in patients
with ACS.*¢

In various studies, CAR has been associated with
high coronary artery resistance and significant predic-
tor significance of CAR.*** In another study, in patients
with acute myocardial infarction (AMI), high CAR has
been associated with larger infarct sizes, more extensive
coronary artery disease (CAD), and poorer long-term
outcomes."'

Aim

Despite these findings, our study addresses the limit-
ed evidence on the link between CAR and TB in ACS
patients which remains underexplored. Although CRP
and albumin have been linked to outcomes in ACS, no
previous study has directly compared their CAR with
angiographically quantified TB. Therefore, by evaluat-
ing CAR along with the standardized TIMI thrombus
grading, our research uniquely integrates systemic in-
flammation, nutritional status, and direct measures of
intracoronary clot load. This novel approach aims to de-
termine whether CAR can serve as a readily available
biomarker for early risk stratification in patients with
ACS. With this background, the present study aims to
investigate the relationship between CAR and TB in pa-
tients with ACS.

Material and methods

This hospital-based analytical cross-sectional study was
conducted in the Department of General Medicine at
the Mahatma Gandhi Medical College and Research

Institute, Puducherry, during the period of Novem-
ber 2022 to September 2024. Ethical approval was ob-
tained from the institutional Human Ethics Committee
(IHEC) (MGMCRI/Res/04/2022/121) and all partici-
pants gave their written informed consent.

Inclusion criteria for study participants include age
group of 18 to 60 years with signs and symptoms of typ-
ical chest pain and were diagnosed as STEMI, NSTEMI
and ACS who requires coronary angiogram. patient
who was treated with primary PCI was included. While
patients diagnosed with UA, a history of coronary ar-
tery bypass grafting (CABG), active malignancy, infec-
tion and connective tissue disorder, and pregnant and
lactating women were excluded from the study.

Sample size determination and sampling procedure
Assuming that the prevalence of high TB was 59.6% in
ACS patients from the study conducted by Duman et
al.,”” the minimum calculated sample size was 93 using
the formula

221;—“ xP (1-P) _ (1.96)% x0.596 (0.404) _

n= PP = (0.10)? 93

(2, - 1.96; proportion (p) — 0.596; precision (d)) -
0.1) with a two-sided confidence interval of 95% and
10% precision. This sample provides >80% power to
detect a moderate correlation (r~0.30) between CAR
and TB at a 0.05. The consecutive sampling technique
was used to include all patients with inclusion criteria
until the desired sample size was achieved.

Data collection procedure
Data collection was carried out using a semistructured
clinical proforma which included demographic details,
risk factor assessment, anthropometric and clinical ex-
amination. Electrocardiogram (ECG) was taken at the
time of admission. Routine investigations, including
complete blood count, renal and liver function tests, se-
rum electrolytes, cardiac enzymes, and measurements
of serum CRP and albumin levels, at the time of admis-
sion. After the initial evaluation, patients who required
coronary angiography (CAG) were performed togeth-
er with the procedure according to the clinical proto-
col, without any intervention of the study. Only patients
who underwent CAG and satisfied the inclusion criteria
were included in the final analysis. The CAR was calcu-
lated and compared with the CAG results to assess its
association with TB and the degree of arterial occlusion
(AQ). Patients who did not satisfied inclusion criteria
were also treated according to the ACS treatment pro-
tocol (American Heart Association (AHA) guidelines)
without violating ethical issues.

Blood samples (5 mL) were drawn on admission
where hsCRP was measured by immunoturbidimetry
(Roche Cobas c501; CV <5%) and serum albumin was
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assessed by the bromocresol green method (CV <4%).
Further, CAR was calculated as

crRP (79

CAR = — g
albumin (ﬁ)

TB was classified as high and low based on the validated
Thrombolysis In Myocardial Infarction (TIMI)* classi-
fication to allow an objective assessment of the sever-
ity of thrombotic in ACS. Grades 0-2 defined as ‘low
TB’ and grades 4-5 as “high TB”. Two independent in-
terventional cardiologists, blinded to biomarker lev-
els, classified TB and resolved the discrepancies (where
grade 3 adjudicated by consensus). This stratification
was helped to analyze its association with biomarkers
such as CAR, CRP, and albumin and to evaluate their
predictive utility for adverse outcomes.

Table 1. Sociodemographic characteristics and comorbid
status of study participants*

Variables Results n (%) or meanzSD

Age (in years)

21-30 2(22)
31-40 18(19.4)
41-50 44 (47.3)
51-60 29(31.2)
Mean+SD 46.20+7.938
Gender
Male 56 (60.2)
Female 37(39.8)
Smoking
Yes 31(33.3)
No 62 (66.7)
Systemic hypertension
Yes 87(93.5)
No 6(6.5)
Diabetes
Yes 86(92.5)
No 7(1.5)

* SD - standard deviation, n (%) = frequency, and
percentages are presented in brackets

Statistical analysis

The data were entered into MS Excel (Ver_2007) and the
statistical data were analyzed using SPSS (IBM SPSS Sta-
tistics for Windows, Version 26.0, Armonk, NY, USA)
software. The normality of the data was assessed using
Kolmogorov-Smirnov and Shapiro-Wilks tests and the
outliers were handled by exclusion. Descriptive statis-
tics for categorical variables were expressed as frequen-
cies and percentages and for continuous variables as the
mean and standard deviation or median without inter-
quartile range (IQR). As for inferential statistics, the
chi-square test and one-way ANOVA was used to find
the association between TB and CAR. Values of p<0.05
were statistically significant. Receiver operating charac-

teristic (ROC) curve and area under curve (AUC) anal-
ysis were used to determine the best cutoff point for the
diagnosis and resolution of symptoms while on treat-
ment. For all tests, a two-sided p value <0.05 was con-
sidered statistically significant. Diagnostic values based
on AUC were 0.9-1.0 excellent test; 0.8-0.9 good test;
0.7-0.8 fair test; 0.6—0.7 poor test and 0.5-0.6 fail.

Results

The sociodemographic characteristics and the comor-
bidity status of the study participants are presented in
Table 1. The mean CAR among the study participants
was 9.38+10.22 and the remaining clinical profiles are
presented in Table 2. Among study participants, 32 pa-
tients (34.4%) had STEMI, and the remaining 61 pa-
tients (65.6%) had NSTEMI in the ECG findings. TB
was found among the study participants where 84 pa-
tients (90.3%) had low TB, while the remaining nine pa-
tients (9.7%) had a high level of TB (Fig. 1).

Table 2. Clinical profile of the study participants with ACS*

Variables Mean=£SD
(-reactive protein (mg/L) 24.77+20.38
Albumin (g/dL) 3.21£0.61
Troponin I (ng/L) 8808.71£13290.78
Low density lipoprotein (mg/dL) 139.86+36.36
High density lipoprotein (mg/dL) 33.16+5.19

* ACS - acute coronary syndrome, SD - standard deviation

= Low = High

Fig. 1. Thrombus burden among the study participants

Table 3 shows the association of tuberculosis with
other findings among study participants. Although the
association between TB and ECG findings showed a sig-
nificant relationship (p = 0.007) showing that the high-
er TB were more commonly associated with NSTEMI,
which is typically associated with partial coronary oc-
clusion, while STEMI often related to competitive occlu-
sion, is mor frequently seen in patients with low TB. The
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association between TB and CAR shows a statistically
significant relationship, with a p-value of 0.001, indicat-
ing that higher TB is strongly associated with elevated
CAR suggesting increased inflammation and poor nu-
tritional status in patients with ACS patients (Table 4).
Similarly, the association of CAR with other variables
did not show a statistically significant result (Table 5).

Table 3. Association between thrombus burden and other
variables among study participants*

Thrombus burden Thrombus burden
Low (n=84) High (n=9) p
n (%) n (%)
Gender
Male 50(59.5) 6 (66.7)
0.681
Female 34(40.5) 3(333)
CAGTIMI grading
Gradel 0(0) 9(100.0)
Grade ll 25(29.8) 0(0) 0.001
Grade lll 59(70.2) 0(0)
ECG findings
STEMI 25(29.7) 7(77.8)
0.007
NSTEMI 59(70.2) 2(222)

*chi-square test, CAG - coronary angiography,

TIMI - thrombolysis in myocardial infarction, ECG -
electrocardiography, STEMI - ST-elevated myocardial
infarction, NSTEMI — non-ST-elevated myocardial infarction,
n (%) - frequency and percentages were presented in
brackets

Table 4. Association between thrombus burden and
clinical profile among study participants

Variable Fvalue p
CAR 102.369 0.001
Troponin| 0.345 0.55
CRP 76.824 0.001
Albumin 28.031 0.001

* ANOVA, CAR - C-reactive protein to albumin ratio, CRP -
C-reactive protein

Table 5. Association between CAR and other variables
among study participants*

Variables Fvalue p

Troponin | 0.523 0.97
Gender 1.255 0.28
ECG 1397 0.19
Age 1.227 0.30
Smoking 1.063 0.45
Diabetes 1.140 0.38

* ANOVA, ECG - electrocardiography

The ROC curve illustrates the diagnostic perfor-
mance of CRP, albumin, and CAR in predicting TB,
demonstrating the highest diagnostic accuracy (Fig. 2).
Among the CAR markers, the curve is closest to the top-

left corner, indicating superior sensitivity and specific-
ity, making it the most reliable predictor. It emerges as
the most effective parameter for distinguishing results,
likely linked to its robust ability to reflect the balance of
inflammation and nutritional status. Table 6 shows the
AUC for TB with CRP, CAR, albumin and troponin I.

Table 6. AUC for CRP, albumin, CAR, troponin | with TB
among study participants*

Test result Standard Asymptotic 95% confidence interval
rea

variables error Lower bound Upper bound
(RP 0.987  0.014 <0.001 0.960 1.000
Albumin  0.030  0.019 <0.001 0.000 0.067
(AR 1.000  0.000 <0.001 1.000 1.000
Troponin-l ~ 0.425 0.087 0.459 0.253 0.596

*AUC - area under curve, CRP - C-reactive protein, CAR -
C-reactive protein to albumin ratio

ROC Curve

Source of the
Curve
—CRP
— ALBUMIN
—CAR

——TROP-1
Reference Line

Sensitivity

o0 02 04 08
1 - Specificity

Diagonal segments are produced by ties.

Fig. 2. Analysis of the ROC curve of TB with CAR, CRP,
albumin, and troponin |

Discussion
The present study evaluated the significance of CAR
as a predictor of TB in patients with ACS. The find-
ings provide valuable information on the relationship
between inflammatory markers, TB, and clinical out-
comes in ACS. The study found significant associations
between TB and CAR, CRP, albumin, TIMI grade, and
ECG findings. CAR, with an AUC of 1.000, demon-
strated excellent discriminatory power in predicting
TB, outperforming individual biomarkers such as CRP
and albumin. A strong positive correlation of tubercu-
losis was observed with CAR (r=0.728, p=0.001) and
CRP (r=0.677, p=0.001) and a significant inverse cor-
relation with albumin (r=-0.485; p=0.001). These find-
ings suggest that CAR is not only a powerful prognostic
biomarker in ACS but also reflects the systemic inflam-
matory state and the potential for thrombus formation.
TB plays an important role in the pathophysiolo-
gy of ACS, contributing to vessel occlusion and myo-
cardial damage.>'** The high rates of HTN and DM in
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our study reflect their strong role as major risk factors
in the pathogenesis of ACS. These comorbidities con-
tribute to endothelial dysfunction and atherosclerosis,
which are central to thrombus formation and coronary
events. In addition, the hospital-based setting can cap-
ture more high-risk patients. The TB distribution shows
that the majority of study participants (90.3%) had TB,
while only 9.7% had a high TB. This suggests that most
of the individuals in this cohort had less extensive coro-
nary thrombus formation, which may correlate with less
severe cases of ACS. The study by Souteyrand et al. also
resulted that 11.8% of the patients had large TB, while
remaining 88.2% had low TB, which was similar to our
study.”® Another study by Ozkan et al., also resulted that
16.4% had massive TB.?” These results align with prior
studies indicating that inflammation plays a pivotal role
in plaque instability, thrombus formation, and adverse
outcomes in ACS.2%

TIMI classification, a critical tool in assessing
thrombus severity, aligns with the pathophysiological
impact of high TB in worsening ischemia and altering
coronary flow.?* In our present study, TB assessed using
the TIMI classification system during CAG, all patients
with high TB were classified as TIMI grade I (100%),
while those with low TB were predominantly in TIMI
grade II1 (70.2%) and grade II (29.8%) (p=0.001) indi-
cating a strong association between lower TIMI flow
grades and higher TB. In our study, this significant as-
sociation of TB with the CAG TIMI grade further rein-
forces its pathophysiological relevance in ACS events.
This finding reflects the extent of luminal obstruction
and impaired perfusion due to intraluminal throm-
bi, which has been associated with a worse prognosis
in patients with ACS.*'-* Further, a Pearson correlation
analysis revealed a very strong association between TB
and CAG TIMI flow grade (r=0.755, p=0.001) that high-
lights the diagnostic value of angiographic assessment
in identifying patients with a high thrombotic load. The
study by Kume et al. resulted that patients with high
TIMI had higher TB compared to the patients with low
TB.* These findings are consistent with previous litera-
ture that emphasized the clinical importance of quanti-
tying TB for prognostication and to guide interventional
strategies, including the use of thrombectomy or pow-
erful antithrombotic therapy.*’-** Thus, accurate evalua-
tion of thrombuses is essential for optimizing ACS and
improving patient outcomes.

The ECG itself does not directly quantify the throm-
bus load; it provides valuable indirect evidence of isch-
emic load and coronary obstruction. In our study,
65.6% presented with NSTEMI, while 34.4% of the pa-
tients had STEMI. This predominance of NSTEMI re-
flects the evolving trends in ACS presentations, where
NSTEMI is increasingly recognized due to advances in
diagnostic tools and heightened clinical vigilance.??>

The higher proportion of NSTEMI cases may suggest a
more chronic atherosclerotic process with less abrupt
plaque rupture.’>*” A significant association was ob-
served between TB and ECG findings in our study. Par-
ticipants with low TB were predominantly diagnosed
with NSTEMI, while those with high TB were more
likely to have STEMI (p=0.007) in our patients. Further-
more, the correlation showed a modest but significant
inverse relationship between the ECG findings and TB
(r=-0.299, p=0.004) indicating that as TB increases, the
probability of presenting with STEMI also increased.
The study by Scarparo et al. showed that patients with
high TB had STEMI with higher mortality compared
to low TB in patients with NSTEMI.* Study by Coskun
et al., found that patients with high TB were higher in
STEMI.* Scarparo et al. also showed that higher TB
observed among the STEMI patients with increased
30-day mortality and 3-day MACE.” This finding high-
lights the interaction between thrombus composition,
degree of coronary occlusion, and the severity of the in-
farction.®?*® STEMI, characterized by complete occlusion
of a major coronary artery, is typically associated with
higher TB, reflecting its direct impact on myocardial
perfusion, in contrast, NSTEMI, often involving partial
occlusion, corresponds to a lower TB.*#*5?7 Thus, sup-
porting that thrombus rich lesions are more common in
total occlusions characteristics of STEMI events.

Both CRP and albumin, individually and in a com-
bined ratio, are important for evaluating the inflamma-
tory and nutritional status of patients with ACS.'>!721232
The mean level of CRP and albumin among ACS patients
in our study was 24.77+20.38 mg/L and 3.21+0.612 g/dL
and CRP showed a strong positive correlation with TB
(r=0.677, p=0.001),while albumin showed an inverse cor-
relation (r=-0.485, p=0.001). Both were significantly as-
sociated with TB (p=0.001 for both). Furthermore, CRP
exhibited a high predictive value for TB (AUC=0.987),
while albumin alone had a very low discriminatory pow-
er (ACU=0.030), suggesting that albumin alone is not as
reliable for thrombus risk. Elevated CRP levels in patients
with ACS are associated with worse outcomes and have
been shown to promote endothelial dysfunction, upreg-
ulated tissue factor and enhance platelet activation.'>***
Conversely, albumin function as a negative acute phase
protein with antioxidative and anti-inflammatory re-
sponse are associated with increased cardiovascular
mortality.?"*-* Together, CRP and albumin provide the
complementary insights into the pathophysiological pro-
cesses of ACS, where CRP reflects the inflammation and
thrombotic activation, and albumin reflects systemic re-
silience and repair mechanisms. This interplay justifies
the rationale behind using the CAR for enhanced prog-
nostic accuracy in ACS management.

CAR has recently emerged as a powerful biomark-
er that reflects both inflammatory status and nutrition-
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al reserve. In the findings of our study, the mean CAR
was 9.38+10.222, highlights a significant inflamma-
tory burden relative to nutritional status. CAR also
showed a highly significant association with tuberculo-
sis (F=102.369, p=0.001) and demonstrated the strongest
correlation among the biomarkers evaluated (r=0.728,
p=0.001). ROC analysis revealed an AUC of 1.000 for
CAR, indicating perfect discriminatory power in the
identification of patients with high RB, far surpassing in-
dividual predictive capacities. CAR makes it a superior
marker for risk stratification in ACS, as elevated levels in-
dicate a pro-inflammatory, prothrombotic state, closely
linked with plaque rupture, endothelial injury, and intra-
luminal thrombus formation.** The study by Askin et
al,, showed that CRP or albumin levels had lower sensi-
tivity and specificity when compared to CAR had high-
er specificity, but lower sensitivity.* Thus, CAR with its
high diagnostic accuracy showed that it has potential to
predict the TB in ACS patients, yet with intracoronary
TB at high risk, had difficulty to predict by CAR.* Un-
like single biomarkers, CAR integrates two opposing bi-
ological process, systemic inflammation and nutritional
status, providing a more comprehensive view of disease
burden. As an inflammatory marker of CRP and albumin
alone has less diagnostic accuracy than compared to the
combined marker.* Previous studies have validated CAR
as a predictor of mortality and adverse cardiac events in
patients with ACS.***-447 The findings in our study
strongly support its routine inclusion in clinical practice
as a cost-effective, accessible marker to evaluate throm-
botic risk and guiding therapeutic decisions in ACS.

The major strengths include that integrating CAR
into existing risk scores which is TIMI that improved
the calibration, and that even propose the prospective
validation in the multicentre cohorts. Despite these en-
couraging findings, several limitations warrant careful
consideration. Firstly, it was conducted in a single-cen-
tric study that poses constraints, which may limit the
generalizability of the findings to broader populations.
In addition, referral bias in a tertiary care setting could
have inflated the prevalence of hypertension and di-
abetes and thus the observed biomarker associations.
Second, the cross-sectional design precludes the estab-
lishment of causality between inflammatory markers,
tuberculosis, and clinical outcomes. Additionally, the
lack of long-term follow-up limits the ability to assess
the predictive value of CAR for adverse cardiovascular
events. Also, potential confounders including medica-
tions and time to angiography, were not captured. The
grade 3 TB required adjudication, introducing poten-
tial classification bias despite blind dual review. Final-
ly, we focused solely on CRP and albumin, hence the
incorporation of additional inflammatory or nutritional
biomarkers and the advancement of imaging techniques
can further refine risk stratification.

To address these gaps, future multicentre prospec-
tive studies with larger, more diverse populations are
essential. Longitudinal follow-ups must be incorporat-
ed to validate the prognostic significance of CAR for
hard endpoints, such as reinfarction, heart failure, and
mortality. Randomized trials could evaluate wheth-
er CAR-guided therapeutic intensification improves
outcomes. Further studies could also explore the inte-
gration of CAR with other biomarkers and imaging mo-
dalities for comprehensive evaluation of thrombus risk
in ACS patients.

Conclusion

Therefore, this study underscores the clinical relevance of
integrating biochemical and angiographic markers, spe-
cifically CAR and stratification of TB in the evaluation
and risk of patients with ACS. Our findings demonstrate
a significant association between elevated CAR and in-
creased TB, suggesting a direct relationship between sys-
temic inflammation, impaired nutritional status, and the
extent of coronary thrombosis. The findings advocate for
the inclusion of CAR in routine clinical assessment due
to its simplicity, cost-effectiveness, and diagnostic power.
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ABSTRACT

Introduction and aim. Platelets are susceptible to oxidative damage due to metabolic pathways and oxygen-rich environ-
ments. Antioxidants combat oxidative stress (OS) and are currently employed in therapeutics. Melatonin has potent antioxidant
properties; however, it has not been explored in platelet OS models. This study investigates the effect of melatonin on platelets
during 2,2"-azobis(2-amidinopropane) dihydrochloride (AAPH)-induced OS.

Material and methods. Platelets from Wistar rats (n=5) were grouped into controls (untreated), free radical-inducer (FRI:
AAPH-treated), melatonin-treated (AO), and preincubated with melatonin and AAPH-treated (FRI+AO). OS and platelet mark-
ers were analyzed.

Results. Antioxidant defenses decreased in FRI, whereas increased in AO and FRI+AO. Lipid peroxidation (LPO) increased in FRI,
whereas advanced oxidation protein products (AOPP) and metabolism increased in AO compared to controls. Superoxides,
AOPP, and ATP secretion increased, whereas LPO decreased in FRI+AO compared to FRI. However, aggregation increased in FRI
and AO compared to Controls, whereas decreased in FRI+AO compared to FRI.

Conclusion. OS models can give insights into the underlying redox status of the cells and modulations of antioxidants in plate-
lets. The findings indicate that melatonin can modulate antioxidant defenses and alleviate OS in platelets. This study lays the
foundation for further in vivo studies on platelet pathophysiology.

Keywords. antioxidants, melatonin, oxidative stress, platelets

Introduction can provide insights into the underlying redox mech-

Oxidative stress (OS) is a primary causative factor that
disrupts hemostasis and can potentially have patho-
logical consequences. Reactive species can affect redox
signaling and lead to cellular damage. These radicals
damage the membrane by lipid peroxidation and also
cause protein oxidation, eventually altering the func-
tioning of proteins." OS contributes to pathophys-
iological conditions like Alzheimer’s, Parkinson’s,
cardiovascular diseases, and cancer.? Therefore, OS
models simulate physiological conditions comparable
to infections, diseases, stress, and drug toxicity. They

anisms and their interaction with endogenous defens-
es.* 2,2’-Azobis(2-amidinopropane) dihydrochloride
(AAPH) which can simulate the OS conditions in vi-
tro.* It undergoes homolytic cleavage to form two car-
bon-centered radicals (R) which produce peroxyl
radicals in the presence of oxygen. These highly reac-
tive radicals can initiate chain reactions, thereby render-
ing proteins and polyunsaturated fatty acids extremely
prone to oxidative damage.’

Platelets are anucleate cells with a crucial role in he-
mostasis. Physiological processes in platelets contin-
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uously generate reactive oxygen species (ROS). ROS
generation can overwhelm the endogenous antioxidant
machinery and result in a redox imbalance. OS in plate-
lets can lead to excessive activation, malfunction, or
destruction.® This increases the risk of platelet-related
disorders, such as thrombotic disorders and thrombo-
cytopenia. OS can also shorten the lifespan of platelets
by triggering apoptotic pathways.

However, antioxidants can enhance the antioxidant
defenses in platelets. Vitamin C, vanillic acid, L-carni-
tine, coumaric acid, and other antioxidants have been
studied for their beneficial effects on platelets.” Mel-
atonin can penetrate the cell membrane to neutralize
endogenous hydroxyl radicals and stimulate glutathi-
one peroxidase.® In vitro studies have determined that
1 mmol/L melatonin can attenuate oxidative damage
in different cell types.”'> Melatonin has proven bene-
ficial in reducing lipid peroxidation and regulating in-
tracellular calcium levels in platelets.’>'* Although the
effect of melatonin varies in physiological and phar-
macological conditions, its role as an antioxidant has
been widely studied.”> However, its overall effect on ox-
idative stress, metabolism, and functions in platelets
is unclear.

Melatonin can be a promising antioxidant due
to its protective effects. It can prevent oxidative dam-
age, stimulate platelet production, and enhance platelet
function.'®'” Melatonin supplementation can potential-
ly modulate the OS situation and be beneficial in plate-
let disorders.

The rationale of this study is to investigate the ef-
fects of melatonin for potential therapeutic applications
in platelet disorders. Studies indicate that melatonin
promotes platelet production, attenuates oxidative dam-
age, and prevents platelet apoptosis. Hence, melatonin
could be a potential alternative therapeutic tool.

Aim

It is imperative to study OS in platelets to understand
the underlying mechanisms using antioxidants for their
targeted actions. This is the first study to elucidate the
responses of platelets to melatonin in free radical-in-
duced OS conditions, especially the interactions of per-
oxyl radicals with melatonin in platelets.

Material and methods

Reagents

2,2’-Azobis(2-amidinopropane) dihydrochloride
(AAPH), melatonin, Epinephrine, bathocuproine di-
sulfonic acid disodium salt, 5,5’-dithiobis-2-nitroben-
zoic acid (DTNB) and bovine serum albumin were
purchased from Sigma-Aldrich Chemicals (Bengalu-
ru, India). Cytochrome C, B-Nicotinamide adenine di-
nucleotide disodium salt and collagen (ex. Marine Fish
extrapure) was purchased from SRL Chem (Mumbai,

India). Glucose reagent kit (GOD-POD method; Cata-
logue no. GLU-L-D-1153) was from Aspen Laboratories
(Delhi, India).

Methods
Male Wistar rats (160-180 g) procured from Bioally
Animal Facility and Research Pvt. Ltd. (Bengaluru, In-
dia) were used for this study. Experimental study was
conducted according to the Institutional Ethical Com-
mittee regulations (1810/PO/RcBizbt/S/15/CCSEA).
The physiology of Wistar rats is similar to humans.
These animals are bred and maintained in controlled
laboratory conditions and exhibit minimal variations.
Hence, they are valuable models for toxicological stud-
ies, and the outcomes can be directly related to experi-
mental interventions.

Experimental design

The platelets (20 Wistar rats, n=5) were grouped as fol-
lows: (i) controls (untreated platelets); (ii) free radical
initiator (FRI) (2 mmol/L AAPH for 30 min); (iii) an-
tioxidant (AO) (1 mmol/L melatonin for 60 min); and
(iv) FRI+AO (1 mmol/L melatonin for 60 min followed
by 2 mmol/L AAPH for 30 min).

The samples were gently resuspended in Tyrode’s
buffer (pH 7.4) and stored at 22°C until analysis. These
platelet samples were aliquoted in aseptic conditions
and assessed for antioxidant defense, OS markers, and
platelet functions.

Sample preparation

Blood collection

Male Wistar rats were mildly anesthetized, and blood
was collected into polypropylene tubes containing
CPDA-1 anticoagulant (citrate phosphate dextrose ad-
enine).'®

Isolation of platelets

Platelets were isolated from whole blood according to
Carneiro et al.” Briefly, 8 mL of whole blood was spun at
1500 rpm at 22°C for 15 min. The supernatant contain-
ing platelet-rich plasma (PRP) was further centrifuged
at 4000 rpm at 22°C for 15 min. The pellet containing
platelets was resuspended in Tyrode’s buffer.

Antioxidant defenses

Superoxide dismutase (SOD)

Platelet samples (100 pL) were mixed with 880 uL of
0.05 M carbonate buffer (pH 10.2 with 0.1 mmol/L
ethylenediamine tetraaceticacid). 20 pL of 30 mmol/L
epinephrine was added to it. The absorbance was read
immediately at 480 nm for 4 min. The amount of en-
zyme that inhibits the oxidation of epinephrine by 50%
is equal to 1 unit of SOD.?



Impact of melatonin on platelets during oxidative stress — an in vitro approach

651

Catalase

10 pL of absolute ethanol was added to 100 pL of the
platelet sample. The mixture was placed in an ice bath
for 30 min. 1200 pL of phosphate buffer (0.1 M) was
added to the mixture. To this, 1250 puL of H,0O, (0.066
M) was added. The absorbance was read immediately at
240 nm up to 1 min. Catalase activity was determined
using 43.6 M cm™ as the molar extinction coefficient.”!

Glutathione

Platelets (250 uL) were treated with 375 uL of 4% sul-
fosalicylic acid and vortexed. The mixture was spun at
2500xg for 15 min. The supernatant (40 pL) was treat-
ed with 280 pL of 10 mmol/L DTNB (Ellman’s reagent),
and the absorbance was measured at 412 nm.?

Total antioxidant capacity-cupric ion-reducing antioxi-
dant capacity (TACCVPRAC)

The platelet samples (5 uL) were treated with 195 pL
of bathocuproine disulfonic acid disodium salt (BCS)
(0.25 mmol/L), and the initial absorbance was mea-
sured at 490 nm. 50 pL of CuSO, solution (0.5 mmol/L)
was added, and after 3 min incubation at room tempera-
ture (RT), 50 uL EDTA solution (0.01 M) was added.
The final absorbance was measured at 490 nm. Total an-
tioxidant capacity was calculated using uric acid as the
standard.”

Oxidative stress markers

Superoxides

200 pL of cytochrome C (160 pmol/L) was added to 100
uL of platelet samples and the mixture was incubated
for 10 min at 37°C. The absorbance was spectrophoto-
metrically read at 550 nm to measure the reduction of
cytochrome C.*

Nitrites

The platelet samples (100 uL) were mixed with 100 pL
of Griess reagent. The mixture was incubated in the dark
at RT. The absorbance was read at 548 nm. The amount
of nitrites was determined using sodium nitrite as the
standard.”

Thiobarbituric acid reactive substances (TBARS)
Platelets (100 uL) were placed in an ice bath for 10 min,
and an equal volume of 20% (v/v) cold trichloroacetic
acid (TCA) in 0.6 M HCI was added. The mixture was
spun at 2000 rpm for 15 min and 40 pL of 0.12 M thio-
barbituric acid (TBA) solution (in 0.26 M Tris at pH 7.0)
was added to the supernatant. The mixture was boiled
for 15 min and the samples were read at 532 nm.*

Protein sulfhydryls
Platelet samples (200 pL) were diluted with 1.5 mL of
0.08 M sodium phosphate buffer (0.5 mg/mL of Na,-ED-

TA, and 2% sodium dodecyl sulfate). 0.1 mL of DTNB
was added to the mixture and left for 15 min at RT. The
absorbance was read at 412 nm.”

Advanced oxidation protein products (AOPP)

400 pL of samples were diluted with 1.2 mL of phos-
phate buffer and incubated with 200 pL potassium
chloride (1.16 M). Absorbance was read at 340 nm im-
mediately after adding 400 L of acetic acid.®

Platelet functions and metabolism

Platelet aggregation

Platelet samples (100 pL) were incubated with collagen
(100 pL, 2.0 pg/ml) for 10 min at 37°C in a V-bottom 96-
well plate. The above procedure was repeated without
collagen. The plates were subjected to shaking for 60 s,
and the absorbance was recorded at 405 nm.”

ATP secretion

The platelet samples were incubated with 25 pL of col-
lagen (2.0 pg/ml) for 10 min at 37°C. The mixture was
treated with 1.2 M perchloric acid. The absorbance was
measured at 260 nm. The amount of adenine nucleo-
tides secreted was calculated using ATP as a standard.®

Glucose

Glucose was estimated using the Autospan Gold kit
(Arkray, India), following the manufacturer’s instruc-
tions based on the glucose oxidase-peroxidase (GOD-
POD) method. The absorbance was read at 546 nm.*

pH
The pH of platelet samples was measured using the pH
strips (Fisher Scientific).

Lactate dehydrogenase (LDH)

The platelet samples (10 pL) were treated with 1 ml of
4:1 mixture of reagent 1 (80 mmol/L Tris, 200 mmol/L
NaOH, and 1.6 mM pyruvate) and reagent 2 (0.2
mmol/L nicotinamide adenine dinucleotide (NAD))
and incubated at 37°C for 3 min. The absorbance was
measured at 340 nm for 3 min.*

Protein

500 pL of platelets were incubated with 2.5 mL alkaline
CuSO, (50:1 mixture of 2% Na,CO, and 0.5% CuSO,) at
RT for 15 min. 0.1 mL of Folin-phenol reagent (1:2 di-
luted in distilled water) was added to the above mixture.
This was incubated at RT for 30 min. Absorbance was
read at 660 nm. Bovine serum albumin (BSA) was used
as the standard.

Statistical analysis
Results are expressed as mean =SE (n=5). One-way
ANOVA was performed using GraphPad Prism 6 Soft-
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ware (San Diego, CA, USA), followed by Bonferroni
post-test. The values were considered significant at
p<0.05.

Results

The variations occurring in FRI were compared against
free radical-induced treated with melatonin antioxidant
(FRI+AO) and controls. Variations occurring in mela-
tonin antioxidant (AO) were compared against controls.

Antioxidant defenses
Superoxide dismutase activity decreased by 59% and
36% in FRI and FRI+AO, respectively, compared to the
controls. SOD activity increased by 58% in FRI+AO
against FRI (Table 1).

Catalase activity was 52% higher in AO compared
to controls. It was 19% higher in FRI+AO compared to
FRI (Table 1). Glutathione was 23% higher in AO than
in controls (Table 1). TAC yprac Was ~23% lower in
FRI+AO than in controls and AO (Table 1).

Table 1. Antioxidant defenses in platelets exposed to
AAPH-induced OS*

Superoxide (atalase Glutathione  Total antioxidant capacity

Groups  dismutase  (Ux10*/mg (mmol/mg (TACyppac) (umol uricacid
(U/mg protein) protein) protein) equivalents/L)
Controls 51+05 10.00+2.3 364105 840.2£123.7
FRI 2.06+0.2 7.65£2.0 337403 766.93164.6
A0 483111 1521453 452106 893.64+744
FRI-+AO 3.26+08 9.14+23 3.56+0.2 658.00£56.5

* results are expressed as mean=SE (n=5), p>0.05

Oxidative stress

Superoxide levels were 41% and 53% higher than controls
and AQ, respectively. The levels were significantly higher
by 75% (p<0.05) in FRI+AO compared to FRI (Fig. 1A).

Nitrites were 25% elevated in FRI+AO than in con-
trols. However, it was maintained in all the other groups
at similar levels (Fig. 1B).

TBARS increased in FRI by 12% and decreased in
AO by 12% compared to Controls. It decreased by 24%
in FRI+AO compared to FRI (Fig. 2A). AOPP was sig-
nificantly higher (120%, p<0.05) in AO with respect to
Controls. AOPP also increased by 66% in FRI+AO com-
pared to FRI (Fig. 2B). P-SH levels were similar in all the
experimental groups. However, it increased by 20% in
AO compared to controls (Fig. 2C).

Platelet function and metabolism
Aggregation with collagen was significantly lower
(~62%, p<0.05) in the FRI+AO compared to FRI and
AO. Aggregation without collagen was similar in all oth-
er groups (Fig. 3B).

ATP secretion increased significantly in FRI+AO by
12% (p<0.001) compared to controls. It increased signifi-

cantly by 17% (p<0.0001) and 8% (p<0.01) in FRI+AO
compared to FRI and AO, respectively (Fig. 3B).

Glucose increased by ~20% in FRI and FRI+AO
compared to controls (Fig. 4A). pH was similar in all
the groups (Fig. 4B). LDH decreased by 17% in FRI
compared to controls. There was an increment of 55%
in FRI+AO compared to FRI (Fig. 4C).

Discussion

Free radicals play a crucial role in homeostasis and re-
dox mechanisms in platelets.* AAPH generates peroxyl
radicals that induce OS and is therefore employed to es-
tablish OS models. This study assessed the modulations
in platelets by melatonin during AAPH-induced OS.

FRI vs. controls

Antioxidant enzymes act as the primary line of defense
during OS and reflect the redox state of platelets. Perox-
yl radicals can potentially inactivate the susceptible en-
zymatic active sites.* Therefore, superoxide dismutase
(SOD) and catalase (CAT) lowered in FRI compared to
controls. Notably, AAPH predominantly generates per-
oxyl radicals by thermal decomposition. These highly
reactive radicals abstract hydrogen atoms from the lip-
ids of the cell and its membrane to form lipid hydrop-
eroxides (LOOH).* These lipid hydroperoxides are
unstable and can decompose to form more reactive rad-
icals, perpetuating the chain reaction of lipid peroxida-
tion and leading to cell damage.'® This corroborates with
the higher TBARS levels, which also reflected in lowered
TAC in FRI. Platelet aggregation increases during OS,
activating a cascade of events leading to thrombus for-
mation and posing a great risk in platelet disorders.* Ag-
gregation in the presence of collagen increased in FRI,
suggesting platelet stimulation due to redox changes.
This can also be attributed to increased glucose metabo-
lism and decreased LDH in FRI due to the aerobic state
of platelets under in vitro conditions.

AO vs. controls

Melatonin, a powerful antioxidant, can penetrate the
platelets due to its lipophilic nature. It stimulates en-
dogenous antioxidant enzymes as seen in the increase
in activity of SOD, CAT, and GSH in the AO. Mela-
tonin directly scavenges hydroxyl radicals and indi-
rectly detoxifies H,O,, superoxide, and peroxyl radicals
through its metabolites.'>*® This can be attributed to
its powerful antioxidant capacity as it can bind to the
Fe?* ions and prevent the Fenton reaction. Therefore,
melatonin lowers the susceptibility of membranes to
oxidative damage and improves their stability.*” Con-
sequently, lipid peroxidation significantly lowered
in melatonin-treated platelets compared to controls.
Sulthydryls are susceptible to oxidation and regulate
the protein structure and function.*® They are also
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implicated in platelet activation and are required for
adhesion via integrin alIbp3.** Protein sulthydryls in-
creased in AO, suggesting that melatonin was active-
ly involved in protecting thiol groups by undergoing
reversible oxidation. AOPP levels indicated that di-
tyrosine linkages were formed, which can result in
the cleavage of polypeptide chains and the forma-
tion of cross-linked protein aggregates.*” AOPP lev-
els increased in AO, suggesting that 1 mM melatonin
could not prevent the formation of susceptible dityro-
sine linkages. Melatonin, as a hormone, can influence

platelet functions in a concentration-dependent man-
ner by altering its response to collagen and thrombin.*
Melatonin increased the ATP secretion and aggrega-
tion (with collagen) in AO compared to the Controls,
indicating platelet responsiveness to collagen and, clot
formation. Melatonin regulates the pathways involved
in platelet activation, thereby augmenting platelet re-
sponsiveness to agonists. Glucose and LDH levels were
maintained in AO and controls, suggesting that mela-
tonin did not intervene in platelet metabolism.
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FRI+AO vs. FRI

The peroxyl radicals generated by AAPH are scav-
enged by melatonin using its two methoxy groups
and an indole ring by a single-electron transfer (SET)
mechanism.* Melatonin elevated the activity of SOD in-
directly by increasing the production of superoxides in
FRI+AO compared to FRI. CAT activity and GSH lev-
els suggest that melatonin was involved in directly scav-
enging generated H,O, as one molecule of melatonin is
capable of scavenging two hydroxyl radicals. Melatonin

has been protective against the catalase inactivation in-
duced by AAPH, suggesting its involvement in reduc-
ing the oxidation of critical residues in these enzymes.*
Nonetheless, elevated superoxide levels in FRI+AO sig-
nify the oxidative modulations due to AAPH in plate-
lets, as superoxides are the primary and highly reactive
species generated by physiological processes. Melatonin
protects the lipids from oxidative damage by direct-
ly scavenging peroxyl radicals. It also actively protects
the lipids due to their lipophilic nature, by altering the
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membrane’s physical properties at the peroxidation
site.”> TBARS decreased in FRI+AO, suggesting that lip-
id peroxidation was alleviated in platelets. This can be
attributed to the SET mechanism, where peroxyl radi-
cals are converted into stable molecules, thereby termi-
nating the lipid peroxidation chain reaction.” Protein
sulthydryls were maintained in FRI+AO and FRI, sug-
gesting that glutathione underwent reversible oxidation
to protect SH groups to a certain extent.* However, ROS
directly attacks the proteins by oxidizing certain amino
acid residues, particularly those with sulfur-containing
side chains, aromatic rings, or histidine residues.! AOPP
increased in FRI+AOQ, suggesting that elevated superox-
ides might have rendered susceptible proteins to oxi-
dation. Platelet aggregation in the presence of collagen
significantly reduced in the FRI+AO owing to the in-
crease in superoxide levels and LDH compared to FRI.
ATP secretion significantly increased in the FRI+AO
compared to FRI, indicating the increase in platelet
sensitivity to collagen as a result of OS. This might be
attributed to the biological defense mechanism of mel-
atonin during OS by inhibiting prostaglandin synthesis,
and can have implications in cardiovascular diseases.****
Platelet metabolism was maintained as demonstrated by
glucose levels. However, reactive species generated by
AAPH affected platelet functions in FRI, and melatonin
exposure benefited the platelets by modulating oxidative
stress and platelet functions.

This study has potential clinical implications for
platelet disorders. One of the major causes of platelet
disorders is oxidative stress, as platelets actively generate
ROS during activation. Antioxidants such as melatonin
can modulate the physiological conditions and alleviate
oxidative damage in platelets. The findings also indicate
that melatonin can be explored in therapeutics for plate-
let disorders.

Study limitations

Melatonin is a hormone and is under constant regula-
tion. A probable change in responses to physiological
factors under in vivo conditions is possible.

Conclusion

Melatonin enhanced antioxidant defenses and attenuat-
ed lipid peroxidation in platelets at 1 mM concentration.
It ameliorated the platelet function and maintained me-
tabolism during AAPH-induced OS. These findings in-
dicate that melatonin can modulate antioxidant capacity
and alleviate oxidative stress in platelets. This suggests
that melatonin plays a beneficial role in regulating redox
mechanisms. Furthermore, in vitro platelet OS models
provide insights into the implications of OS in platelet
pathophysiology. Therefore, this study lays the founda-
tion for further in vivo studies, which can contribute to
therapeutic applications.
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ABSTRACT

Introduction and aim. Acute myocardial infarction (AMI) is a leading cause of mortality. Although traditional risk factors are
known, adipokines, such as leptin (LEP) and resistin (RETN), are emerging as potential biomarkers involved in the inflammatory
and metabolic processes underlying AMI. This study aimed to evaluate serum LEP and RETN levels in patients with AMI.
Material and methods. This case-control study included 60 patients diagnosed with AMI and 60 healthy controls recruited
from the Nasiriyah Heart Hospital, Thi-Qar Province. Serum levels of LEP and RETN were measured using an enzyme-linked im-
munosorbent assay.

Results. AMI patients exhibited significantly elevated LEP (3.79+2.0 vs. 1.43+0.7 ng/mL, p<0.001) and RETN (606+325 vs.
289+160 ng/L, p<0.001) compared to controls. Both adipokines were positively correlated with high-sensitive troponin | (Hs-
Tnl), low-density lipoprotein (LDL-C), and triglycerides (p<0.05). ROC analysis demonstrated a high diagnostic accuracy for LEP
(AUC=0.964; cutoff >2.23 ng/mL, derived from internal study data) and moderate accuracy for RETN (AUC=0.878; cutoff >305.9
ng/L). The sensitivity and specificity of the LEP were 93% and 92%, respectively.

Conclusion. LEP demonstrated high diagnostic accuracy in our cohort, and its clinical application requires validation in larger
prospective studies. The association between RETN and AMI likely reflects inflammatory sequelae rather than predictive utility.
Keywords. acute myocardial infarction, leptin, resistin

Introduction

Acute myocardial infarction (AMI) remains a leading
cause of global morbidity and mortality and is driven by
complex interactions between metabolic dysregulation,
inflammation, and cardiovascular (CV) risk factors.!?
While traditional biomarkers, such as troponin are cen-
tral to the diagnosis of AMI, they lack specificity for the
inflammatory and metabolic pathways integral to AMI
pathophysiology.* This gap underscores the need for nov-
el biomarkers that reflect these mechanisms to improve
early detection and risk stratification. Recent projections
indicate a substantial increase in CVD burden, with crude
mortality expected to increase by 73.4% between 2025

and 2050, culminating in 35.6 million annual CV deaths
by 2050.° In a published study of 19,781 patients with cor-
onary artery disease (CAD), the prevalence of AMI was
23.3%.>¢ Contrary to historical perceptions, emerging
data highlight that the prevalence of AMI in low-resource
settings is now rivaling that of developed nations, driven
by urbanization and metabolic risk factors.®

Leptin (LEP), an adipocyte-derived hormone’ was
discovered in 1994 as a 16 kDa adipokine.® LEP, a 167
amino acids, is mainly synthesized by adipocytes from
white adipose tissue and is transported via the circula-
tory system to the hypothalamus, where it modulates
energy homeostasis and regulation of body weight reg-
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ulation.’ In addition to its metabolic role, LEP exerts
immunomodulatory effects by enhancing Th1 cell-me-
diated immune responses and attenuating Th2-associat-
ed inflammatory pathways. Furthermore, it stimulates
the secretion of pro-inflammatory cytokines from
mononuclear cells. The accumulation of evidence has
underscored the involvement of LEP in the pathogene-
sis of autoimmune disorders."

Resistin (RETN), a pro-inflammatory cytokine,
was first identified in 2001 by a research group led by
Dr. Mitchell Lazar who proposed its role in bridge the
pathophysiological interplay between diabetes and obe-
sity.!! Originally recognized for its association with
the pathological mechanisms of diabetes and its con-
tribution to obesity-related metabolic dysregulation,
emerging evidence has since expanded the function-
al relevance of RETN to include inflammation and im-
mune modulation.!” Recent studies have shown that
RETN regulates the expression of pro-inflammatory
mediators and directly stimulates the production of IL-6
and interleukin-8 (IL-8)."

Identification of effective biomarkers for AMI is
crucial for improving patient outcomes and reducing
mortality.® LEP and RETN, adipokines primarily secret-
ed by adipose tissue, have been linked to CVDs through
their roles in inflammation, insulin resistance, and lip-
id metabolism.** Elevated levels of both adipokines have
been observed in coronary artery disease (CAD) and
AMI, suggesting their involvement in atherosclerosis
and plaque rupture.” While LEP and RETN have been
linked to inflammatory and metabolic pathways, the ex-
act mechanisms by which they contribute to myocardial
injury and plaque rupture have not been fully elucidat-
ed.'* However, prior studies have largely evaluated LEP
and RETN in isolation, with limited comparative anal-
yses of their diagnostic utility or adjustments for con-
founding factors such as body mass index (BMI)."

This study addresses these gaps by providing a head-
to-head evaluation of LEP and RETN in patients with
AMYI, including ROC analysis to assess diagnostic ac-
curacy, and adjusting for BMI to isolate its independent
prognostic value. Furthermore, we explored their cor-
relation with lipid profiles and high-sensitivity troponin
I (Hs-Tnl), offering novel insights into their synergistic
contributions to the pathophysiology of AMI. By inte-
grating these adipokines with established biomarkers,
our findings aimed to refine risk stratification and high-
light their potential as complementary diagnostic tools
in the management of AML.

Aim

This study aimed to evaluate and compare the diagnos-
tic and predictive efficacy of LEP and RETN levels in
patients with AMI and to assess their correlation with
conventional biochemical markers, particularly Hs-TnlL.

Material and methods

In this study a case-control study design was used. Sam-
ples were collected at Nasiriyah Heart Hospital in Thi-
Qar province from individuals diagnosed with AMI,
and samples were collected 8-12 h after symptoms ap-
peared. The study population consisted of 60 patients
divided into two categories: 29 male patients and 31 fe-
male patients. In addition, control group: healthy vol-
unteers (n=60) were randomly recruited from the same
community as the patients, without matching for age or
sex. Sample collection was carried out between Decem-
ber 2024 and March 2025, and the study protocol was
approved by the IRB (287/2024-December 11, 2024).

Inclusion and exclusion criteria
Patients were eligible for inclusion in the AMI group if
they had a confirmed diagnosis of AMI, based on clin-
ical presentation, electrocardiographic findings, and el-
evated levels of Hs-Tnl equal to or exceeding 14 ng/L.
Only people 18 years or older were included. Further-
more, blood samples were required to be collected be-
tween 8 to 12 hours after the onset of symptoms.
Participants were excluded if they had a history
of chronic kidney disease, autoimmune disorders, or
cancer. Further exclusion criteria included the use of
corticosteroids or other medications known to affect
adipokine levels. Pregnant or lactating women were also
excluded from the study.

Sample collection

AMI patient sample collection consisted of performing
a venous puncture to obtain 5 mL of peripheral blood,
allowing coagulation at room temperature, and the col-
lected sample was placed in a gel tube. The tubes were
then centrifuged at 3000 rpm for 10 min to facilitate se-
rum separation. The separated serum was then trans-
ferred to multiple Eppendorf tubes and stored at -20°C
for further examination. Various factors, such as LEP,
RETN, and Hs-Tnl

Biomarker quantification methodologies

Human LEP (E-EL-H6017) and RETN (E-EL-H1213)
concentrations were quantified using enzyme-linked
immunosorbent assay kits (Biotek, Winooski, Vermont,
USA) employing a sandwich methodology. Hs-TnlI levels
were analyzed using the AFIAS 6 fluorescence immuno-
assay system (South Korea), with a diagnostic threshold
of 0.3 ng/L (negative: <0.3 ng/L; positive: 0.3 ng/ L). The
AFIAS 6 system facilitated ambient-temperature assem-
bly and incorporated individual solid-phase receptacles,
test strips, calibrators, and controls per sample. Lipid
profiles were measured using a Mindray BS-230 clini-
cal chemistry analyzer (Shenzhen Mindray Bio-Medical
Electronics Co., Ltd, Shenzhen, China). The calibration
protocols specified a two-point adjustment with a Min-
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dray Human Multi-Calibrator and 9 g/L NaCl, traceable
to the manufacturer’s standards. Calibration was per-
formed on the basis of reagent lot changes or as man-
dated by the internal quality control (QC) protocols.
QC procedures require the analysis of two-tiered con-
trol materials (Mindray Human Assayed Control rec-
ommended) per sample batch, following calibration
updates, reagent cartridge replacement, or maintenance
interventions. The system automates all procedural
steps to ensure standardized processing.

Statistical analysis

This study used an extensive statistical approach us-
ing Excel for data management and GraphPad Prism
9 (GraphPad Software, LLC, Boston, Massachusetts,
USA). Descriptive statistics summarized categori-
cal variables as frequencies/percentages and numeri-
cal variables as means with standard deviations (SD)
and medians. Proportions and means were reported,
and inferential analyses were performed (Chi-square or
Fisher’s exact tests for categorical associations and in-
dependent sample t-tests for numerical comparisons)
between AMI patients and controls. The evaluated pa-
rameters included demographics, lipid profiles, hema-
tological measures, cardiac biomarkers (Hs-TnI), and
adipokines (LEP and RETN). The diagnostic perfor-
mance of adipokines in distinguishing AMI from non-
AMI cases was assessed using the ROC curve analysis.

Table 1. Comparative analysis of demographic
characteristics between control subjects and patients with
AMI*

Characteristic Control AMI p
(n=60) (n=60)
Age (years)
Mean+SD 483+9.8 55447.1 o1l
Range 28-62 39-77
Gender
Male, n (%) 29 (48%) 36 (60%) 03¢
Female, n (%) 31(52%) 24 (40%)
BMI (kg/m?)
Mean+SD 253431 30+4.2
Range 20-33 21.9-33 <oootl

* n — number of cases, SD - standard deviation, C- Fisher’s
exact test, | - independent samples t-test

Results

This study investigated the complex interplay between
adipokines, lipid profiles, and cardiac biomarkers in pa-
tients with AMI. This study compared various parameters
between AMI patients and healthy controls, including
demographic characteristics, biochemical markers, he-
matological profiles, and adipokine levels. The findings
revealed significant differences in these parameters be-

tween the two groups and in the metabolic and system-
ic disturbances associated with AMI. This study also
examined the diagnostic efficacy of adipokine markers
for AMI using ROC curve analysis. This comprehensive
analysis provides valuable information on the pathophys-
iology of AMI and the potential role of adipokines as di-
agnostic markers and therapeutic targets in CVDs.

Table 2 shows that patients with AMI have sig-
nificantly higher levels of total cholesterol, LDL-C,
triglycerides (TG) and VLDL, with lower HDL-C com-
pared to the control group. Patients with AMI also ex-
hibited wider ranges in TG and LDL-C, indicating
greater variability. These results highlight dyslipidemia
in AMI patients, consistent with known CV risk factors.

Table 2. Comparison of mean values of lipid profile
among control group and patients with acute myocardial

infarction*
L Control AMI
Characteristic (n=60) (n=60) P
Cholesterol (mg/dL)
Mean+SD 184.1+45.3 244+65.7
<0.0011
Range 112-298 129-429
HDL (mg/dL)
Mean+SD 47.9+9.7 36.8+12.5
<0.0011
Range 33.5-71.6 14.2-69.7
LDL (mg/dL)
Mean+SD 103.1+47.4 158.3+60.7
<0.0011
Range 42.5-137 76.53-195
TG (mg/dL)
Mean+SD 154.6160.6 191.6+86.4 0021
Range 57.3-280 72-448 '
VLDL (mg/dL)
Mean+SD 30.7+11.7 37.4+17.8 0021
Range 11.4-56 14.4-89.6 ’

¥ | - independent samples t-test

Table 3. Comparative analysis of adipokine levels in control
and AMI patients*

Control AMI

Characteristic (n=60) (n=60) P
Hs-Tnl (ng/L)
Mean=5D 6.0+2.3 39.2+12.8
<0.0011
Range 1.9-11.8 17.5-68.9
LEP (ng/mL)
Mean=SD 1.43£0.7 3.79£2.0 0001 |
<0.
Range 0.5-3.9 2.0-121
RETN (ng/L)
Mean+SD 289+160 6061325
<0.0011
Range 83-615 177-1197

* | —independent sample t-test

Table 3 compares serum hs-Tnl levels between con-
trol subjects and patients with AMI. AMI patients had
significantly higher levels (39.2+12.8 ng/L) compared to
the control group (6.0+2.3 ng/L), with a highly significant
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difference (p<0.001), indicating a marked increase in Hs-
Tnl in AMI cases. Adipokine levels (LEP and RETN) in
control subjects and patients with AMI AMI patients had
significantly higher levels of LEP (3.79+2.0 ng/mL) and
RETN (606+325 ng/L) levels compared to controls, with
broader ranges in AMI. All comparisons are statistically
significant (p <0.001), as shown in Figure 1.
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Fig. 1. Bar chart showing comparison of LEP and RETN
between the control group and patients with AMI

Table 4. Diagnostic performance of LEP and RETN in AMI: a
ROC curve analysis*

Variables c”t'°:f Senst Spec% PPV NPV Accuracy AUC%  95% Cl "éA:sc)z

valu
LEP(ng/mL) >223 93 92 9B RN 85 % 0.89t00.99 0.001
87 078t00.94 0.001

REIN(ng/l) >3059 93 70 79 89 70

* Sens - sensitivity, Spec — specificity, PPV - positive
predictive value, NPV - negative predictive value, accuracy
[(Sensitivity + Specificity) - 1], AUC - area under the curve,
Cl - confidence interval

Table 4 summarizes the receiver operating charac-
teristic (ROC) curve analysis to evaluate the diagnostic
efficacy of LEP and RETN in AMI (Fig. 2). LEP (cut-off

>2.23 ng/mL) demonstrated the highest accuracy (85%)
and area under the curve (AUC: 96%), with 93% sensi-
tivity and 92% specificity, while RETN (cut-oft >305.9
ng/L) had the lowest accuracy (70%) and AUC (87%).
All biomarkers exhibited statistically significant dis-
criminative power (p=0.001). In particular, LEP and
RETN had high sensitivity (93%).
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Fig. 2. ROC Curve chart of LEP, and RETN for diagnosing
AMI in a sample of 60 patients and 60 controls

The Pearson correlation matrix that evaluates asso-
ciations between lipid profiles and adipokines highlights
patients with AMI-specific correlations of adipokines,
demonstrating significant positive relationships be-
tween LEP and total cholesterol TC (r=0.428, p<0.001)
and low-density lipoprotein (LDL: r=0.456, p<0.001).
LEP was strongly and positively correlated with Hs-Tnl
(r=0.494, p<0.001). Although there was a significant
positive correlation between RETN and LDL (r = 0.256,
p =0.032) and Hs-TnlI (r = 0.527, p<0.001), RETN was
positively correlated with LEP (r=0.525, p<0.001) and
negatively correlated with HDL (r = 0.256, p = 0.026).
The correlations between RETN and TC (r = 0.208,



662

European Journal of Clinical and Experimental Medicine 2025; 23 (3): 658—666

p=0.062) and between HDL and LEP (r=-0.171,
p=0.117) were not statistically significant.

80

High-sensitivity troponin I (ng/L)

80

High-sensitivity troponin I (ng/L)

0 500 1000 1500
Resistin (ng/L)

Fig. 3. Correlation chart of LEP and RETN with Hs-Tnl in
patients with AMI (n=60)

Table 5 presents the results of the logistic regression
analysis evaluating the association of the adipokines LEP
and RETN with AM. The model demonstrated (R*=0.93)
and discrimination, as evidenced by a near-perfect ROC
AUC of 0.995 (95% CI: 0.942-1.000). LEP emerged as a
statistically significant predictor, with a coeflicient (B) of
9.676 (Wald=4.07, p<0.01) and an odds ratio of 43.7 (95%
CL: 6.85-279.9), indicating a strong positive association
with AMI risk. In contrast, RETN was not statistically sig-
nificant in the model. ROC analysis demonstrated excep-
tional discriminative performance with an AUC of 0.995
(95% CI: 0.942-1,001). The classification accuracy was
94.5%, with 93.7% accuracy for negative cases and 95.1%
for positive cases.

Table 5. Logistic regression analysis of the association of
LEP and RETN with AMI (R2=0.93)
Variables B(coef) Wald Oddsratio 95% Clforoddsratio p
LEP (ng/mL) 9.676  4.07 43.7 6.8510279.9 <0.01

RETN (ng/L) Not significant in the model

ROCAUC 0.995 (95% CI: 0.942 to 1.000)
Classification accuracy ~ Negative cases: 93.7%, positive cases: 95.1%, overall: 94.5%

Discussion

The study revealed significantly higher mean BMI val-
ues in patients with AMI than in controls, strengthening
the established link between obesity and CV risk. This
finding underscores the well-established association be-
tween obesity and increased cardiovascular risk in pa-
tients with AMI. Several studies support these findings,
strengthening the well-documented relationship be-
tween higher BMI and an increased risk of CV events. A
study conducted in the United States found that obesity
is significantly associated with an increased risk of mor-
tality in AMI patients.'® Similarly, in Western Norway,
obese individuals had an increased risk of AMI and CV
death, which is consistent with previous results."” Fur-
thermore, a study in Romania revealed that higher base-
line BMI values, along with increased epicardial adipose
tissue in specific coronary arteries, are strong predictors
of sudden cardiac death and body fat distribution in CV
health.”® A study conducted in the United States identi-
fied what has been termed the “obesity paradox” Con-
trary to expectations, some studies have reported an
obesity paradox in which a higher BMI correlates with a
lower mortality from AMI. However, our findings align
with the majority of evidence that underscores obesity
as a risk enhancer.” Lipid abnormalities further differ-
entiated AMI patients from controls, with significantly
elevated levels of TC, LDL-C, TG, and VLDL and re-
duced HDL-C. These findings reinforce the well-estab-
lished relationship between lipid abnormalities and the
development of AMI. In Copenhagen, elevated LDL
cholesterol levels were significantly associated with a
markedly increased unconditional risk of MI and ath-
erosclerotic CVD.* Furthermore, it was also confirmed
in their study that elevated LDL levels were robustly as-
sociated with an increased risk of ASCVD, and lipid ab-
normalities, particularly elevated LDL-C and TG levels,
contributed to a higher risk of CV events.* Another
study by Ravnskov argued that high blood cholesterol
levels are not the primary cause of CVD.*

The results of this study showed a significant in-
crease in Hs-Tnl levels in patients to AMI compared
with controls. The pronounced elevation in Hs-Tnl lev-
els highlights its critical role in detecting subtle myo-
cardial injuries, facilitating early diagnosis of AMI,
especially in clinically ambiguous cases. The findings of
this study highlight the enhanced sensitivity of modern
Hs-Tnl assays compared to traditional diagnostic meth-
ods.” This increase in the sensitivity of Hs-TnlI assays
has made them an invaluable tool in clinical practice,
as it enhances diagnostic accuracy, even in cases where
clinical symptoms may not be immediately apparent.
Similarly, a study by Boeddinghaus (2020) supported
the findings of this research, as it concluded that Hs-Tnl
offers high diagnostic accuracy in patients suspected of
having MI, with clinical performance comparable to or
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even exceeding that of traditional central laboratory as-
says.” Raber (2021) further substantiated these findings
by reporting that higher concentrations of Hs-Tnl were
more strongly associated with AMI¥

The results of this study revealed significant differ-
ences in serum LEP adipokine levels between patients
with AMI and control subjects. These findings suggest
that both adipokines, which are involved in inflamma-
tion and metabolic regulation, may play an important
role in the pathophysiology of AMI. The findings of this
study were consistent with those of previous studies. For
example, in Saint-Petersburg, Russia, elevated levels of
LEP in obese patients were found to mediate the mech-
anisms of atherogenesis, metabolic damage, arrhyth-
mogenesis, and myocardial ischemic damage in both
experimental animal models and humans.® Similarly,
in Pakistan, a positive correlation was found between
serum LEP levels and AMI, particularly in smokers and
obese patients; elevated LEP stems from the increased
adipose tissue secretion as the amount of adipose tis-
sue in the body increases, as does the level of LEP in
the blood. LEP resistance also occurs in cases of obesity,
and the brain may become resistant to the effects of LEP,
leading to persistent feelings of hunger despite sufficient
stored fat and metabolic disorders. High levels of LEP
may be an indicator of disorders such as metabolic syn-
drome, in which LEP is produced in greater quantities
by adipose tissue.” Another case-control study com-
pared 40 patients with CAD and 40 healthy controls.
Our study demonstrated a significant increase in LEP
levels in CAD patients. Researchers noted a significant
association between serum LEP level, BMI, and waist
circumference, suggesting that it is an independent risk
factor for cardiac disorders that are largely dependent
on obesity.*® A prospective study has provided evidence
supporting the role of LEP as a risk marker, particular-
ly in metabolic syndrome and inflammatory comorbid-
ities. Although its diagnostic utility remains secondary
to that of conventional biomarkers, its prognostic value
for recurrent events and metabolic complications war-
rants further investigation.*

A study in Egypt found that serum RETN levels are
elevated in patients with acute STEMI, further support-
ing the role of RETN in AMI.** Elevated LEP levels can
help identify patients at higher risk of AMI and guide
clinical decisions regarding treatment strategies.”® A
prospective case-control study demonstrated increased
RETN levels in patients with AMI and established the
prognostic significance of RETN for recurrent acute
coronary syndrome (ACS). RETN levels are related to
the extent of inflammation, highlighting their poten-
tial role as inflammatory markers in CV pathology.** A
cross-sectional investigation involving 77 Saudi patients
experiencing hypoxia classified participants into three
cohorts: a control group, patients with normal BMI, and

patients with AMI patients with heterogeneous BMI
profiles. This study demonstrated significantly elevat-
ed serum RETN levels in patients to AMI compared
with controls. Furthermore, under hypoxic conditions,
RETN concentrations are markedly higher in obese pa-
tients with AMI than in non-obese AMI counterparts.”
A meta-analysis of clinical investigations supports a link
between elevated circulating RETN concentration and
progressive severity of CAD. The study found a gradual
increase in RETN levels in different CAD subtypes, with
the lowest concentrations in unstable angina, interme-
diate levels in unstable angina pectoris, and the high-
est levels in acute myocardial infarction. Comparative
analyses revealed a significant increase in standardized
mean differences, indicating a proportional relationship
between RETN elevation and CAD manifestation sever-
ity.*® Increased serum RETN levels and a strong associ-
ation with CAD severity showed a similar relationship
with myocardial inflammation in RETN.¥

In Abha, Saudi Arabia, serum LEP and RETN lev-
els were independently associated with an increased risk
of AMI. Both LEP and RETN levels are significantly el-
evated in patients with AMI. These results suggest that
LEP and RETN could be important biomarkers to as-
sess CV risk and may provide insights into the mech-
anisms underlying AMI.* There are several biological
mechanisms by which LEP and RETN contribute to
myocardial injury and inflammation. After MI, the in-
nate immune system is activated, leading to the release
of inflammatory cytokines, which improve LEP produc-
tion from white adipose tissue, leading to elevated levels
in circulation.” Infarction leads to ischemia/reperfu-
sion, which increases the formation of reactive oxygen
species (ROS) and induces further oxidative stress in
cardiac cells, leading to a negative feedback loop that
increases inflammation and cell damage. Furthermore,
there is a direct effect on the myocardium, which binds
to its receptors in cardiac cells (Ob-R), leading to hyper-
trophy of cardiac cells and increased proteolytic activity,
contributing to impaired cardiac function.*

Elevated RETN levels in patients with AMI may in-
deed result from AMI-induced inflammation induced
by AMI rather than serve as a precursor. RETN is se-
creted by macrophages and adipocytes in response to
inflammatory signals (eg IL-6 and TNF-a) post-infarc-
tion. Furthermore, RETN impairs endothelial func-
tion (endothelial dysfunction) and increases vascular
permeability, which promotes immune infiltration and
increases the severity of local inflammation in the myo-
cardium.” Regression models prioritize variables that
explain unique variance, and LEP, with a stronger asso-
ciation with AMI, probably overshadowed the contribu-
tion of RETN. Additionally, the elevation of RETN may
reflect systemic inflammation secondary to AMI rath-
er than being an independent causal factor. This aligns
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with studies suggesting that RETN acts as a reactive bio-
marker of inflammation (Tripathi et al., 2020; Zhang et
al., 2017), while the mechanistic role of LEP in meta-
bolic dysregulation may confer greater predictive utility.
The ROC curve analysis conducted in this study sug-
gests that LEP has considerable potential as a diagnostic
biomarker for AMI, due to its high sensitivity and spec-
ificity. Furthermore, the combination of LEP and RETN
can improve diagnostic accuracy, offering a more robust
approach. Future investigations are required to assess
the utility of adipokines in the stratification and man-
agement of risk of AMI patients.*?

Study limitations and future directions

This study has limitations, including a modest sample
size due to recruitment and resource limitations, which
can limit its generalizability. Furthermore, the sin-
gle-center design and recruitment from one hospital in
this study can limit the generalizability of the findings
to broader and diverse populations, while its cross-sec-
tional nature precluded tracking temporal changes in
adipokine levels after onset of AMI, obscuring insights
into their dynamic roles in acute versus chronic phases.
Future multicenter longitudinal studies should investi-
gate temporal fluctuations in LEP and RETN levels af-
ter AMI, correlate these changes with long-term clinical
outcomes (eg, heart failure and mortality), and incor-
porate comprehensive clinical covariates (e.g., BMI, age,
sex, diabetes, and hypertension) to enable multivariate
risk stratification.

Conclusion

This study revealed significantly elevated serum levels of
LEP and RETN in AMI patients, which strongly correlat-
ed with dyslipidemia, systemic inflammation, and mark-
ers of myocardial injury such as Hs-Tnl. In particular, LEP
demonstrated superior diagnostic accuracy compared to
RETN, closely aligned with Hs-Tnl, and emerged as a
promising complementary biomarker to enhance early
detection of AMI and risk stratification. Although RETN
elevation likely reflects inflammatory sequelae rather
than predictive utility, both adipokines deserve further
exploration in multicenter cohorts. Despite the diagnos-
tic potential of LEP, its clinical translation requires vali-
dation through larger prospective studies to confirm its
role alongside established cardiac biomarkers. These find-
ings underscore the importance of integrating novel adi-
pokine profiles into AMI diagnostics, while emphasizing
the need for rigorous population-diverse research to re-
fine their clinical applicability.
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ABSTRACT

Introduction and aim. The occurrence of gastric ulcer (GU) is influenced by many factors including interleukin 1 (/L-18) gene
polymorphisms. In this study, the association of GU with IL-73 gene polymorphisms was investigated in patients with gastric
disorders.

Material and methods. The patients were categorized into two groups, group 1: patients with normal impression in the up-
per-Gl-endoscopy (n=135); group 2: patients with GU (n=135). Three single nucleotide variants (SNVs) of /L-13 gene [rs16944
(=511 C/T), rs1143627 (-31 C/T) and rs1143634 (+3954 C/T)] were investigated by PCR-RFLP method.

Results. The association of IL-13 gene polymorphisms and occurrence of GU along with other factors (socio-demographic and
habits) showed patients with smoking, alcohol intake and NSAID use was high in group 2. For SNVs and occurrence of GU,
rs1143627 (-31TT’) genotype was significantly high in group 2 (21.48%) compared to group 1 (9.63%), while the other two
genotypes were comparable. Further, there was no association of any genotypes with smoking, alcohol intake and NSAID use,
except NSAID use with rs1143627 (-31 C/T) in group 1.

Conclusion. The findings revealed, the habits like smoking, alcohol intake and recurrent NSAID use may influence the occur-
rence of GU while, the IL-1f3 gene polymorphisms have minimal impact on the occurrence of GU.

Keywords. gastric ulcer, gene polymorphism, interleukin-1{, non-steroid anti-inflammatory drug

Introduction Several studies were carried out by taking the sin-

Gastric ulcer (GU) is the most common gastrointestinal
disease worldwide affecting about four million people an-
nually with an estimated lifetime prevalence of 5-10% in
general population.' Incidence of GU is associated with
many confounding factors including food habits, alcohol
consumption, smoking habit, use of non-steroid anti-in-
flammatory drug (NSAID), Helicobacter pylori infection,
as well as various genetic polymorphisms etc.**

gle nucleotide variants (SNVs) of interleukin 1f (IL-1p)
gene against the development of ulcer in upper gastro-
intestinal (GI) tract especially for duodenal and GU.
Three potentially functional SNVs: rs16944 (-511 C/T)
and rs1143627 (-31 C/T) in the promoter region, and
rs1143634 (+3954 C/T) in exon 5 of IL-1f3 gene have
been widely studied and the association with GU are re-
ported to be conflicting.5" These SNV have also been
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found to be strongly associated with the H. pylori infec-
tion with increased risk of gastric disorders.®*? Further
the risk of GU were reported to be contradictory with
respect to the genotypes of various SNVs in IL-1f3 gene
in different populations worldwide.****

Aim

Keeping the paucity of information on the association of
IL-1f gene polymorphisms with the occurrence of GU
in the Indian population, this prospective study was de-
signed with an aim to analyze the possible association of
three SNVs of IL-1f3 gene [rs16944 (-511 C/T), rs1143627
(=31 C/T) and rs1143634 (+3954 C/T)] with the occur-
rence of GU in patients coming with gastric disorder to a
tertiary health care facility of Eastern India.

Material and methods

This case-control (un-matched) study was conducted
between March 2019 and February 2021 and included
individuals presenting with symptoms of gastric disor-
ders who were referred for upper GI endoscopy. All the
consecutive cases were recruited except individuals with
other chronic diseases and who refused to be a part of
the study. The diagnosis of GU was established on the
basis of endoscopic findings. Individuals with normal
impression of upper GI endoscopy along with absence
of an inflammatory process of any etiology were con-
sidered as control (group 1) and individuals diagnosed
with GU were considered as case (group 2).

A total of 135 cases each in group 1 and group 2
were recruited considering the prevalence of IL-1 gene
polymorphisms (variants) in GU patients of 40%, two
sided confidence level of 95%, allowable error of 5%
and odd ratio of 2. The sample size was calculated by
using OpenEpi software, Version 3 (https://www.opene-
pi.com/SampleSize/SSCC.htm). After taking informed
consent for the study, 3 milliliters of venous blood was
collected in EDTA vial from the individuals and were
transported by coolants to the Multi-Disciplinary Re-
search Unit (MRU) of M.K.C.G. Medical College for
further IL-1f SNVs study. This study was approved by
the Institutional Ethical Committee (IEC) of M.K.C.G.
Medical College, Berhampur, Odisha (No. 819 /Chair-
man-IEC, M.K.C.G. Medical College, Berhampur-4).

The genomic DNA was isolated from peripher-
al blood sample by using phenol-chloroform isolation
method. The isolated DNA was quantified and the qual-
ity was checked by spectrophotometer (DS-11+Spectro-
photometer, DeNovix, Wilmington, DE19810 USA). On
analysis, isolated DNA samples with a good purity ratio
of 1.7 to 2.0 were allowed for polymerase chain reaction
(PCR) and rest samples were re-processed with RNAse
treatment where required.

Three SNVs of IL-18 gene [rs16944 (-511 C/T),
rs1143627 (=31 C/T) and rs1143634 (+3954 C/T)] were

investigated by PCR followed by Restriction Fragment-
ed Length Polymorphisms (RFLP) as per the protocol
described by Manchanda et al., and Ramis et al.’®"* The
list of primer used, PCR (time, temperatures and cycle)
and respective restriction endonuclease (RE) along with
resulted product and respective genotypes has been il-
lustrated in Table 1. All the three RE (Ava I, Alu I and
Taq I) used in this study were from New-England Bio-
labs. Both the PCR products and the RE digested prod-
uct were run in 3% agarose gel electrophoresis followed
by documentation in gel documented system using Im-
age Lab software (GelDoc XR+, Bio-Rad, USA). The
agarose gel picture of three SNV of IL-1f gene [rs16944
(=511 C/T), rs1143627 (-31 C/T) and rs1143634 (+3954
C/T)] have been attached as supplementary files (Fig. 1,
Fig. 2 and Fig. 3) respectively. For reproducibility in each
run, we have used both the positive control and nega-
tive control investigated in our own samples. Again, 10
randomly selected samples were re-analyzed for all the
three SN'Vs for further confirmation.

Table 1. Details of primer, PCR cycle, restriction enzymes
and length of the products for the analysis of IL-18 gene
polymorphisms

(R
SNVs  Primers Sequence P(Royde product RE DNAfragments
(35¢ydes) and genotype

(inbp)
190,114

wieoss  Forward  TGGCATTGATCTGGTTCATC  95Clor30sec
csom S6Chor30sec 304 Aval (304,190,114

Reverse  GTTTTAGGAATCTTCCCACTT - 72°C for 30 sec T304

gy Forverd  AGRAGCTTCCACCANTACTC %5 Clor30sec €239
Ny S6'Cfor30sec 239 Alul (T239,137,102
1N Reverse  AGCACTAGTTGTANGGANG 72°Cfor 30 sec 37102
iz Foward - GTTGICATCAGACTTTGACC 95'Cfor30sec (135,114
94T 55°Cfor30sec 249 Taql CT249,135,114

(3954CT) poverse  TICAGTTCATATGGACCAGA 72Cfor 30sec o

Data collection and statistical analysis

A designed case format containing the set of informa-
tion along with anthropometric and clinical parameters
was filled-up for each study subject. All the data was
presented by number followed by percentage. The com-
parison of variables (socio-demographic, habits, geno-
types of respective SNVs) were made between the two
gr