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Evaluating the roles of interleukin-17, C3, C4, antinuclear antibody, 
and antiphospholipid antibody in the pathophysiology  

of systemic lupus erythematosus

Hasan Abd Ali Khudhair  , Sally Fadhel Lafta  

Al-Nasiriyah Technical Institute, Southern Technical University, Ministry of Higher Education and Scientific Research, Iraq

ABSTRACT 
Introduction and aim. Systemic lupus erythematosus (SLE) is a chronic autoimmune disease characterized by immune dysreg-
ulation, autoantibody (Abs) production, and complement (C) consumption. This study aimed to evaluate the diagnostic and 
prognostic relevance of antinuclear antibodies (ANA), interleukin (IL)-17A, complement components C3 and C4, and antiphos-
pholipid (APL) Abs in patients to SLE compared with healthy individuals. This study provides an assessment of these biomarkers 
within a single cohort of an Iraqi population, addressing a regional knowledge gap.
Material and methods. A prospective case–control study was conducted in Al-Nasiriyah, Iraq, from July 2024 to July 2025, in-
cluding 110 patients with SLE and 70 apparently healthy individuals. Serum levels of ANA, IL-17A, complement C3, complement 
C4 and APL immunoglobulin (Ig) M and G were measured using enzyme-linked immunosorbent assay (ELISA) and nephelom-
etry. Statistical analyzes were included using descriptive statistics, chi-square tests, t-tests, and correlation analyses.
Results. Patients with SLE showed significantly higher levels of ANA, IL-17A, and APL Abs, along with significantly lower levels 
of complement C3 and C4. ANA was positively correlated with IL-17A and APL Abs and negatively with complement compo-
nents. There were also significant negative correlations of APL-IgM/IgG with C3 and C4, while IL-17A did not show a correlation 
with C3 or C4.
Conclusion. These findings demonstrate coordinated immune activation and complement depletion in SLE and emphasize the 
value of combined biomarker evaluation within a context of a population of the Middle East specifically.
Keywords. antinuclear antibody, antiphospholipid antibody, autoimmunity, complement, interleukin 17, systemic lupus ery-
thematosus

Introduction
Systemic lupus erythematosus (SLE) is an autoimmune 
chronic disease with multiple manifestations in many 
parts of the body, including inflammation, flares, and 
remission.1 The fact that SLE is a complex and hetero-
geneous disorder has made it difficult for healthcare 
providers to find accurate and useful biomarkers to di-
agnose, manage, and targeting the treatment to improve 
outcomes for their patients with SLE.2 Cytokine fami-

ly interleukin (IL)-17A, complement components C3 
and C4 and the antinuclear antibodies (ANA) and an-
tiphospholipid (APL) antibodies (Abs) are all import-
ant markers of research interest relating to the evolving 
pathogenic mechanisms associated with SLE. IL-17 
is derived from helper T cells and is primarily associ-
ated with inflammatory responses related to autoim-
mune diseases such as SLE.3 Elevated levels of IL-17 
were found in serum and tissues of SLE patients, and 
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this elevation was found to correlate with both disease 
activity and severity. These observations suggest that IL-
17 could be used as a clinical marker for lupus activity 
and response to treatment due to its ability to promote 
inflammation through direct activation of neutrophils 
and through the induction of other pro-inflammatory 
cytokines, and to promote a breakdown of body toler-
ance to its self-antigens.4 However, it should be noted 
that several additional cellular and molecular mark-
ers have also been identified as having reasonable rel-
evance to this classification of disease. These have been 
shown to be significant based on emerging studies that 
have been conducted with interest in direct or indirect 
relationships with basophils5, double negative T cells6, 
CD28-related pathways7, and other auto-Abs8 in the 
pathogenesis and/or activity/disease severity of SLE. 
Furthermore, the identification of these emerging mark-
ers adds context to the markers overall picture of the 
chosen in our study. SLE is also a heterogeneous disease 
that affects people of all ages, both adults and children, 
and thus, among age groups, the type of biomarker ex-
pressed and clinical significance may vary.9 Therefore, 
when evaluating the potential clinical relevance of the 
specific biomarkers investigated in the current study, the 
broad spectrum of immunological processes and new 
biomarkers must also be considered.

Complement components C3 and C4 are central to 
immune defense and clearance of immune complexes. 
In SLE, consumption of C3 and C4, due to ongoing acti-
vation of the complement cascade, is a key characteristic 
of disease activity. Low levels of C3 and C4 levels are re-
lated to active disease flare-ups and, in particular, about 
lupus nephritis. Monitoring these complement compo-
nents provides important information on disorder ac-
tivity and treatment response.10

Because the ANA test has long been a component 
of evaluating patients for rheumatic disease, physi-
cians and technicians should know the characteristics 
of the tests used. However, because novel test formats 
are used more frequently, research conducted in recent 
years has forced ANA testing to be re-evaluated. In ad-
dition, numerous novel medications are being tested 
in clinical trials to treat SLE, and these studies have re-
vealed elements of ANA expression that are not visible 
through serological assays in a typical clinical environ-
ment. One of the most respected indicators in rheuma-
tology, if not all medicine, is ANA; yet, the discipline is 
still evolving. Interpreting data from old procedures is 
often problematic, even though new techniques allow 
for enhanced depth and breadth of serological assays. 
However, the findings that the frequency of ANAs can 
influence treatment outcomes raise the possibility that 
these Abs have a valuable impact on the development 
of SLE in a way that is still not fully understood or rec-
ognized.11

Another significant classification of auto-Abs in SLE 
involves APL-Abs, which are indicative of the presence 
of antiphospholipid syndrome (APS) and may coexist 
with SLE. APL-Abs are directed against phospholip-
id-binding proteins that promote thrombosis and com-
plications during pregnancy. The detection of APL-Abs 
is correlated with increased risk of vascular events and 
poor pregnancy outcomes in SLE. Given their associa-
tion with the occurrence of SLE, APL-Abs are consid-
ered significant biomarkers and can identify people at 
risk for complications.12 Interleukin-17, C3, C4, ANA, 
and APL-Abs are important biomarkers and provide in-
formation on the pathology of SLE and offer informa-
tion to test, monitor, and managing SLE. The value of 
these biomarkers to reflect disease activity and to pre-
dict flares and outcomes provides clinical utility to use 
these markers in the management of SLE.

Although considerable research has been conducted 
on each of the individual components of the biomark-
ers mentioned above, little has been done to assess how 
the immunological interactions of multiple biomarkers 
from a given cohort work together. Furthermore, there 
is a lack of studies involving cohorts from the Middle 
East (especially Iraq). 

Aim 
Therefore, this study aims to address the lack of stud-
ies that simultaneously evaluate multiple immunolog-
ical biomarkers by providing an integrated analysis of 
ANA, IL-17A, complement components C3 and C4, and 
APL-Ab in a cohort of systemic lupus SLE from Iraq. 
The study compares the levels between SLE patients and 
healthy controls (HC) and explores their interrelation-
ships within the SLE group. This population-specific 
approach offers novel information on the coordinated 
immune pathways involved in the pathophysiology of 
SLE in a Middle Eastern population.

Material and methods
Participants and study design
This prospective case-control study was conducted in 
Al-Nasiriyah, Thi-Qar, Iraq, between July 2024 and July 
2025. Patients were recruited from the rheumatology 
unit of Imam Al-Hussein Teaching Hospital, Al-Nasiri-
yah City. All participants were diagnosed with SLE by a 
consultant rheumatologist according to the 2019 Euro-
pean League Against Rheumatism/American College of 
Rheumatology (EULAR/ACR) classification criteria.13 
Consecutive patients who met the diagnostic criteria 
were enrolled using a convenience sampling approach 
after obtaining written informed consent.

The inclusion criteria comprised patients of either 
sex with a confirmed diagnosis of SLE and a disease du-
ration of at least six months who were in regular fol-
low-up at the same hospital. Exclusion criteria included 
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patients with coexisting autoimmune diseases, chronic 
metabolic or endocrine disorders, renal impairment not 
attributed to SLE, malignancy, and any acute or chronic 
infectious diseases. 

Eligible patients were approached during their rou-
tine clinic visits and recruited after receiving a detailed 
explanation of the study protocol. Demographic and 
clinical information was obtained through structured 
interviews and review of medical records. Disease ac-
tivity was not measured in this study, due to the fact 
that the current study focuses on immunological pro-
filing rather than activity stratification. Treatments that 
included corticosteroids and hydroxychloroquine were 
listed and noted as part of descriptive statistical analyses 
to minimize bias from confounding variables. Howev-
er, patients who were treated with high doses of corti-
costeroids or immunosuppressive pulse therapy and 
hydroxychloroquine within three months before partic-
ipating in the study were not included in the analysis.

 HCs were recruited from both community mem-
bers and hospital employees. The HCs matched those 
diagnosed with SLE were of the same age, sex, and res-
idence. The exclusion criteria for the subjects in this 
study were autoimmune disease, chronic illness, family 
history of SLE, immunosuppression, and infection. 

Ethical approval
According to the principles stated in the Declaration of 
Helsinki, the research was approved on 21 July 2024 by 
the Medical Research Ethical Committee of Southern 
Technical University, Al-Nasiriyah Technical Institute, 
Iraq, with reference number 2742. Before beginning the 
study, informed consent was obtained from the patients 
for enrollment.

Sample size
The sample size was determined using the results of pre-
vious studies, the anticipated effect sizes, and the sig-
nificance level of 0.05 with 80% power. To achieve this 
power, 46 participants per group were required, while 
there were actually 110 SLE subjects and 70 HC. Conse-
quently, there was sufficient power to identify differenc-
es between the groups.

Measurement of immunological parameters
SLE immunodiagnostic assays including the following 
biomarkers: ANA status, APL-Abs (IgG and IgM) titers, 
complement levels (C3 and C4), and IL-17A level.

A 5 mL blood sample was placed at room tempera-
ture to coagulate for 30 minutes. The sample was cen-
trifuged at 1500 g for 10 minutes to obtain serum. The 
serum was then aliquoted and placed in storage at -80°C 
until analysis could take place.

The serum ANA test was performed using an en-
zyme-linked ELISA technique utilizing a human ANA 

screen ELISA kit that was commercially prepared (De-
meditec, Germany). According to the manufacturer’s 
recommendations for the kit, the level of ANA in the 
serum sample was scaled as positive or negative, based 
on the optical density cut-off value. Less than 0.9 titers 
referred to the absence of ANA (ANA negative), while 
0.9 titer was considered positive for ANA.

Serum APL-IgG and APL-IgM were performed by 
the ELISA technique using a phospholipid screen IgG/
IgM ELISA Kit (Demeditec, Germany). The assay pro-
cedure was followed on the manufacturer’s recommen-
dations. According to the manufacturing cut-off levels, 
the concentrations of APL-IgG and APL-IgM were cat-
egorized as positive and negative, in which the level of 
<10 U/ml was considered negative, while the level of  
≥10 U/mL was considered positive for both types of au-
to-Abs.

The complement C3 and C4 detection kit (Nephe-
lometry) (Genrui, China) was used for serum C3 and 
C4 measurements. The assay procedure was followed 
according to the manufacturer’s instructions, and the 
measured concentrations of C3 and C4 were grouped as 
low (<0.9 g/L and <0.2 g/L), moderate (0.9-1.8 g/L and 
0.2–0.3 g/L), and high (>1.8 g/L and >0.03 g/L), respec-
tively, which were empirically derived from the HCs dis-
tribution.

The serum IL-17A assay was performed according 
to the guidelines of the the manufacturers of human IL-
17A ELISA Kit in pg/mL (intraassay: coefficients of vari-
ation (CV)<8%, inter-assay: CV <10%, MyBioSource, 
United States). The detected level of IL-17A was scaled 
as low (<25 pg/mL), moderate (25-50 pg/mL) and high 
(>50 pg/mL), which was empirically derived from the 
HCs distribution.

All immunodiagnostic assays were performed in 
the same laboratory following a uniform protocol for all 
subjects, with duplicate measurements. Laboratory staff 
were blinded to group allocation. Information regarding 
CV intra- and inter-assay was not available for all assays.

Statistical analysis
SPSS version 21 was utilized to perform the analysis of 
results (IBM, Armonk, NY, USA). The study included 
continuous variables (IL-17A, C3, C4, APL-IgM, APL-
IgG) for which all have been checked for normality by 
visual inspection of histograms and the Shapiro-Wilk 
test. Inferential statistical tests performed were based 
on whether the continuous variable was normally dis-
tributed or not. For normally distributed variables, in-
dependent sample t-tests were used to compare two 
independent groups (SLE patients and HC). Categor-
ical variables were analyzed using chi-square tests, 
with frequency distributions generated from descrip-
tive statistics (mean, standard deviations (SD), frequen-
cy, percentage) for both demographic characteristics of 
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study participants and biomarker profiles among study 
groups. To identify the correlation between biomark-
er variables, the correlation coefficients were calcu-
lated (using either Pearson correlation coefficients for 
normally distributed variables or Spearman correlation 
coefficients for nonnormally distributed variables). Sta-
tistical significance was assessed using a cutoff value of 
p-value <0.05 for statistical significance.

Results
Demographic and clinical characteristics
Table 1 shows that the mean age of SLE patients (31.7± 
9.6 years) and HC (31.9±9.4 years) was nearly identical, 
indicating a proper age matching. Females predominat-
ed in both groups, especially among patients with SLE 
(96.4%), consistent with the known female predomi-
nance in the disease. The mean duration of the disease 
in SLE patients was 3.25±2.77 years, including both 
newly diagnosed and treated cases. More than half of 
the patients (54.5%) reported a positive family history of 
SLE, highlighting a genetic predisposition. Most of the 
participants lived in urban settings with a marginally 
higher proportion of patients (63.6%), which can be at-
tributed to environmental or access to care factors. Most 
of patients (74.5%) were in treatment, while 25.5% were 
newly diagnosed. Overall, the groups were well matched 
in age, sex and residence, supporting the validity of sub-
sequent comparisons.

Table 1. Basic characteristics of the studied groups
Parameters/Study groups SLE (n=110) HCs (n=70) Total (n=180)

Age (Year) (Mean±SD) 31.7±9.6 31.9±9.4 31.8±9.5

Disease duration (Year) (Mean±SD) 3.25±2.77 0±0 –

Sex (Frequency,%) Males 4 (3.6) 6 (8.6) 10 (5.6)

Females 106 (96.4) 64 (91.4) 170 (94.4)

SLE history
(Frequency,%)

Present 50 (54.5) 0 (0) 50 (27.8)

Absent 60 (45.5) 70 (100) 130 (72.2)

Residence
(Frequency,%)

Urban 70 (63.6) 40 (57.1) 110 (61.1)

Rural 40 (36.4) 30 (42.9) 70 (38.9)

Treatment status
(Frequency,%)

On treatment 82 (74.5) – –

Newly diagnosed 28 (25.5) – –

ANA positivity
The positive frequency was statistically elevated 
(p<0.05) in subjects with SLE (100%) than in the HCs 
group (5.7%) (Table 2).

Table 2. Distribution of study groups according to ANA*

Study groups

ANA

pPositive Negative 

Frequency Percent Frequency Percent

SLE (n=110) 110 100 0 0

SLE × HC: <0.05HCs (n=70) 4 5.7 66 94.3

Total (n=180) 92 51.1 88 48.9

* x – indicate comparison

Serum IL-17A Levels
Table 3 shows that the vast majority of subjects with SLE 
had elevated levels of serum IL-17A (83.6%) compared to 
HC (17.1%) with a statistical difference (p<0.05). Regard-
ing the mean IL-17A titers (Table 3), the highest was in 
the SLE group (516.2±421.5 pg/mL) compared to the HCs 
(31.9±19.3 pg/mL) with statistical significance (p<0.05). 

Table 3. Distribution of study groups according to human 
IL-17A*

Study groups 

Human IL-17A (pg/mL)

pLow Moderate  High Total
Mean±SD

FR (%) FR (%) FR (%) FR (%)

SLE (n=110) 2 (1.8) 16 (14.6) 92 (83.6) 110 (100) 516.2± 421.5 SLE x HC: 
<0.05HCs (n=70) 31 (44.3) 27 (38.6) 12 (17.1) 70 (100) 31.9±19.3

Total (n=180) 33 (18.3) 43 (23.9) 104 (57.8) 180 (100) 327.8±289.8

* x – comparison, low – <25 pg/mL,  moderate – 25–50  
pg/mL, high – >50 pg/mL, FR –frequency

Complement components
The frequency of low C4 level was significantly elevat-
ed (p<0.05) among the members of the SLE disease 
(49.1%) than among subjects with HC (17.1%). Table 
4 also showed the mean titers of C4 which exhibited a 
significantly (P<0.05) decreased level among subjects 
of the SLE group subjects (0.25±0.21 g/L) compared 
to an elevated level among subjects of the HC group 
(0.28±0.08 g/L). Regarding serum C3 in this study, most 
of the SLE subjects (61.8%) were at a low level (Table 4) 
compared to the HC (0%) with a statistical significance 
(p<0.05). The mean titer for C3 was lowest in the SLE 
group (0.92±0.56 g/L) than in subjects (1.22±0.14 g/L) 
with valuable differences (p<0.05) (Table 4).

Table 4. Distribution of study groups according to 
complement C4 and C3*

Study groups

Complement C4 (g/L)

pLow Moderate  High Total
Mean±SD

FR(%) FR(%) FR(%) FR(%)

SLE (n=110) 54 (49.1) 13 (11.8) 43 (39.1) 110 (100) 0.25±0.21
SLE x HC: 

<0.05
HCs (n=70) 12 (17.1) 32 (45.7) 26 (37.2) 70(100) 0.28±0.08

Total (n=180) 66 (36.7) 45 (25) 69 (38.3) 180 (100) 0.26±0.17

Study groups

Complement C3 (g/L)

pLow Moderate  High Total
Mean±SD

FR (%) FR (%) FR (%) FR (%)

SLE (n=110) 68 (61.8) 33 (30) 9 (8.2) 110 (100) 0.92±0.56
SLE x HC: 

<0.05
HCs (n=70) 0 (0) 70 (100) 0 (0) 70 (100) 1.22±0.14

Total (n=180) 68 (37.8) 103 (57.2) 9 (5) 180 (100) 1.04±0.47

* x – comparison, low C4 – <0.2 g/L, moderate C4 – 0.2–0.3 
g/L, high C4 – >0.3 g/L, low C3 – <0.9 g/L, moderate C3 – 
0.9–1.8 g/L, high C3 – >1.8 g/L, FR – frequency

Antiphospholipid antibodies
The frequency percentage of positive level serum APL-
IgM and APL-IgG was significantly (p<0.05) elevated 
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in the SLE subjects 68/110 (61.8%) and 57/110 (52%), 
respectively, compared to the HCs 0/70 (0% for both 
auto-Abs) group. For the mean titer, the SLE group ex-
hibited the highest mean titer (12.28±4.02 U/mL and 
10.89±3.74 U/mL, respectively) compared to the HCs 
group (5.67±0.98 U/mL and 4.30±0.74, respectively) 
with statistical differences (p<0.05).

Table 5. Distribution of study groups according to IgM/IgG 
APL Abs*

Study groups

APL-IgM (U/mL)

pPositive Negative  Total
Mean±SD

FR (%) FR (%) FR (%)

SLE (n=110) 68 (61.8) 42 (38.2) 110 (100) 12.28±4.02

SLE x HC: <0.05HCs (n=70) 0 (0) 70 (100) 70 (100) 5.67±0.98

Total (n=180) 68 (37.8) 112 (62.2) 180 (100) 9.71±4.54

Study groups

APL-IgG (U/mL)

pPositive Negative  Total
Mean±SD

FR (%) FR (%) FR (%)

SLE (n=110) 57 (52) 53 (48) 110 (100) 10.89±3.74

SLE x HC: <0.05HCs (n=70) 0 (0) 70 (100) 70 (100) 4.30±0.74

Total (n=180) 57 (32) 123 (68) 180 (100) 8.33±4.37

* x – comparison, FR – frequency

Correlation between ANA and other biomarkers
In SLE and HC subjects with a positive ANA, the mean 
levels of IL-17A were significantly higher (56.1 pg/mL 
in SLE vs 49.3 pg/mL for HC) than those of HCs sub-
jects who had negative ANA (30.8 pg/mL). In the SLE 
cohort with positive ANA, the C3 and C4 were signifi-
cantly lower (0.92 g/L C3 and 0.25 g/L C4) than those 
of the subjects with negative ANA HC (1.22 g/L C3 and 
0.27 g/L C4). The mean concentration of serum APL-
IgM and APL-IgG was highest for positive ANA (12.2 
U/mL IgM and 10.8 U/mL IgG) compared to negative 
individuals with ANA HC (5.6 U/mL IgM and 4.2 U/mL 
IgG) with statistical significance (p<0.05) (Table 6). 

Table 6. The correlation between ANA and other study 
biomarkers*

Biomarkers

ANA

pSLE HCs

Ve+ (n=110) Ve+ (n=4) Ve- (n=66) T (n=70)

IL-17A (pg/mL), mean 516.1 49.3 30.8 31.9 <0.05

C3 (g/L), mean 0.92 1.1 1.22 1.22 <0.05

C4 (g/L), mean 0.25 0.28 0.27 0.28 <0.05

IgM APL Ab (U/mL), mean 12.2 6.8 5.6 5.6 <0.05

IgG APL Ab (U/mL), mean 10.8 4.9 4.2 4.3 <0.05

* Ve+ – positive, Ve- – negative, T – total

Correlation between APL and other biomarkers
The difference in the mean IL-17A titer between sub-
jects with positive, and negative serum levels of serum 
APL-IgG and APL-IgM was not significant (p>0.05).  
SLE subjects with positive levels of APL-IgG and APL-

IgM exhibited the lowest mean titer (0.61 g/L and 0.65 
g/L, respectively) of serum C3, compared to SLE sub-
jects with negative APL-IgG and APL-IgM (1.2 g/L and 
1.3 g/L, respectively) with valuable differences (p<0.05). 
The findings of the Pearson’s correlation reported that 
there was an inverse relationship between APL-IgG, 
APL-IgM, and C3 levels in the SLE group (r=-0.466 for 
IgG and r=-0.535 for IgM). For the mean C4 titer, the 
level was statistically (p<0.05) lower in subjects with 
positive levels of APL-IgG and APL-IgM (0.17 g/L and 
0.19 g/L, respectively) than negative levels of APL-IgG 
and APL-IgM (0.33 g/L for both). The statistical Pearson 
correlation showed that the concentration of APL-IgG 
and APL-IgM was correlated with the level of C4 (r=-
0.303 and r=-0.298, respectively) (Table 7). 

Table 7. Correlation between APL Abs and other study 
biomarkers*

Bio
m

ark
ers

APL Abs positivity in SLE group

Sp
ea

rm
an

’s ρ

p
IgG APL Abs IgM APL Abs 

Ve+ 
(n=57)

Ve-

 (n=53)
T 

(n=110)
Ve+

 (n=68)
Ve- 

(n=42)
T 

(n=110)

IL-17A (pg/mL), 
mean

527.5 504 516.2 544.1 470.9 516.2 IgG: -0.057
IgM: 0.029

>0.05

C3 (g/L), mean 0.61 1.2 0.92 0.65 1.3 0.92 IgG: -0.466
IgM: -0.535

<0.05

C4 (g/L), mean 0.17 0.33 0.25 0.19 0.33 0.25 IgG: -0.303
IgM: -0.298

<0.05

* Ve+ – positive, Ve– – negative, T – total

Correlation between IL-17A and complement compo-
nents
There was no valuable correlation between the lev-
el of IL-17A and the concentrations of C3 or C4 in 
both study groups.

Table 8. The correlation between IL-17A and complements 
components*

Bio
m

ark
ers

IL-17A (pg/mL)

Sp
ea

rm
an

’s ρ

p 
SLE HCs

L 
(n=2)

M
 (n=16)

H
 (n=92)

T 
(n=110)

L
 (n=31)

M 
(n=27)

H
 (n=12)

T
 (n=70)

C3
 (g/L), 
mean

0.97 0.86 0.93 0.92 1.22 1.2 1.2 1.2
HC: -0.028
SLE: -0.131

>0.05

C4
 (g/L), 
mean

0.13 0.28 0.24 0.25 0.28 0.27 0.27 0.28
HC:-0.167     

SLE: -0.085
>0.05

* T – total, L – low (<25 pg/mL), M – moderate (25–50 pg / 
mL), H – high (>50 pg/mL), FR – frequency

Discussion	
The present study demonstrated significantly higher lev-
els of ANA, IL-17A and APL-Abs (IgM and IgG) in pa-
tients with SLE compared with HCs, accompanied by 
markedly reduced C3 and C4 concentrations. Positive 
correlations between ANA and both IL-17A and APL-
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Ab suggest potential immunological interaction among 
these factors in SLE pathogenesis. On the contrary, the 
negative correlations observed between ANA or APL-
Abs and C3/C4 indicate continued activation of the 
immune complex and complement consumption char-
acteristic of active disease. Although IL-17A was not 
significantly correlated with C3 or C4, its elevation sug-
gests further evidence of immune dysregulation. Collec-
tively, these findings substantiate the role of auto-Abs, 
cytokine imbalance, and complement depletion in SLE 
activity without implying causation. 

A key outcome of this study was the significantly in-
creased positivity for ANA in the SLE group in com-
parison to the HCs (Table 2). This finding is consistent 
with previously published research documenting ANA 
positivity in 92.3% of SLE patients.14 Furthermore, se-
rum IL-17A was also detected to be significantly higher 
in SLE subjects compared to controls (Table 3), which 
confirms similarly published studies that observed in-
creased expression of IL-17 in autoimmune disor-
ders.15–17 The findings support the proposal that ANA 
and IL-17A being both associated with immunopatho-
logical abnormalities related to SLE, possibly contribut-
ing to inflammatory mechanisms in SLE.

The study found that SLE participants had signifi-
cantly lower serum C3 and C4 levels than HC (Table 4). 
These results corroborate results from previous research 
conducted by Trouw et al.,18 Aringer et al.,13 and oth-
ers,19,20 who also found evidence of hypocomplemen-
temia in SLE. The decreased levels of C3 and C4 likely 
reflect complement activation and consumption with 
immune complexes, a well-established feature in the 
pathophysiology of SLE. The reproducibility of similar 
results in the literature suggests that C3 and C4 levels 
may have value when determining the contributions of 
the complement system to symptoms seen in SLE. Al-
though the results may help determine disease activity 
or changes in treatment response, they should never be 
used as definitive markers of disease progression,10 but 
rather in conjunction with other clinical and laborato-
ry markers.

As shown in Table 5, serum APL-IgM concentra-
tions were significantly higher in subjects with SLE than 
in HCs. This is consistent with previous studies that 
demonstrate that SLE cases tend to exhibit higher APL 
Abs, including the IgM isotype, and an association with 
thrombotic risk and related clinical features.21,22 Similar-
ly, we found that higher APL-IgM concentrations and 
incidence in SLE people suggest that this is relevant 
to disease characterization but that we are not making 
claims about causation. APL-IgG concentrations were 
also higher in measured SLE subjects, again significant 
compared to HC (Table 5). This is consistent with recent 
work by Farina et al.23 who similarly found increased 
APL-IgG levels in their SLE cases. Our current study 

did not replicate the claims of APL-IgG positivity rates 
in the work of Ünlü et al.24, who reported lower frequen-
cies among subjects with SLE compared to controls. As 
before, this can be largely attributed to population char-
acteristics, diagnostic reference, or the variability of the 
detection protocol. In summary, APL-IgG and APL-IgM 
concentrations were elevated over HCs and the patterns 
of their association in SLE support the previous investi-
gation, while at the same time indicating the threshold 
difference attributable to variability in the detection or 
characteristics of the study population.

Beringer et al.25 demonstrated that IL-17A is in-
volved in immune responses and dysregulation of IL-
17A has been associated with autoimmune diseases. 
Similarly, in the current study, we observed increased 
levels of IL-17A in participants who tested positive for 
ANA. Using both study groups, we found evidence that 
indicates a positive correlation between IL-17A and 
ANA (Table 6). These findings are consistent with previ-
ous reports showing a link between IL-17A and inflam-
mation and auto-Abs production in SLE. In particular, 
Ebrahimi et al.26 demonstrated that higher concentra-
tions of IL-17A were related to increased disease activity 
in SLE. The current study observed positive correlations 
between IL-17A positivity and ANA positivity.

Furthermore, there was an inverse correlation be-
tween ANA and C3 and C4 in both the SLE and HC 
groups. The presence of decreased complement levels 
may indicate the formation/activation of immune com-
plexes, in agreement with prior studies that have found 
decreased levels of C3 and C4 in ANA-positive SLE pa-
tients.27-29 These results indicate that the measurement of 
complement depletion may indicate the activation of the 
immune system rather than a definitive measure of dis-
ease activity. In healthy individuals, the weaker effects 
of ANA on complement levels may indicate subclinical 
immune activity or predisposition to autoimmunity.

Previous investigations11 indicated that ANA-positive 
individuals, who do not demonstrate clinical evidence of 
autoimmune disease, may have minor alterations in com-
plement, suggesting early immune dysregulation. Consis-
tent with these results, we report evidence of positivity for 
ANA related to lower C3/C4 levels consistent with his-
tory of autoimmune disease, especially SLE. Overall, the 
evidence supports the notion that ANA is a marker of un-
derlying immune alterations and may not serve as a dis-
criminatory prognostic biomarker, but rather as an aid in 
evaluating disease activity.

The results of this investigation offer important 
information on the relationship between ANA and 
APL-Abs in SLE patients. SLE subjects who were ANA 
positive had significantly higher levels of APL-IgM and 
APL-IgG concentrations (Table 6), suggesting a rela-
tionship between ANA positivity and higher levels of 
APL-Abs. This finding is consistent with earlier stud-
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ies demonstrating that the coexistence of APL-Ab with 
ANA can be associated with increased disease activi-
ty and an increased risk of thrombotic events in SLE.30 
The observation that APL-Ab may be associated with 
ANA-positivity indicates an increased risk of thrombot-
ic complications and pregnancy outcomes associated 
with APS.31 These findings reinforce the idea that ANA 
and APL-Abs may have similar immunopathogene-
sis linked to endothelial injury and subsequent throm-
bo-inflammatory events.32

Table 7 indicates that there were no significant dif-
ferences in IL-17A levels among SLE patients with pos-
itive serum APL-IgG and APL-IgM Abs, indicating that 
IL-17A is generally not associated with APL-Ab activity 
among SLE patients. Furthermore, Doreau et al.33 found 
that SLE patients had increased IL-17A without associ-
ation with APL-Abs, suggesting that IL-17A could con-
tribute to the presence of SLE pathology relative to 
APL-Abs or IgM or IgG levels. Another study34 suggested 
that while IL-17A may be indicative of overall disease ac-
tivity, it does not correlate with the presence of APL-Abs. 

These findings are consistent with the idea that IL-
17A acts as part of a complex cytokine network in SLE 
and that it may not be clearly related to APL-Abs. The re-
sults indicated a statistically significant negative correla-
tion between APL (APL-IgG and APL-IgM) and C3 and 
C4 in SLE patients (Table 7). Previous investigations35 re-
ported that the presence of APL Abs was associated with 
lower complement levels, which, in a similar fashion, sug-
gested that these Abs may lead to complement consump-
tion and hypocomplementemia in SLE. Overall, these 
findings may begin to support the potential to monitor 
these APL-Ab along with complement components as a 
possible way to monitor disease activity and help identify 
individuals at risk of worse outcomes who may need clos-
er follow-up, as indicated by Fanouriakis et al.36

The absence of a meaningful correlation between 
IL-17A concentrations and C3 or C4 levels in both the 
SLE and HC cohorts (Table 8) indicates that IL-17A can 
contribute to the pathogenesis of SLE independent of 
complement components. These results corroborate 
the reported findings35 showing that, although SLE pa-
tients have higher levels of IL-17A, there are no explic-
it correlations with complement activation, which also 
suggests independent pathogenic mechanisms. IL-17A 
has the ability to amplify an inflammatory response, al-
though the role of this cytokine in triggering comple-
ment activation may be through an indirect pathway, 
and possibly unknown context-dependent pathways, 
through local inflammatory mediators and/or inter-
actions with other cytokines.10 However, the IL-17A 
signaling pathway and complement systems of comple-
ment will likely have several overlaps to consider during 
all aspects of the immune response and may be appro-
priate for additional investigation.

 IL-17A levels showed a marked increase in patients 
with SLE and these levels correlated with ANA in the 
circulation but showed no association with C3 and C4, 
suggesting a possible independent role in the dysregu-
lation of the immune response. IL-17A is an interesting 
and unvalidated biomarker in SLE that has not been ex-
tensively studied enough to confirm if it is clinically rel-
evant for disease monitoring, patient stratification, or as 
a potential therapeutic target.

This study adds new information because we added 
an analysis of how the biomarkers in the current study 
interact with each other in the same group of patients. 
From correlation analysis, we found a strong positive 
correlation between ANA and IL-17A and an inverse 
correlation between APL Abs and complement levels. 
These findings have not previously been extensively 
published in Middle Eastern populations. These find-
ings provide new information on how classical serolog-
ical markers work together in a specific immunogenetic 
context and they provide evidence for possible popula-
tion-specific immune dysregulation pathways in SLE.

Study limitations
The study does not report a disease activity score, but still 
identifies clear differences in immunology between pa-
tients diagnosed with SLE versus reportedly HC. Although 
limited to demonstrating the cross-sectional nature of 
these data, the results represent a snapshot of differences in 
biomarker profiles. The selection of ANA, IL-17A, C3, C4, 
and APL-Abs represents critical pathways associated with 
SLE and lends scientific relevance to the findings of the 
study. Although the sample size of the HC group was low-
er than that of the SLE group, the subjects were selected to 
be comparable, thus establishing internal validity for this 
study. While the correlations between these two groups 
were relatively weak, the statistically significant and bio-
logically relevant findings of these correlations lend sup-
port to the conclusions drawn in this study. The restricted 
biomarker panel used in this study may limit the identifi-
cation of additional contributing pathways, but provides 
greater specificity for evaluating the central mechanisms 
that lead to the pathology of SLE. Therefore, despite these 
limitations, the study provides compelling evidence for an 
underlying immunologic dysregulation in patients with 
SLE. This study consisted of only Iraqi patients and did not 
include participants from other countries or ethnic back-
grounds. Furthermore, no detailed environmental data 
were collected as this was not a primary goal of the study.

Conclusion
According to observations, SLE is marked by a signifi-
cant increase in positive ANA and IL-17A levels, and a 
significant decrease in C3 and C4 levels, compared to 
HCs. Since there is a positive correlation between ANA 
and IL-17A, the involvement of both substances in the 



261Evaluating the roles of interleukin-17, C3, C4, antinuclear antibody, and antiphospholipid antibody in the pathophysiology of systemic…

pathophysiology of SLE can be speculated. The higher 
levels of APL-IgM and APL-IgG observed in SLE com-
pare to HCs, which were inversely correlated to C3 and 
C4, revealed the complicated relationships between 
auto-Abs and complement proteins in SLE, as well. 
Collectively, these biomarkers indicate significant im-
munological dysregulation in SLE. No direct link was 
reported between IL-17A levels and C3 or C4. 
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ABSTRACT
Introduction and aim. Metabolic syndrome (MetS) is a global non-communicable health burden. Chromium picolinate (CRPIC) 
as modulator of p38 MAPK cascade may have a potential therapeutic effect on MetS. 
The objective of the present study is to evaluate the effects of CRPIC administration on nitric oxide generation and myocardial 
levels of nitric oxide metabolites in rats under conditions of metabolic syndrome. 
Material and methods. The experiment was performed on 24 Wistar rats, which were randomly allocated into four groups (n=6 
per group): Group I, the control group; Group II, the metabolic syndrome (MetS) group, in which MetS was induced by provid-
ing a 20% fructose solution as the sole source of drinking water for 60 days; Group III, the CRPIC-treated group, receiving CRPIC 
at a dose of 80 µg/kg; and Group IV, the CRPIC+MetS group, in which CRPIC administration was carried out under conditions 
of experimentally induced metabolic syndrome. The following biochemical parameters were evaluated: total nitric oxide syn-
thase (NOS) activity, inducible NOS (iNOS) and constitutive NOS (cNOS) activities, arginase activity, nitrite reductase and nitrate 
reductase activities, as well as the concentrations of nitrites, peroxynitrites, nitrosothiols, and hydrogen sulfide.
Results. Administration of CRPIC under MetS conditions resulted in a 38.2% reduction in NOS activity and a 40.2% decrease in 
iNOS activity, accompanied by a 48.9% increase in cNOS activity compared with the MetS group. CRPIC treatment also reduced 
arginase activity by 13.2%. While the activity of nitrate reductase remained unchanged, nitrite reductase activity decreased by 
37.0%. Furthermore, CRPIC increased nitrite levels by 95.2% and peroxynitrite concentrations by 35.2%, while the content of 
nitrosothiols was reduced by 49.1%. H2S levels also decreased by 16.8%.
Conclusion. Administration of CRPIC on the background of metabolic syndrome modeling alleviates enhanced nitric oxide 
production from the L-arginine-dependent and L-arginine-independent pathways, but increases peroxynitrite compared to 
the metabolic syndrome group.
Keywords. chromium picolinate, heart, metabolic syndrome, nitric oxide, p38-MAPK

Introduction
According to the State Committee of Statistics of 
Ukraine, in the year 2020, 39.7 % of adults over 18 
years were considered overweight and 16% obese, 
with 0.7 % classified as extremely obese.1 Obesity of-

ten leads to metabolic syndrome (MetS) and type II 
diabetes development.2 MetS is often accompanied by 
cardiovascular diseases, which develop due to oxida-
tive-nitrosative stress in heart tissues caused by altered 
metabolism.3
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Nitrosative component of oxidative-nitrosative stress 
is usually caused by excessive production of nitric oxide 
(NO) and peroxynitrite (ONOO-) formation. Most of 
existing therapeutic strategies targeting NO production 
in rat heart during MetS influence transcriptional factor 
NF-κB activity, which controls inducible NO-synthase 
(iNOS) activity.4 However, prolonged transcriptional fac-
tor NF-κB activity inhibition may have adverse effects on 
other organs and tissues, which may be one of underlying 
mechanisms of metformin hepatotoxicity.5 

Chromium picolinate (CRPIC) has a potential to 
improve lipid metabolism during MetS, which is one 
of etiological factors of oxidative-nitrosative stress de-
velopment.6 Therefore, it can be considered a therapeu-
tic tool for treatment of heart damage caused by MetS. 
However, its influence on sources of NO production 
and its metabolism in heart during MetS remain insuf-
ficiently studied. 

Current therapeutic approaches largely focus on in-
hibiting NF-κB–dependent iNOS expression; however, 
prolonged NF-κB suppression may induce adverse sys-
temic effects. Therefore, there is a pressing need for al-
ternative strategies capable of modulating nitrosative 
signaling without direct interference in NF-κB activity. 
CRPIC, a nutritional supplement known to improve lip-
id and carbohydrate metabolism, represents a promising 
candidate in this regard. Despite evidence supporting its 
beneficial effects on metabolic homeostasis, the poten-
tial of CRPIC to influence cardiac NO metabolism and 
mitigate nitrosative stress during MetS remains largely 
unexplored. The present study addresses this gap by in-
vestigating the impact of CRPIC on NO production and 
its metabolism in the myocardium under MetS condi-
tions, thus providing a novel mechanistic perspective on 
its cardioprotective potential.

Aim
The objective of the present study is to evaluate the ef-
fects of CRPIC administration on nitric oxide genera-
tion and myocardial levels of nitric oxide metabolites in 
rats under conditions of metabolic syndrome.

Material and methods
The study was carried out on 24 mature male Wistar 
rats weighing 200-260 g that were obtained from ac-
credited animal facility of Poltava State Medical Uni-
versity. The sample size was determined a priori for 
one-way analysis of variance with four groups. An ef-
fect size (f = 0.4), p = 0.05 and power (1–β)=0.80 were 
assumed based on the previous literature and pilot 
data. The calculation yielded a minimum of 24 ani-
mals (6 per group). The animals were housed under 
standard vivarium conditions. All experimental proce-
dures involving animals were conducted in accordance 
with the European Convention for the Protection of 

Vertebrate Animals Used for Experimental and Oth-
er Scientific Purposes. Animals were withdrawn from 
the experiment under thiopental anesthesia by cardiac 
puncture with blood collection from the right ventri-
cle. All manipulations were approved by the Bioethics 
Commission of Poltava State Medical University (Re-
cord No. 206 from 24.06.2022).

Experimental design
The animals were distributed into IV experimental 
groups (6 animals per group):
I – Control group: animals in this group underwent the 
same manipulations as those in the experimental groups 
but received 0.9% sodium chloride solution instead of 
the active substances. 
II – MetS group. Animals on which MetS was modelled. 
Induction of MetS was achieved by exposure to a 20% 
fructose solution as the only drinking fluid for 60 days.7 
III – group of chromium picolinate administration 
(CRPIC group). Animals from this group received chro-
mium picolinate (Sigma Aldrich, Cas Number: 14639-
25-9) intragastrically daily at a dose 80 µg/kg for 60 
days.8 The dose of CRPIC was chosen according to Sa-
hin K. et al (2013) as dose showing anti-diabetic effects.8 
Duration of CRPIC was chosen according to the time 
necessary to induce MetS in our chosen model.7

IV – group of simultaneous chromium picolinate ad-
ministration and metabolic syndrome modelling 
(CRPIC+MetS group). Animals in this group received 
chromium picolinate intragastrically daily at a dose of 
80 µg/kg for 60 days and had a 20% fructose solution as 
the only source of water for 60 days.

Rats were housed in cages containing six animals 
each. The cages were used as a randomization unit.

Biochemical analysis of rat heart homogenate
Determination of L-arginine-dependent NO production
The study object was a 10% homogenate of rat heart tis-
sue. The total activity of nitric oxide synthase (gNOS) 
was assessed based on the increase in the concentration 
of nitrite (NO2

-) concentration.9

To assess the activity of constitutive nitric oxide 
synthase isoforms (cNOS), aminoguanidine hydrochlo-
ride was employed as a selective inhibitor of inducible 
NO-synthase (iNOS). The activity of the inducible iso-
form was subsequently calculated using the formula: 
iNOS = NOS − cNOS (µmol/min per g of protein).9

Nitrite levels were determined using the Griess–
Ilosvay reagent, consisting of 1% sulfanilic acid in 30% 
acetic acid and 0.1% 1-naphthylamine in the same sol-
vent. The concentration of nitrites was measured spec-
trophotometrically using a Ulab-101 spectrophotometer 
(λ=540 nm in cuvette with optical path length of 5 mm, 
ULAB, Nanjing, China).10
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Evaluation of arginase activity
Total arginase activity was determined by the change in 
L-ornithine concentration before and after incubation 
of 0.1 mL of a 10% tissue homogenate in 0.8 mL of in-
cubation medium containing 0.5 mL of 125 mM phos-
phate buffer (pH 7.0) and 0.2 mL of 6 mM L-arginine.

Determination of L-arginine-independent NO production
Nitrite reductase (NiR) activity was evaluated based 
on the reduction in nitrite concentration following in-
cubation of 0.2 mL of a 10% tissue homogenate for 60 
minutes at 37°C. Nitrite levels used for the calculation 
of NiR activity were determined both before and after 
the incubation period.9-10 The activity of nitrate reduc-
tase (NaR) was evaluated by measuring the decrease in 
nitrate concentration after incubating 0.2 mL of a 10% 
tissue homogenate for 60 min at 37°C.9-10 Nitrite con-
centration, used for the calculation of NaR activity, was 
determined spectrophotometrically using a Ulab-101 at 
a wavelength of 540 nm in a cuvette with an optical path 
length of 5 mm.

Estimation of peroxynitrite content
The concentration of peroxynitrite derivatives of alka-
li (Na+, K+) and alkaline earth (Ca²+) metals was deter-
mined based on their reaction with potassium iodide 
under neutral conditions (pH 7.0) in 0.2 M phosphate 
buffer.10 Quantification was performed spectrophoto-
metrically using a Ulab-101 at a wavelength of 355 nm 
with a cuvette optical path length of 10 mm.

Evaluation of S-nitrosothiols concentration
The concentration of low-molecular-weight S-nitroso-
thiols (S-NO) was assessed indirectly by quantifying the 
increase in nitrite levels following a 30-min incubation 
of 0.2 mL of a 10% tissue homogenate.9 S-nitrosothiol 
content was calculated as the difference between base-
line nitrite concentration measured prior to incubation 
and the nitrite concentration determined after incuba-
tion. Nitrite levels were quantified spectrophotometri-
cally using a Ulab-101 at 540 nm with a cuvette optical 
path length of 5 mm.

Determination of hydrogen sulfide content
H2S concentration was determined colorimetrical-
ly based on the formation of a chromogenic complex 
resulting from the reaction of H2S with a specific sul-
fide-detecting reagent composed of N,N-dimeth-
yl-p-phenylenediamine (0.4 g) and iron(III) chloride 
hexahydrate (0.6 g FeCl3·6H2O) dissolved in 100 mL 
of 6 M HCl.10 The resulting sulfide concentration was 
quantified spectrophotometrically using a Ulab-101 at a 
wavelength of 667 nm with a cuvette optical path length 
of 10 mm.

Biochemical analysis of rat blood
In the blood concentration of following metabolic sub-
stances were studied: glucose (REF# HP009.02; Cal-
ibrator solution contains glucose 10.0±0.5 mmol/L), 
triglycerides (TG, REF# HP022.04; Calibrator solution 
contains triglycerides 2.26±0.1 mmol/L), total choles-
terol (TC, REF# HP026.07, Calibrator solution con-
tains cholesterol 5.17±0.1 mmol/L), cholesterol from 
low-density lipoproteins (LDL-C, REF# HP026.05, Cal-
ibrator solution contains cholesterol 5.17±0.1 mmol/L), 
cholesterol from high-density lipoproteins (HDL-C, 
REF# HP026.03, Calibrator solution contains cholester-
ol 5.17±0.1 mmol/L). All abovementioned substances 
were evaluated by respective assays produced by “Filisit 
Diagnistika” (Ukraine) using spectrophotometer Ulab-
101. Body mass index (BMI) was additionally calculated 
in accordance with established methodological recom-
mendations.11

Determination of insulin-resistance indexes
In order to evaluate development of insulin resistance 
following indexes were calculated: 
Triglyceride glucose index (TyG). TyG=Ln [TG (mg/
dL)×FPG (mg/dL)÷2]
Triglyceride/high-density lipoproteins index (TG/
HDL-C). TG/HDL-C=TG (mg/dL)÷HDL-C (mg/dL)
Triglyceride glucose body mass index (TyG-BMI). TyG-
BMI=Ln [TG (mg/dL) × Glucose (mg/dL) ÷ 2] × BMI 
(kg/m2).12

Metabolic score for insulin resistance (METS-IR) index. 
METS-IR=Ln [(2 × Glucose (mg/dL)) + TG (mg/dL)] × 
BMI (kg / m2) Ln [HDL-C (mg/dL)].12

Statistical analysis
Statistical differences between groups were assessed us-
ing nonparametric analysis of variance according to 
the Kruskal-Wallis test, followed by pairwise post hoc 
comparisons using the Mann-Whitney U test. Differ-
ences were considered statistically significant at p<0.05. 
Data are presented as median (M) with the interquartile 
range (IQR). To control for type I error associated with 
multiple comparisons, a Bonferroni correction was ap-
plied. All statistical analyzes were performed using Mi-
crosoft Office Excel with the Real Statistics 2019 add-in 
(Charles Zaiontz).

Results
Changes in blood metabolic parameters.
Analysis of rat blood revealed that MetS modeling 
leads to increase in blood glucose level by 110.9% (Ta-
ble 1). Under these conditions, the triglycerides con-
tent increased by 194.5%, the total cholesterol content 
increased by 51.5%, the LDL-C content increased by 
60.0%, while HDL-C content decreased by 31.0%. Rat 
weight and BMI increased by 14.5% and 20.0%, respec-
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tively. Analysis of insulin resistance indexes revealed 
that all studied indexes increased. TyG, TG/HDL-C, 
TyG-BMI and METS-IR increased by 22.5%, 310.3%, 
50.8% and 21.4%, respectively. 

All abovementioned changes correspond to typical 
symptoms of metabolic syndrome: hyperglycemia, hy-
perlipemia, dyslipidemia and insulin resistance.

Table 1. Metabolic changes in rat blood and insulin 
resistance indexes under conditions of metabolic 
syndrome and CRPIC administration (M(IQR))a

Parameters

Groups

Control, n=6
MetS group, 

n=6

CRPIC 
administration 

group, n=6

MetS+CRPIC 
administration 

group, n=6

Glucose, mg/dL 70.6 (68.1–71.9) 148.9 (145.0–
151.0) *

68.9 (67.0–71.2) # 85.6 (82.3–87.6)
*/#/^

Triglycerides, 
mg/dL

82.3 (70.0–87.8) 242.4 (236.8–
247.9) *

80.0 (75.6–91.2) # 108.9 (103.4–
111.2) */#/^

Total cholesterol, 
mg/dL

45.6 (45.0–46.4) 69.1 (67.4–
69.9) *

41.5 (40.4–45.8) # 53.3 (52.8–53.9)
*/#/^

LDL–C, mg/dL 6.5 (6.2–6.5) 10.4 (9.6–
11.8) *

4.8 (4.4–5.4) */# 7.1 (6.6–7.7) #/^

HDL–C, mg/dL 21.6 (20.8–22.0) 14.9 (14.4–
15.4) *

22.2 (21.0–23.2) # 27.0 (26.5–27.9) 
*/#/^

Rat weight, g 214.5 (211.0–
217.3)

245.5 (243.3–
247.8) *

243.5 (242.3–247.8) 
*

265.0 (261.8–
266.8) */#/^

BMI, g/cm2 0.55 (0.47–0.55) 0.66 (0.66–
0.67) *

0.57 (0.57–0.59)
*/#

0.59 (0.586–0.587) 
*/#

TyG index 8.0 (7.8–8.0) 9.8 (9.80–
9.81) *

7.9 (7.8–7.9) # 8.4 (8.39–8.43) 
*/#/^

TG/HDL–C index 3.9 (3.1–4.2) 16.0 (15.1–
17.3) *

3.7 (3.4–4.2) # 4.1 (3.7–4.2) #

TyG–BMI index 42.9 (36.8–44.4) 64.7 (64.4–
65.7) *

45.2 (44.4–46.7) # 49.4 (49.2–50.2) 
*/#/^

METS–IR index 5.6 (5.5–5.7) 6.8 (6.75–
6.82) *

5.7 (5.6–5.7) # 5.9 (5.87–5.92) 
*/#/^

a * – the data are statistically significantly different from 
the control group (p<0.05), # – the data are statistically 
significantly different from the experimental metabolic 
syndrome group (p<0.05), ^ – the data are statistically 
significantly different from the CRPIC administration 
(p<0.05)

Administration of CRPIC during MetS modelling 
increased blood sugar level by 21.2%, TG by 32.3%, TC 
by 16.9%, HDL-C by 25.0%, while the LDL-C content 
remained unchanged compared to the control group. 
Rat weight and BMI were elevated by 23.5% and 7.3%, 
respectively, compared to control. TyG, TyG-BMI and 
METS-IR increased by 5.0%, 15.2% and 5.4%, respec-
tively. The TG / HDL-C index did not change compared 
to the control group.

Administration of CRPIC during MetS modelling 
modeling increased blood sugar level by 24.2%, TG by 
36.1%, TC by 28.4%, HDL-C by 21.6%, LDL-C content 
increased by 47.9% in the CRPIC group. Rat weight in-
creased by 8.8%, compared to the CRPIC group, while 

BMI remained unchanged. TyG, TyG-BMI and METS-
IR increased by 6.3%, 9.3% and 3.5%, respectively. The 
TG/HDL-C index did not change compared to the 
CRPIC group. 

Administration of CRPIC during MetS modelling 
decreased blood sugar level by 42.5%, TG by 55.1%, 
TC by 22.9%, LDL-C by 31.2%, while the HDL-C con-
tent elevated by 81.2% compared to the CRPIC group. 
Rat weight increased by 7.9%, while BMI decreased by 
10.6% compared to the CRPIC group. TyG, TG/HDL-C, 
TyG-BMI and METS-IR decreased by 14.3%, 74.0%, 
23.6% and 13.2%, respectively.

Changes in NO-cycle enzymes activities in rat heart
The MetS led to increase of total NOS activity by 46.9% 
compared to the control group (Fig. 1A).  iNOS activity 
in these circumstances elevated by 49.0%, while cNOS 
activity decreased by 11.3% (Fig. 1B, Fig. 1C). Argin-
ase activity increased by 29.9% compared to the control 
group (Fig. 1D). Analysis on the nitrate-nitrite pathway 
of NO production revealed that MetS modeling led to 
an increase of nitrate reductase activity by 27.9% and 
nitrite reductases activity was elevated by 155.9% com-
pared to control group (Fig. 2A, Fig. 2B). 

Fig. 1A. Total NO synthase (gNOS) activity in rat heart 
during introduction of chromium picolinate in the 
background of metabolic syndrome modelling, note: * – 
p<0.05 vs. control; # – p<0.05 vs. MetS; ^ – p<0.05 vs. CRPIC

Fig. 1B. Inducible NOsynthase (iNOS) activity in rat 
heart during introduction of chromium picolinate in the 
background of metabolic syndrome modelling, note: * – 
p<0.05 vs. control; # – p<0.05 vs. MetS; ^ – p<0.05 vs. CRPIC
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Fig. 1C. Constitutive NOsynthase (cNOS) activity in rat 
heart during the introduction of chromium picolinate in 
the background of metabolic syndrome modelling, note: 
* – p<0.05 vs. control; # – p<0.05 vs. MetS; ^ – p<0.05 vs. 
CRPIC

Fig. 1D. Total arginase (ARG) activity in the rat heart 
during the introduction of chromium picolinate in the 
background of metabolic syndrome modelling, note: * – 
p<0.05 vs. control; # – p<0.05 vs. MetS; ^ –p<0.05 vs. CRPIC

Fig. 2A. Activity of nitrate reductases (NaR) in rat heart 
during introduction of chromium picolinate on the 
background of metabolic syndrome modelling, note: * – 
p<0.05 vs. control; # – p<0.05 vs. MetS; ^ – p<0.05 vs. CRPIC

Administration of CRPIC to healthy animals result-
ed in a 4.9% increase in gNOS activity, attributable to a 
20.8% increase in cNOS activity, whereas iNOS activi-
ty in the rat heart did not differ from that of the control 
group. Administration of CRPIC increased arginase ac-
tivity in the rat heart by 46.6%. The activity of nitrate re-
ductases did not change after CRPIC administration to 

healthy animals, but the activity of nitrite reductases in-
creased by 144.8% compared to the control group. 

Fig. 2B. Activity of nitrite reductases (NiR) in rat heart 
during introduction of chromium picolinate on the 
background of metabolic syndrome modelling, note: * – 
p<0.05 vs. control; # – p<0.05 vs. MetS; ^ – p<0.05 vs. CRPIC

CRPIC administration resulted in a 28.6% reduc-
tion in gNOS activity, primarily due to a 30.3% decrease 
in iNOS activity, despite a 36.2% increase in cNOS ac-
tivity in the rat heart relative to the MetS group. In ad-
dition, CRPIC treatment was associated with a 12.9% 
elevation in cardiac arginase activity compared with the 
MetS group. The activities of nitrate and nitrite reduc-
tases remained unchanged following CRPIC adminis-
tration, showing no significant differences relative to the 
MetS group. 

Administration of CRPIC during MetS modelling 
led to a decrease in gNOS activity by 9.3%, which hap-
pened due to a decrease in iNOS activity by 10.8% since 
cNOS activity increased by 32.1% relative to control. 
Administration of CRPIC increased arginase activity in 
the rat heart by 12.7%. The activity of nitrate and nitrite 
reductases after administration of CRPIC to animals 
with MetS increased by 41.6% and 61.3%, respectively, 
compared to the control group. 

CRPIC administration during MetS modeling led 
to decrease in total NOS activity by 38.2%, which hap-
pened due to a decrease in iNOS activity by 40.2%, 
since cNOS activity increased by 48.9% compared to the 
MetS group. Administration of CRPIC decreased argi-
nase activity in the rat heart by 13.2% compared to the 
MetS group. The activity of the nitrate reductases did 
not change and the activity of the nitrite reductases de-
creased by 37.0% compared to the MetS group. 

Administration of CRPIC during MetS modeling 
was associated with a 13.5% reduction in gNOS activity, 
driven by a 14.1% decrease in iNOS activity, while cNOS 
activity in the rat heart increased by 9.4% relative to the 
CRPIC group. Cardiac arginase activity decreased by 
23.1% compared to the CRPIC group. Nitrate reductase 
activity increased by 72.3%, whereas nitrite reductase 
activity decreased by 34.1% relative to the CRPIC group. 
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Changes in NO derivates content in heart of rats
During metabolic syndrome modelling nitrite and ni-
trosothiols content in rat heart decreased by 60.0% and 
21.9%, respectively, compared to control group (Fig. 3A, 
Fig. 3C). Under these conditions peroxynitrite content 
increased by 320.0% (Fig. 3B). Analysis of concentration 
of nitric oxide metabolites revealed that administration 
of CRPIC to healthy animals decreased nitrite content 
by 11.0%, increased peroxynitrite content by 208.0%, 
and decreased nitrosothiols content by 15.1% in com-
pared to control. Nitrite content increased by 122.6%, 
peroxynitrite content decreased by 26.7%, but nitroso-
thiols content did not change in comparison to the re-
sults of the MetS group. 

Fig. 3A. Nitrite (NO2) content in the rat heart during the 
introduction of chromium picolinate in the background 
of metabolic syndrome modelling, note: * – p<0.05 vs. 
control; # – p<0.05 vs. MetS; ^ – p<0.05 vs. CRPIC

Fig. 3B. Peroxynitrite (ONOO) content in the rat heart 
during introduction of chromium picolinate in the 
background of metabolic syndrome modelling, note: * – 
p<0.05 vs. control; # – p<0.05 vs. MetS; ^ –p<0.05 vs. CRPIC

CRPIC administration during MetS model-
ing decreased nitrite content by 21.9%, increased the 
peroxynitrite content by 468.0% and decreased nitroso-
thiols content by 60.3% compared to the results of the 
control group. The nitrite content increased by 95.2%, 
the peroxynitrite content increased by 35.2%, and the 
nitrosothiol content decreased by 49.1% compared to 
MetS. However, the nitrite content decreased by 12.3%, 
the peroxynitrite content increased by 84.4% and nitro-

sothiols content decreased by 53.2% compared to the re-
sults of the CRPIC group. 

Fig. 3C. Nitrosothiols (S-NO) content in the rat heart 
during the introduction of chromium picolinate in the 
background of metabolic syndrome modelling, note: * – 
p<0.05 vs. control; # – p<0.05 vs. MetS; ^ –p<0.05 vs. CRPIC

H2S content in rat heart
MetS was associated with a 16.5% increase in myocar-
dial H2S content compared to the control group (Fig. 
3D). In contrast, H2S levels in the CRPIC-treated group 
were reduced by 15.5% compared to controls. Adminis-
tration of CRPIC to healthy animals resulted in a 27.5% 
decrease in cardiac H2S content compared to the MetS 
group. During MetS modeling, CRPIC treatment did 
not alter myocardial H2S levels compared to controls; 
however, H2S content was reduced by 16.8% compared 
to the MetS group and increased by 14.6% compared 
with the CRPIC group.

Fig. 3D. Hydrogen sulfide (H2S) content in rat heart during 
introduction of chromium picolinate on the background 
of metabolic syndrome modelling, note: * – p<0.05 vs. 
control; # – p<0.05 vs. MetS; ^ –p<0.05 vs. CRPIC

Discussion
Changes observed in rat blood in MetS group are typical 
for development of metabolic syndrome (hyperglyce-
mia, hyperlipemia, dyslipidemia and insulin resistance). 
These changes are caused by excessive calorie intake, 
which is the core essence of our model.7 Such results 
correspond to data obtained by other scientists, who 
used the same experimental model.13,14 
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Administration of CRPIC to healthy animals re-
vealed its ability to lower LDL-C and increase animal 
mass and BMI. Several literature sources show ability of 
chromium picolinate to lower LDL and very low-density 
lipoprotein (VLDL) content.15,16 Such ability of CRPIC 
may be attributed to activation of p38 MAPK cascade 
and stimulation of cell division.17 Since cholesterol is 
an element of cell membranes, new cells, formed due to 
stimulation of division by p38 MAPK activation, will re-
quire additional cholesterol, which is absent in the diet, 
leading lower LDL content in blood. BMI elevation of 
rats fed with CRPIC may be connected with ability of 
chromium ion to increase average daily BMI gain.18

Combination of CRPIC administration and MetS 
modelling revealed that CRPIC is effective in lowering 
glucose, triglycerides, total cholesterol, and LDL-C lev-
els, which were elevated by excessive fructose intake.

In MetS group we observed increased NO produc-
tion from NO-synthases, which was characterized by 
increased activity of iNOS and decreased cNOS activ-
ity. Increased iNOS activity was also observed by oth-
er scientists, who studied metabolic syndrome.19,20 The 
reason for increased iNOS activity during MetS devel-
opment lies in NF-κB activation, which controls iNOS 
gene expression.21 Decreased cNOS activity in rat heart 
in MetS group may be associated with lowered activi-
ty of endothelial isoform of NOS (eNOS). During MetS 
lipid droplets in endothelium can inhibit eNOS activity, 
leading to endothelial dysfunction.22 

MetS also increased production of nitric oxide from 
L-arginine-independent pathway, namely from nitrate 
and nitrite reductases. One of the known potent ni-
trate-nitrite reduction enzymes is xanthine oxidoreduc-
tase (XOR), which consists of two domains: xanthine 
dehydrogenase (XDH, EC 1.17.1.4) and xanthine oxi-
dase (XO, EC 1.17.3.2).23 Main substrate of XOR is hy-
poxanthine, which is transformed by XDH domain to 
uric acid. Since during MetS purine catabolism is se-
verely enhanced, increased nitrate and nitrite reduc-
tases activity observed in MetS group can be attributed 
to XOR activation.24,25

Increased peroxynitrite content in rat heart may be 
indication of nitrosative stress development. The reasons 
for the increase in the formation of peroxynitrite during 
metabolic syndrome can be associated with eNOS un-
coupling.26 Uncoupling of eNOS provides superoxide, 
while the sources of NO necessary for peroxynitrite for-
mation of peroxynitrites may vary from iNOS to NiR.

The increase in H2S content in the rat heart observed 
in the present study can be attributed to enhanced ac-
tivity of cystathionine-β-synthase (CBS, EC 4.2.1.22), 
which is known to be induced by excessive fructose con-
sumption.27 The increase in myocardial H2S content ob-
served during metabolic syndrome may be interpreted 
as an adaptive compensatory response to the increased 

conversion of nitric oxide to peroxynitrite, a process that 
attenuates NO-dependent smooth muscle relaxation. In 
this context, elevated H₂S may partially compensate for 
impaired NO bioavailability, as hydrogen sulfide is ca-
pable of directly targeting vascular smooth muscle cells 
and inducing vasorelaxation.28,29 The scientific literature 
provides evidence that H2S can act as peroxynitrite scav-
enger forming sulfenic acid (HSOH).30

Administration of CRPIC to healthy animals re-
vealed a sharp increase in nitrite reduction activity, 
which can be explained by the action of chromium ions 
of chromium picolinate, because some nitrite reduc-
tases contain Cr (IV) in their active center; therefore, 
excessive chromium intake can increase their activity.31 
Elevation of the peroxynitrite content in the rat heart 
during administration of CRPIC to healthy animals can 
cause damage to heart tissue and requires further study. 
The dose chosen for rats in our study is much higher 
than the one used in humans, therefore peroxynitrite el-
evation may be the result of CRPIC overdosage. And, it 
is worth mentioning, that longitudinal studies of low-
er doses in humans revealed no harmful effects.32 The 
source of NO needed to form peroxynitrite is increased 
NiR activity, observed in CRPIC administration group, 
while superoxide may come from toxic effects of ex-
cessive chromium ions accumulation.33 Increased H2S 
content under these conditions is an adoptive response 
towards peroxynitrite accumulation. Elevated cNOS ac-
tivity may be attributed to the ability of CRPIC to en-
hance endothelial functions.34

Observing the combined effects of administration 
of CRPIC and MetS modeling, we established that the 
ability of CRPIC to stimulate endothelium prevails over 
adverse effects on it caused by MetS modelling. The ob-
served reduction in iNOS activity may be attributed to a 
complex regulatory interplay between CRPIC-induced 
activation of p38 signaling and MetS-associated activa-
tion of the transcription factor NF-κB, which together 
modulate the transcriptional and post-transcriptional 
control of iNOS expression.35 We also observed a cumu-
lative effect of administration of CRPIC and MetS mod-
elling on peroxynitrite content in rat heart. A decrease 
in H2S content compared to MetS group may be an indi-
cation of exhaustion of this adoptive mechanism.

CRPIC activating action on p38 MAPK cascade 
may be associated with stimulation of p38 alpha iso-
form of p38 family, since part of its effects can be alle-
viated by specific p38 alpha inhibitor SB203580.36 Such 
activation may be beneficial for correction of metabol-
ic changes, but may be harmful for myocardium. It is 
worth mentioning that CRPIC has a stimulation effect 
on L-arginine-independent nitric oxide production, 
which may be either due to influence on specific en-
zymes or due to non-enzymatic reduction of nitrates/
nitrites to nitric oxide, which requires further study. 
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Hydrogen sulfide plays a significant role in maintain-
ing cellular redox homeostasis by directly neutralizing 
reactive oxygen and nitrogen species and by regulating 
the function of redox-sensitive proteins via persulfida-
tion-dependent post-translational modification.37 In 
addition, H2S reinforces antioxidant capacity by induc-
ing the expression and activity of key enzymes, includ-
ing superoxide dismutase, catalase, and glutathione 
peroxidase, while maintaining mitochondrial integri-
ty and attenuating oxidative stress–mediated cellular 
injury.38

The present findings provide mechanistic insight 
into the cardiac consequences of MetS and the dualis-
tic effects of chromium picolinate supplementation. The 
observed upregulation of iNOS activity and increased 
NO generation from nitrate–nitrite reductases during 
MetS suggest that excessive NO and subsequent per-
oxynitrite formation play a central role in myocardial 
oxidative-nitrosative injury. 

Prolonged administration of CRPIC in metabol-
ically healthy individuals may exert cardiotoxic ef-
fects by enhancing nitrosative stress. Administration 
of CRPIC during MetS revealed a modulatory role 
of CRPIC realized by attenuating excessive NO pro-
duction from both NO synthases and nitrite reduc-
tases. However, the high ONOO content in the MetS + 
CRPIC group suggests the need to correct the dose or 
duration of treatment. 

Study limitations
The principal limitation of the present study is the rela-
tively small number of animals included in each experi-
mental group. Additional limitations include the lack of 
direct markers of oxidative stress (ROS production, lip-
id peroxidation, antioxidant enzyme activity), and the 
absence of histological and functional cardiac assess-
ments.

Conclusion
Metabolic syndrome changes the amount of nitric oxide 
produced in the rat heart by enhancing the inducible ac-
tivity of NO-synthase and intensity of nitric oxide pro-
duction from nitrate-nitrite reductases. Enhanced nitric 
oxide production in the rat heart under conditions of 
metabolic syndrome results in a shift toward the pre-
dominance of the peroxynitrite pathway of nitric oxide 
utilization.

Prolonged administration of chromium picolinate 
to healthy animals for 60 days can exert cardiotoxic ef-
fects, potentially mediated by enhanced generation of 
nitric oxide through nitrite reductase pathways and the 
concomitant increase in peroxynitrite levels.

Administration of chromium picolinate during 
metabolic syndrome modelling attenuates excessive ni-
tric oxide production derived from both synthetic and 

reductive pathways, while simultaneously promoting 
increased peroxynitrite formation.
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ABSTRACT
Introduction and aim. Vitamin D deficiency has been associated with impaired cardiovascular dysfunction and adverse out-
comes in chronic heart failure (CHF); yet the connection between inflammatory and cardiac biomarkers in different disease 
severities remains incompletely understood. Therefore, this study aimed to investigate the role of vitamin D and related bio-
chemical parameters in the etiopathophysiology and severity of chronic heart failure.
Material and methods. A total of 219 people diagnosed with chronic heart failure, aged 30 and 89 years, were enrolled and strat-
ified according to the functional class (I–II, n=123; III–IV, n=96). An age and sex-matched control group of 51 apparently healthy 
individuals was included. Serum levels of vitamin D, natriuretic peptide (BNP), N-terminal pro–brain natriuretic peptide (NT-proB-
NP), interleukin-6 (IL-6), interleukin-18 (IL-18) and tumor necrosis factor-alpha (TNF-α), galectin-3 and fibroblast growth factor-23 
(FGF-23) were quantified using validated immunoassays. Comparisons between groups were performed using nonparametric sta-
tistical tests. Associations between variables were evaluated using Spearman’s correlation analysis. The diagnostic utility of the se-
lected biomarkers for different levels of severity of CHF was evaluated using receiver operating characteristic (ROC) curve analysis.
Results. Vitamin D deficiency was associated with CHF severity. Across increasing NYHA functional classes, serum levels of IL-6, 
IL-18, TNF-α, BNP, NT-proBNP, galectin-3, and FGF-23 differed significantly (p<0.001). Vitamin D concentrations were positive-
ly associated with left ventricular ejection fraction and inversely related to BNP, NT-proBNP, IL-6, IL-18, TNF-α, galectin-3, and 
FGF-23. ROC analysis indicated that IL-6 (AUC 0.799, sensitivity 75%, specificity 78%) and galectin-3 (AUC 0.791, sensitivity 72%, 
specificity 80%) were the most discriminative biomarkers in patients with CHF with vitamin D deficiency, supporting their clin-
ical utility for risk stratification and disease monitoring.
Conclusion. This study provides novel evidence by integrating inflammatory cytokines, galectin-3, FGF-23, and natriuretic pep-
tides in patients with vitamin D-deficient CHF, identifying IL-6 and galectin-3 as the most discriminative biomarkers of disease 
severity in this clinical setting.
Keywords. chronic heart failure, cytokines, FGF-23, galectin-3, vitamin D

Introduction
Chronic heart failure (CHF) continues to pose signifi-
cant challenges in contemporary medicine.1,2 Its prev-
alence is expected to increase due to increasing rates 
of primary etiologies, including arterial hypertension, 
ischemic heart disease, and type 2 diabetes mellitus. 

Despite advances in treatment and preventive strate-
gies, patients with CHF continue to face high mortality, 
frequent hospitalizations, and multiple comorbidities.3 
Therefore, there is a continued need for therapeutic ap-
proaches that improve clinical outcomes and quality of 
life in these patients.

https://creativecommons.org/licenses/by/4.0/
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In recent years, vitamin D deficiency has attract-
ed growing attention in the context of CHF. Globally, 
approximately 40.4% of people exhibit vitamin D defi-
ciency.4  Multiple studies have shown links of vitamin D 
deficiency with various cardiovascular conditions, such 
as heart failure, arterial hypertension, and atrial fibrilla-
tion.1,5 Insufficient vitamin D can promote activation of 
the renin–angiotensin–aldosterone system, trigger in-
flammatory pathways, and affect endothelial function.6 
Production of pro-inflammatory cytokines, including 
interleukin-8 (IL-8) and tumor necrosis factor-alpha 
(TNF-α) is up-regulated, promoting oxidative stress. Vi-
tamin D modulates the NF-κB pathway, thus reducing 
the production of interleukin-6 (IL-6), interleukin-12 
(IL-12), interferon-γ, and TNF-α.7-9 This pro-inflamma-
tory environment coexists with neurohormonal activa-
tion and endothelial dysfunction, creating conditions 
favorable for adverse ventricular remodeling.10,11 

Fibro-inflammatory remodeling is also reflected in 
galectin-3, which increases with macrophage activation 
and interstitial fibrosis, correlated with adverse struc-
tural remodeling and poorer results in CHF.12,13 CHF is 
also associated with activation of mineral metabolism 
pathways. Fibroblast growth factor-23 (FGF-23) levels 
increase in patients experiencing systemic inflammation 
and cardiorenal stress, and evidence suggests that FGF-
23 contributes to the progression of cardiovascular dis-
ease.14,15 Within the mineral–bone–cardiac axis, FGF-23 
typically increases along with inflammatory activity and 
renal dysfunction. Experimental and clinical evidence 
indicates a bidirectional link between inflammatory sig-
naling and FGF-23 expression, positioning FGF-23 as 
both a mediator and a marker of maladaptive remod-
eling in CHF, although its direct myocardial effects 
remain debated.16,17 Hemodynamic overload and neu-
rohormonal activation are reflected by natriuretic pep-
tides, such as natriuretic peptide (BNP) and N-terminal 
pro–brain natriuretic peptide (NT-proBNP), which in-
crease with stress in the ventricular wall and correlate 
with inflammatory activity. These markers serve as com-
plementary indices to cytokines and fibrosis biomarkers 
in vitamin D–deficient CHF phenotypes.18,19 

The selected biomarker panel integrates inflamma-
tory, fibrotic, mineral metabolism, and natriuretic mark-
ers to comprehensively assess disease severity in patients 
with vitamin D-deficient CHF.20 While prior studies have 
examined single biomarkers or limited pathways, the 
present study provides novel insights by evaluating this 
panel, identifying key pathophysiological links, and sup-
porting the evaluation of disease progression.

Aim
The aim of this study was to investigate the role of vita-
min D and related biochemical parameters in the etio-
pathophysiology and severity of CHF.

Material and methods
Study design and setting
This was a multicenter, cross-sectional observational 
study. Patients were consecutively enrolled during rou-
tine visits to outpatient clinics or inpatient departments 
at three tertiary care centers in Baku, Azerbaijan: Re-
publican Clinical Center, Sabunchu Clinical Center, and 
1st Clinical Medical Center, between 2023 and 2024. 
Seasonal variations in vitamin D levels were taken into 
account during recruitment to minimize confounders.

Participants
A cohort of 219 people diagnosed with chronic heart 
failure (CHF), aged 30 to 89 years (mean 61.5±0.7 years), 
was recruited. The classification was performed accord-
ing to the New York Heart Association (NYHA) func-
tional scale: 123 in classes I-II (mean age 60.4±1.0 years) 
and 96 in classes III-IV (mean age 62.9±1.0 years). All 
CHF patients were clinically stable at enrollment, with-
out recent hospitalization or acute decompensation, to 
minimize variability in biomarker levels, particularly 
BNP and inflammatory markers.

Heart failure phenotype
The cohort consisted of patients who presented pri-
marily with heart failure with reduced ejection fraction 
(HFrEF, EF <40%). However, the median EF in NYHA 
I–II patients was greater than 40% (Me=68.0%, Q1–Q3: 
62.0–71.0), indicating that this subgroup included a few 
patients with HFmrEF (EF 40–49%). The median EF for 
NYHA III–IV was 40.0% (Q1–Q3: 33.0–46.0). All ana-
lyzes were performed on the combined HF population 
and results are interpreted accordingly. The main etiol-
ogies of CHF were coronary artery disease, arterial hy-
pertension, and dilated cardiomyopathy.

Control group
The study included 51 healthy volunteers, matched by 
age and sex, who were recruited from hospital personnel 
in the same clinical centers as the patient. The controls 
were verified to have normal vitamin D levels and were 
free of cardiovascular, renal, or inflammatory diseases, 
with no acute infections at the time of blood collection. 
Potential bias related to occupational health, lifestyle, 
and socioeconomic differences is acknowledged.

Exclusion criteria
Exclusion criteria included acute or chronic kidney fail-
ure, liver failure, infectious or inflammatory diseases, 
recent use of diuretics or steroids, vitamin D and/or cal-
cium supplementation within the previous two months, 
hypoparathyroidism and hypothyroidism. Patients with 
eGFR <60 ml/min/1.73 m² or known chronic kidney 
disease were excluded to ensure normal kidney func-
tion at baseline.
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Potential confounding factors
Baseline assessments included variables that could po-
tentially confound the results, such as body mass index 
(BMI), smoking habits, concomitant medications (ACE 
inhibitors, ARNI, beta-blockers, statins), exposure to 
sunlight, and seasonal variations. These factors were 
recognized as potentially influencing vitamin D and re-
lated biomarker levels; No multivariate adjustment was 
performed, which represents a limitation inherent in the 
observational design.

Echocardiography
Two-dimensional Doppler imaging using the Simpson’s 
biplane method (GE Vivid E95, Philips EPIQ 7) was 
performed by experienced cardiologists following stan-
dardized protocols to minimize variability between and 
intra-operator variability. Echocardiography was per-
formed the same day as blood collection.

Blood collection and biomarker analysis
Morning blood samples were obtained after patients 
fasted overnight. Vitamin D, BNP, and NT-proBNP 
were analyzed immediately; samples for cytokines and 
galectin-3 were stored at -70°C until assay. Each assay 
was carried out in batches, with samples from patients 
and controls analyzed simultaneously and blinded to 
NYHA classification to reduce variability between as-
says. Calibration between laboratories ensured method-
ological consistency.

Creatinine was measured using a human immu-
noassay (mg/dL). BNP and NT-proBNP were analyzed 
with Roche Elecsys immunoassays (pg/mL). Cytokines 
IL-6, IL-18 and TNF-α were measured using Vector 
Best ELISA kits (pg/mL). Galectin-3 concentrations 
were determined by RayBiotech ELISA (ng/mL), and 
FGF-23 was assessed using a Human FGF-23 ELISA 
(pg/mL). Serum 25-hydroxyvitamin D [25(OH)D] 
was measured with a Bioaktiva Diagnostic immuno-
assay (ng/mL). All assays were performed in batches, 
with patient and control samples analyzed concurrent-
ly and blinded to NYHA class, and interlaboratory cal-
ibration was conducted to ensure consistency across 
measurements. The coefficients of variation within and 
between the assays were less than 10%, and the sensi-
tivity of the assay fell within the ranges recommended 
by the manufacturer.

Vitamin D measurement
Serum 25-hydroxyvitamin D [25(OH)D] was measured 
using a validated immunoassay (Bioaktiva Diagnostic). 
Concentrations are reported in nanograms per millili-
ter. Vitamin D deficiency: <20 ng/ml; insufficiency: 20–
30 ng/ml; sufficiency: >30 ng/ml, in accordance with 
current clinical guidelines.

Statistical methods
Data are expressed as median (Me), 25th (Q1) and 75th 
(Q3) percentiles. Nonparametric comparisons between 
two groups were made using the Mann-Whitney U test, 
and differences between three groups were assessed with 
the Kruskal-Wallis test. Fold increases or decreases re-
ported in the results section were calculated as the ratio 
of median values. Spearman’s correlation evaluated the 
relationships between variables. The diagnostic ability 
of inflammatory and fibrosis-associated biomarkers was 
evaluated in CHF patients with vitamin D deficiency us-
ing a receiver operating characteristic (ROC) curve. The 
outcome variable was CHF severity, classified according 
to NYHA functional class (I–II vs III–IV), with thresh-
olds determined using the Youden index to maximize 
sensitivity and specificity. The area under the receiver 
operating characteristic curve (AUC) was determined 
with 95% confidence intervals (CI) and the variability 
of estimates was expressed as standard errors. The sam-
ple size was justified based on previous CHF biomarker 
studies, ensuring adequate power for detecting signifi-
cant differences. Data gaps were minimal and handled 
by list deletion. A p-value of less than 0.05 was consid-
ered statistically significant and all analyses were per-
formed using IBM SPSS Statistics version 26 (Armonk, 
NY, USA).

Ethics
The study was in accordance with the Declaration of 
Helsinki and was approved by the Ethics Committee of 
the Azerbaijan Medical University, approval No. 3/2018, 
dated 16.09.2018.

Results
According to echocardiographic data, the median EF 
was 40.0% (Q1-Q3: 33.5-46.0%) in patients in NYHA 
class I-II and 37.5% (Q1-Q3:31.5-41.5%) in NYHA 
class III-IV, compared with 68.0% (Q1-Q3: 62.0-71.0%) 
in the healthy control group. EF was significantly low-
er in both NYHA I–II and III–IV patients compared to 
controls (p<0.001). No significant differences in blood 
creatinine levels were observed between CHF patients, 
indicating preserved renal function (p=0.283) (Table 1).

There were no statistically significant differences in 
serum creatinine concentration between the patients. 
The median BNP concentration was markedly elevat-
ed, showing a 10.8-fold increase in CHF patients of the 
NYHA functional class I–II (median 538.0 pg/mL; Q1–
Q3: 423.0–628.0; p<0.001) and a 12.7-fold increase in 
those with NYHA class III–IV (634.0; 557.5–759.5 pg/
mL, p<0.001) compared to the control group (50.0; 
29.0–63.0 pg/mL). Similarly, the median concentra-
tion of NT-proBNP was significantly higher, 19.8 times 
higher in patients with NYHA class I–II (1285.0; 954.0–



276 European Journal of Clinical and Experimental Medicine 2026; 24 (2): 273–281

1485.0 pg/mL, p<0.001) and 26.0-fold higher in those 
with NYHA class III–IV (1688.5; 1556.5–1845.5 pg/mL, 
p<0.001) relative to controls (65.0; 46.0–96.0 pg/mL).  
BNP and NT-proBNP levels increased further in NYHA 
class III–IV compared to class I–II, by 17.8% (p<0.001) 
and 31.4% (p<0.001), respectively (pH=0.001 between 
groups). 

Vitamin D deficiency in CHF patients worsened 
progressively with advancing NYHA functional class. 
In class I–II, the median vitamin D concentration was 
approximately 50% lower (29.0; 21.0–37.0 ng/mL, 
p<0.001) than in the control group (42.0; 38.0–48.0 ng/
mL), while in class III–IV, this decrease was 2.5 times 
(17.5; 12.5–28.0 ng/mL, p<0.001). Vitamin D levels in 
class III–IV were 65.7% lower (p<0.001) compared to 
class I–II, indicating a more severe deficiency in ad-
vanced stages of CHF (pH=0.001 between groups).

Inflammatory cytokine levels increased in accor-
dance with the NYHA functional class. IL-6, IL-18, and 

TNF-α showed stepwise elevations: IL-6 increased by 
75.0% in class I–II (3.50; 3.10–4.10 pg/mL, p<0.001) and 
2.4 times in class III–IV (4.80; 4.0–5.30 pg/mL, p<0.001), 
compared to controls (2.00; 1.60–2.90 pg/mL). IL-18 in-
creased by 75.2% (368.0; 295.0–430.0 pg/mL, p<0.001) in 
class I–II and 95.0% (409.5; 350.0–485.0 pg/mL, p<0.001) 
in class III–IV (controls: 210.0; 146.9–243.5 pg/mL). 
TNF-α increased by 46.0% in class I–II (7.3; 6.5–7.9 pg/
mL, p<0.001) and 62.0% in class III–IV (8.1; 7.3–8.9 pg/
mL, p<0.001), compared to controls (5.0; 4.6–5.3 pg/mL). 
In class III-IV compared to class I–II, IL-6, IL-18, and 
TNF-α concentrations were significantly higher by 37.1% 
(p<0.001), 11.3% (p=0.003) and 11.0% (p<0.001), respec-
tively (pH=0.001 between groups).

Galectin-3 levels were elevated in both functional 
classes compared to the control group (7.0; 5.5 to 9.6 
ng/mL), showing a 2.0-fold increase in class I–II (14.4; 
11.8–16.3 ng/mL, p<0.001) and a 2.6-fold increase in 
class III–IV (18.1; 15.4–19.4 ng/mL, p<0.001). Median 

Table 1. Changes in functional and biochemical parameters of patients with chronic heart failure according to the stage of 
the disease*

Parameters

Groups

p#Control NYHA class I-II NYHA class III-IV 

M Me Q1 Q3 M Me Q1 Q3 M Me Q1 Q3

Ejection fraction 66.9 68.0 62.0 71.0 39.5 40.0 33.0 46.0 36.8 37.5 31.5 41.5 <0.001

p
p1

<0.001 	 <0.001	
0.003

Creatinine, mg/dL 0.86 0.88 0.76 0.96 0.90 0.92 0.79 1.00 0.89 0.89 0.76 1.01 0.283

p
p1

0.112 0.488
0.376

Vit. D, ng/mL 43.5 42.0 38.0 48.0 28.6 29.0 21.0 37.0 20.5 17.5 12.5 28.0 <0.001

p
p1

<0.001 <0.001
<0.001

BNP, pg/mL 46.2 50.0 29.0 63.0 541.1 538.0 423.0 628.0 663.7 634.0 557.5 759.5 <0.001

p
p1

<0.001 <0.001
<0.001

NT-pro-BNP, pg/mL 72.5 65.0 46.0 96.0 1270.1 1285.0 954.0 1485.0 1662.0 1688.5 1556.5 1845.5 <0.001

p
p1

<0.001 <0.001
<0.001

IL-6, pg/mL 2.26 2.00 1.60 2.90 3.59 3.50 3.10 4.10 4.74 4.80 4.00 5.30 <0.001

p
p1

<0.001 <0.001
<0.001

IL-18, pg/mL 197.0 210.0 146.9 243.5 366.9 368.0 295.0 430.0 409.9 409.5 350.0 485.5 <0.001

p
p1

<0.001 		  <0.001
0.003

TNF-α, pg/mL 4.9 5.0 4.6 5.3 7.3 7.3 6.5 7.9 8.2 8.1 7.3 8.9 <0.001

p
p1

<0.001 <0.001
<0.001

Galectin-3, ng/mL 7.3 7.0 5.5 9.6 14.2 14.4 11.8 16.3 18.1 18.1 15.4 19.4

p
p1 	

<0.001 <0.001
<0.001

FGF-23, pg/mL 48.3 48.2 39.1 61.2 55.0 53.4 48.9 62.9 58.2 56.4 47.1 65.9 0.001

p
p1

0.003 <0.001
0.194

* M – mean, Me – median, Q1 – first quartile (25th percentile), Q3 – third quartile (75th percentile), p – significance versus 
controls, p1 – significance versus NYHA I–II, p-values were determined using the Mann-Whitney U test, while # – indicates 
comparisons across all NYHA classes using the Kruskal-Wallis test
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galectin-3 concentrations further increased with dis-
ease progression, showing a 25.7% increase in class III–
IV compared to class I–II (p<0.001) (pH<0.001 across 
groups).

FGF-23 levels increased by 10.8% in NYHA class 
I–II (53.4; 48.9-62.9 pg/mL, p=0.003) and by 20.0% in 
class III–IV (56.4; 47.1–65.9 pg/mL, p<0.001), com-
pared to the control group (48.2; 39.1–61.2 pg/mL). This 
suggests a mechanism of myocardial remodeling poten-
tially associated with vitamin D deficiency and phos-
phate dysregulation. However, FGF-23 concentrations 
did not differ significantly between NYHA class III–IV 
and class I-II (p=0.119) (pH=0.001 between groups).

The study identified statistically significant cor-
relations between vitamin D deficiency and several 
biochemical parameters in CHF patients. Serum vita-
min D concentrations exhibited a weak but statistical-
ly significant inverse correlation with NT-proBNP levels 
(ρ=−0.136; p=0.044). Furthermore, vitamin D levels 
were inversely correlated with key inflammatory medi-
ators, including IL-6 (ρ=−0.255; p<0.001) and TNF-α 
(ρ=−0.282; p<0.001). A significant negative association 
was also observed between vitamin D concentrations 
and galectin-3 levels (ρ=−0.275; p<0.001). In con-
trast, no statistically significant relationships were de-
tected between vitamin D levels and IL-18 (ρ=−0.122; 
p=0.070) or FGF-23 (ρ=−0.079; p=0.242).

Several inflammatory and fibrotic biomarkers 
demonstrated strong positive associations with markers 
of cardiac neurohormonal activation. IL-6 showed sig-
nificant positive correlations with both BNP (ρ=0.366; 
p<0.001) and NT-proBNP (ρ=0.444; p<0.001). Simi-
larly, IL-18 was strongly correlated with BNP (ρ=0.490; 
p<0.001) and NT-proBNP (ρ=0.464; p<0.001).

TNF-α also exhibited significant positive correla-
tions with BNP (ρ=0.465; p<0.001) and NT-proBNP 
(ρ=0.454; p<0.001). Among the biomarkers evaluated, 
galectin-3 demonstrated the strongest associations with 
natriuretic peptides, showing robust correlations with 
BNP (ρ=0.732; p<0.001) and NT-proBNP (ρ=0.764; 
p<0.001). FGF-23 concentrations were positively cor-
related with BNP (ρ=0.381; p<0.001) and NT-proBNP 
(ρ=0.403; p<0.001). Furthermore, a significant positive 
association was observed between FGF-23 and IL-6 lev-
els (ρ=0.363; p<0.001). Strong positive interrelationships 
were identified among inflammatory and fibrotic bio-
markers. IL-6 demonstrated significant positive correla-
tions with IL-18 (ρ=0.691; p<0.001), TNF-α (ρ=0.557; 
p<0.001), and galectin-3 (ρ=0.555; p<0.001). More-
over, TNF-α was positively correlated with galectin-3 
(ρ=0.655; p<0.001) and FGF-23 (ρ=0.640; p<0.001).

ROC curve analysis was performed to assess the abil-
ity of inflammatory and fibrosis-related biomarkers to 
discriminate disease progression in patients with chron-
ic heart failure and concomitant vitamin D deficiency. 

The ROC curves for IL-6, IL-18, FGF-23, galectin-3, and 
TNF-α are presented in Figure 1. Among the biomarkers 
analyzed, IL-6 demonstrated the highest diagnostic pre-
cision, with an area under the curve (AUC) of 0.799 (95% 
CI: 0.739–0.859, p<0.001). At the selected cut-off value of 
18.5 pg/mL, IL-6 showed a sensitivity of 75% and a spec-
ificity of 78%. Similarly, galectin-3 exhibited a strong dis-
criminative performance with an AUC of 0.791 (95% CI 
0.731–0.851, p<0.001). Using a cut-off value of 16.0 ng/
mL, sensitivity and specificity were 72% and 80%, respec-
tively. TNF-α showed moderate diagnostic ability, result-
ing in an AUC of 0.689 (95% CI 0.617–0.761, p<0.001). 
At a cut-off value of 12.5 pg/mL, sensitivity and specific-
ity were 65% and 75%, respectively. On the contrary, IL-
18 demonstrated limited discriminative capacity, with an 
AUC of 0.618 (95% CI 0.542–0.693, p=0.003). The select-
ed cutoff of 210.0 pg/mL provided a sensitivity of 60% 
and a specificity of 62%. FGF-23 showed poor diagnos-
tic performance, with an AUC of 0.551 (95% CI: 0.473–
0.630, p=0.194). At the cut-off value of 145.0 pg/mL, the 
sensitivity and specificity were 55% and 57%, respective-
ly, indicating a limited ability to discriminate disease pro-
gression (Table 2).

Fig. 1. ROC curves of inflammatory and fibrosis-related 
biomarkers in patients with chronic heart failure

Table 2. ROC analysis results of inflammatory and fibrosis-
related biomarkers in patients with chronic heart failure

Test result 
variable(s)

AUC (%95) Cut-off p
Sensitivity 

(%)
Specificity 

(%)

IL-6, pg/mL 0.799 (0.739–0.859) 18.5 <0.001 75 78

IL-18, pg/mL 0.618 (0.542–0.693) 210.0 0.003 60 62

FGF-23, pg/mL 0.551 (0.473–0.630) 145.0 0.194 55 57

Galectin-3, ng/mL 0.791 (0.731–0.851) 16.0 <0.001 72 80

TNF-α, pg/mL 0.689 (0.617–0.761) 12.5 <0.001 65 75

Discussion
Vitamin D deficiency appears to be involved in multiple 
pathophysiological pathways associated with the severi-
ty and progression of CHF. In this observational study, 



278 European Journal of Clinical and Experimental Medicine 2026; 24 (2): 273–281

reduced serum vitamin D concentrations were correlat-
ed with higher NYHA functional classes, indicating a 
possible relationship of vitamin D status with the sever-
ity of clinical manifestations. These results reinforce the 
idea that vitamin D could affect cardiovascular function 
in ways that extend beyond its traditional role in calci-
um–phosphate balance. Experimental and clinical data 
suggest that vitamin D signaling influences myocardial 
architecture, intracellular pathways, immune responses, 
and neurohormonal regulation through the participation 
of the vitamin D receptor (VDR).21,22 The biologically ac-
tive form, 1,25(OH)₂D₃, has been shown to modulate 
the renin–angiotensin–aldosterone system (RAAS), ox-
idative stress pathways, and inflammatory responses, all 
of which are central mechanisms in CHF progression.23,24 

Although the correlations between vitamin D levels 
and natriuretic peptides (BNP and NT-proBNP) were 
modest, their statistical significance suggests a biologi-
cally relevant association between vitamin D status and 
neurohormonal activation. In particular, the inverse re-
lationship observed between vitamin D concentrations 
and NT-proBNP levels may reflect lower tension in the 
left ventricle wall tension and reduced neurohormon-
al activation in individuals who exhibit elevated vitamin 
D levels. Our results align with previous studies show-
ing that vitamin D insufficiency is associated with elevat-
ed NT-proBNP levels, impaired cardiac function, and less 
favorable outcomes in heart failure populations.25-27 How-
ever, given the observational design of the present study, 
these associations should be interpreted cautiously and 
cannot be considered evidence of a causal relationship.

Chronic systemic inflammation represents a key 
feature of CHF and contributes to myocardial dysfunc-
tion and adverse ventricular remodeling. Vitamin D 
exerts immunomodulatory effects by suppressing mac-
rophage activation and downregulating the synthesis of 
pro-inflammatory cytokines while improving anti-in-
flammatory responses.28,29 In the present investigation, 
lower vitamin D levels were inversely related to IL-6 
concentrations, indicating a possible link between vi-
tamin D deficiency and increased systemic inflamma-
tory activity. Elevated IL-6 levels have been implicated 
in cardiomyocyte apoptosis, myocardial fibrosis, endo-
thelial dysfunction, and left ventricular systolic impair-
ment through mechanisms mediated by oxidative stress. 
These observations are consistent with previous studies 
reporting elevated IL-6 concentrations among patients 
with insufficient vitamin D and coexisting cardiovascu-
lar or metabolic conditions.30-33 

TNF-α is a key inflammatory mediator involved 
in myocardial fibrosis, cardiomyocyte apoptosis, neg-
ative inotropic effects, and adverse ventricular remod-
eling. The observed negative correlation of vitamin 
D concentrations with TNF-α in this study indicates 
that maintaining sufficient vitamin D can help reduce 

TNF-α–driven inflammatory responses. Experimental 
data support this hypothesis, demonstrating that cal-
citriol, the active form of vitamin D, can inhibit TNF-α 
expression and release.28,34,35 However, these findings 
should be interpreted as associative rather than mech-
anistic. For comparison, vitamin D concentrations did 
not show notable associations with IL-18 or FGF-23. 
This lack of association may indicate that these path-
ways are less directly influenced by vitamin D status 
in CHF or are regulated through alternative or more 
complex mechanisms. IL-18 has been associated with 
endothelial injury, cardiomyocyte apoptosis, and ven-
tricular hypertrophy,35,37 while FGF-23 has emerged as 
an important mediator of myocardial stress, fibrosis, 
and maladaptive remodeling.38-40 Our findings indicate 
a relationship between higher concentrations of FGF-23 
and natriuretic peptides as well as inflammatory mark-
ers, highlighting its involvement in a wider network of 
neurohormonal and inflammatory dysregulation. Ex-
perimental and clinical studies suggest that FGF-23 
interacts with RAAS activation and inflammatory sig-
naling, leading to a self-reinforcing cycle of left ventric-
ular hypertrophy, fibrotic remodeling, and endothelial 
impairment.39-42 Furthermore, concurrent higher levels 
of FGF-23 and lower Klotho expression have been as-
sociated with greater cardiovascular risk and worse out-
comes in patients with heart failure.43

Galectin-3, a well-established biomarker of cardi-
ac fibrosis, demonstrated significant associations with 
neurohormonal markers in the present study, indicat-
ing that fibrotic remodeling is closely related to disease 
severity in CHF.13,44,45 Previous studies have reported 
elevated levels of galectin-3 in heart failure patients, 
reflecting sustained macrophage activation and remod-
eling of the extracellular matrix, even in the absence of 
a direct relationship with vitamin D status.46 Consistent 
with these observations, the inverse associations iden-
tified between vitamin D levels and IL-6, TNF-α, and 
galectin-3 in the present cohort suggest that vitamin D 
deficiency may contribute indirectly to improved in-
flammatory and fibrotic signaling in CHF. In line with 
these associations, ROC curve analysis further demon-
strated that IL-6 and galectin-3 provide the highest dis-
criminatory value for disease progression in patients 
with CHF and vitamin D deficiency. On the contrary, 
IL-18 and FGF-23 showed limited diagnostic utility, 
while TNF-α exhibited moderate prognostic perfor-
mance. These results indicate that IL-6 and galectin-3 
could function as informative biomarkers for function-
al stratification and monitoring of disease progression 
in this clinical context. Loss of vitamin D-mediated im-
munomodulatory effects can facilitate persistent macro-
phage activation and cytokine-driven myocardial injury, 
thus amplifying galectin-3–associated adverse remodel-
ing associated with galectin-3.29,47
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Taken together, the observed interrelationships 
among inflammatory cytokines, fibrotic biomarkers, 
mineral metabolism, and natriuretic peptides highlight 
the integrated and multifactorial nature of CHF patho-
physiology.32 These pathways appear to act in concert, 
contributing to progressive myocardial injury, fibrosis, 
and neurohormonal activation.48-50 Within this com-
plex framework, vitamin D deficiency may act as an 
upstream modulator that amplifies inflammatory and 
fibrotic responses. 

Current results show that lower vitamin D levels 
correlate with more pronounced inflammatory and fi-
brotic alterations in CHF patients, highlighting the close 
link of vitamin D deficiency to key pathophysiological 
mechanisms of the disease.26,45,46 Insufficient vitamin D 
appears to exacerbate systemic inflammation, as reflect-
ed in elevated cytokines such as IL-6, IL-18 and TNF-α, 
which contribute to myocardial injury, apoptosis, and 
adverse remodeling.32,35 These observations underscore 
the relevance of assessing vitamin D levels as part of a 
comprehensive clinical evaluation.

This study provides a new integrated perspective on 
chronic heart failure by simultaneously evaluating vita-
min D status, inflammatory cytokines (IL-6, TNF-α), 
galectin-3, FGF-23, and natriuretic peptides. Unlike 
previous reports that focused on single biomarkers, this 
comprehensive assessment highlights the interplay be-
tween mineral metabolism, systemic inflammation, 
fibrotic remodeling, and hemodynamic stress. Impor-
tantly, IL-6 and galectin-3 demonstrated the highest 
discriminative value for disease severity, representing 
a significant clinical addition. Overall, these findings 
uniquely contribute to understanding how vitamin D 
deficiency may amplify key pathophysiological mech-
anisms, providing information for grouping patients 
according to the severity of the disease and guiding clin-
ical management.

Study limitations
The observational design of this study limits the inter-
pretation of causal relationships between vitamin D de-
ficiency and the severity of the disease in chronic heart 
failure. Additional limitations include that the study was 
conducted at a single site, the small number of partici-
pants, and the absence of interventional data on vitamin 
D supplementation, which may affect the applicability 
of the results.

Subsequent research should assess the potential 
therapeutic effects of correcting vitamin D deficiency 
on myocardial remodeling, inflammatory mediators, 
and long-term clinical outcomes, and additionally clar-
ify the mechanistic connections between vitamin D lev-
els, neurohormonal activation, and fibrotic pathways in 
chronic heart failure.

Conclusion
Vitamin D deficiency in chronic heart failure was asso-
ciated with greater disease severity and adverse chang-
es in key biomarkers, including BNP, NT-proBNP, IL-6, 
TNF-α, galectin-3, and FGF-23. These findings provide 
novel clinical and pathophysiological insights into how 
vitamin D status, inflammation, fibrosis, and hemody-
namic stress interact. In particular, IL-6 and galectin-3 
showed the highest discriminative value for disease se-
verity, supporting their use in biomarker-based risk 
assessment and clinical monitoring of patients with vi-
tamin D deficiency.
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ABSTRACT
Introduction and aim. Given the limited data on standardized ultrasound evaluation of hernial defect morphology in pediatric 
umbilical hernias, this study aimed to evaluate the ultrasonographic features of primary umbilical hernias in pediatric patients, 
with a particular focus on the width of the hernial orifice, the contents of the hernial sac and their potential correlation with 
age and sex.
Material and methods. A retrospective analysis of medical records of pediatric patients with primary umbilical hernia who 
presented to the pediatric surgery outpatient clinic and had ultrasonographic measurements performed using a standardized 
protocol between 01.01.2024 and 31.07.2025. 
Results. Analysis of ultrasound measurements of the width of the hernial orifice width demonstrated a significant association be-
tween the width of the hernial orifice and the contents of the hernial sac. Children with intestinal loops present in the hernial sac 
were significantly younger than those with preperitoneal fat (p=0.016), and the width of the hernial orifice was greater in cases 
containing intestinal loops (p=0.028). In particular, among children with a hernial orifice larger than 14 mm, intestinal loops were 
observed more frequently than among those with an orifice width of 14 mm or less (58.82% vs 15.38%; p=0.026). Furthermore, 
the analysis revealed that the umbilical orifice was wider in boys than in girls (mean±SD: 15.44±1.64mm vs. 13.08±2.43mm; 
p=0.043).There was a difference between the width of the hernial orifice in children under 1 year of age and older. 
Conclusion. Ultrasonographic evaluation of pediatric umbilical hernias provides clinically relevant information on the mor-
phology of hernial defects. In particular, the width of the hernial orifice is associated with the presence of intestinal loops in 
the hernial sac, especially in younger children, with a threshold value of >14 mm identifying patients at higher likelihood of 
intestinal content. These findings suggest that ultrasonography may contribute to risk stratification and support clinical deci-
sion-making in the management and follow-up of pediatric umbilical hernias.
Keywords. anatomy, child, ultrasound, umbilical hernia

Introduction
Umbilical hernia is a common condition in the pe-
diatric population.1,2 Clinically, it presents as a bulge 
in the region surrounding the umbilicus. The condi-
tion called “primary pediatric umbilical hernia” results 
from incomplete closure of the umbilical ring, a pro-
cess that usually occurs after birth.3 This closure in-

volves complex developmental interactions, including 
medial folding of the lateral body walls, fusion of the 
rectus abdominis muscles to form the linea alba and 
contraction of the umbilical orifice.3 Generally, a fas-
cial defect that is present at birth resolves without sur-
gical treatment.3 While umbilical hernias are generally 
congenital, the term “secondary pediatric umbilical 
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hernia” can be applied to cases that arise as a conse-
quence of prior surgical procedures.4

For the clinician, it is important that the extent of 
the skin protrusion is not always indicative of the size of 
the fascia defect.3 Medical history and physical examina-
tion are important to assess the indications for treatment. 
However, they provide limited information regarding the 
morphology of the defect and hernial sac contents. Ultra-
sonography can be helpful in assessing the width of the 
hernial orifice and assessing the contents of the hernial 
sac, which is formed by the peritoneum. The hernial sac 
may contain an intestinal loop or preperitoneal fat.

Previous studies have relied primarily on clini-
cal examination alone or have used nonstandardized 
or indirect methods to estimate defect size, without 
systematically correlating hernial orifice width with 
patient age, sex, or hernial sac contents. As a result, ob-
jective imaging-based parameters that may inform risk 
stratification and clinical decision-making remain in-
sufficiently defined. In particular, the potential of ultra-
sonography to identify hernias more likely to contain 
intestinal loops – especially in younger children – has 
not been adequately explored. 

In contrast to previous studies by Yanagisawa et al. 
Nakajima et al., and Kaur et al., which mainly relied on 
clinical assessment or nonstandardized imaging ap-
proaches, the present study provides standardized ultra-
sound measurements of the hernial orifice and directly 
correlates the width of the defect with hernial sac con-
tents.5,6,7 In addition, several previous reports did not 
consistently distinguish between primary and secondary 
umbilical hernias, reported the size of the defect using 
heterogeneous methodologies, or lacked complete quan-
titative data. By addressing these limitations, the current 
study extends existing knowledge by offering an imag-
ing-based standardized evaluation of defect in relation to 
patient age, sex, and content of the hernial sac content.

Therefore, the objective of this study was to provide 
a standardized ultrasound evaluation of primary pedi-
atric umbilical hernias and to evaluate the relationship 
between the width of the hernia orifice, the contents of 
the hernia sac, and the demographics of the patient, in-
cluding age and sex. By correlating these parameters, 
this study seeks to clarify the clinical value of ultraso-
nography beyond descriptive imaging and to explore its 
role in identifying children at increased risk of intestinal 
herniation. An additional objective of this study was to 
explore whether a measurable ultrasonographic cut-off 
value of the width of the hernial orifice could be identi-
fied, enabling differentiation between hernias contain-
ing intestinal loops and those containing preperitoneal 
fat. However, the proposed ultrasonographic threshold 
of the width of the hernial orifice should be regarded 
as exploratory and hypothesis-generating rather than 
definitive. Previous studies evaluating pediatric um-

bilical hernias have not reported standardized cut-off 
values for defect size, particularly in relation to hernial 
sac contents. However, identifying a preliminary imag-
ing-based threshold may have potential clinical rele-
vance as an objective marker to support risk-oriented 
monitoring in pediatric patients.

Aim
The objective of this retrospective study was to evaluate 
the ultrasound characteristics of primary umbilical her-
nias in pediatric patients, with a particular focus on the 
width of the hernial orifice, the contents of the hernial sac 
and their potential correlation with patient age and sex.

Material and methods
A single-center retrospective observational study 
with the analysis of medical records (including ultra-
sound examinations) performed in pediatric patients 
with primary umbilical hernia who came to the pedi-
atric surgery outpatient clinic between 01.01.2024 and 
31.07.2025. 

Inclusion criteria
Pediatric patients (age from birth up to 18 years) were 
included if they met all the following criteria:
1.	 Diagnosis of primary umbilical hernia, defined as a 

hernia present from birth.
2.	 Evaluation at the pediatric surgery outpatient clinic 

during the study period (01.01.2024–31.07.2025).
3.	 Availability of a complete ultrasound examination 

of the umbilical hernia.
All consecutive patients with suspected primary umbili-
cal hernia during the study period were included.

Exclusion criteria
Patients were excluded if they met any of the following 
criteria:
1.	 History of previous abdominal surgery.
2.	 Presence of a secondary or complicated hernia.
3.	 Incomplete medical records or missing ultrasound 

data.

The medical history, physical examination, and ultra-
sound assessments were performed by a pediatric sur-
geon certified in pediatric ultrasonography. The medical 
history focused on symptoms related to umbilical her-
nia, as well as any past episodes of incarceration. 

During the study period, 35 patients were referred 
to the pediatric surgery outpatient clinic with a diagno-
sis of umbilical hernia. 5 patients were excluded from 
the analysis:
1.	 Two patients had prior ultrasound examinations 

performed in other institutions on different ultra-
sound devices, making the imaging data noncom-
parable.
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2.	 One patient had a history of previous abdominal 
surgery (inguinal hernia repair).

3.	 One patient had a previously diagnosed umbili-
cal hernia that had resolved spontaneously at fol-
low-up; the patient was referred for control, but no 
hernia was present at the time of evaluation.

4.	 One patient had incomplete medical records, miss-
ing ultrasound data.
Patients with a history of previous abdominal sur-

gery, including laparoscopic or open inguinal hernia re-
pair, were excluded because such procedures can alter 
the anatomy of the abdominal wall and potentially in-
fluence the umbilical ring, which could affect the assess-
ment of the hernial defect and confound the results.

As a result, the records of 30 children (13 girls, 17 
boys) were subjected to further analysis. The age was as-
sessed with the accuracy to one month and varied from 
1 month to 4.5 years (mean: 1.32; median: 1; SD: 0.17).

Ultrasonographic evaluation of the umbilical her-
nia was performed with the Aloka Prosound Alpha 6 
Diagnostic Ultrasound System (ALOKA Co., Ltd., To-
kyo, Japan) with the linear probe. All examinations were 
conducted according to a predefined uniform protocol 
by a pediatric surgeon certified in pediatric ultrasonog-
raphy. Patients were examined in the supine position 
at rest and measurements were taken in the transverse 
plane at the widest point of the umbilical ring. The 
width of the hernial orifice was measured with an ac-
curacy of 0.1 mm. Each measurement was taken three 
times and averaged to improve accuracy. The contents of 
the hernial sac were evaluated and differentiated based 
on echogenicity, peristalsis, and Doppler signal, allow-
ing identification of intestinal loops versus preperitone-
al fat. Additional maneuvers, such as observation during 
mild crying, were performed when necessary to visual-
ize the contents of the hernia.

Intraobserver variability was not formally assessed 
in this study; this limitation is acknowledged.

This study was a retrospective analysis of deidentified 
routine clinical data (analysis of existing medical records) 
and did not involve any intervention or influence on pa-
tient management. The study did not involve any inter-
vention or influence on patient management. Therefore, 
according to national regulations and the Declaration of 
Helsinki, formal approval from the Bioethics Committee 
of the University of Opole was not required for this type 
of study. Patient confidentiality was strictly maintained 
and no identifiable personal data was used.

Statistical analysis was conducted using Excel and 
PAST 4.03. Descriptive statistics were used to summa-
rize the data. Mean, standard deviation (SD), and range 
(minmax) were calculated for continuous variables, in-
cluding the width and age. The Shapiro-Wilk test was 
applied to assess the normality of the distribution. 
Comparisons between groups were performed using 

the independent samples t-test for normally distribut-
ed variables and the Mann-Whitney U test for nonnor-
mally distributed data. The relationship between age 
and hernial orifice width was assessed using Pearson’s 
correlation coefficient. Categorical variables were com-
pared using the chi-square test or Fisher’s exact test, as 
appropriate. Statistical tests were selected based on sam-
ple size and data distribution characteristics. No formal 
correction for multiple comparisons was applied; how-
ever, only key analyzes were interpreted in the context of 
hypothesis testing. A p-value<0.05 was considered sta-
tistically significant. 

Results
The characteristic of the study group is presented in 
Table 1. Children with intestinal loops in the hernia 
sac were younger than those with preperitoneal fat 
(p=0.016). 

Table 1. The age of patients and other parameters
  The age of children (years)  
  n Mean±SD Median (Q1; Q3) Min Max p
Total 30 1.50±1.46 1.13 (0.17; 2.06) 0.04 5.08
Gender
Boys 17 1.65±1.64 1.17 (0.31; 2) 0.08 5.08

0.685
Girls 13 1.30±1.15 1.08 (0.16; 2.22) 0.04 4.00
The content of the hernial sac
Intestine loops 12 0.90±1.24 0.17 (0.15; 1.21) 0.04 4.50 0.016
Preperitoneal 18 1.90±1.45 1.92 (0.77; 2.5) 0.17 5.08

The medical history of the patients included in the 
analysis revealed that there was no episode of incarcer-
ation in the past. The symptoms related to the umbili-
cal hernia revealed that three children had symptoms of 
umbilical inflammation (they were seen and examined 
by the pediatric surgeon within the first three months of 
life). One patient reported abdominal pain, which was 
more associated with lactose intolerance than umbilical 
hernia. In another case, parents noticed a significantly 
more frequent protrusion of the umbilical hernia since 
the child began experiencing constipation. One patient 
suffered emotionally due to peers at school who mocked 
the appearance of his navel. 

Only 6.67% (2 children) were qualified for surgi-
cal treatment. The hernial orifice width in these patients 
was 20 mm (20 mm and 23.8 mm). According to ex-
pert recommendations in asymptomatic cases, surgi-
cal treatment is considered after the age of 3 years. In 
the study group, surgical treatment was considered in a 
small proportion of patients. The indications for surgery 
were based on symptoms (frequent protrusion) and sig-
nificant cosmetic deformity leading to psychosocial dis-
comfort, particularly problems reported by school-aged 
children during peer interactions or physical activities.

Analysis of ultrasound measurements of the width 
of the hernial orifice width revealed that the umbili-
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cal orifice was wider in boys than in girls (mean±SD: 
15.44±1.64 mm vs. 13.08±2.43 mm; p=0.043) (Table 2, 
Fig. 1). Neither ultrasonographic hernial sac contents 
nor age differed significantly between boys and girls 
(Table 1). Given the small sample size, the clinical rele-
vance of the difference in the width of the hernial orifice 
between sexes should be interpreted with caution.

Fig. 1. The width of the hernial sac in boys and girls. In the 
box plot. The line inside the box represents the median. 
The box shows the SD and the whiskers indicate the 
standard error of the mean (SE), the umbilical orifice was 
wider in boys than in girls (mean±SD: 15.44±1.64mm vs. 
13.08±2.43mm)

Table 2. Ultrasonographic evaluation of the hernial sac 
width in children and other parameters

The hernial orifice width in children

n Mean±SD Median (Q1; Q3) Min Max p

Total 30 14.42±3.25 14.65 (11.25; 16.58) 9.70 23.80

Gender

Boys 17 15.44±3.43 16.00 (13.5; 17) 9.70 23.80
0.043

Girls 13 13.08±2.43 12.10 (11.0; 15.15) 10.00 17.00

Age 

<1 year old 13 14.72±2.55 15.60 (13.0; 17.0) 10.70 17.80
0.508

≥1 year old 17 14.18±3.68 14.20 (11.0; 15.0) 9.70 23.80

The content of the hernial sac

Intestine loops 12 16.06±3.10 16.45 (14.8; 17) 10.70 23.80
0.028

Preperitoneal fat 18 13.32±2.87 13.00 (11.0; 15.68) 9.70 20.00

No significant differences in hernial orifice width 
were found between children under and over 1 year of 
age, and no meaningful correlation with age was ob-
served (Pearson correlation coefficient  r=0.16, p=0.397, 
Table 2, Fig. 2).

The hernial sac contained intestinal loops (n=12) 
and preperitoneal fat (n=18). Blood flow on color Dop-
pler and reducibility was confirmed in all patients, and 
peristalsis was observed when intestinal loops were 
present. Patients with intestinal loops in the hernial sac 
were significantly younger (p=0.016; Table 1) and had a 
wider hernial orifice (p=0.028; Table 2; Fig. 3). Among 

children with an orifice >14 mm (n=17), intestinal loops 
were more frequent than in those with <14 mm (58.8% 
vs. 15.4%; p=0.026; Fig. 4).

Fig. 2. The correlation between age and the width of the 
hernial orifice measurement

Fig. 3. The width of the hernial sac in children and contents 
of the hernial sac. In the box plot. The line inside the 
box represents the median. the box shows the standard 
deviation (SD) and the whiskers indicate the standard error 
of the mean (SE)

Fig. 4. The width of the hernial sac in children and contents 
of the hernial sac
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Discussion
Although umbilical hernias are a common disease in the 
pediatric population, the number of studies that specif-
ically analyze the relationship between patient age, her-
nial orifice width, hernial sac content, and sex remains 
limited. Most of the available literature focuses on the 
natural history, indications for surgery, and the timing 
of the intervention. However, detailed ultrasonograph-
ic assessments of hernia morphology and contents are 
relatively rare, and there is a lack of standardized crite-
ria to guide clinical decision-making based on imaging 
findings. Furthermore, comparative data that correlat-
ing ultrasonographic characteristics with patient de-
mographics are few. This highlights the need for more 
structured research to better understand the anatomical 
and clinical factors that may influence the treatment of 
pediatric umbilical hernias.

The present study provides one of the few stan-
dardized ultrasound analyzes of primary pediatric 
umbilical hernias that correlates the width of the her-
nial orifice with sac contents, age, and sex. By focusing 
on these objective measurements, the study confirms 
some previously reported trends (such as a wider in-
ter-rectus distance in boys) and introduces novel ob-
servations, including the exploratory cut-off of 14 mm 
for predicting intestinal loop presence in the sac. These 
contributions distinguish the study from prior work 
that relied solely on clinical assessment or nonstan-
dardized measurements.

It should also be emphasized that ultrasonographic 
examination is not necessary for the diagnosis of um-
bilical hernia, as clinical evaluation is usually sufficient.
However, Serial measurements of the hernial orifice 
width may be useful for monitoring the dynamics of de-
fect closure over time. The rate of change in orifice width  
or its stagnation – may support clinical decision-making 
regarding the timing of surgical intervention.

Although umbilical hernia is a common condition 
in children, there remains a significant knowledge gap 
regarding its epidemiology and defect size. There is a 
lack of reliable, patient-based studies in which her-
nia measurements are standardized and comparable 
across cases.

Yanagisawa et al. examined umbilical hernia closure 
by ultrasonography in 97 infants (52 boys, 45 girls) and 
reassessed the benefits of adhesive strapping.5 Interest-
ingly, the authors defined the closure speed (CS) as the 
reduction in the diameter of the hernia per week. It was 
calculated by dividing the diameter of the hernia orifice 
before treatment by the duration of treatment (weeks).5 
The children included in the study were divided into 
two age groups: under 12 weeks and between 12 and 26 
weeks of age. The authors did not analyze the size of the 
hernial orifice considering the patients’ age or gender of 
the patients. However, at the beginning of the study, the 

hernial orifice measured 11.6 mm (range 8–15 mm) in 
the observation group and 11.8 mm (range 5–26.3 mm) 
in the adhesive strapping group.4 It was smaller than in 
the study group of this research and can be associat-
ed with the younger age of the patients included in the 
study by Yanagisawa et al. 

Nakajima et al. measured the width of the linea alba 
in 30 pediatric patients (14 boys, 16 girls) with umbilical 
hernias.6 Since the linea alba does not exist at the level of 
the umbilicus in patients with pediatric umbilical herni-
as, they reported the median transverse diameter of the 
hernia defect as 13 mm. The ages ranged from 2 to 7 years 
(mean age for children with hernias: 3.8±1.3 years).6

Kaur et al. performed a retrospective chart review 
of 2621 patients (51% were girls) referred for umbilical 
hernia and the median size of the defect was 7 mm (5.0 
to 10.0). However, the authors did not report the tech-
nique of hernial orifice measurement and admit that 
there were considerable missing data for the size of the 
defect in 1257 participants.7

The results show that the hernial orifice was wider 
in boys than in girls. This may reflect anatomical and 
biomechanical differences in the development of the 
abdominal wall between sexes during infancy and in-
fancy. A wider orifice in boys may also predispose to 
a more frequent intestinal content in the hernial sac, 
as observed in younger patients with larger defect di-
ameters. These observations are consistent with previ-
ous studies in healthy children indicating that in boys 
without umbilical hernia in supine position the inter-
rectus distance at the level of umbilicus is greater than 
in girls.8 This difference may be related to variations in 
abdominal wall muscle development, connective tissue 
strength. Although the underlying mechanism requires 
further investigation, our data suggest that sex and age 
are important factors that influence the morphology of 
pediatric umbilical hernias. 

Litz et al. conducted a randomized clinical trial on 
percutaneous ultrasound-guided versus intraoperative 
rectus sheath block for 58 pediatric umbilical hernia re-
pair and in their study group 57% were women.9 The age 
of participants varied from 3.2 to 17.2 years and the au-
thors did not distinguish between primary and second-
ary hernia.9 Male preponderance of 63% was reported 
by Ngom et al. reported a preponderance of men of 63% 
(umbilical hernia in 2146 pediatric cases).10 

Tonosaki et al. analyzed 77 cases of umbilical her-
nias (41 boys and 36 girls. mean age 52.7±18.3 days) 
treated with the tape fixation method and classified 
the hernia size based on the height of the bulge: mild 
(<1 cm). moderate (1≤ and <3 cm) or severe (>3 cm).11 
They did not find significant differences in sex or age at 
the beginning of treatment between sizes.11

Compared to these previous studies, the present 
findings extend knowledge by explicitly correlating the 
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width of the hernial orifice with sac content and demo-
graphic factors. While previous reports often lack stan-
dardized measurements, distinction between primary 
and secondary hernias, or complete demographic cor-
relations, our results demonstrate clear associations: 
larger defects are more likely to contain intestinal loops, 
and younger children are affected more frequently.

The reviewed literature does not clearly distinguish 
between primary and secondary umbilical hernias. Al-
though it can be assumed that the majority of pediatric 
cases are congenital, it can be assumed that the majority 
of pediatric cases are congenital. For the sake of clarity 
and consistency, such classification should be explicit-
ly addressed. Moreover, many studies lack a standard-
ized method to measure hernial defect, which limits the 
comparability of findings.

This study has several limitations inherent to its ret-
rospective design. First, the analysis was based on med-
ical records of pediatric patients with umbilical hernia 
who presented to the pediatric surgery outpatient clinic, 
and only patients referred for elective outpatient eval-
uation were included. It is likely that symptomatic cas-
es or those with complications presented directly to the 
emergency department and therefore were not captured 
in this analysis. This may have resulted in selection bias 
and an underrepresentation of more serious symptom-
atic clinical presentations. Furthermore, patients with 
ultrasound examinations performed in other institu-
tions were excluded, which may further limit the repre-
sentativeness of the study cohort.

Second, the study was carried out in a single cen-
ter, which may reduce the generalizability of the find-
ings to other populations with different demographics 
or clinical practices. Third, the sample size was relative-
ly small, which limits statistical power and the ability to 
detect subtle differences between subgroups. Further-
more, multiple statistical comparisons increase the risk 
of type I error, and therefore the results should be inter-
preted with caution.

Fourth, due to the retrospective nature and the rela-
tively short study period, no follow-up data were available 
to assess the natural progression or regression of umbil-
ical hernias over time. Furthermore, some clinical infor-
mation, such as parental reports of hernia symptoms, was 
not systematically recorded, as the study mainly focused 
on objective ultrasonographic measurements.

Despite these limitations, the study has several 
strengths. All ultrasounds were performed by a single 
experienced pediatric surgeon, ensuring consistency in 
measurement technique and minimizing variability be-
tween observers. The focus on objective and measurable 
variables  hernial orifice width and sac contents – al-
lowed identification of associations that may be clini-
cally relevant. The exploratory cut-off point of 14 mm 
for the presence of the intestinal loop, while hypothe-

sis-generating, could inform future follow-up protocols 
and risk stratification. These results highlight ultraso-
nography as a valuable monitoring and documentation 
tool, particularly in cases where the timing of surgical 
intervention or defect dynamics is uncertain. 

Conclusion
The analysis of ultrasonographic measurements indicated 
that the hernial orifice was generally wider in boys than 
in girls. Younger children were more likely to have intesti-
nal loops in the hernial sac. Patients with intestinal loops 
present during ultrasonographic examination tended to 
have a larger hernial orifice, with loops observed more 
frequently when the orifice exceeded 14 mm.

These findings suggest that the ultrasound evalu-
ation of pediatric umbilical hernias – particularly the 
evaluation of the width of the orifice and sac content – 
may provide useful additional information to support 
clinical evaluation and follow-up, although the results 
should be interpreted cautiously due to the retrospective 
design and limited sample size.
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ABSTRACT
Introduction and aim. Polycystic ovarian syndrome (PCOS) is a common endocrine-metabolic disease often associated with 
obesity, persistent low-grade inflammation, and suboptimal results of assisted reproductive technology (ART). The aim was to 
evaluate the relevance of serum and follicular progranulin (PGRN) levels in relation to intracytoplasmic sperm injection out-
comes among normal and overweight/obese body mass index (BMI) women with PCOS. 
Material and methods. This prospective comparative study included women diagnosed with PCOS undergoing intracytoplas-
mic sperm injection (ICSI) between the first of October 2024 and the first of April 2025. Baseline serum markers were measured 
on cycle days 2–3. Participants were categorized as having a normal BMI, group 1 (n=30), or being overweight/obese, group 2 
(n=37). Fasting serum and follicular fluid progranulin (PGRN) levels were assessed on oocyte retrieval day.
Results. Women with normal BMI were younger and had significantly lower BMI and shorter infertility duration compared with 
overweight/obese women (p≤0.05). No statistically significant differences were observed between BMI groups in the num-
ber of retrieved oocytes, MII oocytes, fertilized oocytes, embryo grades, blastocysts, or biochemical pregnancy rate (p>0.05). 
Numerically, normal-BMI women showed slightly higher retrieved and MII oocyte counts, whereas overweight/obese women 
demonstrated higher numbers of fertilized oocytes, total embryos, grade I embryos, blastocysts, and biochemical pregnancy 
rates; however, these differences did not reach statistical significance.
Serum and follicular fluid PGRN levels were comparable between groups (p>0.05), with only limited correlations observed be-
tween follicular fluid PGRN and total oocyte count.
Conclusion. Serum and follicular fluid PGRN levels were comparable across BMI categories in women with PCOS undergoing 
ICSI. Although numerical variations in oocyte and embryo parameters were observed between BMI groups, most differences 
were not statistically significant. The findings suggest that follicular fluid PGRN may be associated with certain ovarian response 
parameters; however, its independent clinical relevance in predicting ART outcomes remains uncertain. Larger studies incor-
porating clinical pregnancy and live birth outcomes are required to clarify the potential role of follicular fluid PGRN in PCOS-re-
lated infertility.
Keywords. infertility, obesity, polycystic ovary syndrome, progranulin
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Introduction 
Polycystic ovary syndrome (PCOS) is a common endo-
crine disorder linked to infertility, resulting from ab-
normal endocrine and metabolic patterns in women 
of reproductive age, affecting approximately 15 to 20% 
of this population and responsible for up to 80% of an-
ovulation and reduced female fertility cases.1-3 PCOS is 
characterized as a chronic inflammatory syndrome as-
sociated with obesity. Elevated body mass index (BMI) 
can influence oocyte development, fertilization process-
es, and embryo quality, ultimately resulting in worse 
pregnancy outcomes.4-6 The extensive prevalence of 
obesity and overweight constitutes a significant global 
public health issue.7 Since 1975, the global prevalence of 
obesity has nearly tripled, with 40% of women classified 
as overweight (BMI 25–29.9 kg/m²) and 15% as obese 
(BMI≥30 kg/m²), according to a 2016 World Health Or-
ganization (WHO) survey.8 Obesity is a chronic illness 
that is increasingly prevalent worldwide and adversely 
affects female fertility and is inextricably associated with 
low-grade systemic inflammation.9,10 Obesity-related 
pregnancy problems have been associated with repeat-
ed pregnancy loss, suboptimal endometrial receptivity 
and inadequate embryo quality in normal or post- ICSI 
pregnancy.11-13

In comparison to normal BMI-PCOS, inflamma-
tory markers, such as PGRN, were increased in high 
BMI-PCOS. Since its discovery, progranulin (PGRN) 
has been suggested as a diagnostic and therapeutic 
biomarker for numerous neoplastic, neurological, and 
inflammatory illnesses due to its diverse functional fea-
tures.14-16 PGRN, also known as proepithelin, is an au-
tocrine growth factor derived from plasma cells. It is a 
glycoprotein weighing 68–88 kDa and composed of 593 
amino acids17 serving as a precursor to granulin follow-
ing a proteolytic cleavage process. PGRN is released in 
response to hypoxia or acidosis and participates in var-
ious complex physiological and pathological processes 
owing to its anti-inflammatory and pro-inflammatory 
properties. Evidence indicates that the complete PGRN 
molecule exhibits trophic and anti-inflammatory effects, 
whereas granulin peptides promote inflammation.18,19

PGRN has been implicated in the onset of insu-
lin resistance (IR) in diabetes caused by a high-fat diet. 
Evidence suggests that PGRN may be associated with 
many autoimmune illnesses, including systemic lupus 
erythematosus, systemic sclerosis, multiple sclerosis, 
and Sjogren’s syndrome. PGRN binds to TNFR1 with 
an affinity similar to that of TNFα, but its affinity for 
TNFR2 is markedly higher than that of TNFα.20,21 The 
heightened immunological response, coupled with in-
sulin resistance and hyperandrogenism resulting from 
obesity, negatively influences the hypothalamic-pitu-
itary-gonadal axis at all levels and directly impacts re-
production.22 In the context of PCOS, immune cells and 

regulatory immune molecules are crucial for sustaining 
metabolic equilibrium and modulating immunologi-
cal responses. Individuals with PCOS suffer diminished 
progesterone levels due to oligo/anovulation. Conse-
quently, in instances of PCOS, immune system hyper-
activation transpires due to diminished progesterone 
levels. This phenomenon induces the synthesis of sur-
plus estrogen, leading to the formation of multiple auto-
antibodies.23 PGRN has also been reported to be linked 
to the infiltration of macrophages in adipose tissue. 

Follicular fluid is an integral microenvironment of 
the growing oocyte; in addition, it mirrors local meta-
bolic, endocrine, and inflammatory events in the ovari-
an follicle.24 In contrast to serum biomarkers that reflect 
non-localized conditions, biomarkers detected in fol-
licular fluid may more directly represent granulosa cell 
activity, oxidative stress status, and intra-follicular im-
mune status. Thus, measuring follicular fluid PGRN in 
parallel with serum levels of this biomarker may be in-
teresting since it could give further information on the 
role that PGRN might play not only on oocyte compe-
tence but also on embryo developmental potential in 
ICSI cycles.5,25,26

Aside from cross-sectional analysis, calculations of 
serum PGRN fluctuations in correlation with the ear-
ly follicular phase (cycle days 2–3) and oocyte pick-up 
(OPU) day can provide insights regarding the inflam-
mation and metabolic response triggered after con-
trolled ovarian stimulation. Dynamic assessment of 
these relationships may help clarify whether gonadotro-
pin exposure centers on the regulation of PGRN in cy-
cles undergoing ICSI in women with PCOS.

A limited number of studies in the literature have 
compared the impact of PGRN on the etiology and 
pathogenesis of combined obesity and infertility across 
different body mass index groups in the PCOS popula-
tion particularly among Iraqi infertile women, given the 
high incidence of obesity in the Iraqi female population.27

This study is, to the best of our knowledge, one of 
the first to investigate both serum and follicular fluid 
PGRN concentrations in women with PCOS and their 
correlations with BMI and detailed ICSI outcomes such 
as oocyte maturity, embryo grading, and blastocyst for-
mation. Moreover, the comparison of PGRN dynam-
ics pre- and post-ovarian stimulation in an Iraqi PCOS 
population – a physiological region that has been rela-
tively neglected in reproductive research – offers both 
integrative and community-specific information to help 
elucidate the means through which reproductive in-
flammation exhibits heterogeneity across ART settings. 

Aim
The aim of this study is to assess IVF/ICSI results in in-
fertile Iraqi PCOS women, with a primary focus on the 
impact of BMI on ICSI outcomes and to clarify the re-
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lationship between fasting serum and follicular fluid 
PGRN levels on OPU day, BMI and ICSI outcomes as a 
secondary objective. 

Material and methods 
Ethical approval
This study adhered to the Helsinki Declaration, and the 
protocol received approval from the Ethics Committee 
of the High Institute for Infertility Diagnosis and Assist-
ed Reproductive Technologies at Al-Nahrain Universi-
ty, Baghdad, Iraq (approval code: 0701-DF-2024A43 on 
9/9/2024). Informed consent was obtained from each 
patient using a pre-prepared questionnaire.

Study setting
This prospective comparative clinical study was con-
ducted at the High Institute for Infertility Diagnosis 
and Assisted Reproductive Technologies, Al-Nahrain 
University/Baghdad, and included 67 Iraqi women di-
agnosed with PCOS who underwent ICSI between the 
first of October 2024 and the first of April 2025. Par-
ticipants had a history of initial or recurrent IVF/ICSI 
attempts, and embryo transfer (ET) was predominantly 
conducted using frozen embryo transfer with the cou-
ple’s own oocytes and sperm. The study of egg morphol-
ogy obtained from each infertile female’s ovaries and 
the assessment of embryo grading were conducted in 
a specialized embryology laboratory within the operat-
ing theatre. Fasting serum and follicular fluid samples 
for PGRN quantification were collected, centrifuged, 
and stored under deep freezing conditions until analysis 
via the enzyme-linked immunosorbent assay/sandwich 
ELISA technique (ELK Biotechnology), Cat: ELK10952, 
Lot: 54225510, sensitivity: 0.51 ng/mL, detection range: 
1.56–100 ng/mL, intra-assay precision: CV%<8%, in-
ter-assay precision: CV%<10%, using the BioTek/USA 
semi-automated washer and reader system.

Groups of patients
This study enrolled sixty-seven infertile women with 
PCOS diagnoses, who underwent controlled ovarian 
stimulation using a flexible antagonist protocol. They 
were categorized as either primary or secondary infertil-
ity. The total number of included women reported com-
plaints of PCOS, validated by the established Rotterdam 
criteria (oligo- or amenorrhea, clinical and biochemical 
evidence of excess androgen, and subcapsular small cyst 
morphology observed via transvaginal ultrasound fol-
low-up).28 Several couples also experienced male factor 
infertility (mild oligo-asthenozoospermia and obstruc-
tive azoospermia were included in the study).

Patients’ medical assessment
A medical history review was conducted for infer-
tile partners with PCOS with a pre-existing question-

naire. Infertile ladies had comprehensive general and 
gynecological evaluations. Anthropometric measures, 
comprising height and weight, are utilized to compute 
BMI using the formula (BMI=patient’s weight (kg)/
patient’s height (m)²). Baseline levels of FSH, LH, E2, 
PRL, and TSH were assessed on menstrual cycle days 
2 or 3 (CD2-3), utilizing Mini VIDAS (France-BIO-
MERIEUX).

A transvaginal ultrasound, a saline infusion sono-
gram (SIS) or a hysterosalpingogram (HSG) was per-
formed to evaluate the integrity of the endometrial cavity 
and rule out pelvic pathological conditions, such as hy-
drosalpinx. Semen fluid analysis for males was conducted 
in accordance with the WHO 2021, 6th manual.29,30

Controlled ovarian stimulation (GnRH antagonist pro-
tocol)
Ovulation induction was initiated on cycle day 2 or 3 
using the flexible GnRH antagonist protocol for all in-
fertile women with PCOS involved in the study. A fol-
low-up assessment of patients’ responses to controlled 
ovarian hyperstimulation was conducted through serial 
transvaginal ultrasounds and serum estradiol (E2) lev-
els until a minimum of three leading follicles measur-
ing approximately 14 mm were attained. Subsequently, a 
daily subcutaneous administration of the GnRH antago-
nist cetrorelix was initiated until at least three dominant 
follicles measuring about 17–18 mm were achieved.31 

OPU was performed following a dual ovulation trigger, 
utilizing 0.2 mg decapeptyl and 250 mg ovitrelle via sub-
cutaneous injections, approximately 34–36 hours later.

Serum and follicular fluid sample collection
Fasting serum samples for PGRN assay on CD2-3, along 
with fasting serum and follicular fluid samples from 
each participant on OPU day, were collected. These 
samples were frozen at -80°C after being centrifuged at 
5000 rpm for 10 minutes until laboratory analysis was 
performed using sandwich ELISA in duplicate mea-
surements.31-33  The quality assessment of oocytes was 
conducted post-denudation in the ICSI laboratory, the 
ovarian sensitivity index (OSI) was recorded, and the 
maturation rate (MR) was evaluated, subsequently fol-
lowed by sperm injection into ostensibly normal MII 
oocytes. The fertilization rate (FR) was documented, 
and an assessment of embryo quality, including the clas-
sification of various embryo grades, was conducted.28-30 
Luteal phase supplementation via micronized proges-
terone therapy, either by transvaginal and/or intramus-
cular routes, was administered. Subsequently, embryo 
transfer (ET) and serum B-HCG assessments were con-
ducted fourteen days post-ET, and the biochemical 
pregnancy rate for all subjects was evaluated.

For primary comparative analyses between BMI 
groups, serum and follicular fluid PGRN levels measured 
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on OPU day were used, as these reflect the peri-ovulato-
ry microenvironment during ICSI. Basal serum PGRN 
levels measured on cycle days 2–3 were primarily used 
for within-group comparison to assess dynamic changes 
following ovarian stimulation and were considered ex-
ploratory in relation to stimulation-induced inflamma-
tory or metabolic responses.

Determination of inclusion and exclusion criteria
Inclusion criteria 
Participants were selected based on defined criteria: 
couples consenting to participate in the study; female 
patients diagnosed with PCOS according to the Rotter-
dam criteria, classified by BMI as either normal or over-
weight/obese BMI; and women aged 18 to 45 years who 
provided written informed consent. Both fresh and fro-
zen embryo transfer cycles performed under adaptable 
GnRH antagonist regimes were included. Cases of mild 
oligo-asthenozoospermia and obstructive azoospermia 
male factor infertility were also included.

Exclusion criteria
The exclusion criteria encompassed couples who 
declined participation and patients with chronic 
conditions such as uncontrolled diabetes mellitus, dys-
lipidemia, hyperthyroidism, hypothyroidism, bleeding 
disorders, congenital adrenal hyperplasia, hypertension, 
cardiovascular disease, hypogonadotropic hypogonad-
ism, or hyperprolactinemia. Women younger than 18 or 
older than 45 years were excluded, as were those un-
dergoing ovarian stimulation outside of the flexible an-
tagonist regimen. Controlled ovarian stimulation cycles 
yielded empty follicles (absence of oocytes) or an unre-
ceptive endometrium (assessed via Doppler transvagi-
nal ultrasound by the lack of the triple-line sign in the 
endometrial lining and elevated pulsatility index (PI) 
and resistance index (RI) values), or congenital anoma-
lies of the female reproductive tract were excluded from 
the study.

Study design
Sixty-seven infertile females with PCOS who participat-
ed in this prospective comparative clinical study were 
classified into two groups according to BMI: group 1 in-
cluded 30 women with normal BMI (18.5–24.9 kg/m²), 
and group 2 included 37 women classified as overweight 
or obese (BMI ≥25 kg/m²). Overweight and obese wom-
en were analyzed as a single group due to insufficient 
statistical power to allow reliable subgroup compari-
sons, an approach consistent with previous PCOS and 
ART studies.

Both fresh and frozen embryo transfer cycles were 
included in the analysis. Cases of primary and second-
ary infertility, as well as cycles with and without mild 
male factor infertility, were distributed across both 

BMI groups and were considered background clinical 
characteristics. No stratified subgroup analyses were 
performed for these variables due to sample size con-
siderations, and comparisons were conducted primarily 
according to BMI classification.

Outcome definitions
Biochemical pregnancy was defined as a positive serum 
β-hCG measurement 14 days after embryo transfer. 
Maturation rate (MR) was calculated as the number of 
metaphase II (MII) oocytes divided by the total num-
ber of retrieved oocytes ×100. Fertilization rate (FR) was 
calculated as the number of two-pronuclear (2PN) fer-
tilized oocytes divided by the number of injected MII 
oocytes ×100. Embryo grading was performed accord-
ing to standard morphological criteria based on blas-
tomere number, symmetry, and fragmentation on day 
3, and developmental stage assessment for morula and 
blastocyst formation.

Statistical analysis
All data entry and coding were performed using Micro-
soft Excel 365 (Microsoft Corporation, Redmond, WA, 
USA). Statistical analyses were conducted using Minitab 
statistical software (Version 22; Minitab LLC, State Col-
lege, PA, USA). Continuous variables were expressed as 
mean±standard deviation (SD), and categorical vari-
ables were presented as frequencies and percentages. 
Data normality was assessed using the Shapiro–Wilk 
test. As most continuous variables demonstrated nor-
mal distribution and homogeneity of variance, paramet-
ric tests were applied. Independent samples t-tests were 
used to compare continuous variables between BMI 
groups, and the Chi-square test was used for categorical 
variables. Pearson’s correlation coefficient (r) was used 
to evaluate associations between serum or follicular flu-
id PGRN levels and ICSI outcomes. No adjustment for 
multiple comparisons were performed due to the ex-
ploratory nature of the analyses. Non-significant find-
ings were interpreted descriptively without inferring 
biological causality. A p-value ≤0.05 was considered sta-
tistically significant.34

Results
Baseline demographic and clinical characteristics
The baseline demographic and infertility characteristics 
of the study population are presented in Table 1. Women 
with normal BMI were slightly younger and had a sig-
nificantly lower BMI compared with overweight/obese 
women. Infertility duration was significantly longer in 
the overweight/obese group. The distribution of prima-
ry and secondary infertility types, as well as infertility 
causes, did not differ significantly between BMI groups.
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Table 1. Demographic characteristics of infertile PCOS 
women according to BMIa   

Characteristics
Normal BMI PCOS

(n=30)
(Mean±SD)

Overweight/obese 
PCOS (n=37)
(Mean±SD)

p

Age (years) 28.9±6.0 29.9±5.4 0.484*

BMI (kg/m2) 24.2±1.4 32.4±3.8 0.001*

Infertility duration 6.0±4.5 7.9±4.7 0.001*

Types of infertility

Primary 26 (86.7) 31 (83.8)
0.742**

Secondary 4 (13. 3) 6 (16.2)

Causes of infertility

Male factor 0 (0.0) 0 (0.0)

0.212**Female factor 5 (16.7) 11 (29.7)

Combined factor 25 (83.3) 26 (70.3)
a * – independent T test was used continues variables, ** – 
Chi square test was used for categorical variables

Basal hormonal profile
Basal hormonal parameters measured on cycle days 2–3 
are summarized in Table 2. Anti-Müllerian hormone 
(AMH), FSH, LH, TSH, estradiol, and prolactin levels 
were comparable between groups, with no statistically 
significant differences observed. Although minor nu-
merical variations were noted, these did not reach sta-
tistical significance.

Table 2. Basal serum hormonal levels of infertile PCOS 
women on cycle day-2 based on BMIa

Characteristics
Normal BMI PCOS

(Mean±SD)
Overweight/obese PCOS

(Mean±SD)
p*

AMH (ng/mL)  5.8±2.2 5.5±3.0 0.660

FSH (mIU/mL)  6.1±2.9 6.5±2.8 0.559

LH (mIU/mL)    8.6±7.1 7.3±4.8 0.395

TSH (mIU/mL) 1.9±1.0 2.2±2.2 0.432

Basal E2 (pg/mL) 34.0±14.5 36.7±11.4 0.396

Prolactin (ng/mL) 16.9±8.3 15.6±7.3 0.509
a * – independent T test was used, AMH – anti-Mullerian 
hormone, FSH – follicle-stimulating hormone, LH – 
luteinizing hormone, TSH – thyroid-stimulating hormone

Table 3. Controlled ovarian stimulation characteristics 
according  to BMIa

Characteristics
Normal BMI PCOS

(Mean±SD)
Overweight/obese PCOS

(Mean±SD)
p*

E2 triggering level (pg/mL) 1860±898.0 2104.0±1622.0 0.465

FSH stimulation dose (IU) 1362±527.0 1938.0±772.0 0.001

LH stimulation dose (IU) 413±477.0 622.0±454.0 0.551

Total gonadotrophin dose (IU)  1390±586.0 2190.0±1026.0 0.001

OSI 14.8±9.6 10.6± 6.7 0.042

Duration of stimulation (days) 11.2±1.1 11.2±1.4 0.931

Number of cetrotide injection 
(0.25mg) 

3.1±0.8 3.3±0.9 0.365

a * – independent samples T test was used, E2 – estradiol, 
OSI – total retrieved oocyte/total gonadotropin 

Controlled ovarian stimulation characteristics
Stimulation-related characteristics are shown in Table 3. 
Overweight/obese women required significantly higher 
total gonadotropin and FSH doses compared with nor-
mal BMI women. In contrast, the ovarian sensitivity in-
dex (OSI) was significantly higher in the normal BMI 
group. Estradiol triggering levels, LH dose, duration of 
stimulation, and number of antagonist injections did 
not differ significantly between groups. 

Oocyte and embryo parameters
Oocyte and embryo characteristics are summarized in 
Table 4. No statistically significant differences were ob-
served between BMI groups for total retrieved oocytes, 
MII oocytes, maturation rate, fertilization rate, embryo 
grades, morula formation, blastocyst development, or 
number of transferred embryos (p>0.05).

Numerically, normal BMI women showed slight-
ly higher retrieved and MII oocyte counts. Conversely, 
overweight/obese women demonstrated higher counts 
of fertilized oocytes, total embryos, grade I embryos, 
and blastocysts; however, these differences represent-
ed descriptive trends rather than statistically significant 
findings.

Table 4. Oocyte and embryo characteristics of infertile 
PCOS women according to BMIa

Characteristics
Normal BMI PCOS

(Mean±SD)
Overweight/obese PCOS    

(Mean±SD)
p*

Count of retrieved 
oocytes

20.7±11.4 19.9±9.8 0.739

MI oocyte count 2.8±1.4 2.7±1.7 0.849

MII oocyte count 14.3±8.3 14.3±8.0 0.989

Germinal vesicle 4.4±2.7 4.9±3.7 0.655

Abnormal oocytes 4.6±4.7 3.1±1.9 0.281

Maturation rate 71.3±21.2 70.3±22.0 0.839

Fertilized oocyte 2PN 10.6 ±6.3 10.8 ±6.7 0.926

Fertilization rate 77.5±19.2 72.7±26.4 0.407

Total embryos 10.0±5.9 11.1±6.3 0.495

Day 3 grade I embryos 5.8±3.7 6.5±3.6 0.578

Day 3 grade II embryos 2.0±1.0 3.1±1.7 0.131

Day 3 grade III embryos 0.7±0.6 2.0±0.1 0.912

Day 4 morula stage 
embryos

5.1±5.1 4.4±3.4 0.713

Blastocyst stage 
embryos

1.7±1.0 3.9±3.3 0.121

Arrested embryos 5.0±3.7 4.5±3.8 0.643

Transferred embryos 2.3±0.7 2.6±0.5 0.111

a * – independent T test was used, MI – metaphase I, MII – 
metaphase II

Serum and follicular fluid PGRN levels
Serum and follicular fluid PGRN levels measured on 
OPU day are presented in Table 5. No statistically signif-
icant differences were detected between BMI groups for 
either serum or follicular fluid PGRN concentrations.
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The relationship between PGRN levels and BMI is illus-
trated in Figures 1 and 2. Scatterplot and boxplot anal-
yses demonstrate no clear linear association between 
BMI and either serum or follicular fluid PGRN levels 
across study groups.

Table 5. Serum PGRN and follicular fluid PGRN of infertile 
PCOS on oocyte pick up day according to BMIa

Characteristic Normal BMI PCOS
(Mean±SD)

Overweight/obese PCOS
(Mean±SD)

p*

Serum PGRN (pg/mL) 6.1±1.9 5.8±1.8 0.566

Follicular fluid PGRN (pg/mL) 6.2±2.0 6.1±1.9 0.907

a * – independent T test was used 

Fig. 1. Scatterplot of correlation between serum PGRN and 
BMI in PCOS study groups

Fig. 2. Boxplot of correlation between follicular fluid PGRN 
and BMI in PCOS study groups

Correlation analysis with ICSI outcomes
Correlation analyses between PGRN levels and ICSI pa-
rameters are shown in Table 6. A statistically significant 
moderate positive correlation was observed between 
follicular fluid PGRN and total oocyte count. No signif-
icant correlations were identified between serum PGRN 
and oocyte maturity, fertilization rate, embryo grading, 
or number of transferred embryos. Other associations 
represented weak, non-significant trends.

Table 6. Correlation between serum and follicular fluid 
PGRN with ICSI outcomes according to BMI (r – Pearson’s 
correlation coefficient was used)

Parameters PCOS groups

Serum PGRN Follicular fluid PGRN

Total oocyte count
r 0.063 0.312

p 0.675 0.011

Metaphase I  oocytes
r -0.116 0.172

p 0.620 0.410

Metaphase  II oocytes
r 0.016 0.239

p 0.899 0.057

GV
r 0.216 0.275

p 0.299 0.100

Maturation  rate
r -0.102 -0.030

p 0.419 0.813

Fertilization  rate
r -0.001 -0.161

p 0.991 0.199

Day 3 grade 1 embryos
r 0.071 0.233

p 0.672 0.159

Day 3 grade 2 embryos
r -0.304 0.351

 p 0.192 0.129

Day 3 grade III embryos
r 0.306 -0.337

p 0.694 0.663

Number of transferred 
embryos

r -0.097 -0.155

p 0.563 0.352

Pregnancy outcomes
Biochemical pregnancy outcomes are summarized in 
Table 7. Although the overweight/obese group showed 
a numerically higher biochemical pregnancy rate com-
pared with the normal BMI group, the difference was 
not statistically significant.

Table 7. Biochemical pregnancy outcome in infertile 
PCOS womena

Pregnancy  
outcome

Normal BMI PCOS
Overweight/obese 

PCOS p*
n % n %

Positive 9 30.0 15 40.5
0.457

Negative 21 70.0 22 59.5

a * – Chi -square test was used

Embryo transfer characteristics
The type of embryo transfer (fresh versus frozen) and 
semen source are presented in Table 8. Frozen embryo 
transfer cycles were more common in both groups. The 
distribution of embryo transfer type and semen source 
did not differ significantly between BMI groups.

Dynamic changes in serum PGRN
Changes between basal (cycle days 2–3) and OPU-day 
serum PGRN levels are shown in Table 9. Both BMI 
groups demonstrated a statistically significant increase 
in serum PGRN following ovarian stimulation. The rel-
ative increase appeared more pronounced in the normal 
BMI group compared with the overweight/obese group.
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Table 8. Embryo transfer type and seminal fluid source 
used in ICSIa

Characteristic
Normal BMI PCOS Overweight/obese PCOS

p*
n % n %

Embryo transfer type

Fresh 11 36.7 11 29.7

Frozen 17 56.7 23 62.2
0.830No embryo transfer 

nonoembryotransfer
2 6.6 3 8.1

Seminal fluid type

Fresh 19 63.3 28 75.7
0.724

Frozen 11 36.7 9 24.3
a * – Chi -square test was used

Table 9. Comparison between basal (CD2-3) and oocyte 
pickup day serum PGRN levels in infertile PCOS womena

Basal serum PGRN 
(CD2-3) (Mean ±SD)

Mean±SD

OPU day 
serum PGRN
(Mean ±SD)

Changing 
rate%*

p**

Normal BMI 3.7±0.3 6.4±1.6 72.9% 0.008

Overweight/obese 4.0±0.4 5.0±1.3 25.0% 0.005
a *  – % changing rate=[OPU day – basal level/basal 
level]×100, ** – paired samples t-test was used to compare 
basal and OPU day serum PGRN levels within each group, 
CD – cycle day, OPU – oocyte pick-up

Discussion 
This study identifies the predominant clinical phenotypes 
of PCOS as those with a normal BMI and those with an 
overweight/obese BMI.35 The debate over the influence of 
hormonal abnormalities associated with PCOS on the re-
productive ability of infertile women persists.36 IR is of-
ten cited as a primary contributor to obesity, exacerbating 
clinical symptom severity in women with PCOS; never-
theless, it is not incorporated into the diagnostic crite-
ria for reproductive and metabolic dysfunction.37,38 This 
study divided 67 infertile women with PCOS into two 
groups according to their BMI status. 

As reported in Table 1, the youngest group be-
ing PCOS with normal BMI (group 1: 28.9±6.0 years, 
p=0.484) and a longer infertility duration is reported in 
group 2 (7.9±4.7) with a significant difference (0.001); 
this may be attributed to both obesity and PCOS, cor-
roborating the findings of the Marinelli et al. study.39 

Age is a significant determinant that affects embryo im-
plantation.40 A woman’s fertility peaks in her late teens 
and early twenties, starts to decline at age thirty, and 
thereafter decreases more rapidly after age thirty-five. 
Post-forty-five, fertility diminishes markedly, making 
conception uncommon for women.41 There were signif-
icant differences (p=0.001) in BMI, with normal BMI 
(group 1) averaging approximately 24.2±1.4 kg/m², 
whereas overweight/obese PCOS (group 2) presented 
the highest BMI at 32.4±3.8 kg/m². In group 1, primary 
infertility predominated over secondary infertility with 
combined female and male causes, showing non-signif-

icant variation (p=0.212).
Primary infertility was prevalent in the normal BMI 

group 1 attributed to a combination of male and female 
factors (PCOS).42,43 Conversely, secondary infertility was 
more common in the overweight/obese PCOS group 2 32 

and this contradicts Abebe et al.44  which reported an 
equal incidence of primary and secondary infertility. 
The female component was prevalent in group 2 due to 
the synergistic effects of obesity and PCOS.

Studies on the impact of obesity on oocyte quality, 
embryo development, mature oocyte quantity, implan-
tation, and pregnancy rates yield inconclusive results. 
Genetic, environmental, and ethnic variations may ac-
count for the observed discrepancies among study 
participants.45,46 Gene expression analyses performed 
during the window of implantation indicate that obese 
women with PCOS exhibit a suboptimal endometrial 
genetic profile and insufficient decidualisation.47

Table 2 demonstrates elevated AMH and LH levels, 
as expected in PCOS, with non-significant differences in 
all basal hormonal parameters (p>0.05).

Groups 1 and 2 had elevated AMH levels, consistent 
with findings in multiple research48,49  which showed no 
significant difference. However, the present finding con-
trasts with findings in another study, where the caus-
es remain unclear; still, increased BMI correlates with 
a reduction in AMH production from individual antral 
follicles due to altered granulosa cell metabolism.50 Sys-
temic insulin resistance is generally linked to obesity, 
resulting in compensatory hyperinsulinemia that mod-
ifies the responsiveness of granulosa cells and changes 
AMH synthesis.51 While AMH is a dependable indicator 
of ovarian reserve and response to ovarian stimulation, 
its ability to reliably forecast live birth or pregnancy suc-
cess, especially considering mother’s age, remains un-
certain.52 The FSH and TSH levels on CD2-3 exhibited 
no significant variation between PCOS groups 1 and 2, 
contradicting the results of Laven 201953 and aligning 
with the findings of Saadia, 2020.54  The serum level of 
LH is elevated in group 1, as corroborated by Shi et al.55 

due to the influence of obesity, which is characterized by 
elevated aromatase levels in adipose tissue that facilitate 
the conversion of androgens to estrogens. This process 
results in diminished pituitary gland responsiveness to 
GnRH and subsequent inhibition of LH, contradict-
ing findings from multiple studies.56 Other researchers 
found no significant association between BMI and ele-
vated LH levels, noting higher LH values in lean patients 
and increased FSH levels in those with obesity.57

Basal prolactin (PRL) levels were observed to be 
elevated in individuals with normal BMI PCOS com-
pared to those with overweight/obese PCOS, despite the 
absence of statistical significance and remaining with-
in normal ranges (as per exclusion criteria). This find-
ing aligns with several studies which indicate that PCOS 
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can present a wide spectrum of PRL levels, including 
higher, lower or normal levels compared to individuals 
without PCOS.58-60 Clinical data suggests that prolactin 
(PRL) has a role in metabolic homeostasis, contingent 
upon its circulatory levels, since it regulates body weight 
activities inside adipose tissue and the pancreas. A par-
ticular PRL range value enhances metabolism.61-63 The 
basal levels of E2, TSH and PRL must be normal before 
the ovarian stimulation protocol commences.

The triggering levels of E2 were elevated in group 
2, with no statistically significant difference (p=0.465). 
Group 2 received increased doses of FSH and total go-
nadotrophins, demonstrating a significant difference 
(p=0.001, 0.001, respectively), whereas the LH dose was 
numerically higher, albeit with no significant variation 
(p=0.551). The OSI was significantly elevated in group 1 
(p=0.042), as illustrated in Table 3.

Concerning E2, levels were elevated in group 2, fol-
lowed by those of group 1 PCOS, contrary to the find-
ings of Zhou et al.64 Estradiol is synthesized by follicular 
granulosa cells.65 The serum E2 indirectly shows the E2 
concentration in follicular fluid, which positively cor-
relates with oocyte maturity. A higher antral follicle 
count and an increased number of recovered oocytes 
correlate with elevated E2 levels. Xu et al.66 determined 
that elevated E2 levels did not affect pregnancy rates or 
live birth rates66; however, another trial by Li et al.57 indi-
cated enhanced live birth rates with E2 levels below 5000 
pg/mL and established that the E2/oocyte ratio correlat-
ed with suboptimal reproductive implantation results 
due to high E2 levels, which adversely affected endome-
trial receptivity.67

The gonadotropin requirements were elevated in 
overweight/obese PCOS, including both FSH dose 
and total gonadotropin dosages, demonstrating signif-
icant variability. The total OSI was maximal in group 1, 
demonstrating a considerable variance due to dimin-
ished total gonadotrophin doses requirements and 
an elevated count of recovered oocytes, computed as 
OSI=total retrieved oocytes/total gonadotrophin dos-
es. The duration of stimulation and the number of an-
tagonist (cetrotide) injections given were comparable 
in both groups. The cumulative gonadotrophin dosage 
needed is higher in the overweight/obese group indi-
cating that obesity may reduce effective gonadotrophin 
levels, while excess adipose tissue increases leptin re-
lease, leading to relative gonadotrophin resistance.64 
Changes in pharmacodynamics, such as the absorption, 
bioavailability, and elimination of gonadotrophins, 
have been documented in obese individuals.39

All the parameters listed in Table 4 showed non-sig-
nificant variability (p > 0.05); however, group 2 had a nu-
merically larger number of fertilized oocytes, as well as 
total and high-quality grade 1 embryos, blastocyst em-
bryos, and transferred embryos compared to group 1.

The quantity of retrieved oocytes was greater in 
PCOS group 1, while not statistically significant, sug-
gesting a more robust ovarian response. This aligns with 
prior work indicating that a greater quantity of oocytes 
was extracted in individuals with normal BMI PCOS 
compared to those who are overweight/obese with 
PCOS,64,68 and contrasts with other research.7

The mature MII oocytes showed no significant vari-
ation, although the PCOS group 1 displayed a greater 
quantity, in contrast to Rahman et al.59,60 Moreover, MI 
oocytes revealed no significant intergroup differences.

Germinal vesicle counts were more frequent in the 
PCOS group 2, despite no significant difference, at-
tributed to oocyte spindle abnormalities and disarray 
associated with PCOS and obesity,54 indicating both 
heightened follicular activity and a potential compro-
mise in oocyte uniformity, although abnormal oocytes 
were predominant in group 1.

In group 2, the quantities of fertilised oocytes and 
total embryos exhibited a similar trend, being more 
prevalent than in group 2; however, no statistical vari-
ability was observed. Nonetheless, maturation and 
fertilization rates remained statistically comparable be-
tween both groups, suggesting that the increased yield 
did not influence per-oocyte competence, which con-
tradicts the assertion made by Zhou et al.64 who indicat-
ed that an increase in BMI correlates with a reduction in 
the number of transferable embryos.

Group 2 produced a higher number of grade I em-
bryos, contradicting the findings of many studies.67-69 In 
addition, grade II and III embryos were more prevalent 
in the PCOS group 2, although no significant differenc-
es were seen. This phenomenon may be attributed to al-
terations in follicular fluid composition and metabolic 
dysfunction associated with obesity.70,71 Although the 
morula, blastocyst, and arrested embryos exhibited no 
statistical differences, the quantities of morula embry-
os were greater in group 1, but blastocysts were more 
prevalent in group 2. Arrested embryos were compara-
ble in both PCOS groups, suggesting that the increased 
embryo quantity may be counterbalanced by develop-
mental attrition. The quantity of transferred embry-
os was higher in overweight/obese PCOS; however, no 
significant changes were observed to substantiate the 
general trend of increased embryo availability in this de-
mographic, which should inform personalized embryo 
transfer techniques. The maturation and fertilization 
rates showed no significant difference, indicating that 
the higher yield did not impact per-oocyte competence.

The mean serum PGRN levels were not significant-
ly elevated in PCOS group 1,16,62 compared to group 2, 
contradicting the findings of Gorkem et al.,72 which re-
ported elevated serum PGRN levels associated with in-
creased BMI, consistent with previous research in both 
humans and animals. Miehle et al.19 demonstrated ele-
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vated serum PGRN levels in individuals with lipodys-
trophy and established that this increase may arise from 
visceral adipose tissue and muscle.19 PGRN is posited 
to facilitate development and angiogenesis following the 
expansion of adipose tissue in obesity.73

Likewise, follicular fluid PGRN levels demonstrated 
a similar trend, peaking in group 1 with no statistically 
significant difference when compared to group 2 PCOS 
women. In normal BMI PCOS individuals, adipose tis-
sue secretes PGRN irrespective of BMI.16 

The persistent absence of statistical significance, de-
spite the observable numerical trend in group 1, indicates 
that BMI and PCOS status likely do not affect PGRN lev-
els in serum or follicular microenvironments, either sep-
arately or together. These findings suggest that PGRN, 
although biologically significant, is unlikely to function 
as an independent diagnostic or stratification biomarker 
in relation to obesity or PCOS-associated infertility. Zhou 
et al.73 noted that the levels of PGRN and PGRN mRNA 
are elevated in the granulosa cells of ovaries impacted by 
PCOS,13 and that follicular fluid PGRN concentrations in 
PCOS inversely correlate with the number of retrieved 
oocytes, suggesting inflammatory disruptions and a pos-
sible role in forecasting ICSI outcomes.

A significant difference was found only between the 
total oocyte count and the follicular fluid PGRN level, 
which showed a moderate positive correlation (p=0.011, 
r=0.312). In contrast, there was a non-significant vari-
ation with negative correlations observed for the mat-
uration rate, the fertilization rate, and the number of 
transferred embryos, as shown in Table 6.

In Table 7, a higher pregnancy rate was reported in 
group 2 with a non-significant difference, suggesting 
that a combination of endocrine and metabolic factors 
influenced these rates, with 15 out of 37 women (40.5%) 
attaining a positive biochemical pregnancy,68 while 
group 1 exhibited a pregnancy rate of 30.0% (9/30), 
contrasting with Al-Yasiry et al.47 and indicating a no-
table inconsistency despite an expected beneficial met-
abolic profile in normal-weight PCOS. These findings 
challenge the conventional notion that normal weight 
is inherently associated with optimal fertility outcomes 
and instead highlight the potentially advantageous re-
productive responsiveness in PCOS patients, particular-
ly those with increased BMI.

Table 8 reveals that patients with PCOS constituted 
the majority undergoing frozen embryo transfers, sug-
gesting that clinicians may have opted to postpone the 
transfer in these high-responder patients, particularly 
those with PCOS, due to potential complications such 
as ovarian hyperstimulation syndrome (OHSS) or sub-
optimal endometrial receptivity conditions assessed via 
Doppler evaluation of subendometrial vascularity.74-76

The lowest proportion of cycles without embryo 
transfer in both PCOS groups suggested enhanced oo-

cytes production and embryo availability, and the results 
indicated that a freeze-all strategy for PCOS patients en-
hanced the live birth rate, diminished the incidence of 
OHSS, and lowered the rate of miscarriages.77,78 The ele-
vated concentrations of steroid hormones during stimu-
lated cycles may have modified endometrial receptivity, 
elucidating why frozen embryo transfers are expected to 
produce better outcomes than fresh transfers.79 Freeze-
all cycles are effective for high responders but not for 
intermediate or low responders or women of advanced 
maternal age.80

Most of the ICSI cycles used fresh sperm prepara-
tion especially group 2 with no statistical significance 
(p> 0.05), as reported in Table 8.

Table 9 indicates that there is significant variation 
between basal and OPU day fasting serum PGRN level 
(p<0.05) which may indicate a possible metabolic and 
inflammatory response to gonadotrophin administra-
tion. It is worth noting that we preferred to use an an-
tagonist protocol in this study due to its advantages in 
comparison to a long agonist protocol.

Study limitations
This study has several limitations that require atten-
tion. The absence of live birth data restricts the ability 
to thoroughly assess the ultimate clinical effects of the 
treatments. The restricted sample size and selection of 
certain factors may limit the generalizability of the find-
ings. A notable limitation is the lack of essential clinical 
objectives, such as implantation rate, clinical pregnancy, 
and live birth outcomes.

This research primarily focused on hormonal pro-
files, ovarian response, embryo quality, and oocyte de-
velopment; however, these additional endpoints are 
crucial for a comprehensive evaluation of the signifi-
cance of BMI in relation to serum and follicular fluid 
PGRN in PCOS. 

Conclusion 
PGRN levels in the serum and follicular fluid mi-
croenvironments may remain unaffected by BMI in 
PCOS, either independently or collectively, as evi-
denced by the consistent absence of statistical signifi-
cance despite observable numerical trends in normal 
BMI PCOS individuals. A larger cohort of patients 
within the designated age range is necessary to eluci-
date the relationship between PGRN, PCOS, and BMI. 
In the overweight/obese PCOS group, increased em-
bryo maturity was noted, potentially supporting the 
hypothesis of a threshold-dependent effect of PGRN 
on ovarian function. In individuals with normal BMI 
PCOS, elevated PGRN levels in follicular fluid may 
exceed a medically acceptable threshold, thereby com-
promising oocyte quality and embryonic develop-
mental potential. Conversely, obese/overweight PCOS 



298 European Journal of Clinical and Experimental Medicine 2026; 24 (2): 289–301

may remain below this threshold, resulting in relative-
ly preserved follicular function and improved assisted 
reproductive outcomes. The variation in serum PGRN 
levels following ovarian stimulation represents a re-
search gap warranting further investigation in larger 
patient cohorts.
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Conclusion. While positive changes were made in screening activities and detection indicators, there are still gaps in program 
quality and equity. The absence of systematic stage-at-diagnosis data limits interpretation of clinical impact and underscores 
the need for integrated data systems to improve breast cancer screening evaluation in.
Keywords. breast cancer screening, early detection of cancer, health information systems, patient compliance, public health 
programs, screening programs

Introduction
Breast cancer (BC) is the number  one killer of wom-
en with cancer worldwide.1 In developing countries, 
including Morocco, BC has been on the rise in recent 
years  because of better reporting and more exposures 
to risk factors linked to modernization and urbaniza-
tion and lifestyle transitions.2,3 In Morocco, BC rep-
resents approximately 39% of all new cancers in women 
and has become one of  the major public health prob-
lems. However, most patients with BC are diagnosed at 
an advanced stage, reflecting persistent delays in diag-
nosis and suboptimal screening uptake.4

Even though all difficulties are overcome at the na-
tional level, a large proportion of Moroccan women are 
still diagnosed at advanced stages, limiting the effective-
ness of therapy and survival compared to high-income 
settings.5 The burden continues to be exacerbated by 
problems such as delayed diagnosis, low participation 
rate, and inequities in access to quality services, partic-
ularly in rural areas.6

In an attempt to reduce this load, the Moroccan 
Ministry of Health and Social Protection established a 
National BC Early Detection Program in 2010.7 

This program focuses on Clinical Breast Examina-
tion (CBE), and diagnostic mammography for BC early 
detection for BC survival.8 But obstacles remain, espe-
cially access to care, the involvement of  women and the 
quality of screening – particularly in rural areas.6,9,10

Where appropriate, the effect of the program should 
be monitored using performance measures; some ex-
amples would include participation rates, BC detection 
rates and time to diagnosis. 

This study was initiated to evaluate the BC screen-
ing program in Taza, and comparisons were made using 
these performance measures compared with national 
and international standards. The goal is to pinpoint suc-
cesses and obstacles in program implementation and of-
fer suggestions for improvement.

Aim
To assess the practice of the national BC early detection 
program in  Morocco focusing on the Taza province for 
2022-2024 by studying performance indicators.

Material and methods
Study design
This is a retrospective descriptive and evaluative study 
based on institutional data, evaluating the efficacy of 
National BC Screening in the Taza province. The exam-

ination is based on Key Performance Indicators (KPIs) 
between 2022–2024. 

Data sources and quality control
The present study utilized data derived from the Mo-
roccan National HIS, an official national electronic reg-
istry utilized in Morocco for the routine monitoring 
of screening, diagnosis and cancer detection pathway 
which is a real time report from the primary health care 
facility, provincial diagnostic center and hospital image 
units.

According to the audit indicators SIS period in the 
province, the completion of the indicators for breast 
cancer screening in the Taza province 2022-2024 shows 
a grade ≥98%. The Regional Directorate for Health con-
ducts monthly verification of registered screens, ensures 
consistency (for example, whether CBE was linked to a 
referral), checks for extreme values, and addresses du-
plicate or inconsistent entries. 

There was very little (roughly 2%) missing data 
across all variables. Missing data was therefore managed 
using listwise deletion in accordance with STROBE rec-
ommendations. No missing value imputation proce-
dures were necessary which may be related to their low 
proportion and random distribution.

Target population
The target population consists of 74,269 females in the 
age group of 40-69 years for whom the screening is el-
igible under the program. The inclusion criteria will 
include all women living in the Taza province, who 
are older than the  defined age in need for screening 
having experienced at least one CBE during the study 
period.

Rural–urban classification and population-adjusted 
rate calculation
Rural–urban classification and population-adjusted anal-
yses
Administrative geographic classification used by the 
Moroccan Ministry of Health and Social Protection 
served as a basis for separating health facilities and their 
catchments areas as either rural or urban.

The number of women aged 40–69 years, consid-
ered as the eligible female population, was taken sepa-
rately for rural and urban areas based on the provincial 
demographic estimates from the HIS.

The screening performance indicators accounted 
for population-adjusted rates and included:
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	– The screening coverage rate is the number of women 
who have been screened divided by the total number 
of eligible women in each geographical area.

	– Breast cancer detection rate is the number of breast 
cancers diagnosed per 1,000 women screened

	– Referral and diagnostic completion rates, which are 
the fractions of screened women.
Chi-square tests were used to initially analyze the 

differences between rural and urban areas. Afterwards, 
multivariable logistic regression models were employed 
to compute adjusted odds ratios (ORs) with 95% confi-
dence intervals (CIs), while also adjusting for the year 
and the type of healthcare facility.

This method made it possible to evenly compare the 
different aspects of screening performance and its re-
sults between both rural and urban areas considering 
the fact that the population was different.

Statistical method 
These two indicators show the different aspects of the 
program’s performance population coverage and the re-
sponsiveness (participation) of the women contacted. 
To prevent any confusion, the two indicators have been 
presented separately throughout the document.

Statistical analysis
Descriptive statistics were employed to describe screen-
ing activity, delayed diagnosis, and outcomes through-
out the study period (2022-2024). The categorical 
variables were presented as proportions while the con-
tinuous variables were presented as medians with inter-
quartile ranges (IQR) due to non-normal distributions.

The differences in screening participation rates and 
HBS positivity rates over time were tested for trends us-
ing chi-square tests (Cochran-Armitage).

It was also checked if there was a correlation be-
tween the number of screenings and the number of HBS 
positive cases through the Spearman correlation coeffi-
cient which is a nonparametric measure that accounts 
for the skewed distribution of numbers.

Geographical differences and changes in delayed di-
agnosis over the years were investigated using the Kru-
skal-Wallis test.

The comparisons between rural and urban areas were 
made based on population-adjusted rates. Also, multivari-
able logistic regression models were used to obtain odds 
ratios (ORs) with 95% confidence intervals (CIs) while 
controlling for the variable’s year and type of facility.

The significance level was determined at p<0.05. 
The entire analysis was performed using the SPSS ver-
sion 21 (IBM, Armonk, NY, USA).

Data availability and methodological limitations
The HIS that was the source of data for this assessment 
lacks a systematic recording of the stage of breast cancer 

diagnosis (TNM classification or early versus advanced 
stage). Therefore, no stage distribution, stage shift, or 
survival outcomes analyses were carried out.

The limitation points to the present lack of data 
sharing and integration between the screening, diag-
nostics, and oncology care units in the provincial health 
system. Without stage-at-diagnosis information, it is 
quite challenging to strictly measure the real clinical im-
plications of screening beyond the use of intermediate 
performance.

Performance indicators
Definition of key performance indicators
To ensure conceptual clarity and consistency, separate 
operational definitions were applied to the screening 
performance indicators.

Screening coverage rate was defined as the propor-
tion of women aged 40-69 years residing in the province 
of Taza who underwent at least one clinical breast exam-
ination (CBE) during the study period, as a proportion 
of the total eligible female population.

The participation (attendance) rate was defined as 
the proportion of women who participated in screening 
among those who were reached or mobilized through 
community campaigns, awareness-raising activities or 
outreach actions carried out by health facilities.

These two indicators reveal different sides to the 
performance of the program: the extent of population 
coverage and the responsiveness of the women contact-
ed (participation). To prevent any confusion, the two in-
dicators are shown separately through the document.

Although the design of this evaluation took into ac-
count a number of internationally recommended indi-
cators, it was not possible to include some of the main 
outcome measures, e.g. stage at diagnosis, treatment 
initiation intervals, survival, and breast cancer–specif-
ic mortality, because there is no systematic linkage be-
tween screening, pathology, and cancer registry data. 
Consequently, the KPIs chosen mainly indicate pro-
gram performance, quality, and equity rather than di-
rect potential clinical impact. This choice is in line with 
the initial evaluations of screening programs in areas 
where monitoring and evaluation infrastructure is grad-
ually emerging. These KPIs could not be assessed due to 
the absence of integrated cancer registry data.

The program was assessed based on the  following 
routine and implications indicators:

	– Process indicators:
Participation Rate: The  women participating rate in 

screening among those eligible.
Delay in Diagnostic Confirmation: The time from 

the initial CBE to time of diagnostic confirmation.
	– Impact indicators:

Detection Rate: Number of recorded BC cases  per 
1,000 women screened.
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CBE Positivity Rate: Proportion of women referred 
for additional diagnostic testing among  those with a 
positive CBE.

As per the World Health Organization (WHO) and 
IARC guidelines, all performance indicators were de-
fined. These include participation rate, CBE positivity 
rate, detection rate per 1,000 women screened, mam-
mography-to-biopsy delay, and referral-to-biopsy delay.

Results
Baseline population characteristics
The female population eligible for this investment stayed 
stable over the 3 years (n=74,269). The screening par-
ticipation rates varied significantly over the years: from 
66.97% to 58.83% between 2022 and 2023 before shoot-
ing up to 82.01% in 2024. Baseline characteristics of the 
eligible female population aged 40–69 years in the Taza 
Province over the study period are summarized in (Ta-
ble 1). The increase observed in 2024 coincided with in-
tensified community mobilization efforts. However, the 
up and down rates (in other words fluctuation) reiterate 
that we still need a more orderly system of invitation.

Table 1. Baseline characteristics of the target female 
population aged 40–69 years in the Taza Province (2022–
2024)
Characteristic 2022 2023 2024

Total eligible women (n) 74,269 74,269 74,269

Screening participation (%) 68.73% 54.84% 82.01%

Although the number of women screened remained 
virtually constant over the three years, there were sig-
nificant annual variations in participation rates. Annual 
screening coverage and participation rates are present-
ed in (Table 2). These variations reflect the intensity and 
extent of community mobilization rather than changes 
in screening capacity.

Table 2. Coverage and participation rates of breast cancer 
screening in the Taza Province (2022–2024)*
Year Eligible women 

(n)
Women screened 

(n)
Coverage rate (%) Participation rate 

(%)

2022 74,269 37134 50% 68.73

2023 74,269 37134 50% 54.84

2024 74,269 37134 50% 82.01

* Coverage rate – women screened/total eligible 
population, participation rate – women screened/women 
reached or mobilized (Note: the total number of women 
screened seems the same throughout the study years 
because the data is aggregated and reported at the 
provincial level. The variation of participation rates from 
year to year shows the changes in the number of women 
that were reached or mobilized through community-based 
screening activities, not the changes in the screening 
capacity, the identical number of women screened across 
years reflects aggregated provincial reporting, while 
annual variations in participation rates are driven by 
differences in the number of women reached or mobilized 
rather than unchanged screening activity)

Process indicators
Participation rate (2022–2024)
The screening program showed varied uptake rates in 
the three years 2022, 2023, and 2024 with the values of 
68.73 %, 54.84 %, and 82.01 % respectively (Fig 1A). 
After a significant increase in 2024, the data still re-
flects the fluctuations of the years with noticeable 
peaks in October during the national ‘Pink October’ 
campaign.

Global participation was stable monthly from 2022 
to 2024, averaging 40% to 60% for most months. In Oc-
tober, participation increased markedly during October, 
coinciding with the national Pink October campaign, 
which is celebrated worldwide. Hence, the activity 
reached the highest value at this time. Outside of this 

Fig. 1. Participation indicators, A: Annual participation rate in the breast cancer screening program (2022–2024), B: Monthly 
participation rate trends (2022–2024)



306 European Journal of Clinical and Experimental Medicine 2026; 24 (2): 302–315

time frame, the monthly movements were contained, 
showing a constant but muted screening throughout the 
year (Fig. 1B).

CBE positivity rate (2022-2024)
The positivity rates for CBE stayed at the same level: 
2.59% in 2022 and 3.25% and 3.13% in 2023 and 2024, 
respectively. The results for different years show that 
there is no significant difference (Cochran–Armitage 
trend test; p=0.23) (Fig. 2A).

Relationship between screening volume and positive CBE 
cases
The analysis done by the Spearman rank correla-
tion method showed that the relationship between the 
two variables is almost perfectly positive and linear 
(ρ(rho)=0.98) between screening volume and the num-
ber of positive CBEs. Hence, it can be concluded that 
the more the screening activity, the more the detection 
of clinical abnormalities (Fig. 2B).

Mammography-to-biopsy delay (2022–2024)
The time between mammogram and biopsy diagnostics 
was significant, reduced from a 23.04-day difference in 
2022 to 10.5 days in 2024. While the greater variation 
was recorded in 2023, it achieved a marked reduction 
in 2024 (Fig 3A).

Referral-to-biopsy delay (2022–2024)
The time from health center referral to biopsy rose from 
61 days in 2022 to 84.5 days in 2024, with large outliers 
in 2024. The year-wise difference was statistically signif-
icant (Kruskal–Wallis, p<0.001) (Fig. 3B).

Rural-urban differences in population-adjusted screening 
performance
The percentage of people who got screened was almost 
the same for rural and urban areas (49.6% vs. 50.8%, 
p<0.05). Population-adjusted screening coverage, de-
tection, referral completion, biopsy completion, and 
diagnostic delays by area of residence are detailed in 
(Table 3). Nevertheless, there were fewer cancer detec-

Fig. 2. Screening quality indicators, A: Clinical breast examination positivity rate (2022–2024), B: Association between 
screening volume and number of CBE-positive cases (Spearman correlation, ρ=0.98, p<0.001; n=36 months, CBE – clinical 
breast examination)

Fig. 3. Diagnostic delays, A: Delay between diagnostic mammography and biopsy (2022–2024), B: Delay between referral 
from health center and biopsy (2022–2024), rural–urban differences in population-adjusted screening performance
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tions per 1,000 screened women in rural areas than in 
urban areas (2.12 vs. 3.46, p<0.05) Of the women who 
had clinical breast examinations and were found to have 
abnormal results, those living in rural areas were much 
less likely to have referral and biopsy procedures com-
pleted (62.0% vs. 78.0% and 58.0% vs. 74.0%, respec-
tively; p<0.01 for both). What is more, the median 
diagnostic delay in rural areas was very long (82 days, 
IQR 60–105) compared to that in urban areas (54 days, 
IQR 38–72; p<0.001).

Table 3. Population-adjusted screening and diagnostic 
indicators by area of residence*

Indicator Rural areas Urban areas p

Eligible women (40–69 yrs), n 123,879 98,925 –

Women screened, n 42,429 33,881 –

Coverage rate (%) * 49.6 50.8 0.08

Detection rate (per 1,000 screened women) 2.12 ‰ 3.46 ‰ <0.05

Referral completion (%)† 62.0 78.0 <0.01

Biopsy completion (%)† 58.0 74.0 <0.01

Median diagnostic delay, days (IQR) 82 (60–105) 54 (38–72) <0.001

* Coverage rate – number of women screened/eligible 
population, † – among women with abnormal clinical 
breast examination findings, detection rates are expressed 
per 1,000 screened women. 
p-values were calculated using χ² tests for proportions and 
the Mann–Whitney U test for diagnostic delays, note: rural 
and urban eligible population figures represent cumulative 
demographic estimates over the study period derived 
from HIS-based catchment data and do not correspond to 
annual provincial totals

There were strong rural–urban differences in breast 
cancer screening performance after normalizing the 
data to the size of the eligible population. While the ab-
solute figures for screenings were higher in the urban 

contexts, population-normalized rates showed that ru-
ral areas received less of the screening services.

Similarly, breast cancer detection rates per 1,000 
women screened in rural areas were significantly below 
those in urban areas, likely reflecting lower screening 
coverage and diagnostic throughput.

Urban areas had consistently higher referral com-
pletion and biopsy completion rates; on the other hand, 
rural areas were characterized by longer median diag-
nostic delays. These variations were still statistically sig-
nificant even after the adjustment for calendar year and 
facility type.

Adjusted odds ratios for rural versus urban resi-
dence across key screening and diagnostic outcomes are 
shown in (Table 4). Based on multivariable logistic re-
gression analyses, a rural location had an independently 
negative association with the next steps of the diagnos-
tic pathway after a positive screening test. It refers to the 
completion of referral (adjusted OR=0.58, 95% CI 0.44 
0.76), biopsy (adjusted OR=0.55, 95% CI 0.39 0.77), and 
the receipt of a timely diagnosis within 60 days (adjust-
ed OR=0.41, 95% CI 0.28 0.60).

Table 4. Adjusted odds ratios for rural vs. urban screening 
outcomes
Outcome Adjusted OR (rural vs urban) 95% CI p

Screening participation 0.72 0.60–0.86 <0.05

Referral completion 0.58 0.44–0.76 <0.01

Biopsy completion 0.55 0.39–0.77 <0.01

Timely diagnosis (<60 days) 0.41 0.28–0.60 <0.001

Rural–urban differences in screening activities (2022–
2024)
Important rural–urban disparities were noted. Averaged 
over all CBE first-time women screened, these oscillated 
at 791 in respect of the rural and urban 942. Converse-

Fig. 4. Rural–urban screening disparities, A: Comparison of initial and follow-up CBE activities in rural vs. urban areas, 
comparison of initial and follow-up CBE, expressed as total number of examinations (n), in rural and urban areas, B: Trends in 
mammography and biopsy completion rates (2022–2024)
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ly follow-up CBE mostly occurred in the rural area (230 
vs. 161). Urban areas had higher referral rates (39.50 
vs. 20) (Fig. 4A).

Impact indicators
Breast cancer detection rate (2022–2024)
The detection rate has increased from 1.35 in 2022 to 2.12 
per 1,000 women screened in 2024 which suggests that 
the program’s operation was associated with the (Fig. 5A).

Correlation between CBE-positive cases and confirmed 
cancers
There was a weak, yet statistically significantly positive 
correlation (r=0.33; p<0.05) indicating that the numbers 
of CBE-positive cases are usually higher when the num-
ber of cancers detected is higher (Fig. 5B).

The Benign-to-malignant biopsy ratio rose from 
50.5% in 2022 to 56.25% in 2024, indicating that there were 
more benign lesions among the biopsied cases (Fig 6A).

Average age at breast cancer diagnosis (2022–2024)
There was an increase in the diagnosis mean age from 
51 years in 2022 to 55 years in 2024. The trend may rep-

resent variations in the different age group participation 
rather than real epidemiological change (Fig. 6B).

Discussion
The NBCSP evaluation findings for the Taza Province 
were interpreted through the perspective of system-
ic-level deficiencies which limited the performance, eq-
uity, and potential clinical impact of the program, rather 
than looking at individual indicator results.

Suboptimal population coverage and participation sus-
tainability
Evolution of participation rates
The rates of participation in BC screening in Taza prov-
ince have shown significant interannual variability over 
the years 2022, 2023 and 2024, respectively, 68.73% 
(2022), 54.84% (2023) and 82.01% (2024). Even though 
there was a downward curve at times, 2024 shows an 
upward improvement. The bigger standard deviations 
found, especially in 2024, would indicate that there are 
large seasonal variations, likely resulting from stronger 
awareness campaigns in “Pink October.” No statistical-
ly significant temporal trend was observed in CBE pos-

Fig. 5. Detection and confirmation indicators, A: Breast cancer detection rate per 1,000 women screened (2022–2024),  
B: Correlation between positive CBE cases and confirmed cancers, benign-to-malignant biopsy ratio (2022–2024)

Fig. 6. Biopsy and diagnosis indicators A: Benign-to-malignant ratio of biopsies (2022–2024), B: Average age at breast cancer 
diagnosis (2022–2024)
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itivity rates across the three years (Cochran–Armitage 
trend test, p=0.23).

According to European guidelines, a minimum 
membership of 70% is necessary for a substantial de-
crease in BC mortality.1

The Taza program exceeded this limit in 2022 as well 
as 2024, nevertheless, the 2023 rate was slightly below 
this standard. Furthermore, the Program continuously 
exceeded the IARC suggestion of 60% participation over 
two years on a continual basis.11 The observed participa-
tion levels were consistent with international thresholds 
commonly cited as desirable for organized screening 
programs.

Nonetheless, participation rates in high-income 
countries are more than 70%, showing a large discrep-
ancy. For example, the participation rates for France, 
Norway and Italy which have organized screening pro-
grams are 76.8%, 75% and 72%, respectively.12–14 In com-
parison, the rates in Taza are far greater than Tunisia’s 
17.3% and Iran’s 21.5%15,16 and other MENA countries, 
showing some differences in the uptake of screening.

The limitation of the Moroccan current screening 
approach is that it is passive recruitment. This means 
that participants are recruited not through personal in-
vitation, but rather through actively getting women to 
show up to camps through a community campaign. 
Evidence from around the world provides strong vali-
dation for the efficacy of organized invitation systems, 
which are superior to alternative methods in achieving 
sustainability of participation and improvements in ear-
ly detection.2 The WHO recommends such a structured 
approach for middle‐income countries to maximize 
screening coverage and minimize BC deaths.2

Low clinical breast examination positivity rates – a criti-
cal quality concern
One of the most striking findings of this evaluation is 
the persistently low clinical breast examination (CBE) 
positivity rate, which remained between 2.4% and 3.2% 
throughout the 2022–2024 period. This level is substan-
tially below the national reference range of 10–13% es-
tablished by the Moroccan National Cancer Prevention 
and Control Plan, as well as below benchmarks reported 
in comparable CBE-based screening programs in low- 
and middle-income countries.

CBE positivity rate is not merely a descriptive in-
dicator; it is widely recognized as a key quality marker 
of screening performance, reflecting the combined ef-
fects of examiner skill, adherence to examination pro-
tocols, referral thresholds, and underlying population 
risk. Persistently low CBE positivity rates raise concerns 
regarding the clinical sensitivity of primary screening 
and warrant further investigation.

Comparison with similar CBE-based programs
Based on international experience, it is known that CBE 
screening programs generally report between 8% and 
15% positivity rates which largely depend on the level 
of examiner training, standardization of protocols, and 
characteristics of the target population. 

In Morocco, previous national evaluations have re-
ported CBE positivity rates ranging from 3% to 5% in 
earlier years, suggesting that the low rates observed in 
Taza are not isolated but reflect a broader structural 
challenge within the national screening approach. 

Potential explanatory factors
There is a variety of closely related factors that could 
explain a low CBE positivity rate. These include differ-
ences in the training and experience of the examiners, 
the use of strict referral thresholds, time constraints 
in busy primary care settings, and, to a lesser extent, 
documentation practices. Population risk differences 
may be one of the reasons for varying positivity rates. 
However, this explanation itself does not seem to be 
enough to justify the large and consistent gap that has 
been observed.

Implications for program performance
Low CBE positivity has direct implications for the per-
formance of the screening program. A screening strat-
egy that fails to identify a sufficient proportion of 
clinically abnormal cases risks missing opportunities 
for early diagnosis, thereby limiting potential stage shift 
and mortality reduction.

Moreover, the observed weak correlation between 
CBE-positive cases and confirmed cancers suggests that 
linkage between primary screening and diagnostic con-
firmation may be suboptimal, further attenuating the 
potential benefits of screening.

Quality improvement recommendations
From these results, there is an immediate need for a 
multilayered quality improvement plan.
Immediate (0–6 months)

	– Standardize CBE protocols across all primary he-
alth care facilities 

	– Introduce refresher training focused on practical 
CBE skills 

	– Circulate unambiguous referral standards that are 
in line with the national guidelines
Medium-term (6–18 months)

	– Implement routine supervisory audits and peer re-
view of CBE practices 

	– CBE quality indicators as a comprehensive tool for 
regular performance monitoring

	– Improve communication systems between diagno-
stic centers and frontline health care ‌providers
Long-term (≥18 months)
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	– Create continuous professional development pro-
grams with certification options

	– Submit decision-support tools in digital health plat-
forms

	– Probe slow integration of imaging modalities gra-
dually, if guided by available resources
These suggestions align perfectly with the WHO, the 

International Agency for Research on Cancer (IARC), 
and the Global Breast Cancer Initiative recommenda-
tions that emphasize that the quality of screening is as 
important as the coverage of screening.

Broader policy and system implications
The data from the Taza Province reveals the problem 
that many middle-income countries have to face how 
to increase the early detection programs without low-
ering the clinical quality. CBE is still a viable and quite 
affordable screening method in resource-limited areas, 
but currently, it is very dependent on human resources, 
supervision, and system integration.

Therefore, improving CBE quality should not be 
merely a technical fix, but a key management issue with-
in the national cancer control strategy.

Weak linkage between screening and diagnostic services
​It is worth mentioning that although breast cancer 
screening coverage was similar in rural and urban areas, 
differences were always seen at the subsequent stages of 
the screening pathway, especially regarding the detec-
tion, diagnosis, and time aspects.

According to this research, rural-dwelling women 
were significantly less frequently going to a specialist 
and having a biopsy, and the delays in diagnosis were 
even longer after the adjustment for age, year, and type 
of facility. So, these findings indicate that disparities be-
tween regions are not so much a matter of getting the 
first screening as they have to do with lacking further 
steps of care after abnormal results.

Diagnostic delays: from referral to mammography to biopsy
Taking a closer look at these indicators, some prog-
ress was noted but so were challenges. The time inter-
val from diagnostic mammography to biopsy date was 
significantly reduced from 23.0 days 2022 to 10.5 days 
in 2024 (H=64.58; p<0.001). A reduction in mammog-
raphy-to-biopsy delay was observed over time; however, 
the observational design precludes attribution to specif-
ic coordination mechanisms.

However, the total delay from the original health 
service referral to the completion of the biopsy remains 
an issue, increasing from 61.0 days in 2022 to 84.5 days 
in 2024, with significant outlying delays notably in the 
most recent year. The timeline for confirmed diagnoses 
is well over 60 days. The WHO states this is the max-
imum allowable period, from an abnormal finding to 

histopathological. This delay raises issues with disease 
progression at this time and the patient outcomes that 
follow.

The delays are common to issues faced by mid-
dle-income countries where centralized diagnostic ser-
vices, underdeveloped pathological infrastructure, and 
logistical challenges create a bottleneck in care.20,21 The 
advantages of decentralized services, digital infrastruc-
ture and integrated care pathways are demonstrated.

Trends in mammography and biopsy utilization
Between 2022 and 2024, the rates of mammography 
and biopsy will progressively rise indicating further 
maturation and enhancement of the diagnostic capac-
ity of the program.is The substantial increase in screen-
ing volumes, particularly in 2024, can be attributed to 
enhanced public awareness and prevention messaging 
for cancer in Taza, as well as the enhanced training of 
healthcare providers, enhanced referral systems, and 
improved local diagnostic capacity. The national cancer 
control policies in Egypt and Jordan had similar effects 
in expanding their mammographic coverage. 

The WHO considers that an increasing utilization 
of diagnostic tests in the incoming decades is a major 
marker of successful screening programs if it is coupled 
with correspondent quality assurance will be clinically 
relevant.8 According to the IARC, the best way to opti-
mize the potential benefits of screening is to shorten the 
intervals between screening, diagnosis and initiation of 
treatment.19 The increases seen in Taza are in line with 
the objective of the National Cancer Control and Pre-
vention Plan in Morocco which covers screenings while 
guaranteeing care continuity.

Private sector engagement and loss to follow-up
During the later study period, there was increased par-
ticipation of the private sector in opportunistic screen-
ing. Simultaneously, the loss to follow-up was also 
rising. The increasing engagement of the private sector 
in the health care area is positive. The increase of access 
points as well as service delivery points reflect greater 
awareness and demand. This is in alliance with the rec-
ommendations of the WHO, where studies reflect that 
the private sector capacity should be aligned with the 
national screening process.2

But the concurrent rise in the number of women 
getting lost to follow-up after initial positive findings is 
a major program weakness that counteracts the poten-
tial benefits of early detection. Evidence collected show 
inconsistencies and anomalies. They reflect the chal-
lenge of care coordination, shortcomings in tracking 
systems (for example EHRs) and possibly the accessibil-
ity of diagnostic services. The IARC identifies this as a 
main obstacle to screening performance in low-resource 
settings.5
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The Ministry of Health of Morocco is aware of these 
difficulties and is implementing strategies to enhance 
community follow-up and full registry. These initiatives 
link together detection and treatment, creating a closed-
loop system.

Breast cancer detection rate and program performance
Screening programs have been implemented, and they 
have been accompanied by a better detection rate in 
2023 and 2024. In 2022, the detection rate was 1.35 cas-
es per 1,000 women screened, while in 2024 it was at 
2 per 1,000 women. Detection rate differences may re-
flect variations in screening modality and population 
characteristics. According to a report, their detection in 
Morocco without systematic mammography screening 
appears to be in the order of that of Japan in a CBE-
based program, phrased another way, clinical exam-
ination can deliver reasonable implementation when 
done properly. The discrepancy between positive cases 
reached by CBE and confirmed cancers (histopatholog-
ically) point at the need for better reach to diagnosis.

Benign-to-malignant biopsy ratio
The ratio of benign and malignant biopsy was even bet-
ter – 50.5% in the year 2022; 56.25% in the year 2024. 
There is a rising proportion of benign findings in the bi-
opsied lesions. This trend likely reflects improved iden-
tification of benign breast conditions or lower referral 
thresholds, or an increasing detection of low-suspicion 
lesions with rising screening volume. 

It is inevitable and acceptable for degrees of benign 
biopsies to occur in screening programs, but monitor-
ing this ratio is important for optimization of the ratio 
sensitivity (true cancers) and specificity (do not have 
invasive procedures). Biopsy positive predictive values 
(PPV) from international studies should be greater than 
25 to 40% so that the cost benefit and patient burden do 
not outweigh the advantages.

Territorial inequities in access and diagnostic completion
Urban-rural disparities in screening access
There were huge differences in screening in urban 
and rural populations. In urban areas, the rates of first 
screening (CBE 1st time) were higher because of bet-
ter access to health infrastructures, higher exposure to 
awareness campaigns, and probably higher health liter-
acy. On the other hand, follow up CBE rates were better 
in rural areas. Thus, once engaged rural women seem 
strongly committed to future participation. This is a 
positive finding and may mean community-based strat-
egies are effective.

Higher referral rates were observed in urban areas, 
which may be related to more established referral networks 
and proximity to diagnostic centers. Such a disparity has 
also been observed in Morocco.4 The WHO observed that 

the diagnostic capacity of health facilities in middle-in-
come countries is concentrated in urban centers.2

Inadequate monitoring and evaluation infrastructure: 
absence of stage-at-diagnosis data
One of the biggest structural weaknesses of this assess-
ment is that the Health Information System used by the 
National Breast Cancer Screening Program (NBCSP) 
lacks systematically recorded stage-at-diagnosis data. 
Tumor stage at diagnosis is the main key-link between 
screening activity and the ultimate clinical goal of breast 
cancer screening, which is morbidity and mortality re-
duction. Without stage data, it is not feasible to exam-
ine stage distribution, stage shift over time, or follow-up 
outcomes such as survival, which in turn limits the in-
terpretation of the program’s potential clinical impact.

An essential goal of breast cancer screening for the 
population is not simply to increase the number of cases 
detected but to detect cancers at early stages when treat-
ment is less invasive, and prognosis is better. Evidence 
from international studies consistently has shown that 
stage I and II cases are the ones that have been shifted 
in the diagnostic distribution by screening programs re-
sulting in mortality reduction after a long period. Hence, 
stage-at-diagnosis is generally accepted as a main indi-
cator for assessing screening effectiveness and thus, it is 
an absolute requirement for program maturity.

Because such data is missing, this analysis had to 
resort to intermediate performance indicators such as 
participation rates, detection rates, clinical breast exam-
ination (CBE) positivity, and diagnostic delays. Those 
measures, while informative of program organization, 
quality, and equity, are clinical benefit proxies at best. 
Therefore, even if changes in detection rates, or diag-
nostic intervals, notwithstanding the fact that they are 
changes in the direction of improvement, should not 
be expected to lead to better outcomes without proof of 
earlier-stage diagnosis.

Lacking staging data is a barrier to identifying 
and evaluating biases that are related to screening and 
well-documented in the literature. A lead-time bias can 
result in an increase in the observed survival time that 
does not represent an actual extension of the life of the 
patient both of which concepts can simply confuse the 
public if it is not well explained, whereas length-time 
bias allows the preferential detection of slow-growing 
tumors which are less aggressive. Overdiagnosis is yet 
another issue especially in cases where there is an in-
crease in screening volume without a corresponding 
change in clinically meaningful stage shifts. Not having 
stage-at-diagnosis data makes it impossible to quantify 
these phenomena, hence the need for cautious interpre-
tation of observed performance trends.

Similar difficulties were encountered in the initial as-
sessments of screening programs in many low and mid-
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range income countries where fragmented information 
systems hamper long-term patient follow-up. On the oth-
er hand, programs that have gone through the maturity 
stage have had the benefit of integrated registries that can 
link screening data with pathology, oncology, and popu-
lation-based cancer registries, thus continuously staging 
distribution and outcomes assessment. The lessons drawn 
from these programs explain that data integration is not 
only a nice-to-have but the very base of screening gover-
nance effectiveness that the programs have benefited from.

In the Moroccan situation, the lack of standard-
ized TNM stage reporting is therefore just one of sev-
eral symptoms of the split between screening and care 
resulting from the fragmentation of the health system in 
the two different specialties. A well-functioning screen-
ing system addresses more than the detection and re-
ferral to diagnosis, staging, treatment initiation, and 
outcome monitoring. So it is crucial to build a strong 
collaboration between screening services, pathology 
laboratories and oncology units to allow a comprehen-
sive evaluation of the screening program and holding 
the program accountable for its deliverables.

In the meantime, interim evaluations should be 
done in such a way that they are designed to continu-
ously monitor whichever performance indicators that 
are available and to be upfront about their limitations. 
The NBCSP could do a lot more if audit mechanisms 
were strengthened, data completeness was improved, 
and gradually, stage-at-diagnosis reporting was incor-
porated. It would be a huge step toward an eventual 
transition from activity-based monitoring to impact as-
sessment that matters. Closing this huge data gap should 
be seen as a requisite not only for the program to be on 
par with international standards but most importantly 
for it to deliver clinical benefits that are the very justifi-
cation for expansion of its activity.

Relevance to healthcare management and governance
The lack of reported TNM (tumor, node, metastasis) 
stage-disposition in each of the four screening visits rep-
resents a key disconnect between screening and down-
stream clinical care processes. In order to have a positive 
implication on population health, an effective screening 
model must include not just detection and referral but 
also the strategic linkage to diagnostic confirmation, 
staging, initiation of treatment, and monitoring of treat-
ment outcomes.

To eliminate the gap created by the lack of com-
munication between the two systems, we must work as 
partners to do the following:
1.	 Develop an integrated system that connects the 

screening data with the oncology and pathology 
databases.

2.	 Develop a standardized method for the reporting 
of TNM stage at the time of diagnosis; and

3.	 Create a method to establish longitudinal follow-up 
at different levels of care.
Integrating these systems will strengthen the NBC-

SP’s ability to assess its performance and assist in devel-
oping future improvements, and it will also increase the 
alignment of NHLBI/NBCSP’s standards with those of 
other countries providing cancer screening (i.e., WHO).

Alternative evaluation approaches in the interim
Improving the way that diagnostic information is gath-
ered will be essential to assess whether screening is 
translating into meaningful potential clinical impact. 

However, without the use of comprehensive infor-
mation, no accurate conclusions regarding how breast 
cancer screening has impacted the Taza Province can be 
drawn at this time.

Methods that could be used to collect diagnostic in-
formation include:

	– Comparison of various In-Kind grants across the 
province.

	– Collecting, by way of routine audits, data pertaining 
to benign and malignant biopsies and the potential 
benefits to healthcare providers; and

	– Using auditory sampling to determine the extent to 
which certain types of breast cancer have been de-
tected at particular healthcare facilities.
It is necessary to establish methods for collecting 

complete information that will ultimately be used to de-
velop reliable conclusions about the potential benefits 
to patients of breast cancer screening. Data systems that 
gather complete information require investment in the 
methods of integration of cancer registry data and the 
integration of first-time cancer cases with existing can-
cer registry data.

Supporting observation
Age distribution of diagnosed cases
The average age at diagnosis has increased by four years 
from 2022 to 2024, from 51 years to 55 years at diag-
nosis. This trend likely reflects increased participation 
among older women rather than a true epidemiological 
shift. This trend is consistent with what has been seen in 
other middle-income countries, leaving open the ques-
tion of targeting for the program. As the incidence of 
BC rises with age, the trend towards older diagnoses 
suggests missed opportunities for earlier diagnosis of 
younger women, particularly those with family history 
or other risks.

Limitations of causal inference
The analysis relied exclusively on data collected through 
health systems in the past (retrospective) and did not 
intend to indicate causal relationships for this reason; 
therefore, the relationship between screening activi-
ties, diagnostic information and outcomes must be ap-
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proached with a very general level of caution. There was 
no comparison group and no randomization; therefore, 
the presence of incomplete downstream outcome data 
(especially about what stage of disease individuals were 
diagnosed) does not allow attributing the trends observed 
to the screening program itself. The findings should be 
viewed as descriptive, as well as associational, and reflect 
patterns of program implementation/performance versus 
definitive evidence of performance. This cautious inter-
pretation of data supports the general recommendations 
provided by many organizations for evaluating popula-
tion-based screening programs using an observational 
approach to collect data through routine sources.

Study limitations
The​ results of this research should be interpreted keep-
ing in mind the limitations. Firstly, the data for the anal-
ysis was taken from routine HISs and was retrospective 
in nature. This might have some residual data quality 
problems even though the data is mostly complete and 
is regularly verified.

Secondly, the short period of the study (2022–2024) 
restricts the ability to see long-term trends and does not 
allow for downstream effects such as breast cancer mor-
tality to be evaluated.

Thirdly, the lack of a control group of non-screened 
women and the absence of randomization mean that 
one cannot causally attribute the trends to the screening 
program. Therefore, the findings are to be interpreted as 
descriptive and associational indicators of how the pro-
gram was performed.

Also, the research ignored the consideration of per-
sonal factors for participation like socioeconomic sta-
tus, education, or health-seeking behaviors that could 
influence the take-up of screening and outcomes. Last-
ly, differences in clinical breast examination techniques 
and the possibility of variation in observations among 
doctors could not be formally checked as there were no 
standardized methods for measuring examiner tech-
nique and ​reliability.

Conclusion
This paper has evaluated the National Breast Can-
cer Screening Program (NBCSP) in the Taza Province 
by conducting a full appraisal of the program’s perfor-
mance, fairness, and the implementation dynamics over 
the years 2022–2024. Instead of enumerating individu-
al intermediate indicators, the results were viewed from 
a system-level perspective, which brought to the fore 
the structural gaps that determine the effectiveness of 
screening in a middle-income environment.

In general, the program was moderately to high-
ly successful as most people enrolled in two of the three 
years of the study reaching or going beyond the thresh-
olds internationally referred to as the minimum require-

ments for an organized screening initiative. Nevertheless, 
the participation patterns were noted to have extreme 
fluctuations from year to year and to have a strong sea-
sonality attributed to the fact that the program depends 
on community-based campaigns for recruitment rather 
than a sustainable invitation-based recruitment strategy. ​

This limits the program’s capacity to ensure stable 
and equitable population coverage over time.

A second major finding concerns the quality of pri-
mary screening. Despite increasing screening volume, 
CBE positivity rates remained persistently low and sub-
stantially below national reference ranges. These find-
ings raise concerns regarding the clinical sensitivity of 
CBE at the primary care level and suggest that expan-
sion of screening activity has not been matched by pro-
portional reinforcement of examination quality, training 
standardization, and quality assurance mechanisms.

The evaluation also identified weaknesses in the 
continuity of the screening-to-diagnosis pathway. Spe-
cific​ diagnostic interval improvements were noted; 
however, in general, delays from the first referral to his-
topathological confirmation still regularly surpassed the 
set thresholds. The increased utilization of diagnostic 
services such as mammography and biopsy went hand 
in hand with a growing number of patients lost to fol-
low-up, especially in situations where the coordination 
between public and private providers is still incomplete. 
The above findings, in a way, highlight the existence of 
a care pathway fragmentation problem that could be re-
ducing the effectiveness of early detection.

Severe territorial disparities put the program per-
formance even more at risk. Differences between urban 
and rural areas in terms of access to screening, refer-
ral, and diagnostic completion remained after adjusting 
for population differences, and these disparities reflect 
the underlying inequities of the health infrastructure, 
service availability, and geographical accessibility. Al-
though community-based approaches seem to be suc-
cessful in encouraging follow-up among rural women 
who are already engaged, initial access and diagnostic 
referral are still very much uneven.

Most importantly, the lack of systematic stage-at-di-
agnosis data stands as a significant obstacle in evaluat-
ing the potential clinical benefits of the NBCSP. The 
distribution of stages at diagnosis is the crucial interme-
diate outcome that links screening to better survival, yet 
the existing data systems are not adequate for the assess-
ment of stage shift or the subsequent outcomes. It is vi-
tal for the progress from mere performance monitoring 
to potential impact evaluation that this gap be filled by, 
among other things, better integration between screen-
ing services, cancer registries, and pathology databases.

Summarizing those findings, one can say that the 
NBCSP in the Taza province has indeed contributed 
to the expansion of screening and diagnostic capacity; 
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however, its overall efficiency is hampered by the pres-
ence of structural system gaps that are associated with 
participation sustainability, screening quality, care con-
tinuity, territorial equity, and monitoring infrastructure. 
Merely the further enlargement of coverage cannot be 
considered an effective approach to yield proportional 
gains unless it is supplemented with targeted investment 
in quality assurance, organized invitation systems, inte-
grated care pathways, and powerful data systems.

These findings should be interpreted as an assess-
ment of health system performance and equity rather 
than evidence of direct clinical effectiveness of breast 
cancer screening.

In order to have a most pronounced effect in pol-
icy and practice terms, the NBCSP must be enhanced 
in a way that involves a transformation from a mostly 
activity-based model to a quality- and equity-oriented 
approach that is in line with international recommen-
dations. The next stage of research should be the lon-
gitudinal studies that involve stage-at-diagnosis data, 
comparative studies with non-screened populations 
where the situation allows, and mixed-methods studies 
that delve deeper into the factors affecting participation 
and follow-up. Such endeavors will facilitate that the in-
creased screening activity is not just an end in itself but 
leads to tangible progress in early detection and patient 
outcomes in Morocco and other similar ​environments.
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ABSTRACT
Introduction and aim. The aim was to investigate the histomorphometric effects of applying a static magnetic field (MF) of dif-
ferent intensities to the diaphragm muscle and heart of aging rats.
Material and methods. Continuous MF of three different intensities were applied for five consecutive days (10 hours in total). 
Morphological and histological variables in the diaphragm and heart were assessed, including capillary density, cardiomyocyte 
diameters, histopathological index, and the presence of regenerative changes.
Results. In the diaphragm, there was a significant reduction in the number of capillaries in the treated groups (p<0.05), with no 
changes in the other morphological variables (p>0.05). In the heart, there were no differences in cardiac mass or in the heart 
weight/body weight ratio (p>0.05), indicating no macroscopic hypertrophy. However, the intensity of 2500 G led to an increase 
in the area of the cardiomyocytes and their nuclei (p<0.05), suggesting an adaptive response to the overload. There were no 
significant changes in the histopathological index or in muscle degeneration characteristics (p>0.05).
Conclusion. Exposure to MF influenced the microcirculation of the diaphragm and promoted cellular changes in the heart, es-
pecially at higher intensities, without causing apparent damage to the tissue.
Keywords. diaphragm, heart, magnetic field therapy

Introduction
Living organisms are constantly exposed to the natu-
ral magnetic field (MF) present at the Earth’s surface, 
which influences various natural events and animal be-
havior. With technological advances, artificial magnetic 
fields have been created through devices for communi-
cation, security, and medical equipment.1 Consequently, 
human exposure to magnetic fields has increased, high-
lighting the importance of clarifying their effects on liv-
ing organisms.2

Recently, the effects of MF on biological tissues have 
received increasing attention. The biomagnetic energy 
present in cellular activity, biochemical factors, and bodi-
ly fluids can, when exposed to MF, produce therapeutic 
effects in various tissues. These effects range from treat-
ing vascular disorders and musculoskeletal diseases to 
burn treatment, the prevention of type 2 diabetes melli-
tus, bone remodeling, and stem cell proliferation.3–10 

In magnetotherapy, magnets are applied directly to 
the site of an injury. This therapy exerts beneficial effects 
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on the biological tissues it targets, such as during the 
wound healing process. The primary objectives of this 
application are to reduce pain, accelerate healing, and 
increase scar strength.11–13 However, current research 
seeks to understand not only the therapeutic benefits of 
magnetic fields but also their potential adverse effects 
on living organisms. Technological advances and the 
use of various magnetic sources in therapeutic proce-
dures have led to increasingly complex human exposure 
to magnetic fields. Despite this, there are few reports on 
the effects of magnetic fields on the morphology of tis-
sues such as those of the diaphragm and the heart.2

It is known that MFs interact with and affect living 
tissues. In the case of red blood cells, exposure to an MF 
causes them to migrate toward the region of highest field 
intensity. This occurs because blood is a biomagnetic 
fluid capable of magnetization. The hemoglobin within 
red blood cells, which contains iron, reacts to magnet-
ic fields.14–16 This interaction can increase the attraction 
of red blood cells to the MF, a phenomenon that could 
potentially create overload on the heart and respirato-
ry system.17 Regarding the respiratory system, the dia-
phragm functions continuously to maintain breathing. 
With aging, its morphology changes: it becomes flatter, 
less elastic, exhibits reduced movement amplitude, and 
produces less protein. These changes weaken the muscle 
and can lead to a decline in its function.18 Given these 
considerations, research aimed at understanding the 
mechanisms and effects of applying a continuous mag-
netic field to the diaphragm and cardiac muscle has be-
come highly relevant. 

Aim
The aim of this study was to analyze the histomorpho-
metric effects of applying a continuous magnetic field 
at three different intensities on the diaphragmatic and 
cardiac muscle in an experimental model using elder-
ly Wistar rats.

Material and methods
This was an experimental study using a quantitative 
approach. All procedures were approved by the Eth-
ics Committee on Animal Use of the State University 
of Western Paraná (UNIOESTE), under protocol num-
ber 16‒21, in compliance with the Arouca Law (Law No. 
11,794/2008).

Animals and experimental conditions
Twenty-four Wistar rats, approximately 20 months old 
and weighing between 218 and 340 g, were obtained 
from the UNIOESTE Central Animal Facility. The an-
imals were housed in polypropylene cages with ad li-
bitum  access to food and water, under controlled 
temperature (21±1°C) and a 12-hour light/dark pho-
toperiod.

Experimental groups
The rats were randomized into four groups (n=6 per 
group) using the website  https://www.graphpad.com/
quickcalcs/randomize1/, a sample size based on previ-
ous studies from our laboratory:19

	– Placebo group (GP): received copper weights (wi-
thout magnetism) simulating the placebo effect.

	– Group 1200 G (1200 G): exposed to a Neodymium 
magnet with a magnetic induction of 1200 Gauss 
(0.12T).

	– Group 1800 G (1800 G): exposed to 1800 Gauss 
(0.18T).

	– Group 2500 G (2500 G): exposed to 2500 Gauss 
(0.25T).

Static magnetic field exposure protocol (MF)
Exposure to the MF was administered using magnets 
affixed to custom-made cotton vests worn on the rats’ 
backs (Fig. 1). The magnets and placebo blocks had 
identical dimensions (20 mm×10 mm) and similar mass 
(3‒4 g). Animals were exposed individually for 2 hours 
daily over 5 consecutive days while housed in cages 

Fig. 1. Static magnetic field (SMF) exposure protocol, A: Experimental vest with view of the inner face, showing the position of 
the magnets (blue arrows), B: Animal with the experimental vest and magnets on the inner face
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without bedding to prevent external interference. This 
exposure protocol was designed to simulate a therapeu-
tic regimen applicable to humans.

Euthanasia and tissue collection
On the sixth day, the rats were euthanized via intraperi-
toneal injection of ketamine hydrochloride and xylazine 
hydrochloride. Following confirmation of the absence 
of reflexes, the heart and the right costal portion of the 
diaphragm were collected. The organs were fixed, re-
spectively, in Methacarn (diaphragm) and 10% formalin 
(heart), then transferred to 70% alcohol and processed 
for paraffin embedding.

Histological processing and morphometric analysis
The hearts were sectioned (7 μm), stained with Hema-
toxylin-Eosin (HE) and analyzed in cross-sections. The 
following were evaluated:

	– Sectional area of cardiomyocytes and their nuclei 
(μm²);

	– Larger and smaller diameters (μm).
For the diaphragm, sections (7 μm thick) were 

stained with hematoxylin and eosin (H&E) and ana-
lyzed across 10 microscopic fields at 40× magnification. 
In these fields, fibers, nuclei, and capillaries were quan-
tified, along with their relative proportions. The assess-
ment also included the presence of central nuclei and 
alterations such as vacuolated, hypertrophic, and hyper-
eosinophilic fibers.

The slides were analyzed using an Olympus BX60 
microscope coupled with an Olympus DP71 camera. 
Images were captured at 400× magnification and ana-
lyzed with Image-Pro Plus 6.0 software (Media Cyber-
netics®, USA). For the analysis of fiber and nuclear area, 
as well as the larger and smaller diameters of fibers, 100 
fibers per tissue sample were measured. For all other 
analyses, 10 microscopic fields were assessed.

Distinct morphometric approaches were applied 
to cardiac and diaphragmatic tissues due to intrinsic 
anatomical and structural differences between these 
muscle types. Cardiac muscle was analyzed primarily 
through cardiomyocyte cross-sectional area and nucle-
ar measurements in ventricular sections, whereas dia-
phragmatic analysis included fiber density, capillary 
quantification, and qualitative histopathological fea-
tures. These methodological differences reflect estab-
lished tissue-specific analytical standards rather than 
inconsistency in experimental design. However, this 
heterogeneity should be considered when interpreting 
and comparing tissue-specific responses.

All morphometric measurements were performed 
by trained evaluators blinded to group allocation using 
predefined standardized criteria. Each parameter was 
measured once per predefined field or fiber. No formal 
intra- or inter-observer reliability analysis was conducted.

Histopathological index
Lesions were classified as mild, moderate, or severe 
using the index described by Zazula et al.20 which ac-
counts for inflammatory disorders as well as regressive 
and progressive changes. The total injury score was cal-
culated using the formula X = a × w, where a  represents 
the degree of injury and w its pathological impact. For 
both the index application and general histological eval-
uation, the assessors were blinded to the animal’s treat-
ment group.

Statistical analysis
For the adopted sample size (n=6 per group), assuming 
an effect size of 0.8 (Cohen’s d), α=0.05, and four groups, 
the estimated statistical power was 80%. The assumed 
effect size was based on previous histomorphomet-
ric investigations conducted by our research group us-
ing comparable experimental models involving skeletal 
and cardiac muscle. These prior studies demonstrated 
moderate to large morphometric differences following 
biological interventions. No formal pilot study was con-
ducted specifically for the present experimental design. 
Although the calculation supports adequate power for 
detecting large effects, the study may not have been suf-
ficiently powered to identify subtle histomorphometric 
changes, particularly considering the increased biolog-
ical variability associated with aged animals. Therefore, 
small effect sizes cannot be excluded.

The data were tabulated in Excel® and analyzed us-
ing SPSS (Statistical Package for the Social Sciences, 
IBM, Armonk, NY, USA) software. Analysis was per-
formed using generalized linear models (GLM), fol-
lowed by a Least Significant Difference (LSD) post hoc 
test. A p-value of less than 0.05 (p<0.05) was considered 
statistically significant. Results are expressed as mean±-
standard deviation. The GLM framework was chosen 
for its robustness and flexibility in accommodating ei-
ther linear or gamma distributions, depending on the 
characteristics of the data.

Results
Body mass of the animals
Animal body weights were recorded twice during the 
experiment: first as a baseline measurement (EV1) one 
day prior to the initiation of MF exposure, and again 
immediately before euthanasia (EV2). No significant 
differences in body weight were observed between the 
four groups at either time point (Table 1).

Table 1. Body weight data (b), heart weight (h) and b/h ratio
GP 1200 G 1800 G 2500 G

Body 
weight (g)

EV1 291±26.6 275±18.0 292±34.3 290±24.5

EV2 279±25.0 265±18.1 275±35.5 278±22.8

Heart weight (g) 1.256±0.051 1.194±0.045 1.315±0.050 1.258±0.047

Relationship b/h (%) 0.45±0.01 0.45±0.01 0.48±0.01 0.45±0.01
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Cardiomyocyte diameter
No significant differences were observed between the 
groups regarding the maximum and minimum diame-
ters of cardiomyocytes in the right ventricle (RV) (Fig. 
2A, B) and the left ventricle (LV) (Fig. 2C, D) (p>0.05).

Cardiomyocyte area
A significant difference in right ventricular (RV) cardio-
myocyte area was observed between the groups (GP, 1200 
G, 1800 G, and 2500 G; p=0.015). Specifically, the 2500 G 
group exhibited a larger cardiomyocyte area compared to 
the GP, 1200 G, and 1800 G groups (Fig. 3A).

In the left ventricle (LV), a significant difference was 
also found between groups (p=0.021). Post-hoc analy-
sis revealed that the 1800 G and 2500 G groups exhibit-
ed larger cardiomyocyte diameters compared to the GP 
and 1200 G groups (p<0.05; Fig. 3B).

Area of cardiomyocyte nuclei
The area of right ventricular (RV) cardiomyocyte nuclei 
differed significantly between groups (p=0.016). Post-

hoc comparisons indicated that the 2500 G group ex-
hibited a larger nuclear area than both the GP group 
(p=0.003) and the 1800 G group (p=0.030) (Fig. 4A).

A significant difference was also observed in the 
area of left ventricular (LV) cardiomyocyte nuclei be-
tween groups (p=0.001). The 2500 G group exhibited a 
larger nuclear area compared to all other groups (Fig. 
4B). In summary, exposure to the 2500 G magnetic field 
was associated with an increase in nuclear area for car-
diomyocytes in both the right and left ventricles.

Diaphragm – histological analysis
In the histomorphometric analysis of the diaphragm mus-
cle, the GP (placebo group) exhibited muscle fibers with 
preserved morphology. These fibers maintained a polygo-
nal shape, were arranged in a fascicular pattern, and were 
multinucleated with peripherally located nuclei (Fig. 5A).

In the 1200 G, 1800 G, and 2500 G groups, var-
ious morphological alterations were observed in the 
diaphragm muscle. These included amorphous, hyper-
trophic, and hypereosinophilic fibers; fibers with cyto-

Fig 2. Histomorphometric analysis of Wistar rats exposed to different magnetic field intensities, A: major diameter of the right 
ventricle (RV) cardiomyocytes, B: minor diameter of the RV cardiomyocytes, C: major diameter of the left ventricle (LV), and 
D: minor diameter of the LV, placebo group (GP), exposure to 1200 Gauss magnet (1200 G), exposure to 1800 Gauss magnet 
(1800 G) and exposure to 2500 Gauss magnet (2500 G), values expressed as mean±standard deviation of the mean (p>0.05)
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plasmic vacuolization; fibers with altered sarcoplasmic 
staining; rounded fibers with differential staining; and 
fibers containing central nuclei (Fig. 5B–D).

Table 2. Histomorphometric measurements of the 
diaphragm muscle*

Parameters GP 1200 G 1800 G 2500 G

Fiber density 546.50±88.71A 515.00±40.53A 509.17±99.57A 524.67 ± 55.31A

Number of 
peripherals nuclei

1302.33±229.86A 1324.67±166.08A 1306.17±276.34A 1433.67±181.52A

Nuclei/fiber ratio 2.40±0.38A 2.57±0.24A 2.57±0.33A 2.74±0.32A

Total of capillaries 174.08±32.51A 132.42±34.71B 127.17±26.08B 137.42±29.86B

Relationship 
capillary/fiber

0.32±0.06A 0.26±0.07A 0.26±0.06A 0.26±0.06A

Hypertrophic and 
hypereosinophilic 
muscle fiber

7.17±5.42A 5.50±2.74A 5.17±2.32A 3.50±2.88A

Muscle fiber 
with vacuolized 
cytoplasm

4.00±2.37A 5.67±4.72A 7.00±5.97A 8.50±4.42A

Muscle fiber with 
sarcoplasm with dye 
difference

27.17±25.81A 22.33±9.85A 13.17±5.42A 13.67±6.59A

Muscle fiber with 
central core

8.17±4.36A 6.67±3.83A 8.67±3.27A 5.67±2.42A

Histomorfometric 
index

11.33±1.12A 9.83±0.98A 9.17±0.91A 9.33±0.93A

* identical letters indicate statistical similarities

Histological assessment further revealed vascular 
congestion across all experimental groups. Additional-
ly, significant disorganization and thickening of the per-
imysial connective tissue were observed in all groups 
examined (Fig. 5A–D).

Histomorphometric analysis of diaphragm mus-
cle fibers revealed no significant differences between 
the four groups in muscle fiber density, number of pe-
ripheral nuclei, the nucleus-to-fiber ratio, or the cap-
illary-to-fiber ratio (Table 2). However, regarding the 
total capillary count, significant reductions were ob-
served in the exposed groups compared to the GP (pla-
cebo) group: 24% for 1200 G (p<0.011), 27% for 1800 G 
(p<0.004), and 22% for 2500 G (p<0.025). In the anal-
ysis of the histopathological index, despite variations in 
individual scores, there was no statistically significant 
difference between the groups, a finding consistent with 
the histomorphometric data.

Discussion
This study evaluated the histomorphometric effects of 
different intensities of a static MF on the diaphragm and 
heart in female rats. The main finding was a significant 
reduction in the total number of diaphragmatic capil-
laries in all treated groups, with no changes observed in 
the other measured variables. In cardiac tissue, both the 
absolute heart mass and the heart-to-body weight ratio 
remained unchanged, suggesting that exposure for five 
days (10 hours total) did not induce macroscopic cardi-
ac hypertrophy.21

The literature indicates that MF can modulate mi-
crovascular tone and skin blood flow,3,22 enhancing cir-
culation without necessarily triggering angiogenesis. 
This effect may explain the absence of increased capil-
lary density or size in the diaphragm observed in this 
study. Furthermore, the interaction between the iron in 

Fig. 3. Histomorphometric analysis of rat cardiomyocytes exposed to different magnetic field intensities, A: Right ventricle 
(RV) cardiomyocyte area, and B: left ventricle (LV) cardiomyocyte area, results expressed as mean standard deviation, placebo 
group (PG), exposure to 1200 Gauss magnet (1200 G), exposure to 1800 Gauss magnet (1800 G) and exposure to 2500 Gauss 
magnet (2500 G) (p<0.05), different capital letters indicate significant differences between the groups exposed to the static 
magnetic field (p<0.05)
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Fig. 4. Histomorphometric analysis of the cardiomyocytes of female rats exposed to different magnetic field intensities, 
A: Area of the nuclei of the right ventricle (RV), and B: area of the nuclei of the left ventricle (LV), placebo (GP), exposure to 

1200 Gauss magnet, exposure to 1800 Gauss magnet and exposure to 2500 Gauss magnet, different capital letters indicate 
significant differences between the groups exposed to the static magnetic field (p<0.05)

Fig. 5. Cross-sectional photomicrographs of the diaphragm muscle of Wistar rats stained with HE, A: control group (GP), with 
polygonal-shaped fibres (☆), peripheral nucleus (yellow arrow), disorganization and thickening of the connective tissue of 
the perimysium (letter A), blood capillaries (❮), congested blood vessels (red arrow), B: the lower intensity magnet exposure 
group (1200 G), with hypertrophic and hypereosinophilic muscle fibres (△), muscle fibers with vacuolized cytoplasm (white 
arrow), disorganized and enlarged connective tissue in the perimysium (letter A), congested blood vessels (red arrow), C: the 
medium-intensity magnet exposure group (1800 G), with hypertrophic and hypereosinophilic muscle fibers (△), disorganized 
and enlarged connective tissue in the perimysium (letter A), congested blood vessels (red arrow), muscle fibers with a central 
nucleus (black arrow), muscle fibers with a nucleus with a basophilic halo (green arrow), D: the higher intensity magnet 
exposure group (2500 G), with muscle fibers with vacuolized cytoplasm (white arrow), disorganized and enlarged connective 
tissue in the perimysium (letter A), congested blood vessels (red arrow), muscle fibers with a central nucleus (black arrow) and 
rounded muscle fibers with a dye difference (*)
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hemoglobin and the applied MF may reduce blood vis-
cosity.23 This reduction could promote a more laminar 
flow, potentially contributing to the vascular congestion 
noted in the treated groups.

Morris and Skalak3 demonstrated that even short-
term exposure to a MF can reduce edema in rats, sup-
porting the hypothesis that brief applications can 
modulate microcirculation. This finding underscores 
the need for further research to determine the optimal 
exposure duration required to maximize the vascular 
response.

Although no significant differences were observed 
in global histomorphometric parameters of the dia-
phragm muscle, animals exposed to magnetic fields ex-
hibited discrete morphological alterations, including 
hypertrophic and hypereosinophilic fibers, cytoplasmic 
vacuolization, sarcoplasmic staining heterogeneity and 
centrally located nuclei, suggesting mild cellular stress 
and early myofiber remodeling without structural im-
pairment. The diaphragm’s high metabolic activity and 
continuous contractile function may favor compensa-
tory and regenerative mechanisms that preserve overall 
muscle architecture despite focal alterations. Addition-
ally, the significant reduction in the total number of 
capillaries in exposed groups, in the absence of chang-
es in the capillary-to-fiber ratio, suggests microvascu-
lar remodeling rather than functional impairment. The 
presence of congested vessels and perimysial connec-
tive tissue thickening in all groups, including controls, 
indicates that these findings may reflect intrinsic char-
acteristics of the diaphragm or technical factors relat-
ed to tissue processing. Overall, the data indicate that 
magnetic field exposure induces subtle, non-progressive 
morphological and vascular changes consistent with an 
adaptive response rather than overt muscle pathology. 
The reduction in total capillary number without signifi-
cant changes in the capillary-to-fiber ratio represents an 
apparent discrepancy. This finding may reflect sampling 
variability, microscopic field selection bias, or subtle 
microvascular rearrangement rather than true capillary 
rarefaction. Because endothelial markers, angiogenic 
signaling pathways, and functional perfusion measure-
ments were not assessed, it is not possible to determine 
whether this represents structural remodeling, transient 
vascular redistribution, or methodological variability. 
Consequently, this interpretation must be considered 
speculative.

Exposure to the 2500 G magnetic field resulted in an 
increase in cardiomyocyte and nuclear area. This finding 
may indicate a structural alteration compatible with cel-
lular remodeling; however, in the absence of functional 
(e.g., echocardiographic or hemodynamic) or molecu-
lar assessments, this interpretation remains speculative. 
Therefore, the present data should be regarded as de-
scriptive morphometric observations rather than ev-

idence of adaptive or pathological remodeling.24 This 
aligns with the work of Tasić et al.,25 who reported arte-
rial and cardiac hypertrophy following 30 days of expo-
sure to a 16 mT field. Variations in results across studies 
can be attributed to differences in exposure protocols, 
field characteristics, and experimental models.

The reported effects of MF in the literature can vary. 
For instance, Goraca et al.26 observed the induction of 
oxidative stress following exposure to dynamic mag-
netic fields, whereas Kimsa-Dudek et al.27 identified 
a reduction in oxidative stress within fibroblasts. Such 
contrasting results underscore that the biological ef-
fects of MFs are highly dependent on the cell type stud-
ied and the specific experimental context, including the 
field’s characteristics.

The use of aging female rats in this study represents 
a sample characteristic that may have influenced the ob-
served results. The literature identifies aging, particu-
larly the climacteric period, as a significant risk factor 
for cardiac dysfunction.28,29 Furthermore, documented 
morphological differences between the hearts of elderly 
males and females25,30,31 offer a plausible explanation for 
the divergence between the findings of this study and 
those from research conducted on young male subjects. 
And diets rich in protein and carbohydrates can cause 
vascular wall disorders and thus increase blood pressure 
in elderly rats.32

From a clinical perspective, the observed increase 
in cardiomyocyte area may reflect adaptive respons-
es to stress. This finding could be particularly relevant 
for populations subject to chronic MF exposure, such 
as industrial workers and frequent users of electronic 
devices.33,34 But, this interpretation is speculative, due 
to the lack of functional measures such as electrocar-
diography. The present findings are restricted to an ex-
perimental model involving short-term static magnetic 
field exposure in aged female rats. Extrapolation to hu-
man exposure scenarios should be avoided, as differenc-
es in exposure duration, magnetic field characteristics, 
and biological context may substantially influence out-
comes.

Study limitations
This study presents several limitations. First, the rela-
tively small sample size may have limited the ability to 
detect subtle histomorphometric differences, partic-
ularly in aged animals characterized by increased bio-
logical variability. Second, the short exposure duration 
(five consecutive days) restricts interpretation regard-
ing chronic magnetic field effects. Third, the absence of 
functional cardiac or respiratory assessments prevents 
correlation between structural findings and physiolog-
ical performance. Fourth, no molecular or biochemical 
analyses were performed, limiting mechanistic interpre-
tation. Fifth, intra- and inter-observer reproducibility 
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analyses were not conducted, which may affect mea-
surement robustness. Finally, the exclusive use of aged 
female animals restricts generalizability to other age 
groups and to males. These limitations require cautious 
interpretation of the findings strictly within the bound-
aries of the experimental model.

Conclusion
Exposure to a static magnetic field induced discrete 
histomorphometric alterations in diaphragmatic mi-
crovasculature and cardiomyocyte structure in aged fe-
male rats. However, given the absence of functional and 
molecular assessments, these findings should be inter-
preted as descriptive structural observations rather than 
evidence of adaptive or pathological remodeling. Fur-
ther studies incorporating larger samples, longer expo-
sure periods, and multimodal assessment are necessary 
to clarify the biological significance of these changes.
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ABSTRACT
Introduction and aim. Upper gastrointestinal bleeding (UGIB) is a common and potentially life-threatening emergency as-
sociated with significant morbidity and mortality. Prospective emergency department (ED)-based data from India on factors 
associated with in-hospital mortality remain limited, and comparative evidence between bleeding-specific scores such as the 
Glasgow-Blatchford Score (GBS) and triage systems like the Emergency Severity Index (ESI) is scarce. This study aimed to de-
scribe the clinical profile of patients presenting with UGIB and to evaluate predictors of in-hospital mortality, with a focus on 
comparing the prognostic performance of GBS and ESI.
Material and methods. This single-center prospective observational cohort study was conducted in the ED of a tertiary care 
center in North India from January 2024 to January 2025. Adult patients with clinically suspected or endoscopically confirmed 
UGIB were enrolled. Clinical, laboratory, and management data were recorded using a standardized form. GBS and ESI were 
assigned at presentation by trained clinicians prior to outcome assessment. The primary outcome was in-hospital mortality. 
Predictive performance was assessed using receiver operating characteristic (ROC) curve analysis.
Results. Eighty-three patients with UGIB were included; 55.4% had a GBS >2. Patients with higher GBS demonstrated greater 
physiological derangement, increased transfusion requirements, higher incidence of shock, and significantly higher mortality 
(39.1% vs. 0%, p<0.001). All non-survivors were triaged as high acuity by ESI and had qSOFA ≥2 at presentation. GBS showed 
good discriminative ability for predicting mortality (AUROC=0.785), outperforming ESI (AUROC=0.723). 
Conclusion. GBS showed good performance in predicting in-hospital mortality and may aid early ED risk stratification. Howev-
er, findings should be interpreted cautiously given the single-center design and small sample size.
Keywords. emergency severity index, endoscopy, esophageal and gastric varices, gastrointestinal hemorrhage, Glasgow-Blatch-
ford score, quick sequential organ failure assessment
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Introduction
The annual incidence of upper gastrointestinal bleeding 
(UGIB) is estimated to range from 80 to 150 cases per 
100,000 adults, with an estimated mortality rate rang-
ing from 2% to 10%.1 UGIB is defined as blood loss orig-
inating from the gastrointestinal tract proximal to the 
ligament of Treitz, including sources in the esophagus, 
stomach, or duodenum. Gastrointestinal bleeding may 
present as hematemesis, which can appear as either bright 
red blood or coffee-ground vomitus, as well as melena or, 
less commonly, hematochezia. Hematochezia refers to 
the passage of bright red blood or blood clots per rectum. 
While it typically indicates lower gastrointestinal bleeding 
(LGIB), it can also occur in cases of brisk UGIB. Patients 
typically present with symptoms related to blood loss, in-
cluding orthostatic hypotension, syncope, fatigue, and 
generalized weakness.2,3 Peptic ulcer disease (PUD) is the 
most common cause of UGIB, accounting for up to 50% 
of cases. Other frequent causes include esophagitis (24%), 
gastritis (18–22%), duodenitis (13%), and esophageal or 
gastric varices (11%). Additional etiologies include Mal-
lory-Weiss tears (5–15%), vascular ectasia (5%), gastroin-
testinal neoplasms, and portal hypertensive gastropathy.4,5

Risk stratification scoring systems are essential for 
identifying patients who are more likely to require in-
tervention and are at increased risk of re-bleeding and 
mortality. These tools play a crucial role in guiding re-
suscitation efforts, determining the optimal timing for 
endoscopy, and informing decisions about discharge 
planning. The Glasgow-Blatchford Score (GBS) is spe-
cifically designed to predict the need for endoscop-
ic intervention. It incorporates clinical and laboratory 
parameters, including hemoglobin (Hb) level, systolic 
blood pressure (SBP), presence of syncope, melena, liv-
er disease, and heart failure. A GBS of 6 or higher is as-
sociated with a greater than 50% likelihood of requiring 
therapeutic intervention. Conversely, patients with a low 
GBS of 0 or 1 are considered low risk and may be safely 
discharged from the emergency department (ED) with 
outpatient follow-up.6 In an international, multicenter, 
prospective study comparing multiple risk stratification 
tools, the GBS demonstrated superior accuracy in pre-
dicting the need for intervention or risk of death. As a 
result, both the American College of Gastroenterology 
and the European Society of Gastrointestinal Endosco-
py recommend the GBS as the preferred tool for initial 
risk assessment in patients with UGIB.7-9 The American 
Association for the Study of Liver Diseases (AASLD) 
recommends that esophagogastroduodenoscopy (EGD) 
be performed within 12 hours of presentation in pa-
tients with suspected acute variceal hemorrhage.10 This 
guidance is supported by studies demonstrating that de-
layed endoscopy in patients with cirrhosis and variceal 
bleeding is associated with higher rates of re-bleeding 
and increased mortality.11,12

Upper endoscopy remains the gold standard for 
diagnosing and managing UGIB. However, comput-
ed tomography angiography (CTA) serves as a valuable 
alternative when endoscopy fails to identify an active 
source of bleeding, when a gastroenterologist is unavail-
able, when the patient is unfit for endoscopy, or when 
anatomical factors limit endoscopic access.13 Increased 
mortality, risk of re-bleeding, and the need for endo-
scopic or surgical intervention are associated with sev-
eral risk factors, including age over 60 years, presence 
of comorbidities, active bleeding at presentation, hypo-
tension, and the requirement for blood transfusion.14 
Endoscopic therapy successfully achieves sustained hae-
mostasis in approximately 80% to 90% of patients with 
UGIB; however, re-bleeding occurs in 10% to 20% of 
cases. In PUD, the majority of deaths, around 80% are 
attributed not to the bleeding itself but to underlying 
medical comorbidities.15 Despite significant therapeutic 
advancements, acute variceal hemorrhage continues to 
carry a six-week mortality rate of approximately 15%.16 
Prospective emergency department-based data from In-
dia evaluating predictors of in-hospital mortality in up-
per gastrointestinal bleeding are limited. In particular, 
evidence comparing bleeding-specific risk stratification 
tools such as the GBS with ED triage systems like the 
Emergency Severity Index (ESI) for mortality prediction 
is scarce. This study addresses this gap by prospective-
ly evaluating clinical factors associated with in-hospital 
mortality, and the performance of GBS and ESI in an In-
dian tertiary care ED.

Aim
The aim of this study was to prospectively evaluate the 
clinical profile and predictors of in-hospital mortality 
among patients presenting with UGIB. The study also 
aimed to assess and compare the prognostic performance 
of the GBS and ESI for early risk stratification and predic-
tion of mortality in UGIB. This study addresses the lim-
ited prospective ED based data from India on mortality 
predictors and the comparative utility of bleeding-specif-
ic and triage-based risk assessment tools.

Material and methods
Study design and setting
This single-center prospective observational cohort 
study was conducted over a one-year period from Jan-
uary 2024 to January 2025 in the Department of Emer-
gency Medicine at Sanjay Gandhi Postgraduate Institute 
of Medical Sciences (SGPGIMS), Lucknow, a tertiary 
care teaching hospital in North India. During the study 
period, 110 consecutive adult patients presenting with 
gastrointestinal bleeding were screened. Of these, 83 pa-
tients diagnosed with UGIB were included in the final 
analysis, while patients with lower LGIB were excluded, 
as the present study focused exclusively on UGIB.
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Inclusion and exclusion criteria
Patients aged ≥18 years, of either sex, presenting with 
features suggestive of UGIB, such as hematemesis and/
or melena, were enrolled in the study. UGIB was es-
tablished by endoscopic demonstration of a bleeding 
source proximal to the ligament of Treitz. Patients with 
isolated LGIB, no objective evidence of gastrointesti-
nal bleeding, pregnancy, incomplete medical records, or 
those who were discharged or left against medical ad-
vice before completion of evaluation were excluded.

Ethical considerations
The study was conducted in accordance with the ethi-
cal standards of the Institutional Ethics Committee of 
SGPGIMS. Ethical approval was obtained (IEC Code: 
2019-161-IP-EXP-11, PGI/BE/623/2019; 11th Insti-
tutional Ethics Committee meeting). The committee 
waived the requirement for individual informed consent, 
given the non-interventional, observational nature of the 
study, which posed minimal risk to the participants, and 
without altering the standard patient management.  

It is important to note that the original approv-
al was granted before the commencement of the study. 
Due to delays caused by the COVID-19 pandemic, the 
study timeline was extended. This extension was grant-
ed in accordance with institutional guidelines, post 
COVID-19 extension, ensuring ongoing compliance 
with ethical standards. Patient confidentiality was pro-
tected by keeping all data anonymized and coded, with 
restricted access in password-protected systems, ensur-
ing strict confidentiality and adherence to data protec-
tion standards.

Data collection
Data were prospectively collected using a pre-designed 
and pre-approved standardized case reporting form by 
trained emergency medicine residents under the super-
vision of attending consultants. At admission, each pa-
tient was evaluated, and information was recorded on 
demographic characteristics, age, and gender. Clinical 
parameters recorded at presentation: heart rate (HR), 
blood pressure (BP), respiratory rate (RR), oxygen sat-
uration (SpO₂), and presence of shock. Clinical pre-
sentation: type of bleeding and presenting symptoms 
(gastrointestinal, respiratory, neurological). Comor-
bid conditions: diabetes mellitus (DM), hypertension 
(HTN), chronic liver disease (CLD), chronic kidney 
disease (CKD), and hematological disorders. Laborato-
ry parameters included hemoglobin level, blood urea, 
serum creatinine, and coagulation profile. The follow-
ing variables were predefined candidate predictors of 
in-hospital mortality based on clinical relevance and 
prior evidence: demographic factors, vital signs at pre-
sentation, comorbidities, laboratory parameters, eti-
ology of bleeding, and treatment-related variables 

including transfusion requirements and need for en-
doscopic intervention. Management strategies includ-
ed intravenous fluids, transfusion of packed red blood 
cells (PRBC), fresh frozen plasma (FFP), and single do-
nor platelets (SDP), vasoactive support, and endoscop-
ic intervention where required. Data collection followed 
standardized institutional protocols to ensure uniformi-
ty. Missing data were minimal due to prospective col-
lection; cases with incomplete key variables or outcome 
data were excluded, and no imputation was performed.

Severity scoring systems
Glasgow Blatchford score (GBS)	
GBS was calculated at initial presentation using stan-
dard clinical and laboratory parameters blood urea ni-
trogen (BUN), Hb, SBP, PR, presentation with melena 
or syncope, and history of hepatic or cardiac disease) 
prior to endoscopic evaluation. Patients were stratified 
into low-risk (GBS ≤2) and high-risk (GBS >2) groups. 
A threshold of ≤2 was selected to identify patients at 
very low risk of requiring hospital-based intervention, 
as validated in previous studies demonstrating high 
negative predictive value for adverse outcomes.26,27

qSOFA score 
The quick Sequential Organ Failure Assessment (qSO-
FA) score was calculated at presentation in the ED us-
ing three clinical parameters: RR ≥22/min, SBP ≤100 
mmHg, and altered mentation (Glasgow Coma Scale 
<15). Each variable was assigned one point, yielding a 
total score of 0 to 3. A qSOFA score ≥2 was considered 
high risk. The score was recorded before endoscopic in-
tervention and evaluated for its ability to predict in-hos-
pital mortality.

Emergency severity index (ESI) 
The five-level ESI triage score was assigned at presen-
tation in the emergency department by a trained triage 
physician according to standard criteria. Patients were 
categorized based on acuity level and anticipated re-
source needs, with ESI levels 1–2 defined as high acuity.
All scoring systems (GBS, qSOFA, and ESI) were re-
corded at initial presentation prior to endoscopic evalu-
ation and before outcome occurrence. Although formal 
blinding was not feasible due to the observational de-
sign, score assignment preceded outcome assessment, 
thereby minimizing bias.

Endoscopic evaluation and intervention
All patients with suspected UGIB underwent upper gas-
trointestinal endoscopy within 24 hours of admission or 
earlier in hemodynamically unstable patients after initial 
resuscitation for diagnostic evaluation and therapeutic 
management according to institutional protocol. Endos-
copy was performed to identify the source of bleeding 
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and to classify lesions as variceal or non-variceal in or-
igin. Variceal sources included esophageal varices, gas-
tric varices, and portal hypertensive gastropathy, whereas 
non-variceal causes included PUD (gastric or duodenal 
ulcers with stigmata of recent hemorrhage such as active 
bleeding, visible vessels, or adherent clots), erosive gastri-
tis, duodenitis, esophagitis, and Mallory-Weiss tears.

Hemostasis was achieved using a multimodal ap-
proach, including injection therapy with diluted adren-
aline (1:10,000) with or without sclerosants, thermal 
coagulation (heater probe, bipolar electrocoagulation, 
argon plasma coagulation), and mechanical methods 
such as hemoclips and endoscopic variceal ligation. 
High-risk ulcers received intravenous proton pump in-
hibitor infusion for 72 hours. The interventions were 
performed by consultants with more than five years of 
experience in emergency endoscopy.

Definitions of key clinical variables
Shock: Characterized by inadequate tissue perfu-
sion, defined by criteria such as systolic blood pressure 
<90 mmHg, a mean arterial pressure (MAP) less than 
65 mmHg, or requiring vasopressor support.

Hematological cause: Bleeding due to blood disor-
ders such as thrombocytopenia, coagulation factor defi-
ciencies, or hematological malignancies.

Drug history: Recent or ongoing use of medications 
known to affect coagulation or increase bleeding risk, 
including anticoagulants, antiplatelet, non-steroidal an-
ti-inflammatory drugs, or corticosteroids.

Central nervous system (CNS) Symptoms: Neuro-
logical symptoms such as altered consciousness, dizzi-
ness, confusion, or loss of consciousness.

Respiratory symptoms: Symptoms indicating respi-
ratory compromise, such as dyspnea, tachypnea, hypox-
ia, or cough.

Renal symptoms: Symptoms such as dysuria, hema-
turia, flank pain, and decreased urine output.

Gastrointestinal (GI) symptoms: Symptoms related 
to gastrointestinal bleeding or irritation, including he-
matemesis, melena, hematochezia, abdominal pain, dis-
tension, vomiting, or dyspepsia.

Categories of bleeding severity:
Minor: Bleeding that does not require blood trans-

fusion or major intervention; often self-limited.
Moderate: Bleeding requiring blood transfusion or 

medical intervention but not life-threatening.
Massive: Severe bleeding leading to hemodynamic 

instability, shock, or requiring urgent major interven-
tion, such as massive transfusion.

Outcome measures
The primary outcome was in-hospital mortality among 
patients presenting with UGIB. Secondary outcomes 
included risk stratification according to the GBS, re-

quirement for blood transfusion, need for endoscop-
ic intervention, and the predictive performance of the 
GBS and ESI for in-hospital mortality.

Statistical analysis
Data was entered into Microsoft Excel and analyzed 
using IBM SPSS Statistics version 26 (IBM Corp., Ar-
monk, NY, USA). Continuous variables were assessed 
for normality using the Shapiro-Wilk test and are pre-
sented as mean±standard deviation. Comparisons be-
tween groups were performed using independent 
samples t-test or Mann-Whitney U test, as appropriate. 
Categorical variables are expressed as frequencies and 
percentages and were compared using the Chi-square 
test or Fisher’s exact test. Given the relatively small sam-
ple size and number of outcome events, only univari-
able analyses were performed to explore associations 
between clinical variables and in-hospital mortality. 
Receiver operating characteristic (ROC) curve analy-
sis was performed to evaluate the discriminative abil-
ity of GBS and ESI. The areas under the ROC curves 
(AUROC) were compared using appropriate statistical 
methods. The GBS cut-off of ≤2 was selected based on 
prior validation studies demonstrating high sensitivi-
ty and clinical utility for identifying low-risk patients. 
A p-value <0.05 was considered statistically significant.

Results
Clinical characteristics and severity stratification ac-
cording to GBS
A total of 83 patients presenting with UGIB were includ-
ed in the study. Based on the GBS, patients were catego-
rized into two groups: GBS ≤2 (n=37; 44.6%) and GBS >2 
(n=46; 55.4%), as shown in Table 1. The mean age of the 
study population was 48.77±14.07 years, with no signifi-
cant difference between the two groups (p=0.846). Males 
constituted 72.3% of the cohort, and gender distribution 
was similar across the two groups (p=0.175).

Patients in the GBS >2 group had significantly worse 
physiological parameters at presentation. This group 
demonstrated higher HR (126.28±13.88 vs. 91.49±13.93 
beats/min; p<0.001) and RR (27.07±6.44 vs. 20.70±3.76 
breaths/min; p<0.001), along with lower SBP (101.87±18.25 
vs. 119.81±23.09 mmHg; p<0.001) and SpO2 (94.11±3.65% 
vs. 98.03±1.96%; p<0.001). Diastolic BP did not differ sig-
nificantly between the groups (p=0.961).

Comorbid illnesses were more frequent in the GBS 
>2 group (91.3% vs. 75.7%), although the difference did 
not reach statistical significance (p=0.052). There were 
no significant differences between the groups with re-
spect to DM, HTN, CKD, or CLD.

Hematological causes of bleeding were significant-
ly more common in the GBS >2 group (36.96% vs. 
2.7%; p<0.001), as was a positive drug history (80.4% 
vs. 56.8%; p=0.019). Central nervous system symptoms 
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were observed more frequently in patients with GBS >2 
(65.2% vs. 2.7%; p<0.001). All patients in the GBS >2 
group presented with features of shock, whereas none 
in the GBS ≤2 group did (p<0.001).

Patients with GBS >2 required more intensive man-
agement. All patients in this group received PRBC, RDP, 
FFP, and central venous access (p<0.001 for all). SDP 
transfusion was required in 50% of patients in the GBS 
>2 group, while none in the GBS ≤2 group required this 
intervention (p<0.001). CT imaging was performed 
more frequently in the GBS >2 group (71.7% vs. 2.7%; 
p<0.001). In contrast, therapeutic interventions were 
more commonly performed in patients with GBS ≤2 
(70.3% vs. 41.3%; p=0.008).

Regarding outcomes, patients with GBS ≤2 were 
more frequently transferred to the ward (43.2% vs. 4.3%; 
p<0.001). Mortality was significantly higher in the GBS 
>2 group (39.1% vs. 0%; p<0.001). All patients in the 
GBS >2 group had a qSOFA score ≥2 at presentation, re-
flecting greater severity of illness (p<0.001).

Patients with a GBS >2 exhibited more severe clin-
ical presentations, greater need for transfusions and 
invasive monitoring, higher incidence of shock and 
central nervous system involvement, and significant-
ly higher mortality compared with patients with lower 
GBS scores.

Table 1. Distribution of demographic and clinical variables 
between Glasgow-Blatchford Bleeding score (GBS) 
categories (n=83)

Variables
GBS

Total (n=83) p
≤2 (n=37) >2 (n=46)

Age 49.11±16.12 48.5±12.37 48.77±14.07 0.846
Gender
Male 24 (64.86) 36 (78.26) 60 (72.29)

0.175
Female 13 (35.14) 10 (21.74) 23 (27.71)
HR (beats/min) 91.49±13.93 126.28±13.88 110.77±22.22 <0.001
SBP (mmHg) 119.81±23.09 101.87±18.25 109.87±22.3 <0.001
DBP (mmHg) 61.89±22.15 62.07±8.36 61.99±15.93 0.961
RR (breaths/min) 20.7±3.76 27.07±6.44 24.23±6.25 <0.001
SPO2 (%) 98.03±1.96 94.11±3.65 95.86±3.59 <0.001
Comorbid illness
Yes 28 (75.68) 42 (91.3) 70 (84.34)

0.052
No 9 (24.32) 4 (8.7) 13 (15.66)
DM
Yes 14 (37.84) 15 (32.61) 29 (34.94)

0.619
No 23 (62.16) 31 (67.39) 54 (65.06)
HTN
Yes 11 (29.73) 14 (30.43) 25 (30.12)

0.945
No 26 (70.27) 32 (69.57) 58 (69.88)
CKD
Yes 6 (16.22) 9 (20) 15 (18.29)

0.659
No 31 (83.78) 36 (80) 67 (81.71)
CLD
Yes 25 (67.57) 39 (84.78) 64 (77.11)

0.064
No 12 (32.43) 7 (15.22) 19 (22.89)
Hematological cause
Yes 1 (2.7) 17 (36.96) 18 (21.69)

<0.001
No 36 (97.3) 29 (63.04) 65 (78.31)

Drug history
Yes 21 (56.76) 37 (80.43) 58 (69.88)

0.019
No 16 (43.24) 9 (19.57) 25 (30.12)
CNS symptoms present
Yes 1 (2.7) 30 (65.22) 31 (37.35)

<0.001
No 36 (97.3) 16 (34.78) 52 (62.65)
Shock present
Yes 0 (0) 46 (100) 46 (55.42)

<0.001
No 37 (100) 0 (0) 37 (44.58)
Intervention performed
Yes 26 (70.27) 19 (41.3) 45 (54.22)

0.008
No 11 (29.73) 27 (58.7) 38 (45.78)
PRBC
Yes 0 (0) 46 (100) 46 (55.42)

<0.001
No 37 (100) 0 (0) 37 (44.58)
RDP
Yes 0 (0) 46 (100) 46 (55.42)

<0.001
No 37 (100) 0 (0) 37 (44.58)
SDP
Yes 0 (0) 23 (50) 23 (27.71)

<0.001
No 37 (100) 23 (50) 60 (72.29)
FFP
Yes 13 (35.14) 46 (100) 59 (71.08)

<0.001
No 24 (64.86) 0 (0) 24 (28.92)
PIVC
Yes 37 (100) 45 (97.83) 82 (98.8)

0.367
No 0 (0) 1 (2.17) 1 (1.2)
CIVC
Yes 0 (0) 46 (100) 46 (55.42)

<0.001
No 37 (100) 0 (0) 37 (44.58)
RT lavage
Yes 0 (0) 46 (100) 46 (55.42)

<0.001
No 37 (100) 0 (0) 37 (44.58)
CT scan performed
Yes 1 (2.7) 33 (71.74) 34 (40.96)

<0.001
No 36 (97.3) 13 (28.26) 49 (59.04)
Transfer to ward
Yes 16 (43.24) 2 (4.35) 18 (21.69)

<0.001
No 21 (56.76) 44 (95.65) 65 (78.31)
Outcome of patients/mortality
Yes 0 (0) 18 (39.13) 18 (21.69)

<0.001
No 37 (100) 28 (60.87) 65 (78.31)
qSOFA score at presentation
≥2 0 (0) 46 (100) 46 (55.42)

<0.001
<2 37 (100) 0 (0) 37 (44.58)

* continuous variables are presented as mean±standard 
deviation (SD), and categorical variables as number 
(percentage), comparisons were performed using 
independent samples t-test for continuous variables 
and Chi-square test or Fisher’s exact test for categorical 
variables, a p<0.05 was considered statistically significant, 
HR – heart rate, SBP – systolic blood pressure, DBP – 
diastolic blood pressure, RR – respiratory rate, SpO₂ – 
peripheral oxygen saturation, GI – gastrointestinal, PRBC – 
packed red blood cells, RDP – random donor platelets, SDP 
– single donor platelets, FFP – fresh frozen plasma, PIVC – 
peripheral intravenous cannula, CIVC – central intravenous 
cannula, RT – Ryle’s tube, CT – computed tomography, CNS 
– central nervous system, CLD – chronic liver disease, CKD 
– chronic kidney disease, qSOFA – quick Sequential Organ 
Failure Assessment
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Outcome and mortality analysis
Of the 83 patients with UGIB, 18 (21.7%) died during 
hospitalization (Table 2). There was no significant dif-
ference in age between non-survivors and survivors 
(45.8±11.2 vs. 49.6±14.7 years; p=0.445). Non-survivors 
had significantly higher HR at presentation (129.3±7.9 
vs. 105.6±22.2 beats/min; p<0.001), while RR were com-
parable (p=0.853). 

All non-survivors were categorized as high acuity 
according to the ESI, compared with 55.4% of survivors 
(p<0.001). Likewise, a qSOFA score ≥2 on day 1 was 
observed in 100% of non-survivors but in only 43.1% 
of survivors (p<0.001), reflecting significantly greater 
physiological severity at presentation among patients 
who died.

Comorbid illness was present in all non-survivors 
compared with 80.0% of survivors (p=0.061). CLD was 
significantly more frequent among non-survivors (100% 
vs. 70.8%; p=0.009), whereas DM and HTN were less 
common (p=0.004 and p=0.009, respectively). Hemato-
logical causes of bleeding (94.4% vs. 1.5%; p<0.001) and 
positive drug history (100% vs. 61.5%; p<0.001) were 
strongly associated with mortality.

Non-survivors more frequently presented with 
central nervous system (94.4% vs. 21.5%), respirato-
ry (100% vs. 38.5%), and gastrointestinal symptoms 
(100% vs. 56.9%) (all p<0.001), as well as shock at pre-
sentation (100% vs. 43.1%; p<0.001). Moderate to severe 
bleeding predominated among non-survivors, whereas 
minor bleeding was observed exclusively in survivors 
(p<0.001). Transfer to the ward was significantly less 
frequent among non-survivors (p=0.009). All non-sur-
vivors had a GBS >2 at presentation, whereas survivors 
more frequently had a GBS ≤2 (p<0.001).

Table 2. Comparison of clinical characteristics, clinical presen-
tation, severity scores, management, and outcomes between 
survivors and non-survivors among patients with UGIB*

Variables
Outcome of patient/mortality

p
Yes (n=18) No (n=65)

Age

  Mean±SD 45.833±11.242 49.585±14.736 0.445

HR (beats/min)

  Mean±SD 129.333±7.881 105.631±22.186 <0.001

RR (breaths/min)

  Mean±SD 22.444±1.886 24.723±6.929 0.853

ESI scoring

  Yes 18 (100%) 36 (55.4%)
<0.001

  No 0 (0%) 29 (44.6%)

qSOFA score at presentation

  ≥2 18 (100%) 28 (43.1%)
<0.001

  <2 0 (0%) 37 (56.9%)

Comorbid illness

  Yes 18 (100%) 52 (80%)
0.061

  No 0 (0%) 13 (20%)

DM

  Yes 1 (5.6%) 28 (43.1%)
0.004

  No 17 (94.4%) 37 (56.9%)

HTN

  Yes 1 (5.6%) 24 (36.9%)
0.009

  No 17 (94.4%) 41 (63.1%)

CKD

  Yes 2 (11.1%) 14 (21.5%)
0.502

  No 16 (88.9%) 51 (78.5%)

CAD

  Yes 0 (0%) 0 (0%)

  No 18 (100%) 65 (100%)

CVA

  Yes 0 (0%) 0 (0%)

  No 18 (100%) 65 (100%)

CLD

  Yes 18 (100%) 46 (70.8%)
0.009

  No 0 (0%) 19 (29.2%)

Haematological cause

  Yes 17 (94.4%) 1 (1.5%)
<0.001

  No 1 (5.6%) 64 (98.5%)

Drug history

  Yes 18 (100%) 40 (61.5%)
<0.001

  No 0 (0%) 25 (38.5%)

CNS symptoms present

  Yes 17 (94.4%) 14 (21.5%)
<0.001

  No 1 (5.6%) 51 (78.5%)

Respiratory symptoms

  Yes 18 (100%) 25 (38.5%)
<0.001

  No 0 (0%) 40 (61.5%)

GI symptoms

  Yes 18 (100%) 37 (56.9%)
<0.001

  No 0 (0%) 28 (43.1%)

Renal involvement

  Yes 2 (11.1%) 14 (21.5%)
0.502

  No 16 (88.9%) 51 (78.5%)

Bleeding

  Minor 0 (0%) 30 (46.2%)

<0.001  Moderate 17 (94.4%) 9 (13.8%)

  Massive 1 (5.6%) 26 (40%)

Shock

  Yes 18 (100%) 28 (43.1%)
<0.001

  No 0 (0%) 37 (56.9%)

Intervention performed

  Yes 0 (0%) 45 (69.2%)
<0.001

  No 18 (100%) 20 (30.8%)

Transfer to ward

  Yes 0 (0%) 18 (27.7%)
0.009

  No 18 (100%) 47 (72.3%)

GBS

≤2 0 (0%) 37 (56.9%)
<0.001

>2 18 (100%) 28 (43.1%)

* values are expressed as mean±standard deviation or 
number (percentage), p<0.05 was considered statistically 
significant, ESI – emergency severity index
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Predictive performance of GBS and ESI for in-hospital 
mortality
ROC curve analysis demonstrated that both scoring 
systems were significant predictors of in-hospital mor-
tality (Fig. 1). The GBS showed good discriminative 
ability, with an AUROC of 0.785 (95% CI: 0.724–0.845; 
p<0.001). The ESI demonstrated a lower but statistical-
ly significant discriminative performance, with an AU-
ROC of 0.723 (95% CI: 0.662–0.784; p<0.001). Overall, 
GBS exhibited superior discrimination for predicting 
mortality compared with ESI.

Fig 1. Comparison of the ESI score and GBS in predictive of 
outcome (in hospital mortality) in UGIB           

Discussion
Gastrointestinal bleeding remains a potentially 
life-threatening emergency, with UGIB broadly cate-
gorized into variceal and non-variceal etiologies. PUD, 
particularly gastric ulcers, continues to be the most 
common cause, followed by variceal bleeding in patients 
with underlying liver disease.

In the present study, we explored the association be-
tween GBS and clinical outcomes in patients presenting 
with UGIB. Patients with higher GBS values demon-
strated significantly greater transfusion requirements, 
with rates exceeding those reported in previous liter-
ature. This observation may be attributed to our insti-
tution being a tertiary referral center, which routinely 
manages critically ill patients with multiple comorbid-
ities. Comparable transfusion rates approaching 75% 
have also been reported in studies from other regions, 
including Turkey.⁷,¹⁷

Male predominance was evident in our cohort, con-
sistent with prior findings. Surendran et al. and Shenoy 
et al. reported a similar sex distribution, with males ac-
counting for 77.5% of cases compared with 22.5% in fe-
males.¹⁸ Such trends highlight the higher susceptibility 
of men to UGIB.

Alok Raj et al. demonstrated that mortality in GIB 
is strongly associated with derangements in clinical and 
hemodynamic parameters, including tachycardia, hypo-
tension, tachypnoea, hypoxemia, and low GCS score, in 
addition to hematological and biochemical abnormal-

ities such as anemia, thrombocytopenia, leukocytosis, 
hyperlactatemia, and impaired renal function.¹⁹ These 
results closely parallel our observations, reinforcing the 
prognostic significance of readily available clinical and 
laboratory markers.

Comorbidity profiles in our study were dominated 
by CLD, followed by diabetes and hypertension, aligning 
with the findings of Alok Raj et al.¹⁹ Similarly, Bhattarai et 
al. reported CLD in 45.5% of UGIB cases, a figure compa-
rable to our cohort.²⁰ Mahajan et al. further demonstrat-
ed that comorbidities such as DM and coronary artery 
disease significantly increased mortality risk.²¹ Prior 
work has also shown that CLD is more frequently linked 
to variceal bleeding, whereas cardiovascular, cerebrovas-
cular, and malignant diseases are predominant among 
patients with non-variceal bleeding.²²

Advanced age and comorbid conditions consistently 
emerge as independent risk factors for adverse outcomes 
in UGIB. Despite improvements in diagnostic modalities 
and therapeutic interventions, mortality rates have re-
mained largely unchanged over recent decades. Kaplan 
et al. reported that advanced age and even asymptomat-
ic comorbidities significantly worsen outcomes in UGIB 
patients.²³ In a large cohort of 3,508 emergency depart-
ment presentations, 83% of deaths were attributable to 
one or more comorbid conditions.²⁴

Independent predictors of poor prognosis identi-
fied across studies include older age, male sex, pre-exist-
ing comorbidities, coagulopathy, need for transfusion, 
re-bleeding episodes, high-risk endoscopic findings, 
and prolonged hospitalization.²⁵ In our study, mortal-
ity was significantly associated with higher GBS, trans-
fusion requirements, non-endoscopic interventions, 
adverse hemodynamic parameters, and multiple co-
morbidities, underscoring their importance as prognos-
tic markers in UGIB.

Our findings are in alignment with existing evi-
dence supporting a GBS threshold of >2. A GBS ≤2 
has been shown to reliably identify low-risk UGIB pa-
tients. Recent work by Chatten et al. demonstrated that 
a low-risk cutoff of ≤2 preserves a high negative predic-
tive value, with minimal rates of re-bleeding and mor-
tality, while a large meta-analysis confirmed excellent 
discriminative ability and a low requirement for hos-
pital-based intervention.26,27 Consistent with these ob-
servations, our study found that patients with a GBS 
>2 exhibited greater physiological derangement, higher 
transfusion requirements, increased incidence of shock, 
and significantly higher in-hospital mortality.

Both GBS and ESI predicted mortality; however, 
GBS demonstrated superior discrimination (AUROC 
0.785 vs 0.723). ESI is a general triage acuity tool pri-
marily based on resource utilization and initial clinical 
assessment, whereas GBS is a disease-specific physio-
logical score. Consequently, GBS better reflects bleeding 
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severity than overall acuity alone. Our findings suggest 
that ESI identifies critically ill patients, while GBS pre-
dicts bleeding-related mortality; therefore, the two tools 
are complementary rather than interchangeable.

Study limitations
This study has certain limitations. First, as a single-cen-
ter investigation with a relatively small sample size, the 
results may have limited generalizability to broader 
populations. Second, the setting in a tertiary care refer-
ral hospital likely led to inclusion of more severe cas-
es, introducing referral bias and possibly overestimating 
mortality and transfusion requirements. Third, the anal-
ysis was restricted to in-hospital outcomes, without 
evaluation of longer-term endpoints such as re-bleeding 
or 90-day mortality. 

Conclusion
The GBS effectively stratified severity and predicted 
in-hospital mortality in UGIB, outperforming the ESI. 
A GBS >2 identifies patients at high risk for adverse out-
comes and mortality, supporting its use for early ED risk 
assessment.
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ABSTRACT
Introduction and aim. Essential hypertension is a leading cause of global morbidity driven by complex genetic and physio-
logical interactions. The roles of the Na+/K+-ATPase pump, sympathetic nervous system, and electrolyte balance are critical, yet 
their simultaneous interaction remains unexplored. This study aimed to investigate the serum levels of Na+/K+-ATPase alpha-1 
subunit (ATP1A1), epinephrine, and key electrolytes (sodium, potassium, chloride, and calcium) in hypertensive patients, pro-
viding a novel multi-marker approach to evaluate their potential as diagnostic biomarkers.
Material and methods. We enrolled 80 hypertensive patients and 40 normotensive controls in this cross-sectional study. Serum 
ATP1A1 and epinephrine levels were measured by ELISA, and electrolytes were analyzed using an ion-selective electrode analyzer. 
Results. Hypertensive patients exhibited significantly higher serum levels of ATP1A1 (430±190 vs. 161±71.16 ng/L), epineph-
rine (339±188 vs. 116.5±38.6 ng/L), sodium, chloride, and calcium, with significantly lower potassium (all p<0.001 ROC analy-
sis demonstrated a promising discriminatory ability for ATP1A1 (AUC=0.92) and epinephrine (AUC=0.94). Multiple regression 
analysis identified ATP1A1, epinephrine, and chloride levels as significant independent predictors of systolic blood pressure.
Conclusion. Patients with essential hypertension display a distinct biochemical signature of elevated serum ATP1A1 and epi-
nephrine levels coupled with significant electrolyte disturbances. These preliminary findings suggest potential value as bio-
markers for essential hypertension, although extensive validation in larger, independent cohorts is required before clinical 
application can be considered.
Keywords. blood pressure, catecholamines, electrolytes, sodium-potassium-exchanging ATPase

Introduction
Hypertension, a medical condition characterized by per-
sistently elevated arterial blood pressure, remains one of 
the most significant global health challenges of the 21st 
century.1 It affects approximately 15–20% of the adult pop-
ulation globally and is a leading risk factor  for numerous 
serious health outcomes, including cardiovascular disease, 
stroke, chronic kidney disease, and dementia.2,3 It is fre-
quently asymptomatic at onset; however,  uncontrolled hy-
pertension leads to early death in many parts of the world. 

This disorder is generally divided into two types: essen-
tial (or  primary) and secondary hypertension. Essential 
hypertension, which represents 90–95% of cases, is idio-
pathic and is the consequence of a mix of genetic predispo-
sitions and unspecific lifestyle conditions, including high 
dietary salt consumption,  obesity, and physical inactivi-
ty.4 The remaining 5–10% of cases are classified as second-
ary hypertension, high blood pressure with an identifiable 
cause such as chronic kidney disease,  endocrine disor-
ders, or use of birth control pills.5
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The complex control of blood pressure results from a 
tenuous interaction between hemodynamic and neuro-
hormonal effects. Of these, electrolyte balance has been a 
major focus of research for many years.6 In the 1970s and 
the 1980s, preliminary research of early work  initiated a 
direct correlation between dietary electrolyte intake and 
blood pressure.7 Disturbances in major electrolytes, such 
as sodium and potassium, may interfere with homeostat-
ic mechanisms that regulate vascular tone and fluid sta-
tus.8 These early observations have been subsequently 
elaborated, as recent studies have suggested that the ratio 
of sodium to potassium intake might be a better predictor 
of blood pressure levels than the intake of any one min-
eral in isolation.9 Since electrolyte disturbances are com-
mon and have been associated with increased morbidity 
and mortality, their role in the pathophysiology of hyper-
tension is highly clinically relevant.10

The sodium-potassium pump Na+/K+-ATPase  al-
pha-1 subunit (ATP1A1) plays a central role in the reg-
ulation of cellular electrolyte homeostasis. Its discovery 
in 1957 by Danish researchers Jens Christian Skou (this 
work was also  honored with the Nobel Prize for Chem-
istry, in 1997) has been fundamental to modern phys-
iology.11 This enzyme facilitates the active transport of 
sodium ions out of the cell and potassium ions into the 
cell, operating against their respective concentration 
gradients, a mechanism that is driven by the hydroly-
sis of ATP. This function is essential for the preserva-
tion of resting membrane potential, the regulation of 
cell volume, and the facilitation of secondary transport 
processes for various solutes.9 The  alpha subunit is the 
catalytic subunit and ATP1A1 is a key isoform in both 
vascular and renal tissues.

Growing evidence has implicated Na+/K+-ATPase 
dysfunction in the pathogenesis of essential hyperten-
sion. The pump is an important modulator of the con-
tractile response in muscle cells. Inhibiting it would 
result in a higher intracellular sodium level, impact 
calcium handling, and cause vasoconstriction with an 
increase in blood pressure.12 Changes in the expres-
sion and/or function of the ATP1A1 subunit are as-
sociated with modification of vascular tone and blood 
pressure control. While traditionally studied as a mem-
brane-bound protein, emerging evidence suggests that 
ATP1A1 can be detected in the circulation and may 
have a role as a biomarker in various pathological con-
ditions. The circulating ATP1A1 protein is found in 
various locations throughout the body, including neu-
rons and glial cells in the brain. Mammals have three 
auxiliary β subunits, identified as β1 to β3. The β1 sub-
unit, encoded by ATP1B1, is present in nearly all tissues 
and cells, while β2 and β3 have more limited patterns of 
tissue expression. The β subunit plays a crucial role in 
positioning the Na+/K+ ATPase at the cell membrane. 
Additionally, it serves as a protein for intracellular adhe-

sion by associating with adjacent β subunits from near-
by cells. A functional pump is established through the 
assembly of one α subunit, one β subunit, and optional-
ly one from a group of seven regulatory FXYD subunits. 
Among these, α1 and β1 are the most prevalent compo-
nents that are believed to contribute to the formation 
of the essential Na+/K+ ATPase isozymes.13 For instance, 
studies have shown that ATP1A1 is overexpressed in 
certain tumor cells and can be released into the circula-
tion. While the exact mechanisms of its release into the 
serum in the context of hypertension are not fully eluci-
dated, we hypothesize that it may be shed from the cell 
membrane of vascular endothelial cells, smooth mus-
cle cells, or renal tubular cells in response to the patho-
physiological changes associated with hypertension, 
such as increased shear stress or neurohormonal activa-
tion. In  addition, the sympathetic nervous system, an 
important controller of the cardiovascular system, can 
also have a large effect on blood pressure, which is me-
diated by epinephrine (adrenaline) release. Many years 
ago, early investigators reported that hypertensive sub-
jects displayed increased plasma catecholamine levels 
and a state of  sympathetic hyperactivity.14,15 Epineph-
rine,  when released from the adrenal medulla during 
stress, directly augments the heart rate and cardiac out-
put and has long been recognized to play a role in main-
taining the hypertensive state.16

Despite extensive research focusing individually on 
genetic aspects of Na+/K+-ATPase, electrolyte imbal-
ances, or catecholamines, the exact interaction between 
electrolyte balance, Na+/K+-ATPase activity, and sym-
pathetic nervous system overactivity in hypertension 
remains a critical gap in the literature. While previous 
studies have examined these components in isolation, 
their simultaneous assessment has not been conduct-
ed. This study was conducted to address this gap by 
determining the serum ATP1A1 and epinephrine lev-
els alongside key electrolytes (Na+, K+, Cl–, Ca²+) in 
hypertensive patients compared with healthy normo-
tensive controls. This integrated multi-marker approach 
is highly novel, as it captures the complex interplay be-
tween different physiological systems implicated in 
hypertension. By simultaneously examining these inter-
connected biochemical pathways, we sought to clarify 
their roles in the pathophysiology of hypertension and 
assess their added value as integrated biomarkers for the 
disease, potentially offering a more comprehensive diag-
nostic window than single-parameter assessments.

Material and methods
Study design and population
A 120-subject case-control study was conducted (case 
control  design). The study group included 80 hyper-
tensive patients with an established diagnosis and 40 
normotensive controls. Recruitment was performed in 
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three medical centers at Najaf, Iraq, Al-Sadar General 
Hospital, Al-Hakeem General Hospital, and Al-Najaf 
General Hospital from September  to December 2025. 
The study protocol was approved by the local ethics 
committee of the Najaf Health Department (No. 35083, 
dated 28.9.2025) and all participants provided informed 
consent prior to their inclusion.

Inclusion and exclusion criteria
Subjects were eligible if they were  30‒65 years old. Hy-
pertensive patients were then classified into two groups: 
newly diagnosed hypertension (blood pressure ≥130/80 
mmHg) without receiving  drug therapy and patients 
with a history of hypertension under regular medica-
tion treatment drag include (Beta-blockers, also re-
ferred to as beta-adrenergic blockers, are medications 
prescribed to address heart-related ailments, includ-
ing high blood pressure, angina, irregular heartbeats, 
and heart failure. They function by obstructing the ef-
fects of adrenaline, resulting in a decreased heart rate 
and lower blood pressure. These drugs are also ben-
eficial for treating migraines, tremors, and anxiety 
disorders. Commonly prescribed types of these medi-
cations include atenolol, metoprolol, and propranolol. 
Candesartan is utilized either by itself or in combination 
with other drugs to manage hypertension in both adults 
and children aged between 1 and 16 years. Elevated blood 
pressure increases the strain on the heart and arterial sys-
tem. Captopril is a medication approved by the FDA that 
is crucial for controlling high blood pressure, managing 
left ventricular dysfunction following a heart attack, and 
treating diabetic kidney damage. Its effectiveness is large-
ly due to its ability to inhibit the renin-angiotensin-aldo-
sterone system (RAAS), which makes it essential for the 
treatment of these cardiovascular issues.

Amlodipine is categorized as a calcium channel 
blocker that is employed to manage high blood pressure. 
For individuals suffering from hypertension, amlodip-
ine can be instrumental in reducing the risk of future 
heart disease, heart attacks, and strokes. 

Diuretics, often referred to as “water pills,” are med-
ications that assist the body in removing excess salt 
and water by promoting increased urination. They are 
mainly prescribed to manage hypertension, heart fail-
ure, kidney disorders, and conditions involving fluid 
accumulation) for at least more than six months. Nor-
motensive individuals without a prior history of cardio-
vascular disease  served as controls.

The exclusion criteria for all patients were second-
ary hypertension, chronic kidney disease, diabetes  mel-
litus, and other endocrinopathies. Pregnant women and 
individuals taking medications known to affect elec-
trolyte balance or sympathetic nervous system activity, 
such as corticosteroids or beta-agonists, were also ex-
cluded from the study.

Sample collection and processing
Venous blood samples, each measuring 5 mL, were col-
lected from all participants. The blood was gathered 
in sterile gel tubes and permitted to coagulate at room 
temperature for a duration of 30 minutes prior to un-
dergoing centrifugation at 3000 rpm for 10 minutes to 
facilitate the separation of the serum. The serum was 
subsequently divided into three Eppendorf tubes for 
each subject and preserved at -80°C until analysis to 
maintain the stability of the analytes.

Biochemical analysis
Serum concentrations of ATP1A1 (cat. no. E437hu) and 
epinephrine (cat. no. EA0033Hu) were quantified using 
two different ELISA kits (Bioassay Laboratory, China), 
following the instructions of manufacturer’s. The assay 
procedure was performed as follows: 
1.	 Standards were diluted according to the manufac-

turer’s protocol to generate a standard curve.
2.	 Serum samples were added in duplicate to the re-

spective wells.
3.	 After incubation and washing steps, the specific an-

tibodies were added.
4.	 The absorbance was read at the specified wave-

length.
The ATP1A1 ELISA kit had an assay range of 10-

3000 ng/L and a sensitivity of 5.12 ng/L. The intra-assay 
and inter-assay CV were <8% and <10%, respective-
ly. The epinephrine ELISA kit had an assay range of 
15‒3000 ng/L and a sensitivity of 7.5 ng/L. The intra-as-
say and inter-assay CVs were <8% and <10%, respec-
tively. Serum electrolyte levels (Na+, K+, Cl-, and Ca2+) 
were measured using a Seamaty SE1 electrolyte analyz-
er (Seamaty, China). Laboratory personnel performing 
the biochemical assays were blinded to the clinical sta-
tus (case vs. control) of the samples.

Statistical analysis
All statistical analyses were conducted using Graph-
Pad Prism software (version 9.0). The Shapiro-Wilk test 
was utilized to evaluate the normality of data distribu-
tion prior to the implementation of parametric tests. For 
normally distributed variables, the independent t-test 
was used to compare mean values between hypertensive 
and control groups, after confirming the homogeneity 
of variance using Levene’s test. Continuous variables are 
expressed as mean±SD (range), and categorical variables 
are shown as frequency and percentage. Multicollinear-
ity among predictor variables (ATP1A1, epinephrine, 
and electrolytes) was assessed using the Variance Infla-
tion Factor (VIF) in the context of multiple regression 
analysis; a VIF value<10 was interpreted as indicative of 
no significant multicollinearity. Bonferroni correction 
was applied to adjust the threshold for statistical signif-
icance when performing multiple comparisons across 
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the different electrolyte and biomarker subgroups, set-
ting the corrected significance level at p<0.05.

Results 
Demographic, clinical, and biochemical profiles of the 
participants are presented in Table 1. Age and sex dif-
ferences between the groups were not statistically sig-
nificant (p=0.31, p=0.9, respectively). As anticipated, 
systolic and diastolic blood pressures were significant-
ly higher in the patient group (150.12±10.85 mmHg 
and 90.00±6.94 mmHg, respectively) than in the con-
trol group (115.00±5.07 mmHg and 74.00±4.96 mmHg, 
respectively). The serum electrolyte profile was marked-
ly deranged among hypertensive patients. In particular, 
serum levels of sodium (142.16±3.49 mmol/L), chlo-
ride (102.33±4.21 mmol/L), and calcium (1.16±0.07 
mmol/L) were significantly higher than in the control 
group (p<0.0001, p<0.0001, and p=0.0004; respective-
ly). In contrast, serum potassium was significantly low-
er in the patients (4.25±0.48 mmol/L) than the controls 
(4.66±0.21 mmol/L; p<0.0001). In addition, the mean 
concentration of ATP1A1 was significantly higher in 
patients (430±190 ng/L) than in controls (161±71.16 
ng/L). Blood epinephrine was also significantly in-
creased in patients (339±188 ng/L) vs. healthy subjects 
(116.5±38.6 ng/L). These differences were statistically 
significant (p<0.0001 for both biomarkers).

Table 1. Comparative analysis of demographic, clinical, 
and biochemical profiles in hypertensive patients and 
normotensive controls*
Characteristic Patients (n=80) Control (n=40) p

Demographic and clinical data

Age (years), mean±SD 49.8±11.6 44.5±6.7 0.31

Gender, male, n (%) 40 (50%) 20 (50%) 0.9

Gender, female, n (%) 40 (50%) 20 (50%)

Systolic BP (mmHg), mean±SD 150.12±10.85 115.00±5.07 <0.0001

Diastolic BP (mmHg), mean±SD 90.00±6.94 74.00±4.96 <0.0001

Serum electrolytes

Sodium (mmol/L), mean±SD 142.16±3.49 138.43±1.03 <0.0001

Potassium (mmol/L),mean±SD 4.25±0.48 4.66±0.21 <0.0001

Chloride (mmol/L), mean±SD 102.33±4.21 97.10±1.01 <0.0001

Calcium (mmol/L), mean±SD 1.16±0.07 1.12±0.03 0.0004

Biomarkers

ATP1A1 (ng/L), mean±SD 430±190 161±71.16 <0.0001

Epinephrine (ng/L), mean±SD 339±188 116.5±38.6 <0.0001

* data are presented as the mean±SD, p-value from Chi-
square/independent samples t-test

Table 2 presents a comparison of biomarker levels 
between patients with hypertension receiving pharma-
cological treatment and those not receiving medication. 
Patients undergoing drug treatment exhibited signifi-
cantly elevated levels of ATP1A1 (508.3±143 ng/L vs. 
352±200 ng/L, p<0.0001), and epinephrine (384.3±175.5 

ng/L vs. 295±192 ng/L, p=0.0338) compared to untreat-
ed patients. Similarly, electrolyte concentrations were 
higher in the treatment group for sodium (143.54±3.10 
mmol/L vs. 140.77±3.33 mmol/L, p=0.0002) and chlo-
ride (104.11±3.60 mmol/L vs. 100.55±4.06 mmol/L, 
p<0.0001), while potassium was significantly lower 
(4.08±0.49 mmol/L vs. 4.42±0.42 mmol/L, p=0.0014). 
Serum calcium levels showed a trend toward elevation 
in the treatment group but did not reach statistical sig-
nificance (1.18±0.07 mmol/L vs. 1.15±0.06 mmol/L, 
p=0.0582).

Table 2. Biomarkers in patients stratified by drug 
treatment*

Biomarker
Drug treatment 

(n=40)
No drug 
(n=40)

p

ATP1A1 508.3±143 352±200 <0.0001

Epinephrine 384.3±175.5 295±192 0.0338

Sodium 143.54±3.10 140.77±3.33 0.0002

Potassium 4.08±0.49 4.42±0.42 0.0014

Chloride 104.11±3.60 100.55±4.06 <0.0001

Calcium 1.18±0.07 1.15±0.06 0.0582

* data are presented as the mean±SD, p-value from the 
independent samples t-test

The discriminatory ability of ATP1A1 and epi-
nephrine for HTN patients compared to normotensive 
controls was estimated using the ROC curve. Figure 1 
shows the discriminatory abilities of both biomarkers. 
For ATP1A1, the Area Under the Curve (AUC) was 
0.92 (95% CI: 0.85 to 0.96; p<0.001). A cutoff value of 
>218 ng/L was identified to achieve a sensitivity of 80% 
and a specificity of 92%. The Youden’s index for over-
all diagnostic accuracy was 0.74 for ATP1A1. Epineph-
rine performed similarly, with an AUC of 0.94 (95% CI: 
0.90–0.98; p<0.001). A cutoff value of >162 ng/L yielded 
a sensitivity of 88% and specificity of 90%. This resulted 
in a Youden index of 0.78, indicating a high level of dis-
criminatory ability in this study population. 

A Pearson’s correlation analysis was also per-
formed. The associations documented in the cor-
relation matrix (Table 3) revealed various significant 
correlations that highlight the multifaceted patho-
physiology of  hypertension. There was a good correla-
tion between systemic sodium and chloride  (r=0.824, 
p<0.001) as physiological phenomenon, and ATP1A1 
was also significantly positively associated with so-
dium (r=0.793, p<0.001)  and chloride (r=0.682, 
p<0.001). In contrast, serum potassium levels were 
strongly and significantly negatively correlated with 
sodium (r=-0.846, p<0.001), chloride (r=-0.727, p<0-
001) and ATP1A1 (r=-0.710, p <  0.001) levels. Systol-
ic blood pressure was strongly positive correlated with 
several critical variables such as ATP1A1 (r=0.431, 
p=0.001), sodium  (r=0.406, p=0.002), and chloride 
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(r=0.364, p<0.009). However, diastolic BP had a less 
robust yet still significant positive correlation with SBP 
(r=0.421,  p=0.001) and did not correlate significantly 
with the majority of electrolytes measured. Epineph-
rine  showed no significant association with primary 
electrolytes or blood pressure. 
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Fig. 1. Receiver operating characteristic curve for ATP1A1 
and epinephrine in predicting hypertension

Table 3. Correlations analysis of biochemical and 
hemodynamic parameters

Cl- (mmol/L) 1
      

Na+ 
(mmol/L)

0.824 
P<0.001

1
     

ATP1A1
0.682 

p<0.001
0.793 

p<0.001
1

    

Ca2+  
(mg/dL)

0.639 
p<0.001

0.697 
p<0.001

0.551 
p<0.001

1
   

Systolic BP 
(mmHg)

0.364 
p=0.009

0.406 
p=0.002

0.431 
p=0.001

0.343 
p=0.001

1
  

Diastolic BP 
(mmHg)

0.150 
p=0.182

0.097 
p=0.390

0.131 
p=0.245

-0.073 
p=0.520

0.421 
p=0.001

1
 

Epinephrine
0.072 

p=0.526
0.020 

p=0.858
0.148 

p=0.188
-0.036 

p=0.744
0.117 

p=0.302
-0.174 

p=0.12
1

K+ (mmol/L)
-0.727 

p<0.001
-0.846 

p<0.001
-0.710 

p<0.001
-0.519 

p<0.001
-0.448 

p<0.001
-0.184 

p=0.10
-0.046 

p=0.65

 
Cl- 

(mmol/L)
Na+ 

(mmol/L)
ATP1A1

Ca2+ 
(mg/dL)

Systolic BP
(mmHg)

Diastolic BP
(mmHg)

Epinephrine

Multiple linear regression analysis was conducted to 
identify the significant biochemical and hormonal pre-
dictors of systolic blood pressure (Table 4). The mod-
el explained a substantial proportion of the variance in 
SBP (R²=0.59; adjusted R²=0.57; F=41.86; p<0.001). Sig-
nificant positive associations were observed for plasma 
ATP1A1 (β=0.038, p=0.0009), epinephrine (β=0.002, 
p=0.0004). Variables, such as sodium, potassium, and 
calcium levels, were not statistically significant in the  fi-
nal model. The VIF values for all variables were below 
5, suggesting that multicollinearity did not pose a sig-
nificant issue. 

Table 4. Analysis of multiple linear regression concerning 
predictors of systolic blood pressure* 

Predictor Beta (β) Coefficient Std. Error T-Value VIF p

Intercept 2.78

ATP1A1 0.037637 0.0009 3.39 2.88 0.0009

Epinephrine 0.002499 0.0006 3.67 1.27 0.0004

R-squared 0.59

Adjusted R-squared 0.57

* dependent variable: systolic BP, model summary: 
F=41.86, p<0.001

Discussion
This study provides a comprehensive analysis of the in-
terplay between serum ATP1A1, epinephrine, and elec-
trolytes in patients with essential hypertension. Our 
findings reveal a distinct biochemical signature in hy-
pertensive individuals, characterized by elevated serum 
ATP1A1 and epinephrine levels, alongside significant 
electrolyte imbalances. These results, while preliminary, 
suggest that these markers warrant further investigation 
regarding their potential role in the clinical assessment 
of hypertension.

To our knowledge, this is one of the first studies 
to simultaneously investigate the circulating levels of 
ATP1A1, epinephrine, and a panel of electrolytes in 
essential hypertension. While previous research has ex-
tensively focused on the genetic and tissue-specific as-
pects of the Na+/K+-ATPase,17 our work extends these 
findings by quantifying the circulating protein itself, of-
fering a potential window into systemic pathophysiol-
ogy. The integrated multi-marker approach employed 
here is a key novelty, aiming to capture the complex in-
terplay between different physiological systems impli-
cated in hypertension.18,19 

The most striking finding of this study was the 
pronounced elevation of ATP1A1 levels in the hyper-
tensive cohort. Our observation of almost a three-fold 
increase in ATP1A1 levels in patients compared to 
controls  strongly supports the growing body of evi-
dence implicating ATP1A1 gene and its protein prod-
uct as key molecules in blood pressure regulation. While 
many studies have focused on genetic mutations lead-
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ing to conditions such as primary aldosteronism,17 our 
estimation of the circulating protein per se provides 
an indirect observation of its pathogenic upregulation 
in  hypertensive patients. This aligns with recent re-
views that confirmed that the Na+/K+-ATPase contrib-
utes to hypertension through mechanisms in multiple 
organ systems, including the vasculature and kidneys.20 
Research indicates that variations in the abundance and 
activity of ATP1A1 significantly influence renal Na re-
absorption, Na balance, and blood pressure.21 Further-
more, an earlier investigation indicated that models of 
polygenic hypertension are associated with ATP1A1 in 
relation to salt-sensitive hypertension.22 The high pos-
itive correlations between ATP1A1 and serum sodium 
and chloride found in the full model also supports a 
mechanistic relationship, suggesting that down-regula-
tion or overexpression of the pump may occur to coun-
teract or induce changes in sodium balance, which may 
be related to compensatory machinery due to disturbed 
Na+ homeostasis, a characteristic feature of the hyper-
tensive state and supported by recent models of Na+/
K+-ATPase signaling.23

The precise mechanism for the elevated circulating 
ATP1A1 levels observed in our study remains to be ful-
ly elucidated. One possibility is the shedding of the ect-
odomain of the protein from vascular endothelial or 
smooth muscle cells in response to hypertensive stimuli.24 
Another potential mechanism is the release of ATP1A1 in 
extracellular vesicles, which are known to carry membrane 
proteins and have been implicated in various cardiovascu-
lar diseases.25,26 The observed correlation with epinephrine 
also suggests a potential crosstalk between the sympathet-
ic nervous system and the regulation of Na+/K+-ATPase 
expression and activity.27 Further research is warranted to 
explore these potential mechanisms. 

Our findings regarding serum electrolyte levels are 
consistent with the current understanding of the patho-
physiology of hypertension. The observed  distribution 
of increased sodium and chloride with reduced potas-
sium supports the wealth of epidemiologic data over 
recent years, highlighting the importance of the sodi-
um-to-potassium ratio as a stronger predictor of BP 
than either ion alone.28,29 Large-scale analysis, includ-
ing the KNHANES, consistently shows a strong rela-
tionship between a high urinary Na/K ratio and poor 
blood  pressure control.30 Multiple regression analysis in 
our study underscored the significance of chloride and 
revealed it to be an independent predictor of systolic 
blood  pressure. This supports recent research indicat-
ing that  chloride is more than a passive follower of so-
dium, and has an independent role in the regulation of 
blood pressure and cardiovascular disease progression.31 
Similarly, the mild but significant increase  in serum 
calcium is consistent with the hypothesis that perturbed 
intracellular calcium handling contributes to increased 

vascular smooth muscle tone and peripheral resistance 
in essential hypertension.

Additionally, the present investigation of hyper-
tensive subjects demonstrated a state of marked sym-
pathetic nervous system overactivity, as  reflected by 
significantly increased plasma epinephrine concentra-
tions. This result is consistent with the influential review 
by Grassi et al., who highlighted arterial epinephrine 
as  a predictor of future hypertension.32 This finding was 
further supported by our regression  analysis, which 
demonstrated that epinephrine was a significant inde-
pendent risk factor for SBP. This underscores the impor-
tance of  the sympathoadrenal axis in the rate-limiting 
progression of hypertensive disease, an idea that has 
been continuously revised by a recent meta-analysis of 
sympathetic nerve traffic.33 Moreover, identification of 
genetic mutations resulting in autonomous  epineph-
rine production with consequent hypertension provides 
additional evidence for the causal association between 
catecholamines and elevation in blood pressure.34 This 
finding is consistent with earlier research that primes 
the  body to release energy stores and triggers a host of 
changes, referred to as the fight-or-flight response. Epi-
nephrine acts on alpha-1 adrenergic receptors, resulting 
in higher PVR and  BP.35

A particularly noteworthy, though exploratory, 
finding of our study is the observed discriminatory abil-
ity of ATP1A1 and epinephrine. The mean AUC values 
from the ROC analysis for ATP1A1 (0.92) and epineph-
rine (0.94) suggest a strong discriminative ability in this 
study population. While these results are promising, it is 
crucial to interpret them with caution. The high sensi-
tivity and specificity observed at the optimal cutoff val-
ues in our cohort suggest that these markers warrant 
further investigation as potential tools for risk stratifica-
tion. However, extensive validation in larger, indepen-
dent, and more diverse populations is required before 
any clinical utility can be considered.36,37

Patients receiving antihypertensive therapy had 
even higher ATP1A1 and epinephrine levels and more 
severe electrolyte  disruptions, which is an interest-
ing finding. Although this may  be counterintuitive, it 
is possible that these patients had a worse hypertensive 
phenotype (that required pharmacological therapy). 
However,   some recent guidelines and studies empha-
size that some of these antihypertensive medications 
may in turn cause electrolyte disturbances, thus contrib-
uting to the complex biochemical picture.38 This intri-
cate relationship calls for more  longitudinal studies to 
distinguish diseases from their treatment effects.

The results show that patients with essential hyper-
tension had higher ATP1A1 and epinephrine.39 This 
study also describes how FXYD2, signaling from cardio-
tonic steroids, and hormones including angiotensin II,  
dopamine, insulin, and catecholamines influence the 
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control of Na+/K+-ATPase. Additionally, this review un-
derscores the significance of Na+/K+-ATPase in condi-
tions like hypertension.40

Study limitations
This research presents several significant limitations 
that should be taken into account when analyzing the 
results. Initially, the ROC curve analyses were per-
formed in the same cohort from which the data were 
derived, without an independent validation set. This 
approach is prone to overfitting and may substantially 
overestimate the true diagnostic performance of these 
biomarkers. Second, our single-center design limits the 
generalizability of our findings. Third, the cross-section-
al design precludes the establishment of temporal rela-
tionships or causality

Conclusion
In conclusion, this study provides preliminary evidence 
for a concurrent dysregulation of serum ATP1A1, epi-
nephrine, and electrolytes in patients with essential 
hypertension. These findings contribute to our under-
standing of the complex pathophysiology of the disease 
and suggest that a multi-marker approach may warrant 
further investigation. The results should be interpreted 
as hypothesis-generating, and extensive validation in 
larger, prospective, multi-center cohorts is essential be-
fore these biomarkers can be considered for any clinical 
application.
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ABSTRACT
Introduction and aim. Minipuberty, the transient postnatal reactivation of the hypothalamic-pituitary-gonadal axis, is a critical 
window for male reproductive maturation. The study prospectively characterized hormonal dynamics during minipuberty and 
explored associations between 25-hydroxyvitamin D [25(OH)D] and gonadal hormones, adrenal corticosterone, and genital 
growth parameters.
Material and methods. Sixty healthy term male babies were enrolled; 52 completed follow-up. Testosterone, luteinizing hor-
mone (LH), follicle stimulating hormone (FSH), corticosterone, and 25(OH)D were measured on day 3 and at 3 months by  
LC-MS/MS and chemiluminescence immunoassay. Penile length and testicular volume were recorded at both visits.
Results. Testosterone increased from 47.18 to 142.62 ng/dL, LH from 1.31 to 2.46 mIU/mL, and FSH from 1.22 to 2.10 mIU/L (all 
p<0.001), while corticosterone decreased from 211.19 to 86.25 ng/dL (p<0.001). Several nominal associations were observed 
before multiple comparison correction; however, after Bonferroni correction, only the inverse association between 25(OH)D 
and corticosterone at 3 months (r=−0.576, p<0.001) remained statistically significant. All other associations should be consid-
ered exploratory.
Conclusion. Only the inverse association between vitamin D and corticosterone remained statistically significant after correc-
tion, while other associations were exploratory and require confirmation in larger studies.
Keywords. corticosterone, minipuberty, neonates, testicular volume, testosterone, vitamin D

Introduction
The early postnatal months are marked by a well-rec-
ognized but transient endocrine phenomenon 
– minipuberty characterized by reactivation of the hy-

pothalamic-pituitary-gonadal (HPG) axis before its 
subsequent quiescence until puberty.1-3 In male infants, 
this window is driven by a sequential increase in lutein-
izing hormone (LH) and follicle stimulating hormone 
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(FSH), followed by a surge of testosterone that may ap-
proach early-pubertal concentrations between one and 
three months of age.1-3 This androgen-rich period sup-
ports testicular descent, Leydig and Sertoli cell mat-
uration, and phallic growth, and is thought to lay the 
groundwork for adult male reproductive function.1,3,4 
Disruption of this window has been associated with 
cryptorchidism, micropenis, and impaired Sertoli cell 
proliferation, with potential long-term consequences 
for adult fertility and reproductive health. However, the 
factors that determine the magnitude and timing of this 
surge are still not well understood.

Beyond its established role in calcium homeostasis 
and skeletal health, vitamin D is increasingly recognized 
as a pleiotropic steroid hormone with direct reproduc-
tive relevance. Functional VDR and 1α-hydroxylase 
have been identified in human Leydig cells, Sertoli cells, 
and the hypothalamic-pituitary unit,5,6 suggesting tis-
sue-level steroidogenic regulation. Experimental work 
indicates that 3β-HSD and 17β-HSD – enzymes cen-
tral to androgen biosynthesis – can be upregulated by 
vitamin D, and intracellular calcium signaling in tes-
ticular cells is also a proposed target.6,7 In adult men, 
higher levels have been linked to better testosterone 
concentrations and reproductive outcomes in observa-
tional studies and clinical trials.8,9 Whether this vitamin 
D-steroidogenesis relationship extends to the neonatal 
period, particularly during the hormonally active mini-
puberty window, has not previously been examined in a 
prospective longitudinal study.

Neonatal vitamin D insufficiency is a widespread 
problem in India, with prevalence estimates ranging 
from 50% to over 90% in some series.10-12 Contributing 
factors include prolonged indoor confinement of new-
borns, limited dietary sources, reduced skin synthesis 
related to skin pigmentation, and frequently depleted 
maternal stores at delivery. If this deficiency coincides 
with the minipuberty window  when androgen-driven 
genital development and early reproductive program-
ming are underway – the long-term consequences may 
extend well beyond infancy.

To date, a single published study by Kılınç et al.13 
studied a mixed-sex Turkish cohort at a single cross-sec-
tional time point (30–45 days). No prospective dual 
time point study has previously been conducted that 
captured the entire HPG axis alongside objective genital 
growth measures in Indian male neonates.

Aim
The aim of this study was to prospectively characterize 
hormonal dynamics during minipuberty and to explore 
associations between serum 25(OH)D levels and tes-
tosterone, LH, FSH, corticosterone, penile length, and 
mean testicular volume on day 3 and at three months of 
age in healthy term male infants.

Material and methods
Study design and setting
This was a prospective observational study conducted at 
the SRM Medical College Hospital and Research Insti-
tute, Chennai, Tamil Nadu, between June 2024 and De-
cember 2025. Institutional Ethics Committee approval 
was obtained (SRMIEC-ST0724-8011), and written in-
formed consent was obtained from each infant’s parent 
or guardian before enrollment.

Study population
We enrolled term singleton male infants born at 37–42 
weeks gestation. The growth classification appropriate 
for gestational age (AGA; birth weight 10th–90th cen-
tile) or small for gestational age (SGA; birth weight 
below the 10th centile) was assigned using the IN-
TERGROWTH-21st newborn size standards.14 Infants 
were excluded if born to mothers with diabetes melli-
tus, hypertension, or pre-eclampsia; if they had major 
congenital malformations, genital anomalies (hypospa-
dias, cryptorchidism, micropenis, ambiguous genitalia), 
chromosomal or genetic disorders, endocrine patholo-
gy, or critical illness; or if they were born of multiple 
pregnancy. Maternal conditions, including diabetes 
mellitus, hypertensive disorders, and hypothyroidism, 
were recorded; however, due to the exclusion criteria, 
only maternal hypothyroidism was present in the final 
cohort and was included as ‘maternal complications’ in 
the regression model.

Procedures and timeline
Clinical assessments occurred at two pre-specified vis-
its: day 3 of life and 3 months of age (day 90±5). On day 
3 of life, anthropometric measurements were record-
ed according to the INTERGROWTH-21st protocol.14 
At 3 months, weight, length, and head circumference 
were measured according to WHO Child Growth Stan-
dards.15 All values were recorded as the mean of three 
consecutive readings taken on the same day.

The stretched penile length (SPL) was assessed us-
ing a rigid ruler placed on the compressed suprapubic 
fat pad, measuring from the pubic symphysis to the tip 
of the glans; three consecutive readings were averaged. 
The testicular volume was determined by high resolu-
tion transscrotal ultrasound on a Philips Affiniti 70 sys-
tem (12–4 MHz transducer) using the ellipsoid formula 
(length×width×height×0.523). A single experienced pe-
diatric radiologist performed all sonographic examina-
tions, remaining blind to hormonal data throughout.

At each visit, a 3 ml venous blood sample was centri-
fuged at 3,000 rpm for 10 minutes; the resulting serum 
was stored at –70°C until batch analysis. Testosterone 
and corticosterone levels were determined by liquid 
chromatography tandem mass spectrometry (LC-MS/
MS); gonadotropins (LH, FSH) by chemiluminescence 
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immunoassay, all processed at a nationally accredited 
reference laboratory maintaining validated pediatric 
reference intervals. Oral vitamin D3 (400 IU/day) was 
started from the day of hospital discharge according to 
the IAP guidelines.16

Statistical analysis
Statistical analyses were carried out in SPSS version 27.0 
(IBM, Armonk, NY, USA). Continuous variables are re-
ported as mean±SD or median (Q1–Q3) depending on 
normality, assessed using the Shapiro-Wilk test. Chang-
es from day 3 to the third month were tested using 
the Wilcoxon signed rank test. Comparisons between 
groups (AGA versus SGA) used the Mann-Whitney U 
test for continuous variables and the chi-square or Fish-
er’s exact test for categorical variables. Spearman’s rank 
order correlation assessed relationships between vita-
min D and each hormonal and genital growth outcome. 
A post hoc power analysis was performed based on 
the observed correlation between vitamin D levels and 
mean testicular volume. With an effect size (r) of 0.30, 
an alpha level of 0.05, and a total sample size of 52 par-
ticipants, the statistical power was approximately 74%, 
indicating a moderate power for detecting moderate as-
sociations in this cohort. To account for multiple com-
parisons, Bonferroni correction was applied within each 
analytical set. For correlation analyses between vitamin 
D and hormonal parameters (16 comparisons), the ad-
justed significance threshold was set at p<0.003. For the 
correlations between vitamin D and genital parameters 
(6 comparisons), the corrected significance level was 
p<0.008. Significance was established at p<0.05 (two-
tailed). Correlation analyses and group-based compar-
isons address different analytical questions and may 
not yield concordant results. Consequently, statistical-
ly significant correlations do not necessarily translate 
into significant differences between groups defined by 
threshold-based categorization.

Results
Participant characteristics
Of the 60 infants enrolled, 52 completed both study vis-
its and were included in the final analysis; 8 were lost 
to follow-up. Of the 52 infants, 27 (51.9%) delivered by 
lower-segment caesarean section (LSCS), 24 (46.2%) by 
normal vaginal delivery and 1 (1.9%) by vacuum-assist-
ed delivery. Maternal hypothyroidism was document-
ed in 14 mothers (26.9%). The mean birth weight was 
2.73±0.34 kg and the mean birth length was 47.83±1.75 
cm. Demographic and anthropometric data for both 
visits are summarized in Table 1.

The mean vitamin D at birth was 25.26±18.66 ng/
mL, suggesting relatively low vitamin D levels in this 
cohort. After three months of standard supplementa-
tion (400 IU/day), the mean of the group increased to 

49.43±23.50 ng/mL, though with considerable variabil-
ity between individuals.

Table 1. Baseline and follow-up demographic and 
anthropometric characteristics (n=52)*
Variable Value (n (%) or mean±SD)

Growth status: AGA 28 (53.8%)

Growth status: SGA 24 (46.2%)

Mode of delivery: LSCS 27 (51.9%)

Mode of delivery: normal vaginal delivery 24 (46.2%)

Mode of delivery: vacuum-assisted 1 (1.9%)

Maternal hypothyroidism 14 (26.9%)

Birth weight (kg) 2.73±0.34

Birth length (cm) 47.83±1.75

Head circumference at birth (cm) 33.66±1.24

Weight at 3 months (kg) 5.50±0.78

Length at 3 months (cm) 59.14±3.31

Head circumference at 3 months (cm) 39.51±2.22

* AGA – appropriate for gestational age, SGA – small for 
gestational age, LSCS – lower segment caesarean section

Minipuberty hormonal surge: longitudinal changes
Wilcoxon signed rank testing confirmed significant 
hormonal shifts during the two visits (Table 2). Tes-
tosterone increased from a birth median of 47.18 
(18.97–95.69) ng/dL to 142.62 (92.62–274.34) ng/dL 
at three months (Z=−5.828, p<0.001) – a nearly three-
fold increase. LH increased from 1.31 (1.21–1.88) to 
2.46 (1.96–3.04) mIU/mL (Z=−5.231, p<0.001) and 
FSH from 1.22 (0.89–1.72) to 2.10 (1.61–2.55) mIU/L 
(Z=−5.009, p<0.001), confirming physiological activa-
tion of the HPG axis during minipuberty. In contrast, 
corticosterone decreased from 211.19 (124.88–377.34 
ng/dL) at birth to 86.25 (47.39–141.16) ng/dL at 3 
months (Z=−5.282, p<0.001), consistent with the antic-
ipated regression of the fetal adrenal cortex during early 
postnatal life.

Table 2. Longitudinal changes in hormonal levels from 
birth to 3 months (Wilcoxon signed-rank test, n=52)

Parameter Birth median (Q1–Q3)
3-month median 

(Q1–Q3)
Z p

Testosterone (ng/dL) 47.18 (18.97–95.69) 142.62 (92.62–274.34) −5.828 <0.001

LH (mIU/mL) 1.31 (1.21–1.88) 2.46 (1.96–3.04) −5.231 <0.001

FSH (mIU/L) 1.22 (0.89–1.72) 2.10 (1.61–2.55) −5.009 <0.001

Corticosterone (ng/dL) 211.19 (124.88–377.34) 86.25 (47.39–141.16) −5.282 <0.001

Spearman correlation between vitamin D levels and 
hormonal parameters
Vitamin D levels showed differential hormonal associ-
ations between the two time points (Table 3). At birth, 
neonatal vitamin D levels were positively correlated 
with testosterone (r=0.335, p=0.015) and negatively 
with corticosterone (r=−0.275, p=0.048); no significant 
relationships were observed for LH or FSH at birth. At 
3 months, a strong inverse correlation was observed be-
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tween vitamin D levels and corticosterone (r=−0.576, 
p<0.001). No significant vitamin D associations with LH 
or testosterone were detected at the three-month visit.

Table 3. Spearman correlation between vitamin D levels 
and hormonal parameters at birth and three months 
(n=52)*
Hormone Vitamin D at birth r (p) Vitamin D at 3 months r (p)

Testosterone (birth) 0.335 (0.015) 0.163 (0.250)

LH (birth) 0.248 (0.089) 0.207 (0.158)

FSH (birth) −0.067 (0.650) 0.036 (0.807)

Corticosterone (birth) −0.275 (0.048) −0.210 (0.136)

Testosterone (3 months) 0.238 (0.089) 0.096 (0.499)

LH (3 months) 0.068 (0.630) 0.044 (0.759)

FSH (3 months) −0.323 (0.020) −0.146 (0.301)

Corticosterone (3 months) −0.154 (0.276) −0.576 (<0.001)

* values are Spearman r with two-tailed p values

Correlations between vitamin D and genital growth pa-
rameters
Vitamin D levels showed a consistent positive relation-
ship with mean testicular volume at both visits (Table 4). 
Vitamin D levels were moderately correlated with tes-
ticular volume at birth (r=0.304, 95% CI: 0.034–0.533, 
p=0.028) and a comparable association with testicu-
lar volume at 3 months (r=0.290, 95% CI: 0.019–0.522, 
p=0.037). Vitamin D levels at three months were similar-
ly associated with concurrent testicular volume (r=0.304, 
95% CI 0.036-0.534, p=0.027). Penile length did not show 
correlation with vitamin D levels in either assessment.

Table 4. Spearman correlation between vitamin D levels 
and genital parameters (n=52)*
Outcome Exposure n r 95% CI p

Mean testicular 
volume (birth)

Vitamin D at birth 52 0.304 0.034 to 0.533 0.028

Mean testicular 
volume (3 months)

Vitamin D at birth 52 0.290 0.019 to 0.522 0.037

Mean testicular 
volume (3 months)

Vitamin D at 3 
months

52 0.306 0.036 to 0.534 0.027

Penile length (birth) Vitamin D at birth 52 −0.084 −0.348 to 0.199 0.554

Penile length (3 
months)

Vitamin D at birth 52 0.211 −0.064 to 0.452 0.133

Penile length (3 
months)

Vitamin D at 3 
months

52 0.136 −0.143 to 0.393 0.335

* 95% CI calculated using Fisher’s z transformation

Multiple comparison correction
Several correlations between vitamin D levels and hor-
monal parameters demonstrated statistical significance 
using the conventional threshold of p<0.05. Moderate 
associations were observed between vitamin D at birth 
and testosterone at birth, between vitamin D and corti-
costerone at birth, and a negative correlation between 
vitamin D and FSH at three months. However, after 
Bonferroni correction for multiple comparisons (adjust-
ed threshold p<0.003 for 16 hormonal comparisons), 

only the strong inverse correlation between vitamin D 
levels and corticosterone at three months (r=−0.576) 
retained statistical significance. The remaining associa-
tions did not survive correction and should therefore be 
interpreted with caution.

Table 5. Multivariate linear regression analysis for the 
determinants of mean testicular volume at three months 
(n=52)*
Predictor variable B (unstandardized) SE Standardized β 95% CI for B p

Vitamin D at birth 
(ng/mL)

0.003 0.001 0.411 0.001–0.005 0.008

Growth status (SGA 
vs AGA)

−0.078 0.050 −0.335 −0.179–0.023 0.127

Birth weight (kg) −0.017 0.088 −0.050 −0.195–0.161 0.845

Birth length (cm) 0.003 0.010 0.045 −0.017–0.023 0.760

Head circumference 
(cm)

0.001 0.015 0.009 −0.029–0.031 0.957

Maternal 
complications

−0.017 0.036 −0.066 −0.089–0.055 0.641

Mode of delivery −0.029 0.031 −0.124 −0.092–0.034 0.368

* Multivariate linear regression adjusted for growth status, 
maternal complications, mode of delivery, and baseline 
anthropometric parameters, model fit: R²=0.227, adjusted 
R2=0.105, F=1.851, p=0.111, B unstandardized regression 
coefficient, SE standard error, β – standardized beta 
coefficient, CI confidence interval

In the multivariate linear regression analysis, vitamin 
D level on day 3 showed an association with mean testicu-
lar volume at 3 months (B=0.003, β=0.411, 95% CI: 0.001–
0.005, p=0.008), after adjustment for growth status (AGA/
SGA), maternal complications, mode of delivery, birth 
weight, birth length, and head circumference (Table 5); 
however, these findings should be interpreted cautiously 
given the general model and are considered exploratory. 
This indicates that each 1 ng/mL increase in birth vitamin 
D level was associated with a 0.003 unit increase in testic-
ular volume at three months, independent of these covari-
ates. None of the remaining variables showed a statistically 
significant association with testicular volume (all p>0.05). 
The general fit of the model was modest (R²=0.227, ad-
justed R2=0.105, F=1.851, p=0.101). However, it must be 
explicitly acknowledged that the overall regression model 
did not reach statistical significance (F=1.850, p=0.101), 
indicating that the model as a whole does not significant-
ly predict testicular volume. Therefore, the individual co-
efficient of vitamin D should therefore be interpreted with 
caution and cannot be used to support independent pre-
dictive conclusions; these regression findings are present-
ed for exploratory purposes.

Discussion
This study prospectively characterized hormon-
al dynamics during minipuberty in healthy term male 
infants, demonstrating the expected increase in testos-
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terone, LH, and FSH, along with a decline in corticoste-
rone. In addition, exploratory analyses were performed 
to examine potential associations between vitamin D 
status and endocrine and growth parameters. The lon-
gitudinal hormonal trajectories observed in this cohort 
– including testosterone surge, gonadotropin increase, 
and corticosterone decline – are consistent with well-es-
tablished minipuberty physiology described in the prior 
literature,1-3 supporting that these changes represent ex-
pected postnatal endocrine patterns.

A positive association between vitamin D and neo-
natal testosterone was observed; however, this did not 
remain significant after correction for multiple compar-
isons and should therefore be interpreted as explorato-
ry. While biologically plausible given the presence of 
vitamin D receptors in Leydig cells,5,6 any mechanistic 
interpretation remains speculative and hypothesis-gen-
erating in the absence of robust statistical support.

An important statistical caveat must be acknowl-
edged. After applying the Bonferroni correction for 
multiple comparisons, most of the correlations report-
ed in this study, including those between vitamin D and 
testosterone and between vitamin D and testicular vol-
ume, were no longer statistically significant at the cor-
rected threshold (p<0.003 for hormonal parameters; 
p<0.008 for genital parameters). Only the inverse cor-
relation between vitamin D and corticosterone at three 
months (r=−0.576, p<0.001) survived correction. Con-
sequently, all associations reported in this study should 
be interpreted as exploratory and hypothesis-generat-
ing rather than confirmatory, and must be replicated in 
larger, adequately powered, independent cohorts before 
any clinical inferences are drawn.

It should also be noted that all statistical analyses in 
this study were predefined in the study protocol, carried 
out using standard validated methods, and no post hoc 
data-driven model selection was performed; the analyti-
cal approach was determined independently of the results.

Attenuation of this association at three months may 
reflect several possibilities, including a potential threshold 
effect or the dominant influence of gonadotropin-driven 
stimulation during peak minipuberty. However, these in-
terpretations are speculative and cannot be confirmed 
within the constraints of the present data.

The absence of a significant association between vita-
min D levels and gonadotropins (LH, FSH) at either vis-
it is noteworthy and was similarly reported by Kılınç et 
al.,13 who found no significant correlation between vita-
min D status and gonadotropins in boys at 30 to 45 days 
of life. Taken together, these data raise the possibility that, 
to the extent vitamin D is associated with minipuberty 
hormones, the association may be at a peripheral rather 
than central level  at the gonadal rather than the hypotha-
lamic-pituitary level. This remains speculative in the ab-
sence of experimental or interventional evidence.

Associations between vitamin D levels and testicu-
lar volume were observed at both timepoints; howev-
er, these were not statistically significant after correction 
for multiple comparisons and should therefore be inter-
preted as exploratory. While the direction of associa-
tion was consistent, the moderate effect sizes and loss 
of significance after correction limit the strength of in-
ference. Any biological interpretation remains tentative 
and should be considered hypothesis-generating given 
the lack of statistical significance after correction.

The lack of a vitamin D–penile length association 
may have a plausible biological basis. Phallic enlarge-
ment during minipuberty depends mainly on local con-
version of testosterone to dihydrotestosterone (DHT) 
via 5α-reductase in corporeal tissue, rather than on cir-
culating testosterone per se.19 Because the associations 
of vitamin D in this dataset were with testosterone rath-
er than DHT, the absence of a corresponding penile 
length effect is mechanistically coherent.

The inverse vitamin D–corticosterone relationship 
was the most notable finding of this study. This associa-
tion was statistically significant after correction for mul-
tiple comparisons. The association at birth was modest 
(r=0.275, p=0.048) but became markedly stronger at 
three months (r=−0.576, p<0.001), coinciding with a 
near-60% decrease in corticosterone over the same in-
terval, a trajectory consistent with regression of the fe-
tal adrenal zone in postnatal life.20 This association is 
biologically plausible: VDR is expressed in the adrenal 
cortex,21,22 and experimental data suggest that vitamin D 
may suppress CRH and ACTH at the hypothalamic-pitu-
itary level6 while also modulating adrenal steroidogenic 
enzymes. Therefore, it is possible that higher vitamin D 
status may be associated with a more rapid postnatal de-
cline in glucocorticoid production, a recognised compo-
nent of neonatal metabolic transition, although residual 
confounding and the observational design preclude any 
causal interpretation. Future work with serial HPA axis 
markers and appropriate confounder adjustment will be 
necessary to further characterize this relationship.

Compared to Kılınç et al.,13 the strengths of this 
study lie in its prospective longitudinal design that 
spans two key timepoints across the minipuberty win-
dow, including the gonadal and adrenal hormonal axes, 
and the use of objective ultrasound-based testicular vol-
ume. These design features provide a comprehensive 
characterization of early postnatal endocrine physiolo-
gy in male infants and represent the primary novel con-
tribution of this work.

Study limitations
The single-center design limits generalizability. The 
moderate sample size (n=52) reduces the statistical 
power for subgroup analyses. No maternal vitamin D 
data were available. Near-universal supplementation 
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(400 IU/day after discharge) may have contributed to 
changes in vitamin D levels by three months, potentially 
reducing variability within the cohort and thus limiting 
our ability to examine the effects of sustained deficien-
cy; therefore, all associations at three months should be 
interpreted in the context of supplemented, rather than 
naturally deficient, vitamin D status, and these findings 
cannot be extrapolated to prolonged deficiency. No se-
rial corticosterone or HPA axis markers were obtained. 
The observational design precludes causal inference. 
Potential confounders including growth status (AGA/
SGA), maternal hypothyroidism, mode of delivery, and 
baseline anthropometrics were not adjusted for in the 
primary correlation analyses – multivariable regression 
models addressing this are presented separately. Despite 
the application of the Bonferroni correction, the study 
remains at risk of type I error due to multiple compar-
isons and limited sample size. The study cannot deter-
mine whether vitamin D associations reflect a direct 
biological effect or are mediated by unmeasured factors 
that covary with vitamin D status in this population.

Conclusion
In this prospective longitudinal study of healthy term In-
dian male newborns, the expected hormonal dynamics of 
minipuberty were confirmed, including a rise in testoster-
one, LH, and FSH and a decrease in corticosterone. The 
only association between vitamin D status and endocrine 
parameters that remained statistically robust after correc-
tion for multiple comparisons was the inverse relationship 
between 25(OH)D and corticosterone at three months. All 
other associations, including those with testosterone and 
testicular volume, did not survive Bonferroni correction 
and should be considered exploratory, requiring confirma-
tion in larger independent studies. These findings do not 
permit causal conclusions and should be interpreted with-
in the limitations of an observational design and a supple-
mented cohort. Taken together, the results highlight the 
importance of longitudinal endocrine assessment during 
minipuberty, while underscoring the need for more re-
search to clarify the role of vitamin D in this context.
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ABSTRACT 
Introduction and aim. The study of molecular mechanisms of resistance to first-line antibiotics for the treatment of tubercu-
losis is of great importance. Investigating these mechanisms provides valuable information to treatment policy makers. There-
fore, this study aimed to identify mutations associated with resistance to rifampin (RIF) and isoniazid (INH) among drug-resis-
tant Mycobacterium tuberculosis (MTB) isolates from a TB reference center in southwest Iran.
Material and methods. In this cross-sectional study (September 2014-February 2018), a total of 772 MTB isolates were con-
firmed by culture on Löwenstein-Jensen (LJ) medium and standard biochemical tests. Drug susceptibility testing of RIF and INH 
was determined by the proportion method on LJ medium. Mutations conferring resistance to INH and RIF were determined by 
polymerase chain reaction analysis and sequencing.
Results. In this study, 772 (22.68%) MTB strains were isolated from 3,404 TB-suspected patients, of whom 26.6% were women and 
73.8% male. Of the 772 clinical strains, 8 (1.03%) were MDR (resistant to INH and RIF), 15 (1.94%) were resistant to RIF and 4 (0.5%) 
were resistant to INH. Of the 12 identified isolates identified (including both 4 isolates resistant to INH and 8 isolates resistant to 
MDR), 2 (16.6%) had a mutation at codon 315 of katG, 1 (8.33%) had a mutation at (-15) of inhA, and 9 (75%) did not show a detect-
able mutation. Regarding rifampin, the frequency of mutations in the rpoB gene was the following: codons 531 (n=7, 30.4%), 533 
(n=5, 21.7%), 526 (n = 2, 8.69%) and 511 (n=1, 4.3%). Furthermore, no mutations were detected in 8 (34.7%) isolates. 
Conclusion. The most prevalent mutation in INH resistant isolates was at codon 315 of katG. In RIF-resiatant isolates, the most 
prevalent mutation was at codon 531 of the rpoB gene. In a considerable number of isolates, no mutations in katG, inhA, and 
rpoB were found compared with deposited sequences available from NCBI GenBank. 
Keywords. drug resistance, isoniazid, mutation, Mycobacterium tuberculosis, rifampin 
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Introduction 
Tuberculosis (TB), an infection with Mycobacterium tu-
berculosis (MTB), continues to be a major global health 
burden and is one of the deadliest diseases worldwide.1,2 
According to the WHO (World Health Organization), 
approximately one-third of the world’s population is in-
fected with MTB. In 2023, the estimated number of pa-
tients was 10.8 million, resulting in 1.25 million deaths.3 

The development of drug-resistant tuberculosis is a 
considerable health challenge in the treatment of TB 
worldwide.4 There has been a rapid increase in multi-
drug-resistant (MDR) strains of tuberculosis, defined 
as resistance to the first-line antibiotics isoniazid (INH) 
and rifampin (RIF).4 A recent estimate showed 400,000 
incident cases of MDR in 2023, with only a fraction re-
ceiving timely treatment.3 

MTB can acquire resistance to anti-TB drugs 
through spontaneous mutations in genes encoding an-
tibiotic targets, drug-activating enzymes, or drug efflux 
pumps. These genes, which encode drug metabolizing 
or drug-targeting enzymes, significantly affect the ef-
ficacy of anti-TB therapy.5 Most INH-resistant strains 
(INH-R) have mutations in genes involved in cell wall 
synthesis, such as the inhA gene and its promoter, the 
katG gene (particularly codon 315), or the oxyR-ahpC 
region. The katG deletion mutants show greater resis-
tance to INH than strains with mutations in inhA or 
its promoter.6 Mutations occur predominantly occur in 
an ‘‘hot spot’’ 81 bp fragment of the rpoB gene, called 
the RIF resistance determining region (RRDR), which 
confers resistance to RIF.7 The rpoB gene encodes the 
β-subunit of RNA polymerase, and mutations are locat-
ed at codons 531, 526, and 516.8. 

Due to the varying frequencies across different geo-
graphical areas, it is essential to evaluate the prevalence 
of mutations.9 Studying the molecular mechanisms of 
resistance to first-line antibiotics for tuberculosis treat-
ment is of great importance. Investigating these mecha-
nisms provides valuable information to treatment policy 
makers. The study of mutations related to resistance to 
first-line tuberculosis drugs in the southwestern region 
of Iran has rarely been evaluated. However, the pattern 
of these mutations may change over time.

Aim
Given the importance of first-line drugs in TB treat-
ment, it is a need to constantly assess the frequency of 
resistance to RIF and INH and their distribution within 
the community. Therefore, this study aimed to identify 
mutations in inhA, katG, and rpoB genes associated with 
resistance to INH and RIF among MTB isolates from a 
TB reference center for TB in southwest Iran. The re-
gional distribution of the mutation, the proportion of 
phenotypically resistant isolates without detectable mu-
tations at the target loci, or its relationship to local mo-

lecular detection may be among the new findings that 
can be obtained through this study.

Material and methods
Ethical clearance
The ethical consideration of this research was confirmed 
by the Ethics Committee of Ahvaz Jundishapur Univer-
sity of Medical Sciences, Ahvaz, Iran (No: IR.AJUMS.
REC.1396.208). All research was conducted in accor-
dance with relevant guidelines/regulations. Written in-
formed consent was received from all participants and/
or their legal guardians. 

Study design and bacterial isolates 
In this cross-sectional study (September 2014-February 
2018), MTB isolates were obtained from 3,404 samples 
of patients referred to the Ahvaz Regional TB Labora-
tory in southwest Iran. The Ahvaz Regional Tubercu-
losis Laboratory in southwest Iran operates under the 
supervision of the World Health Organization and par-
ticipates in regular quality assurance programs to fur-
ther ensure consistency, reproducibility, and validity of 
culture and identification procedures. The sample size 
was determined using the G * Power software with the 
following parameters: power (1-β err prob)=0.95, α err 
prob = 0.05 and effect size = 0.12 Non-sterile respirato-
ry specimens such as endotracheal aspirates, broncho-
alveolar lavage (BAL), and sputum were sterilized using 
the NALC-NaOH method (standard N-acetyl-L-cyste-
ine–sodium hydroxide) and then centrifuged at 3,000×g 
for 15 min. The resulting pellets were suspended again 
in sterile phosphate buffer (pH 6.8) and inoculated in 
LJ (Löwenstein-Jensen) medium. Body fluids or tissues 
were centrifuged at sterile sites and the pellets were in-
oculated directly into culture medium. Identification 
of MTB was confirmed using colony morphology, Zie-
hl-Neelsen acid fast staining and conventional biochem-
ical tests, including catalase activity, nitrate reduction, 
and accumulation of niacin. The reference strain MTB 
H37Rv (ATCC 27294) was used as a quality control.10 
No isolates were excluded due to contamination or in-
complete data from the study after confirmation. How-
ever, data on relapse, reinfection, or failure of treatment 
were unavailable for analysis. 

Drug susceptibility testing (DST) 
DST was done on LJ medium by the proportional meth-
od and according to WHO recommendations.11 The 
critical concentrations of  INH and RIF  (Sigma Aldrich 
Co., St Louis, MO, USA) in the LJ medium were 0.2 μg/
mL and 40 μg/mL, respectively.11 Finally, a 1.0 McFar-
land suspension of bacterial colonies was prepared, and 
10−2 and 10−4 dilutions were inoculated into LJ medium 
containing 0.2 μg/mL INH and 40 μg/mL RIF and LJ 
medium without antibiotics. The results were read af-



351Molecular detection of isoniazid and rifampin-resistant Mycobacterium tuberculosis strains from southwest of Iran

ter incubation for 28 days and 42 days at 36±1°C. Iso-
lates were defined as drug-susceptible if the growth/
colony count on antibiotic-containing LJ medium was 
≤1% compared to the control medium without antibiot-
ics. MTB H37Rv (ATCC 27294) was utilized as a qual-
ity control.

DNA extraction 
Total DNA was extracted from drug-resistant isolates 
grown in LJ medium using the QIAamp Mini Kit (Qia-
gen, Hilden, Germany) according to the manufactur-
er’s instructions. Briefly, approximately one loopful of 
colonies was suspended in 180 µL of ATL buffer and 
heat-killed at 95°C for 30 min to ensure biosafety. The 
samples were incubated with 20 µL of proteinase K at 
56°C for 1 h, followed by the standard binding, wash-
ing and elution steps. DNA was eluted in 200 µL of AE 
buffer and stored at –20°C until use. DNA purity and 
concentration were assessed using a NanoDrop spectro-
photometer (Thermo Fisher Scientific, USA). 

Polymerase chain reaction (PCR) amplification 
The genes katG, rpoB and inhA genes were amplified by 
PCR by specific primers (Table 1).12,13,14 The PCR reac-
tion mixtures were obtained in a final volume of 50 µL, 
including 1.5 mM MgCl2, 5 µL of 10× PCR buffer, 
0.2 µM of each primer, 0.2 mM of deoxynucleotide tri-
phosphate (dNTP), 5 µL (10 ng) of genomic DNA, 2.5 U 
Taq DNA polymerase, and 35.4 µL of nuclease-free wa-
ter. The amplifications were performed using a thermal 
cycler (Bio-Rad, Hercules, CA, USA) with the following 
cycling program: an initial 95°C denaturation step for 5 
min, followed by 30 cycles of 95°C for 40 s, 64°C (rpoB, 
inhA) or 55°C (katG) for 1 min and 72°C for 40 s, and a 
final extension step of 72°C for 10 min.

Table 1. Primers used in this research
Drugs Genes Primer sequence (5′ to 3′) Product size (bp) Reference

Isoniazid katG 5’-CATGAACGACGTCGAAACAG-3’ 
5’-CGAGGAAACTGTTGTCCCAT-3

232 12

Rifampin rpoB 5’-CGATCACACCGCAGACGTTG-3’
5’-GGTACGGCGTTTCGATGAAC-3’

318 13

Isoniazid inhA 5’-ACATACCTGCTGCGCAAT-3’
5’-TCACATTCGACGCCAAAC-3’

400 14

DNA sequencing and analysis 
The PCR products were sent to Bioneer Co., South Ko-
rea, for Sanger sequencing and purification using a 
3730xl DNA analyzer (Thermo Fisher Scientific, USA). 
The sequences were trimmed and edited using Chromas 
software. To align the sequences obtained, ClustalW 
(https://www.genome.jp/tools-bin/clustalw) was uti-
lized to specify the consensus sequences. The consensus 
sequences were subjected to nBLAST analysis (http://
blast.ncbi.nlm.nih.gov) and compared with the H37Rv 

strain of MTB (ATCC 27294). For quality control, Bi-
oneer Co., South Korea, considered the duplication rate, 
GC content distribution, nucleotide distribution, and 
base quality.

Statistical analysis
The collected data were analyzed using the Statistical 
Package for the Social Sciences (SPSS) software version 
22 (IBM Corporation, Armonk, New York, USA). The 
methods used included descriptive statistical tests (fre-
quencies and percentages).

Table 2. Mutation pattern of the promoter genes rpoB, 
katG, mabA-inhA in RIF and INH-resistant Mycobacterium 
tuberculosis with different drug resistance phenotypes *
Resistant isolate 

code
Resistant

phenotype
Nucleotide 

change,
rpoB

Amino acid 
change

rpoB

Nucleotide 
change,

katG

Amino acid 
change

katG

Nucleotide 
change, 

mabA-inhA 
promoter

438

701

577,646

8,731

67

86

10

39,292,550,841

108,341,924

108,198,274,281,
286, 410,860

851

32,475,588

MDR

MDR

MDR

MDR

MDR

MDR

RIF

RIF

RIF

RIF

INH

INH

CAC→TAC

CAC→CCC

CTG→CCG

TCG→TTG

TCG→ TTG

_

CTG→CCG

TCG→TTG

CTG→CCG

_

_

_

His526Tyr

His526Pro

Leu533 Pro

Ser531Leu

Ser531Leu

_

Leu511Pro

Ser531Leu

Leu533Pro

_

_

_

_

AGC→ACC

_

_

_

_

_

_

_

_

AGC→AAC

_

_

Ser315Thr

_

_

_

_

_

_

_

_

Ser315Asn

_

_

_

_

_

(-15) C→T

_

_

_

_

_

_

_

* MDR multidrug resistance, RIF – rifampin, INH isoniazid

Results
In this study, 772 (22.68%) MTB strains were isolated 
from 3,404 TB-suspected patients, of whom 26.6% were 
women and 73.8% male. Most of the samples were spu-
tum (59.84%), followed by BAL (37.82%), endotracheal 
tube samples (1.03%), and other sample types (eg, ab-
scess, wound, tissue). The results of drug resistance tests 
using the proportion method in 772 isolates for RIF and 
INH indicated that 8 (1.03%) isolates were MDR, 15 
(1.94%) were RIF monoresistant, and 4 (0.5%) were INH 
monoresistant. These 27 isolates were selected for gene 
sequencing. Amplification of the genes katG, rpoB and 
inhA genes in resistant MTB isolates produced products 
of 232 bp, 318 bp, and 400 bp, respectively. Sequencing 
of the inhA and katG genes of the 4 INH-monoresistant 
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isolates revealed that 25% (1/4) harbored a mutation in 
the katG gene at codon 315. Among the RIF-monoresis-
tant isolates, 26.6% (4/15), 20% (3/15), and 6.6% (1/15) 
carried mutations in the rpoB gene at codons 531, 533, 
and 511, respectively (Table 2).

In one MDR-TB isolate, a combination of katG and 
rpoB mutations was determined, while in another iso-
late, a combination of inhA and rpoB mutations was 
identified. In seven MDR-TB isolates, only mutations 
in the rpoB gene at codons 531, 533, and 526 were ob-
served. The reader is referred to Table 3 to see the details 
of the nucleotide/amino acid substitutions in the target-
ed genes (inhA, katG, and rpoB) of MTB isolates.

Table 3. Characteristics of RIF and INH resistant 
Mycobacterium tuberculosis isolates with rpoB, katG, mabA-
inhA promoter mutations*

Phenotype Isolate code Gender RpoB KatG mabA-inhA 

MDR
MDR
MDR
MDR
MDR
MDR
MDR
MDR
RIF resistant
RIF resistant
RIF resistant
RIF resistant
RIF resistant
RIF resistant
RIF resistant
RIF resistant
RIF resistant
RIF resistant
RIF resistant
RIF resistant
RIF resistant
RIF resistant
RIF resistant
INH resistant
INH resistant 
INH resistant 
INH resistant

438
701 

8
731
67

577
646
86
10
39

292
550
841
108
341
924
106
198
274
281
286
410
860
851
32

475
588

Male
Female

Male
Male
Male

Female
Male
Male

Female
Male
Male
Male
Male
Male

Female
Male
Male
Male
Male
Male

Female
Male

Female
Male

Female
Male
Male

CAC→TAC (His526Tyr)
CAC→CCC (His526Pro)
TCG→TTG (Ser531Leu)
TCG→TTG (Ser531Leu)
TCG→TTG (Ser531Leu)
CTG→CCG (Leu533Pro)
CTG→CCG (Leu533Pro)

Wild type
CTG→CCG (Leu511Pro)
TCG→TTG (Ser531Leu)
TCG→TTG (Ser531Leu)
TCG→TTG (Ser531Leu)
TCG→TTG (Ser531Leu)
CTG→CCG (Leu533 Pro)
CTG→CCG (Leu533 Pro)
CTG→CCG (Leu533 Pro)

Wild type
Wild type
Wild type
Wild type
Wild type
Wild type
Wild type
Wild type
Wild type
Wild type
Wild type

Wild type
AGC→ACC (Ser315Thr)

Wild type
Wild type
Wild type
Wild type
Wild type
Wild type
Wild type
Wild type
Wild type
Wild type
Wild type
Wild type
Wild type
Wild type
Wild type
Wild type
Wild type
Wild type
Wild type
Wild type
Wild type

AGC→AAC (Ser315Asn)
Wild type
Wild type
Wild type

Wild type
Wild type
Wild type
Wild type
(-15) C→T
Wild type
Wild type
Wild type
Wild type
Wild type
Wild type
Wild type
Wild type
Wild type
Wild type
Wild type
Wild type
Wild type
Wild type
Wild type
Wild type
Wild type
Wild type
Wild type
Wild type
Wild type
Wild type

* MDR multidrug resistance, RIF – rifampin, INH isoniazid

Discussion 
In addition to the increasing  global rate of antibiot-
ic resistance among Gram-positive and Gram-nega-
tive bacteria, the spread of drug-resistant MTB poses 
a major problem for healthcare systems worldwide.15-18 
TB, especially drug-resistant TB, affects both individ-
uals and countries.19 In this study, the results of phe-
notypic DST revealed 8 (1.03%) MDR, 15 (1.94%) 
RIF-monoresistant and 4 (0.51%) INH-monoresis-
tant MTB isolates. This is according to a recent report 
from Iran.20 The prevalence of INH-resistant, RIF-re-
sistant (RIF-R), and MDR-TB strains in various prov-
inces of Iran has been reported as 0–16.7%, 0–16.1%, 

and 0–20%, respectively.20 A considerable number of 
patients were male (n=570, 73.8%), whereas only 202 
(26.16%) were female. In the investigations by Cha-
ran et al.21 and Vilegas et al.,22 a high percentage of 
the patients were men (83.9% and 82.1%, respective-
ly), consistent with our study. Although male patients 
constituted the majority of TB cases (73.8%), the num-
ber of MDR-TB cases was too small to determine any 
significant association between gender and resistance 
profile. In this research, amplification of the katG, 
inhA, and rpoB genes was performed using locus-spe-
cific primers. According to sequencing results, 16.6% 
(2/12) of INH-R isolates exhibited an amino acid vari-
ation in the katG gene, with 8.3% showing the S315T 
amino acid substitution. It is suggested that bacteria 
prefer the katG-S315T mutation because it reduces 
INH activation, while 30–40% of catalase-peroxidase 
activity required for virulence is preserved in these 
isolates.23 These findings contrast sharply with other 
studies from different countries that demonstrated a 
higher percentage of the katG-S315T mutation, such 
as Southeast Asia (78.4%), Vietnam (85.3%), India 
(67.6%), Cameroon (64%), Romania (52.8%) and the 
United States (38%).24-29 These differences may be ex-
plained by geographical variation, differences in study 
design, sample size, diagnostic methods, and circulat-
ing lineages.30 In the current investigation, the muta-
tion rate of the inhA gene was 8.3% (1/12), which is 
consistent with the study by Miotto et al.31 However, 
it was higher than in previous research carried out by 
Hamed et al.10 (3%), Solo et al.23 (2%) and Diande et 
al.32 (0%). Furthermore, the mutation rate of the inhA 
gene in this study was lower than that reported by Pin-
hata et al.33 (33%), Ayalew et al.34 (43%), Siddiqui et 
al.35 (17%) and Zurita et al.36 (20.2%). There were no 
combined mutations in inhA and katG, consistent 
with previous studies.10,37 In total, 75% (9/12) of the 
INH-R strains did not show any variation in the inhA 
or katG genes. This may be explained by mutations in 
other genes, including those that control katG expres-
sion (sigI and furA-katG intergenic region), ndh, oxyR, 
ahpC and kasA, or by the efflux system.34 In the present 
study, among 23 isolates of RIF-R, 30.4% of the rpoB 
gene mutations occurred at codon S531L, followed 
by 21.7% at codon L533P, 8.69% at codon H526T, 
and 4.3% at codon L511P. The presence of most mu-
tations at codon 531 has also been reported in other 
studies, consistent with our results.10,37 Two possible 
mechanisms can explain this higher frequency: first, 
there may be a higher genetic alteration at this codon; 
secondly, the occurrence of other substitutions in this 
region of the β-subunit of polymerase is less success-
ful.2 In the current research, a comparison was made 
between MDR and RIF monoresistant strains, which 
demonstrated a higher incidence of the S531L muta-
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tion in the former strains (37.5 % to 26.6%), which is 
consistent with some studies.38 Considering geograph-
ic regions, the prevalence of mutations in different co-
dons of the rpoB gene varies in drug-resistant MTB 
isolates.39 The observed differences may result from 
the administration of various drug analogues in dif-
ferent geographic regions, which provide a selective 
pressure for distinct genetic alterations.39 In this study, 
no double mutations in genes related to RIF resistance, 
which was in contrast to previous studies.2,32 Overall, 
there was no change in the sequenced region of 34.78% 
(8/23) of RIF-resistant isolates, most of which were re-
lated to RIF-monoresistant isolates (30.43%). It is nec-
essary to conduct additional studies to identify genetic 
variation beyond the rpoB RDRR or in other associat-
ed genes, such as rpoC and rpoA, that may contribute 
to rifampin resistance in these isolates.9 Our results re-
vealed that although these tests target resistance-asso-
ciated regions, a significant number of resistant isolates 
in our study lacked detectable mutations in the inhA, 
katG, and rpoB genes within these regions. This un-
derscores the need to complement ongoing molecular 
diagnostics with expanded genomic panels in regions 
like southwest Iran. According to WHO guidelines, 
genetic diagnostic assays, including GeneXpert MTB/
RIF and LIPA (Line Probe Assays), are recommended 
for the rapid detection of isoniazid and rifampin resis-
tance.40 GeneXpert MTB/RIF is also utilized to detect 
MTB and rifampicin resistance in Iran. DNA sequenc-
ing is highly accurate and can detect a wide range of 
mutations in antibiotic resistance genes across multi-
ple pathogens.41 Therefore, we used sequencing analy-
sis for the inhA, katG and rpoB genes. The geographic 
variability of mutations underscores the importance 
of region-specific molecular surveillance to inform 
local TB control strategies and diagnostic practices. 
Furthermore, the lack of detected mutations in some 
INH-R isolates could be explained by mutations in 
genes such as ahpC, ndh, and oxyR-ahpC, which were 
not included in the current analysis. Future studies in-
volving a broad range of genetic targets could better 
elucidate the complex mechanisms underlying isoni-
azid resistance. 

Study limitations 
This study had some limitations. These included a rela-
tively small number of resistant isolates, the lack of eval-
uation of other resistance-associated genes (such as ndh, 
oxyR-ahpC, and ahpC), the lack of clonal relatedness anal-
ysis, and the lack of whole genome sequencing (WGS) for 
isolates without mutations in the genes studied. Further-
more, the lack of clinical data, such as a relapse or treat-
ment failure, restricts the correlation of genetic mutations 
with phenotypic drug resistance. Another limitation was 
the lack of socio-demographic data. 

Conclusion 
The most prevalent mutation in INH resistant isolates 
was at codon 315 of katG. In RIF-resiatant isolates, the 
most prevalent mutation was at codon 531 of the rpoB 
gene. In a considerable number of isolates, mutations in 
katG, inhA, and rpoB were not found compared with de-
posited sequences available from NCBI GenBank. These 
results emphasize the significance of integrating region-
al mutation signatures into regional tuberculosis resis-
tance monitoring initiatives and customizing molecular 
diagnostics to detect additional resistance markers apart 
from katG, rpoB, and inhA genes.
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ABSTRACT
Introduction and aim. Inflammatory bowel disease (IBD) requires reliable noninvasive biomarkers for diagnosis and disease 
activity monitoring. Oncostatin M (OSM) and matrix metalloproteinase-9 (MMP-9) are implicated in intestinal inflammation and 
tissue remodeling, yet their combined diagnostic utility in IBD remains underexplored. The aim was to evaluate serum OSM 
and MMP-9 levels in Crohn’s disease (CD) and ulcerative colitis (UC) patients compared to healthy controls, and to assess their 
correlation with disease activity and diagnostic performance.
Material and methods. This cross-sectional study included 105 participants (35 CD, 35 UC, 35 controls). Serum OSM and MMP-
9 were measured by ELISA. Disease activity was evaluated using CDAI and the Total Mayo Score. ROC curve analysis evaluated 
diagnostic accuracy.
Results. Both OSM and MMP-9 were significantly elevated in CD and UC compared to controls (p=0.016 and p=0.006, re-
spectively), with progressive increases paralleling disease severity (p<0.001). For differentiating active from inactive CD, OSM 
demonstrated a high AUC of 0.951 (95% CI: 0.882–1.000) with 100% specificity (95% CI: 71.5%–100.0%). For active UC, MMP-9 
achieved an AUC of 0.85 (95% CI: 0.724–0.976) with 95.4% sensitivity (95% CI: 78.9%–99.9%).
Conclusion. OSM and MMP-9 exhibit complementary diagnostic profiles, with OSM excelling in CD activity assessment and 
MMP-9 in UC, supporting their combined clinical utility.
Keywords. biomarker, Crohn’s disease, inflammatory bowel disease, matrix metalloproteinase-9, oncostatin M, ulcerative colitis

Introduction
Inflammatory bowel disease (IBD), a term primarily en-
compassing Crohn’s disease (CD) and ulcerative colitis 
(UC), represents a group of chronic, relapsing inflam-
matory disorders of the gastrointestinal tract. Once con-
sidered a disease of Western nations, the 21st century 
has witnessed a dramatic shift in the global epidemiolo-
gy of IBD, with incidence and prevalence rates now ris-
ing in newly industrialized countries across Asia, Africa, 

and the Middle East.1,2 In the Middle East and North 
Africa (MENA) region, the age-standardized prevalence 
rate of IBD was estimated at 48.3 per 100,000 popula-
tion in 2019, with a significant increase in incidence ob-
served over the preceding three decades.3 This growing 
global burden underscores the urgent need for a deeper 
understanding of IBD pathogenesis and the identifica-
tion of reliable biomarkers to improve diagnosis, disease 
activity monitoring, and therapeutic management.
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The pathogenesis of IBD is multifactorial, involv-
ing a complex interplay between genetic susceptibility, 
environmental factors, and a dysregulated immune re-
sponse to the gut microbiota, all of which culminate in 
chronic intestinal inflammation and compromised mu-
cosal barrier function.4,5 The clinical management of 
IBD relies heavily on the accurate assessment of disease 
activity, which traditionally involves a combination of 
clinical scoring systems and invasive endoscopic proce-
dures. While endoscopy remains the gold standard for 
evaluating mucosal inflammation, its invasive nature, 
cost, and associated risks limit its utility for frequent 
monitoring.6 Consequently, there is a pressing need for 
non-invasive, accessible, and reliable serum biomarkers 
that can accurately reflect underlying intestinal inflam-
mation, differentiate between active and inactive dis-
ease, and potentially distinguish between CD and UC.

Currently used biomarkers such as C-reactive pro-
tein (CRP) and fecal calprotectin have significant lim-
itations. CRP, an acute-phase reactant, lacks specificity 
and may not be elevated in a substantial proportion of 
IBD patients, particularly those with mild or limited 
disease.7 Fecal calprotectin, while demonstrating good 
correlation with endoscopic activity, can be affected by 
other gastrointestinal conditions and may not be prac-
tical for all patients.8 This diagnostic gap has fueled the 
search for novel biomarkers that are more closely linked 
to the core pathophysiological mechanisms of IBD.

Oncostatin M (OSM), a pleiotropic cytokine be-
longing to the interleukin-6 (IL-6) family, has emerged 
as a key player in IBD pathogenesis.9 Produced predom-
inantly by activated myeloid cells such as macrophages 
and dendritic cells, OSM exerts its effects by signaling 
through receptor complexes involving the gp130 sub-
unit and either the OSM receptor β (OSMRβ) or the 
leukemia inhibitory factor receptor β (LIFRβ).10 Semi-
nal work by West et al. (2017) demonstrated that OSM 
and its receptor are highly upregulated in the inflamed 
intestinal mucosa of IBD patients, where they drive a 
pro-inflammatory phenotype in intestinal stromal cells, 
leading to the production of other inflammatory me-
diators and adhesion molecules.11 Subsequent studies 
have solidified the role of OSM as a potent biomarker 
of disease activity and, notably, as a predictor of non-re-
sponse to anti-tumor necrosis factor (TNF) therapies, 
highlighting its clinical relevance.12,13

Concurrently, matrix metalloproteinase-9 (MMP-9),  
a zinc-dependent endopeptidase, has been identified 
as a critical mediator of the tissue remodeling and de-
struction that characterize IBD.14 MMP-9, also known 
as gelatinase B, degrades various components of the ex-
tracellular matrix (ECM), including type IV collagen, a 
key structural component of the basement membrane.15 
This enzymatic activity contributes directly to the break-
down of the intestinal epithelial barrier. Mechanistically, 

MMP-9 has been shown to increase intestinal perme-
ability by disrupting tight junction proteins, a process 
mediated through the activation of the NF-κB pathway 
and myosin light chain kinase (MLCK).16,17 The result-
ing barrier dysfunction facilitates the translocation of 
luminal antigens into the mucosa, thereby perpetuating 
the inflammatory cycle. Consequently, MMP-9 levels 
are consistently found to be elevated in the serum and 
inflamed tissues of IBD patients, correlating with dis-
ease severity and tissue damage.18

While the biological link between OSM-induced 
MMP-9 expression is established19, a critical knowledge 
gap persists in its clinical application. Previous studies 
have typically investigated these markers in isolation, 
providing an incomplete picture of their coordinated 
role. The novelty of the present study is threefold and 
directly addresses these gaps: First, to our knowledge, 
no prior study has simultaneously measured and di-
rectly compared the diagnostic accuracy of both serum 
OSM and MMP-9 within the same IBD cohort, enabling 
a head-to-head evaluation of which biomarker offers su-
perior performance for specific disease states (CD vs. 
UC) and activity levels. Second, while previous studies 
have examined these markers individually, none have 
constructed a combined diagnostic model using logistic 
regression-derived predicted probabilities and formally 
tested incremental value via the DeLong method, which 
our study provides. Third, biomarker performance can 
be influenced by host genetics and unique environmen-
tal exposures. The dramatic rise in IBD incidence in the 
Middle East makes region-specific data essential3; this 
study provides the first population-specific data from 
Iraq, where IBD incidence is rising rapidly and where 
access to endoscopy is limited, making non-invasive 
biomarkers particularly relevant. By assessing both a 
primary inflammatory cytokine (OSM) and a key en-
zyme involved in tissue remodeling (MMP-9), our study 
provides a more holistic view of the pathophysiological 
processes driving disease activity

Aim
This study was designed to provide a comprehensive, 
comparative evaluation of serum OSM and MMP-9 in a 
well-characterized cohort of Iraqi patients with CD and 
UC, with the aim of generating novel, population-specif-
ic evidence to enhance non-invasive disease monitoring.

Material and methods
Study design and participants
This cross-sectional study was conducted at the Baby-
lon GIT Center, Merjan City Complex, and the Karba-
la Center for Gastrointestinal and Liver Diseases and 
Surgery in Iraq, Patient recruitment and sample col-
lection were carried out from June 2025 to November 
2025, while statistical analysis and manuscript prepa-
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ration were performed from December 2025 to Febru-
ary 2026. A total of 105 participants aged from 18–65 
years were enrolled and stratified into three groups: 35 
patients with a confirmed diagnosis of CD, 35 patients 
with a confirmed diagnosis of UC, and 35 apparently 
healthy individuals serving as a control group. IBD pa-
tients were enrolled prospectively from outpatient gas-
troenterology clinics and endoscopy units at both study 
centers. A purposive (quota) sampling strategy was em-
ployed to ensure balanced representation across disease 
activity strata (Remission/Mild/mild, moderate, and 
severe), as consecutive enrollment would have dispro-
portionately favored patients in remission/mild, limit-
ing statistical power for subgroup comparisons. Healthy 
controls were recruited from hospital staff, patient com-
panions, and community volunteers who met the in-
clusion criteria and underwent clinical screening to 
exclude inflammatory or autoimmune conditions. The 
diagnosis of IBD was established by consultant gastro-
enterologists based on a combination of clinical, endo-
scopic, radiological, and histopathological criteria.

Inclusion criteria for the IBD patient groups was an 
age between 18 and 65 years and a confirmed diagno-
sis of either CD or UC. Inclusion criteria for the con-
trol group were age- and sex-matched individuals with 
no history of IBD, other chronic inflammatory diseases, 
autoimmune disorders, or malignancy. Exclusion crite-
ria for all participants included pregnancy, acute infec-
tion, recent surgery (within the last three months), and 
the use of immunosuppressive medications other than 
those prescribed for IBD management.

Ethical considerations
The study was conducted in full accordance with the 
principles of the Declaration of Helsinki. Ethical ap-
proval was obtained from the Scientific Research Eth-
ics Committee at the College of Medicine, University of 
Babylon, Iraq (Reference No. 5-64, dated 18/09/2025). 
All participants were fully informed about the study ob-
jectives and procedures, and written informed consent 
was obtained from each individual prior to their enroll-
ment in the study.

Clinical assessment and disease activity
Demographic data, including age, sex, and residence, 
were collected from all participants. For IBD patients, 
clinical data including disease duration and current 
medications were recorded. Disease activity was as-
sessed at the time of sample collection using standard 
clinical indices. For Crohn’s disease, the Crohn’s Disease 
Activity Index (CDAI) was calculated,20,21 for ulcerative 
colitis, the Total Mayo Score (Schroeder et al.22; Rubin 
et al.23; range 0–12) was used. For the purposes of this 
study, patients were classified into three pragmatic se-
verity tiers: remission/mild/mild (CDAI <220 for CD; 

Total Mayo Score 0–5 for UC), moderate (CDAI 220–
450; Mayo 6-10), and severe (CDAI >450; Mayo 11–12). 
This three-tier classification was adopted because no 
CD patients fell within the mild CDAI range (150–219), 
and UC patients with Mayo scores of 2–5 overlap be-
tween conventional remission/mild and mild categories. 
The rationale for this pragmatic grouping and its impli-
cations are discussed in the Discussion section.

Sample collection and processing
Following an overnight fast of 8–10 hours, a 5 mL ve-
nous blood sample was collected from each participant 
into a plain tube. The blood samples were allowed to clot 
at room temperature for 30 minutes and then centri-
fuged at 3000 rpm for 10 minutes. The resulting serum 
was carefully aspirated, aliquoted into sterile Eppendorf 
tubes, and stored at -20°C. All samples were analyzed 
within six months of collection. This storage condition 
and duration are in accordance with the ELISA kit man-
ufacturer’s guidelines, which confirm biomarker stabili-
ty for up to one year at -20°C, and are further supported 
by literature demonstrating the stability of cytokines like 
OSM and MMP-9 in appropriately handled serum sam-
ples.24,25 Aliquoting and a single freeze-thaw cycle were 
used to prevent degradation of the target biomarkers.

Biochemical analysis
Routine inflammatory markers
Serum C-reactive protein (CRP) levels were quantita-
tively determined using a latex-enhanced immunotur-
bidimetric assay on the Abbott ARCHITECT c4000 
clinical chemistry analyzer (Abbott Diagnostics, Abbott 
Park, IL, USA). Complete blood count (CBC), including 
total white blood cell (WBC) count, was performed us-
ing a Sysmex automated hematology analyzer (Sysmex 
Corporation, Kobe, Japan). The erythrocyte sedimenta-
tion rate (ESR) was measured using the standard West-
ergren method.

Serum OSM and MMP-9 measurement
Serum levels of OSM and MMP-9 were quantified using 
commercially available sandwich enzyme-linked immu-
nosorbent assay (ELISA) kits according to the manufac-
turer’s instructions.

	– OSM: the Human Oncostatin-M ELISA Kit (Cat. No. 
E1663Hu, BT LAB, Jiaxing, China) was used. This as-
say has a detection range of 10–4000 ng/L, a sensitivi-
ty of 5.93 ng/L, and intra- and inter-assay coefficients 
of variation (CV) of <8% and <10%, respectively.

	– MMP-9: the Human Matrix Metalloproteinase 9 
(MMP-9) ELISA Kit (Cat. No. E0936Hu, BT LAB, 
Jiaxing, China) was used. This assay has a detection 
range of 30–9000 ng/L, a sensitivity of 15.12 ng/L, 
and intra- and inter-assay CVs of <8% and <10%, 
respectively.
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Statistical analysis
Statistical analysis for this study was performed using 
SPSS Software, version 26, and MedCalc Software, ver-
sion 23.1 (IBM, Armonk, NY, USA). Normality tests 
for continuous data were tested by using the Kolmogor-
ov-Smirnov test. Comparisons between groups were con-
ducted using an independent t-test for two continuous 
variables, Kruskal-Wallis test for non-normal distribut-
ed variables, One way ANOVA test for normal distribut-
ed variables, and chi square for categorical data. Pearson 
correlation analysis was used to assess the association be-
tween variables. Additionally, Receiver operating charac-
teristic (ROC) curve analysis was performed to evaluate 
the diagnostic performance of the biomarkers, and the 
area under the curve (AUC) was calculated. Optimal cut-
off values were determined using the Youden index (J=-
sensitivity+specificity–1). A combined biomarker model 
was also constructed using logistic regression incorporat-
ing both OSM and MMP-9 to generate predicted prob-
abilities, which were then subjected to ROC analysis. 
The AUC of the combined model was compared to the 
AUC of each individual marker using the DeLong meth-
od. Two multivariable logistic regression models were 
constructed. The first (Table 9) included only OSM and 
MMP-9 to evaluate their mutual adjustment. The second, 
expanded model (Table 9b) incorporated OSM, MMP-
9, CRP, ESR, WBC, BMI, sex, and age to assess whether 
the biomarkers retained independent predictive value af-
ter adjustment for established inflammatory and demo-
graphic variables. Variables were selected a priori based 
on their established clinical relevance in IBD assessment. 
Multicollinearity was assessed using the variance infla-
tion factor (VIF), with values <5 considered acceptable. 
A p-value of<0.05 was considered statistically significant 
for all tests.

Results
Table 1 presents the baseline demographic and clinical 
characteristics of the study population (n=105), divid-
ed equally into CD, UC, and healthy control groups. No 
statistically significant differences were observed among 
the three groups regarding age (p=0.073), sex distribu-
tion (p=0.240), BMI (p=0.156), or residence (p=0.36).

Among the IBD groups, disease duration was com-
parable between CD and UC patients (p=0.79), and 
disease severity distribution did not differ significant-
ly (p=0.90).

Table 2 compares inflammatory markers among 
the three study groups. CRP levels (median, IQR) were 
significantly different across groups (Kruskal–Wallis, 
p=0.0001), with the highest levels observed in the CD 
group, followed by the UC group, while controls showed 
minimal values.

ESR also differed significantly among groups (one-
way ANOVA, p=0.001), with both CD and UC patients 

demonstrating markedly higher mean values compared 
to controls.

Table 1. Demographic and clinical characteristics of study 
groups*

Characteristic CD (n=35) UC (n=35)
Control 
(n=35)

p

Age (years)
Mean±SD 26.4±9.23 32.2±12.31 31.2±11.53 0.073O

Range 18.0–59.0 18.0–65.0 18.0–56.0

Sex
Male, n (%) 23 (65.7 %) 16 (45.7 %) 19 (54.23 %)

0.240C

Female, n (%) 12 (34.3 %) 19 (54.3 %) 16 (45.7 %)

BMI (kg/m2) Mean±SD 24.0±4.40 24.7±5.38 26.6±3.16 0.156O

Duration 
of disease 
(years)

Mean±SD 1.9±1.3 2.1±1.3
0.79I

Range 0.3–5.0 0.3–6.0 –

Severity of 
disease

CDAI score
Total Mayo 

score
–

0.90C

Remission/Mild, n (%)
Median (Range)

11 (31.4 %)
98 (42–145)

11 (31.4 %)
1 (0–2)

–

Moderate, n (%)
Median (Range)

13 (37.2 %)
305 (225–420)

13 (37.2 %)
8 (6–10)

–

Severe, n (%)
Median (Range)

11 (31.4 %)
510 (455–585)

11 (31.4 %)
12 (11–12)

–

Residence
Rural, n (%) 11 (31.4 %) 12 (34.3 %) 17 (48.5 %)

0.36C

Urban, n (%) 24 (68.6 %) 23 (65.7 %) 18 (51.5 %)

Current 
medications, 
n (%)

5-ASA/Mesalazine 20 (57.1%) 30 (85.7%) - 0.017C

Corticosteroids 17 (48.6%) 14 (40.0%) - 0.623C

Immunomodulators 
(AZA/6-MP)

10 (28.6%) 8 (22.9%) - 0.784C

Biologics (anti-TNF) 6 (17.1%) 2 (5.7%) - 0.257C

* O – one way ANOVA test, C – Chi square test, I – 
Independent t test, n=sample number

Similarly, WBC count showed a statistically signif-
icant difference (p=0.013), with elevated levels in both 
IBD groups relative to healthy controls.

Table 2. Comparison of inflammatory markers of study 
groups*

Characteristic
CD

(n=35)
UC

(n=35)
Control
(n=35)

p

CRP (mg/L)
(Median±IQR)

13.2 (4.5–30.1) 7.5 (4.9–9.7) 0.7 (0.2–1.45) 0.0001K

ESR (mm/h)
(Mean±SD)

31.5±19.1 25.9±13.5 5.8±2.2 0.001O

WBC (x10^3/uL)
(Mean±SD)

8.3±3.1 9.11±4.5 6.7±1.4 0.013O

* K – Kruskal-Wallis test for non-normal distribution, O – one 
way ANOVA test for normal distribution

Table 3 presents the comparison of serum OSM and 
MMP-9 levels among the three groups. Serum OSM 
levels differed significantly (p=0.016), with the highest 
mean values observed in the CD group, followed by the 
UC group, and the lowest levels in controls.

Similarly, serum MMP-9 levels showed a signifi-
cant difference across groups (p=0.006), demonstrating 
a progressive increase from controls to UC and CD pa-
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tients, with the CD group exhibiting the highest mean 
concentration.

Table 3. Comparison of OSM and MMP-9 of study groups*

Characteristic
CD

(n=35)
UC

(n=35)
Control
(n=35)

p

OSM (ng/L) (Mean±SD) 446.3±142.8 418.0±76.4 364.6±88.5 0.016

MMP-9 (ng/L) (Mean±SD) 1018±347 987±279 781±146 0.006

 * Data are presented as mean±SD, n=sample number

Table 4 shows serum OSM and MMP-9 levels ac-
cording to disease severity within each IBD subtype.

In Crohn’s disease, OSM levels increased significant-
ly across Remission/Mild, moderate, and severe stag-
es (p<0.001), with all pairwise comparisons remaining 
significant, indicating a clear severity-dependent trend. 
MMP-9 levels also differed significantly (p=0.001); how-
ever, post hoc analysis showed that while Remission/
Mild differed from both moderate and severe stages, the 
latter two did not differ significantly, suggesting a pla-
teau effect at moderate disease activity.

In ulcerative colitis, both OSM and MMP-9 demon-
strated a significant stepwise increase with advancing 
severity (p<0.001 for both), with all pairwise compar-
isons remaining significant.

Table 4. Comparison of parameters based on severity of 
Crohn’s disease and ulcerative colitis diseases*

Disease Variable Stage n Mean±SD p

CD

OSM (ng/L)

Remission/mild 11 303.2±68.5A

<0.001Moderate 13 435.2±73.9B

Severe 11 575.3±142.1C

MMP-9 (ng/L)

Remission/mild 11 806±243A

0.001Moderate 13 1099±235B

Severe 11 1176±236B

UC

OSM (ng/L)

Remission/mild 11 355.4±56.7A

<0.001Moderate 13 428.0±51.7B

Severe 11 501.0±44.9C

MMP-9 (ng/L)

Remission/mild 11 788.6±127.7A

<0.001Moderate 13 1037±92.93B

Severe 11 1343±292.3C

* one way ANOVA test, capital letters A, B and C were used 
to indicate the level of significance following Tukey’s 
multiple comparisons test so that similar letters indicate no 
significant difference, whereas the different letters indicate 
significant difference

Table 5 compares serum OSM and MMP-9 levels ac-
cording to sex within each IBD subtype. In Crohn’s dis-
ease, OSM levels were higher in males than females, but 
the difference was not statistically significant (p=0.377). 
In contrast, MMP-9 levels were significantly elevated in 
males compared to females (p=0.048). In ulcerative coli-
tis, no significant sex-based differences were observed 
for either OSM (p=0.491) or MMP-9 (p=0.191).

Table 5. Comparison of OSM and MMP-9 according to sex 
subgroups in Crohn’s disease and ulcerative colitis*

Variable
CD UC

Male 
(n=23)

Female 
(n=12)

p
Male 

(n=16)
Female 
(n=19)

p

OSM (ng/L) (Mean±SD) 462.3±142 412.9±134 0.377 407.7±54 427.7±93 0.491

MMP-9 (ng/L) (Mean±SD) 1072±233 815±304 0.048 975±181 1119±391 0.191

* data are presented as mean±SD, p comparing male vs 
female within each disease group, n=sample number

Table 6 presents Pearson correlation analyses be-
tween disease activity indices and the studied biomark-
ers. In Crohn’s disease, CDAI showed a strong positive 
correlation with OSM (r=0.761, p<0.001) and a moder-
ate positive correlation with MMP-9 (r=0.462, p=0.005). 
A significant positive correlation was also observed be-
tween OSM and MMP-9 (r=0.584, p<0.001).

In ulcerative colitis, the Total Mayo Score correlat-
ed strongly with OSM (r=0.670, p<0.001) and moder-
ately-to-strongly with MMP-9 (r=0.613, p<0.001). The 
strongest correlation observed was between OSM and 
MMP-9 in UC (r=0.766, p<0.001).

Table 6. Correlation analysis between disease activity 
indices and biochemical parameters in Crohn’s disease and 
ulcerative colitis*
Crohn’s disease (CDAI)

Variable CDAI OSM (ng/L) MMP-9 (ng/L)

CDAI r 0.761 0.462

p 0.000 0.005

OSM (ng/L) r 0.761** 0.584

p 0.000 0.000

MMP-9(ng/L) r 0.462 0.584

p 0.005 0.000

Ulcerative colitis (Total Mayo score)

Variable
Total Mayo 

score
OSM (ng/L) MMP-9(ng/L)

Total Mayo score r 0.670 0.613

p 0.000 0.000

OSM (ng/L) r 0.670 0.766

p 0.000 0.000

MMP-9 (ng/L) r 0.613 0.766

p 0.000 0.000

* r – Pearson correlation coefficient, ** – correlation is 
significant at the 0.01 level (2-tailed), p-values are two-tailed

Figure 1 illustrates the correlation analyses through 
scatter plots with fitted regression lines. The plots 
demonstrate strong positive associations between OSM 
and disease activity indices in both CD and UC, and 
comparatively weaker – though still significant – associ-
ations for MMP-9.

Table 7 presents the ROC curve analysis evaluating 
the diagnostic performance of OSM and MMP-9 in dis-
tinguishing IBD patients from healthy controls.
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Table 7. Diagnostic performance of OSM and MMP-9 based 
on ROC curve analysis (Crohn’s disease and ulcerative 
colitis vs control)*

Variables CD vs control UC vs control

OSM (ng/L)

Cut-off >334.8 >334.8

Sensitivity (%) 81.6 (66.4–93.4) 76.3 (59.9–89.6)

Specificity (%) 71.4 (53.7–85.4) 71.4 (53.7–85.4)

AUC 0.69 (0.566–0.814) 0.68 (0.555–0.805)

p 0.0086 0.0148

MMP-9 (ng/L)

Cut-off >867.7 >867.7

Sensitivity (%) 73.1 (56.7–87.5) 78.1 (59.9–89.6)

Specificity (%) 83.3 (66.4–93.4) 83.3 (66.4–93.4)

AUC 0.76 (0.647–0.873) 0.82 (0.720–0.920)

p 0.0004 <0.0001

* ROC – receiver operating characteristic, AUC – area under 
the curve, sensitivity and specificity are expressed as 
percentages, cut-off values are shown as ‘greater than’

OSM (>334.8 ng/L) demonstrated moderate dis-
criminatory ability for CD (AUC=0.69, p=0.0086; sen-
sitivity 81.6%, specificity 71.4%) and UC (AUC=0.68, 
p=0.0148; sensitivity 76.3%, specificity 71.4%). MMP-9 
(>867.7 ng/L) showed superior diagnostic performance. 
For CD, the AUC was 0.76 (p=0.0004) with 73.1% sen-
sitivity and 83.3% specificity. For UC, MMP-9 achieved 

the highest accuracy (AUC=0.82, p<0.0001), with 78.1% 
sensitivity and 83.3% specificity.

Figure 2 illustrates the ROC curves of OSM for CD 
and UC versus controls. Both curves lie modestly above 
the reference line, consistent with the moderate AUC 
values. The curve for CD is slightly superior to that for 
UC, confirming marginally better discrimination of CD. 
Overall, the plots reflect acceptable but limited stand-
alone diagnostic.

Figure 3 shows the ROC curves of MMP-9 for CD 
and UC versus controls. Both curves demonstrate great-
er displacement toward the upper-left corner compared 
with OSM, indicating superior diagnostic performance. 
The UC curve lies above the CD curve, visually confirm-
ing the highest AUC (0.82) for UC discrimination. 

Table 8 evaluates the diagnostic performance of 
OSM and MMP-9 in differentiating active from inactive 
disease within each IBD subtype.

In CD, OSM demonstrated excellent accuracy 
(AUC=0.951, p<0.0001). At a cutoff >390.2 ng/L, sen-
sitivity was 82.6% and specificity reached 100%, indi-
cating outstanding ability to confirm active disease. In 
UC, OSM showed lower discriminatory performance 
(AUC=0.68, p<0.0001), with 66.6% sensitivity and 100% 
specificity at a cutoff >430.9 ng/L. MMP-9 showed good 
performance in CD (AUC=0.82, p=0.0002), with 86.6% 
sensitivity and 72.7% specificity at a cutoff >930 ng/L. 

Fig. 1. Correlation of CDAI and Total Mayo score with OSM and MMP-9
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In UC, MMP-9 achieved strong diagnostic accuracy 
(AUC=0.85, p<0.0001), with high sensitivity (95.4%) 
and specificity (90.0%) at a cutoff >917 ng/L.

Fig. 2. ROC curve analysis of OSM for discriminating 
Crohn’s disease and ulcerative colitis from controls

Fig. 3. ROC curve analysis of MMP-9 for discriminating 
Crohn’s disease and ulcerative colitis from controls

Table 8. Diagnostic performance of OSM and MMP-9 in 
differentiating active from inactive disease (Crohn’s disease 
and ulcerative colitis)*

Variables Active CD vs inactive Active UC vs inactive
OSM (ng/L)

Cut-off >390.2 >430.9
Sensitivity (%) 82.6 (62.6–95.3) 66.6 (44.7–84.4)
Specificity (%) 100 (71.5–100.0) 100 (71.5–100.0)
AUC 0.951 (0.882–1.000) 0.68 (0.497–0.863)
p <0.0001 <0.0001

MMP-9 (ng/L)
Cut-off >930 >917
Sensitivity (%) 86.6 (67.6–97.3) 95.4 (78.9–99.9)
Specificity (%) 72.7 (39.0–94.0) 90.0 (58.7–99.8)
AUC 0.82 (0.681–0.959) 0.85 (0.724–0.976)
p 0.0002 <0.0001

 * ROC – receiver operating characteristic, AUC – area 
under the curve, sensitivity and specificity are expressed 
as percentages, cut-off values are shown as ‘greater than’, 
inactive=remission/mild, active=moderate+severe

The multivariable logistic regression analysis was 
performed to evaluate the independent predictive value 
of Oncostatin M (OSM) and MMP-9 for Crohn’s disease 
and ulcerative colitis as shown in Table 9.

Table 9a. Multivariable logistic regression of OSM and 
MMP-9 for predicting Crohn’s disease and ulcerative colitis*

Outcome Variable β coefficient Odds ratio (OR) 95% CI for OR p

CD
OSM -0.007 0.993 0.986 – 0.999 0.047

MMP-9 0.006 1.006 1.002 – 1.010 0.002

UC
OSM 0.004 1.004 0.999 – 1.009 0.096

MMP-9 0.0004 1.000 0.999 – 1.000 0.066

* OR – odds ratio, CI – confidence interval, β coefficients 
are from multivariable logistic regression models, p are 
two-tailed, the inverse association of OSM in the Crohn’s 
disease model may be due to multicollinearity with MMP-9

Table 9b. Expanded multivariable logistic regression 
including clinical and demographic variables

CD vs control
Variable Beta OR (95% CI) p VIF

OSM 0.004 0.996 (0.987–1.005) 0.385 2.3
MMP-9 0.005 1.005 (1.001–1.010) 0.012* 1.9

CRP 0.021 1.021 (0.988–1.055) 0.218 2.6
ESR 0.014 1.014 (0.981–1.048) 0.412 2.4

WBC 0.098 1.103 (0.897–1.356) 0.351 1.5
BMI -0.038 0.963 (0.847–1.095) 0.564 1.2

Sex (male) 0.587 1.798 (0.389–8.312) 0.454 1.1
Age 0.009 1.009 (0.964–1.056) 0.698 1.3

UC vs control
Variable Beta OR (95% CI) p VIF

OSM 0.001 1.001 (0.994–1.008) 0.762 2.5
MMP-9 0.003 1.003 (0.999–1.007) 0.052 2.1

CRP 0.025 1.025 (0.993–1.058) 0.124 2.7
ESR 0.011 1.011 (0.979–1.044) 0.502 2.3

WBC 0.081 1.084 (0.889–1.322) 0.428 1.4
BMI -0.028 0.972 (0.861–1.098) 0.649 1.2

Sex (male) 0.421 1.524 (0.362–6.418) 0.567 1.1
Age 0.006 1.006 (0.962–1.052) 0.791 1.3

* p<0.05, all VIF values<3, indicating acceptable 
multicollinearity, OR – odds ratio, CI – confidence interval, 
VIF – variance inflation factor, note: MMP-9 remained 
an independent predictor of CD after adjustment for 
all clinical and demographic covariates (p=0.012), in 
UC, MMP-9 showed a borderline association (p=0.052), 
suggesting partial confounding by CRP, OSM did not 
reach significance in either model after full adjustment, 
consistent with the original, Table 9 findings and the 
known multicollinearity between OSM and MMP-9

For Crohn’s disease, both biomarkers demonstrated 
statistically significant associations in the multivariable 
model. OSM showed a negative association with dis-
ease occurrence (β=−0.007, OR=0.993, 95% CI: 0.986–
0.999, p=0.047), indicating a slight inverse relationship 
after adjustment for MMP-9. In contrast, MMP-9 was 
positively associated with Crohn’s disease (β=0.006, 
OR=1.006, 95% CI: 1.002–1.010, p=0.002), suggesting 
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that increasing MMP-9 levels independently increase 
the odds of disease. Although the effect sizes (ORs) are 
close to 1, this is expected when the predictor is mea-
sured on a fine-grained continuous scale (ng/L). The OR 
represents the change in odds per 1 ng/L increase; given 
that MMP-9 concentrations in our cohort ranged from 
approximately 200 to over 5000 ng/L, the cumulative ef-
fect over clinically relevant concentration differences is 
substantial. For example, an OR of 1.006 per ng/L trans-
lates to an OR of approximately 1.82 per 100 ng/L in-
crease (1.006^100), and an OR of approximately 20.1 
per 500 ng/L increase (1.006^500). Therefore, while the 
per-unit ORs appear modest, they reflect meaningful bi-
ological associations when interpreted in the context of 
the biomarkers’ actual measurement range. Neverthe-
less, these regression-based effect sizes should be in-
terpreted alongside the ROC-based diagnostic metrics 
(Tables 7-8), which provide more clinically intuitive 
measures of discriminatory performance.

For ulcerative colitis, neither OSM nor MMP-9 
reached statistical significance in the multivariable model. 
OSM showed a borderline positive association (β=0.004, 
OR=1.004, 95% CI: 0.999–1.009, p=0.096), while MMP-
9 also demonstrated a borderline but non-significant as-
sociation (β=0.0004, OR=1.000, 95% CI: 0.999–1.000, 
p=0.066). The confidence intervals for both variables in-
clude 1, indicating a lack of independent predictive value 
for ulcerative colitis after adjustment.

Table 10. Combined ROC analysis of OSM and MMP-9 for 
differentiating active from inactive disease

Comparison
OSM  

alone AUC
MMP-9  

alone AUC
Combined AUC 

(95% CI)
DeLong 

p

Active CD vs inactive 0.951 0.820 0.958 (0.895–1.000) 0.68

Active UC vs inactive 0.680 0.850 0.890 (0.783–0.997) 0.04

* values are area under the curve (AUC) unless otherwise 
indicated, combined model results are reported as AUC 
(95% confidence interval), DeLong p are presented as 
reported in the manuscript excerpt for comparison of ROC 
curves, inactive=remission/mild, active=moderate+severe, 
ROC – receiver operating characteristic, AUC – area under 
the curve, CI – confidence interval

Combined biomarker analysis
To evaluate the incremental diagnostic value of com-
bining OSM and MMP-9, a logistic regression mod-
el incorporating both biomarkers was constructed and 
subjected to ROC analysis (Table 10). A multivari-
able logistic regression model was constructed using 
both biomarkers as independent variables. The pre-
dicted probabilities from this model were then used to 
generate a composite ROC curve, and the AUC of the 
combined model was formally compared to each indi-
vidual marker using the DeLong test for correlated ROC 
curves (Table 10).

Discussion
The present study investigated the utility of serum OSM 
and MMP-9 as biomarkers for IBD in an Iraqi cohort, 
revealing their significant elevation in both CD and 
UC patients compared to healthy controls. Our find-
ings demonstrate that both markers correlate strongly 
with disease activity and exhibit distinct diagnostic ca-
pabilities, highlighting their potential roles in the clini-
cal management of IBD.

Our results showed that serum OSM was signifi-
cantly elevated in both CD and UC patients, with the 
highest levels observed in the CD group (Table 3). This 
aligns with a growing body of international literature 
identifying OSM as a key cytokine in IBD pathogene-
sis.11,26 A recent meta-analysis by Yang et al. confirmed 
that OSM is consistently upregulated in IBD patients 
and correlates with disease severity.9 Our findings are 
also consistent with a recent Iraqi study by Karwi et al., 
who reported significantly elevated serum OSM in a co-
hort of 93 IBD patients from Baghdad, with levels in-
creasing alongside disease activity.27 Another Iraqi study 
by Saleh et al. also utilized OSM as a biomarker in their 
investigation of infliximab trough levels in CD patients, 
further establishing its relevance in the local context.28

The mechanistic basis for OSM’s role in IBD is 
well-established. OSM, a member of the IL-6 cytokine 
family, signals through the OSMR/gp130 receptor com-
plex, which is highly expressed on intestinal stromal 
cells.11 This signaling cascade triggers the production of 
pro-inflammatory cytokines (e.g., IL-6), adhesion mole-
cules (e.g., ICAM1), and chemokines, which orchestrate 
the recruitment of neutrophils, monocytes, and T-cells 
to the site of inflammation, thereby perpetuating the in-
flammatory response.11,29

A notable finding of our study was the high diag-
nostic performance of OSM in differentiating active 
from inactive Crohn’s disease. At a cutoff of >390.2 
ng/L, OSM demonstrated an AUC of 0.951 (95% 
CI: 0.882–1.000) with a specificity of 100% (95% CI: 
71.5%–100.0%) and a sensitivity of 82.6% (95% CI: 
62.6%–95.3%) (Table 8). However, this 100% specifici-
ty estimate is likely inflated and should be interpreted 
with considerable caution, as it was derived from a small 
inactive subgroup of only 11 patients; the wide confi-
dence interval (71.5%–100%) underscores the statistical 
instability of this point estimate, and external validation 
in larger cohorts is required before any firm conclu-
sions can be drawn. Importantly, these associations are 
cross-sectional in nature and do not establish whether 
elevated OSM levels can predict future relapse, treat-
ment response, or long-term disease progression; these 
questions require dedicated longitudinal investigation. 
This aligns with the seminal work by West et al. (2017) 
in Nature Medicine, which not only established OSM 
as a driver of intestinal inflammation but also as a pre-
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dictor of non-response to anti-TNF therapy.11 Notably, 
West et al. also demonstrated that mucosal OSM expres-
sion correlates with histological inflammation severity, 
supporting a biological link between serum OSM and 
tissue-level disease activity. However, our study used 
clinical indices (CDAI) rather than endoscopic or his-
tological subscores, and therefore the direct relationship 
between serum OSM and mucosal healing endpoints 
remains to be established in our population. Nonethe-
less, these preliminary findings suggest that OSM could 
serve as a potentially reliable “rule-in” marker for active 
CD, a hypothesis that warrants confirmation in larger, 
adequately powered studies. Our data, showing a clear, 
stepwise increase in OSM with CD severity (Table 4), 
further support its role as a sensitive indicator of disease 
activity. In contrast, while OSM was also elevated in UC, 
its diagnostic accuracy for active disease was consider-
ably lower, with an AUC of 0.68 (95% CI: 0.497–0.863), 
suggesting its utility may be more specific to CD.

Our study also found that serum MMP-9 was sig-
nificantly elevated in both CD and UC patients, cor-
relating positively with disease activity indices (Table 3, 
Table 6). This is consistent with numerous studies glob-
ally and locally. An Iraqi study by Khudhur et al. on 
60  UC patients in Kirkuk reported significantly ele-
vated serum MMP-9 that correlated with both disease 
extension and endoscopic severity, with high AUC of 
0.932 for diagnosing UC,30 providing evidence that se-
rum MMP-9 reflects endoscopic disease activity. While 
our study did not directly correlate MMP-9 with endo-
scopic subscores, the strong correlation with the Total 
Mayo Score which incorporates an endoscopic compo-
nent  provides indirect support for this relationship. Our 
findings in UC, with an AUC of 0.82 for diagnosis and 
0.85 for activity, strongly corroborate their results. An-
other Iraqi study by Al-Abassi et al. also highlighted the 
elevation of inflammatory cytokines in IBD, which are 
known to drive MMP-9 expression.31

The role of MMP-9 in IBD pathogenesis is primari-
ly linked to its function as a zinc-dependent endopepti-
dase that degrades components of the ECM, particularly 
type IV collagen, a key component of the basement mem-
brane.32,33 This enzymatic activity contributes directly to 
the breakdown of the intestinal epithelial barrier. Stud-
ies by Nighot et al. and Al-Sadi et al. have demonstrated 
that MMP-9 increases intestinal tight junction permea-
bility, a critical event in the initiation and perpetuation 
of intestinal inflammation, by activating the NF-κB and 
MLCK pathways.16,17 Furthermore, MMP-9 can regulate 
goblet cell differentiation, altering the protective mucus 
layer and further compromising mucosal defense.34

Our results highlight the complementary diagnos-
tic utility of MMP-9. While OSM was superior for as-
sessing CD activity, MMP-9 demonstrated excellent 
performance in diagnosing UC (AUC=0.82, 95% CI: 

0.720–0.920) and, most notably, in detecting active UC, 
with an AUC of 0.85 (95% CI: 0.724–0.976), a sensi-
tivity of 95.4% (95% CI: 78.9–99.9%), and a specific-
ity of 90.0% (95% CI: 58.7–99.8%) (Table 7, Table 8). 
This high sensitivity suggests MMP-9 could be an effec-
tive screening tool for disease flares in UC patients. This 
aligns with findings from Shamseya et al., who conclud-
ed that serum MMP-9 can effectively differentiate be-
tween active and inactive IBD.35 To contextualize our 
findings within the existing literature, we compared our 
diagnostic metrics with previously reported values. For 
OSM, Cao, et al.36 developed a chemiluminescence im-
munoassay and reported AUC values of 0.843 for iden-
tifying IBD patients without mucosal healing and 0.898 
for predicting infliximab non-response. Bertani, et al.37 
demonstrated that baseline serum OSM predicted mu-
cosal healing in Crohn’s disease patients treated with 
infliximab with an AUC of 0.91 (95% CI 0.81-1.00), sig-
nificantly outperforming fecal calprotectin (AUC=0.51). 
More recently, Jucan, et al.38 reported that serum OSM 
demonstrated excellent diagnostic accuracy for histo-
logical activity in UC (AUC=0.967) and good perfor-
mance for endoscopic activity (AUC=0.756) and clinical 
activity (AUC=0.738). Our OSM AUC values for disease 
activity discrimination in CD (0.951) and UC (0.943) 
are consistent with these findings and fall within the 
range reported in the literature.

For MMP-9, Ghweil, et al.39 reported an AUC of 
0.941 for serum MMP-9 in differentiating active from 
inactive UC (sensitivity 100%, specificity 82.6%, cut-
off 4.5 ng/mL) . Yablecovitch, et al.40 found that serum 
MMP-9 predicted clinical relapse in quiescent Crohn’s 
disease with an AUC of 0.72 (95% CI 0.56–0.88). Czaj-
kowska, et al.41 reported serum MMP-9 AUC values of 
0.712–0.75 for UC diagnosis and severity assessment in 
pediatric patients. Shamseya, et al.35 confirmed that se-
rum MMP-9 effectively differentiated active from inac-
tive IBD with AUC values exceeding 0.89. Our MMP-9 
AUC values (0.82–0.85 for disease activity) are compa-
rable to these published findings. Critically, our study 
adds to this literature by providing the first simulta-
neous, head-to-head comparison of both biomarkers 
within the same cohort, revealing their complementary 
diagnostic profiles, a finding that could not be derived 
from studies examining each marker in isolation.

A significant finding of our study was the strong 
positive correlation between OSM and MMP-9 levels 
in both CD (r=0.584) and UC (r=0.766) (Table 6). This 
statistical link is supported by a direct biological mech-
anism, as studies have shown that OSM can directly up-
regulate the expression of MMP-9 in various cell types, 
including smooth muscle cells, via the MEK-ERK path-
way.42 This suggests a synergistic relationship where 
OSM-driven inflammation promotes the expression of 
MMP-9, which in turn contributes to tissue damage and 
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further inflammation, creating a vicious cycle of intes-
tinal injury.

Our study also unveiled an interesting sex-related 
difference, with male CD patients exhibiting significant-
ly higher MMP-9 levels than their female counterparts 
(Table 5). The reasons for this are not fully understood 
but may relate to hormonal influences on immune re-
sponses or differences in disease phenotype between 
sexes, as reviewed by Goodman et al. and Rustgi et al.43,44 
While some studies, such as that by Matusiewicz et al.45, 
found no gender differences in MMP-9, our finding 
warrants further investigation as it may have implica-
tions for personalized risk stratification.

An important methodological consideration is the 
asymmetry in disease activity classification between CD 
and UC. In our CD cohort, no patients fell within the 
conventional mild CDAI range (150–219), resulting in a 
remission/mild group composed exclusively of patients 
in clinical remission (CDAI <150). In contrast, the UC 
remission/mild group (Total Mayo score 0–5) likely in-
cluded patients with mild endoscopic activity (Mayo 
2–5), who may not be in true clinical remission. This 
classification difference has important implications for 
interpreting the diagnostic performance of our biomark-
ers. The exceptionally high specificity of OSM for active 
CD (100%) may be partly attributable to the fact that the 
inactive CD comparator group consisted entirely of pa-
tients in deep clinical remission, creating a clearer bio-
chemical separation from active disease. Conversely, the 
high sensitivity of MMP-9 for active UC (95.4%) may 
reflect the inclusion of mildly active patients in the inac-
tive comparator group, which could lower the threshold 
for detecting a difference. Future studies should employ 
standardized, internationally harmonized severity clas-
sifications to enable more precise subgroup analyses.

To further evaluate the independent predictive val-
ue of OSM and MMP-9, an expanded multivariable lo-
gistic regression model was constructed incorporating 
CRP, ESR, WBC, BMI, sex, and age as covariates (Ta-
ble 9b). Multicollinearity assessment revealed all VIF 
values below 3 (range 1.1–2.7), indicating acceptable 
collinearity levels. In this fully adjusted model, MMP-
9 retained its significant positive association with CD 
(OR=1.005, 95% CI: 1.001–1.010, p=0.012), confirming 
its independent predictive value after adjustment for es-
tablished inflammatory markers and demographic vari-
ables. In UC, MMP-9 showed a borderline association 
(OR=1.003, 95% CI: 0.999–1.007, p=0.052), suggesting 
partial confounding by CRP. OSM did not reach statisti-
cal significance for either condition after full adjustment 
(CD: p=0.385; UC: p=0.762). The loss of OSM signif-
icance in the expanded model may reflect its moder-
ate correlation with MMP-9 (r=0.584 in CD, r=0.766 in 
UC) and with CRP, leading to coefficient attenuation in 
the presence of multiple correlated predictors. Impor-

tantly, the inverse association of OSM observed in the 
original two-variable CD model (Table 9, OR=0.993, 
p=0.047) was no longer present in the expanded model 
(OR=0.996, p=0.385), supporting the interpretation that 
this finding was an artifact of collinearity rather than a 
true biological effect. None of the conventional inflam-
matory markers (CRP, ESR, WBC) reached significance 
in either model, likely due to shared variance with the 
novel biomarkers. These results suggest that MMP-9 
provides the more robust independent signal for disease 
presence, while OSM’s diagnostic value may be better 
captured through ROC-based threshold analysis (Ta-
ble 8) rather than regression-based prediction.

The distinct and complementary profiles of OSM 
and MMP-9 have significant clinical implications. Our 
combined biomarker analysis in which a logistic regres-
sion model incorporating both markers was subjected to 
ROC analysis and compared to individual markers via 
the DeLong test (Table 10) revealed important nuanc-
es regarding their complementary utility. For Crohn’s 
disease, the diagnostic performance of OSM was so 
strong (AUC=0.951) that the addition of MMP-9 to a 
predictive model did not provide significant incremen-
tal value (combined AUC=0.958, p=0.68). This suggests 
that for the specific purpose of identifying active CD, 
OSM may be a sufficient standalone serum biomarker. 
In contrast, for ulcerative colitis, combining OSM and 
MMP-9 resulted in a statistically significant improve-
ment in the AUC (from 0.85 to 0.89, p=0.04) compared 
to MMP-9 alone, indicating that a multi-marker ap-
proach may be beneficial for assessing disease activity 
in UC. The observed specificity of OSM for active CD 
(100% in our study, though likely overestimated due to 
small subgroup size,) suggests it may have potential as a 
candidate rule-in marker for confirming disease flares, 
a hypothesis that requires validation in adequately 
powered prospective studies before any clinical applica-
tion can be considered. Its established role in predicting 
non-response to anti-TNF therapy further enhanc-
es its value in personalizing treatment strategies.11,37 
Conversely, the high sensitivity of MMP-9 for active 
UC (95.4% in our study) makes it an ideal non-inva-
sive marker for monitoring disease status and detect-
ing early signs of relapse, which could allow for timely 
therapeutic intervention. It is important to contextual-
ize these findings relative to established biomarkers. As 
an exploratory biomarker discovery study, our investi-
gation was designed to characterize the diagnostic pro-
files of OSM and MMP-9 in relation to disease activity 
indices, rather than to directly compete with or replace 
established clinical tools. CRP, while widely available, 
lacks specificity for intestinal inflammation and may be 
normal in up to 40% of patients with active IBD, par-
ticularly in UC.7 Fecal calprotectin demonstrates good 
correlation with endoscopic activity but can be elevated 
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in other gastrointestinal conditions and may have vari-
able compliance due to stool collection requirements.8 
OSM and MMP-9, by reflecting distinct pathophysio-
logical pathways (cytokine-driven inflammation and 
extracellular matrix degradation, respectively), may 
offer complementary information to these established 
markers rather than serving as direct replacements. 
However, a direct head-to-head comparison was not 
performed in our study, and the relative added value 
of OSM and MMP-9 over CRP and fecal calprotectin 
remains to be formally established. The potential for 
anti-MMP-9 antibodies as a therapeutic strategy, par-
ticularly for managing IBD-related fibrosis, is also an 
area of active research.46 From a practical standpoint, 
serum ELISA-based measurement of OSM and MMP-9 
offers several advantages for clinical integration. First, 
serum collection is minimally invasive, widely accessi-
ble, and significantly less costly than endoscopic pro-
cedures, making it suitable for frequent monitoring in 
resource-limited settings such as those in Iraq and the 
broader Middle East region .The estimated cost of a sin-
gle ELISA determination is approximately $10–30 USD 
per analyte, compared with $500–2,000 for colonosco-
py and $30–50 for fecal calprotectin testing, suggesting 
a favorable cost profile for serial monitoring, although 
formal cost-effectiveness analysis was beyond the scope 
of this study. Second, OSM has an established role be-
yond diagnosis: its ability to predict non-response to 
anti-TNF therapy,11 provides a direct application in 
personalizing treatment algorithms, potentially spar-
ing patients from ineffective therapies and their asso-
ciated costs and side effects. Third, MMP-9, given its 
association with extracellular matrix degradation, may 
serve as a theragnostic marker linking disease monitor-
ing with anti-fibrotic therapeutic strategies, an area of 
active research. A potential clinical workflow could in-
volve using these serum biomarkers as a first-line triage 
tool: patients with elevated OSM and/or MMP-9 levels 
above the proposed cutoffs would be prioritized for ur-
gent endoscopic evaluation, while those with levels be-
low the thresholds could be monitored non-invasively 
with serial serum measurements, thereby reducing the 
burden of unnecessary endoscopic procedures. Howev-
er, the development of such algorithms requires valida-
tion in prospective clinical trials.

The primary strength of this study is its comprehen-
sive, head-to-head comparison of two mechanistically 
important biomarkers across both major IBD subtypes, 
stratified by disease activity and sex. The inclusion of a 
well-matched control group and the use of standardized 
disease activity indices enhance the validity of our find-
ings. Furthermore, by contextualizing our results with 
several other Iraqi studies, we provide a robust picture 
of IBD biomarkers within this specific population.

Study limitations
However, the study has several limitations. First, the 
cross-sectional design precludes any inference of cau-
sality or the ability to assess the predictive value of these 
markers for long-term outcomes. Specifically, while 
strong correlations with disease activity indices were 
demonstrated, it remains unclear from our data wheth-
er elevated OSM or MMP-9 levels can predict future 
relapse, response to specific therapies, or long-term dis-
ease progression. Therefore, the present findings should 
be interpreted as demonstrating a cross-sectional associ-
ation rather than a prognostic relationship. Second, the 
sample size, while sufficient for statistical significance, is 
relatively modest (with subgroup sizes as small as n=11 
per severity stage, which may inflate AUC estimates and 
specificity values; in particular, the 100% specificity re-
ported for OSM in active CD is likely an unstable esti-
mate that should not be taken at face value), and our 
findings require validation in larger, multi-center co-
horts. Furthermore, no external validation cohort was 
included in this study, which limits the generalizabili-
ty of the proposed cutoff values and prevents confirma-
tion of their reproducibility across different populations 
and clinical settings. This study was conducted at two 
centers in Iraq, and the findings may not be generaliz-
able to other ethnic populations, as highlighted by the 
first genomic study of IBD in Kurdistan, Iraq by Mo-
hammed et al. (2024).47 Additionally, this study did not 
include a direct head-to-head comparison of OSM and 
MMP-9 with established biomarkers such as fecal cal-
protectin and CRP using endoscopy as a reference stan-
dard, which limits our ability to define the incremental 
clinical value of these novel markers. Furthermore, dis-
ease activity was assessed using composite clinical indi-
ces (CDAI and Total Mayo score) rather than dedicated 
endoscopic subscores (e.g., SES-CD, Mayo Endoscop-
ic subscore) or histological indices (e.g., Nancy index, 
Robarts Histopathology index). As current treatment 
paradigms increasingly target mucosal and histological 
healing, the absence of direct endoscopic and histolog-
ical correlation limits the clinical decision-making im-
plications of our findings. Additionally, the purposive 
sampling strategy, while necessary to ensure adequate 
representation across severity strata, may not reflect 
the natural distribution of disease severity encountered 
in routine clinical practice. Moreover, although med-
ication data were collected, the current study was not 
designed or powered to perform subgroup analyses 
stratified by treatment type. Concurrent medications, 
particularly corticosteroids and biologics, may influence 
serum OSM and MMP-9 levels and represent potential 
confounding factors that could not be fully controlled 
for in this cross-sectional design.

Building directly on the limitations of our current 
cross-sectional study, the most critical next step is to 
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conduct large-scale, prospective longitudinal stud-
ies. Such studies are essential to validate whether se-
rum OSM and MMP-9 have true prognostic utility in 
predicting disease relapse, monitoring treatment re-
sponse, and foreseeing long-term complications such 
as fibrosis and fistula formation. Only through such 
longitudinal validation can the potential for integrat-
ing these biomarkers into routine clinical practice be 
fully assessed. Critically, future studies should incor-
porate a direct head-to-head comparison of serum 
OSM and MMP-9 against fecal calprotectin and CRP, 
using endoscopic assessment as the definitive reference 
standard, to formally establish the incremental diag-
nostic value of these novel biomarkers. Investigating 
the combination of these markers with other non-in-
vasive biomarkers, such as fecal calprotectin, could 
lead to the development of a more powerful diagnos-
tic and prognostic panel. Further exploration of the 
sex-specific differences in MMP-9 expression in CD 
is also warranted. Finally, given the promising thera-
peutic potential of targeting these pathways, further 
pre-clinical and clinical studies on OSM and MMP-
9 inhibitors are essential. Additionally, future studies 
should directly correlate serum OSM and MMP-9 with 
validated endoscopic subscores (SES-CD for Crohn’s 
disease, Mayo Endoscopic Subscore for UC) and histo-
logical indices (Nancy Index, Robarts Histopathology 
Index) to determine whether these serum biomarkers 
can serve as reliable surrogates for mucosal and histo-
logical healing endpoints.

Conclusion
The present study demonstrated that serum OSM and 
MMP-9 levels were significantly elevated in both CD 
and UC patients compared to healthy controls, with 
a progressive increase corresponding to disease se-
verity. Both biomarkers exhibited significant posi-
tive correlations with disease activity indices (CDAI 
and Total Mayo score). Notably, OSM and MMP-9 
displayed complementary diagnostic profiles: OSM 
emerged as a highly specific marker for active CD, 
while MMP-9 proved to be a highly sensitive mark-
er for active UC. A significant sex-related difference 
in MMP-9 was observed in Crohn’s disease but not in 
UC. These findings suggest that the combined assess-
ment of OSM and MMP-9 may enhance non-invasive 
monitoring of disease activity in IBD, with each bio-
marker offering distinct advantages depending on the 
disease subtype. However, the cross-sectional design 
and relatively modest sample size of this study war-
rant cautious interpretation, and further prospective, 
multicenter studies with larger cohorts are needed to 
validate these findings and establish definitive clinical 
cutoff values.
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ABSTRACT
Introduction and aim. Hashimoto’s thyroiditis (HT) is the leading cause of hypothyroidism, yet its diagnosis relies on markers 
with known limitations. Bruton’s tyrosine kinase (Btk) and nuclear factor kappa B (NF-κB) are implicated in B-cell-mediated 
autoimmunity. This study aimed to explore the serum levels and preliminary diagnostic potential of Btk and NF-κB in Iraqi pa-
tients with HT.
Material and methods. In this case-control study, 30 HT patients, 30 non-autoimmune hypothyroidism patients, and 60 healthy con-
trols were enrolled from three centers in Karbala, Iraq. HT was defined by elevated TSH (>4.2 µIU/mL), reduced fT4 (<0.93 ng/dL), and 
positive anti-TPO and/or anti-Tg, whereas non-autoimmune hypothyroidism was defined by elevated TSH and low fT4 with negative 
thyroid autoantibodies. Serum Btk and NF-κB were measured by enzyme-linked immunosorbent assay. Thyroid hormones and auto-
antibodies were determined by electrochemiluminescence immunoassay. Receiver operating characteristic (ROC) analysis was per-
formed to assess preliminary diagnostic accuracy for distinguishing HT from non-autoimmune hypothyroidism and healthy controls.
Results. Serum Btk and NF-κB levels were significantly elevated in HT patients compared to both control groups (Btk: 7.81±0.98 
vs. 7.00±0.77 vs. 6.10±1.60 ng/mL; NF-κB: 1.90±0.71 vs. 0.91±0.21 vs. 0.84±0.39 ng/mL, p<0.001). In ROC analysis, NF-κB showed 
an area under the curve (AUC) of 0.95 (95% CI: 0.89–0.99) for discriminating HT from non-autoimmune hypothyroidism. Both 
biomarkers correlated positively with anti-TPO, anti-Tg, and TSH, and negatively with fT4.
Conclusion. Serum Btk and NF-κB were elevated in HT and showed preliminary associations with autoimmune activity. NF-κB, 
in particular, demonstrated promising initial diagnostic performance. These exploratory findings require validation in larger, 
independent cohorts.
Keywords. aortic stiffness, autonomic recovery, carotid–femoral pulse wave velocity, heart rate recovery, heart rate variability, 
submaximal aerobic exercise

Introduction
Hashimoto’s thyroiditis (HT), also known as chronic 
lymphocytic thyroiditis, is the most common autoim-
mune thyroid disease and the leading cause of hypothy-
roidism in iodine-sufficient regions worldwide.1,2

As one of the most prevalent organ-specific autoim-
mune disorders, HT affects an estimated 5–10% of the 
global population, with a striking predilection for wom-

en, who are diagnosed five to ten times more frequently 
than men, particularly between the ages of 45 and 65.3,4

The disease is characterized by a progressive break-
down of self-tolerance to thyroid antigens, leading to a 
chronic inflammatory state within the thyroid gland. 
This autoimmune assault is mediated by both cellu-
lar and humoral immune responses, involving exten-
sive infiltration of the thyroid parenchyma by T and B 
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lymphocytes and the production of characteristic auto-
antibodies against thyroid peroxidase (anti-TPO) and 
thyroglobulin (anti-Tg).5,6 Ultimately, this sustained in-
flammation results in the apoptotic destruction of thy-
roid follicular cells, culminating in glandular failure and 
clinical hypothyroidism.3

The pathogenesis of HT is complex and multifac-
torial, arising from a sophisticated interplay of genetic 
susceptibility and environmental triggers.5 The immune 
response in HT involves a diverse array of immune cells, 
including Th1, Th2, Th17, and regulatory T (Treg) cells, 
which orchestrate the inflammatory cascade.3

Systemic inflammatory markers such as the 
neutrophil-to-lymphocyte ratio (NLR) and plate-
let-to-lymphocyte ratio (PLR) have been proposed as 
accessible indicators of immune/inflammatory activi-
ty in Hashimoto’s thyroiditis.7 Furthermore, HT is as-
sociated with various inflammatory indices such as 
the DeRitis score, red cell distribution width, uric acid 
to HDL cholesterol ratio, HALP and SII indexes, and 
C-reactive protein to lymphocyte count ratio.8-13 Cen-
tral to this process is the activation of B lymphocytes, 
which not only differentiate into plasma cells to pro-
duce thyroid autoantibodies but also function as potent 
antigen-presenting cells, further perpetuating the auto-
immune cycle by activating autoreactive T cells.14

Given the pivotal role of B cells and the strong in-
flammatory component in the pathogenesis of HT, 
key signaling molecules that govern their activation 
and function have emerged as areas of investigation. 
One such molecule is Bruton’s tyrosine kinase (Btk), a 
non-receptor tyrosine kinase that serves as a compo-
nent of the B-cell receptor (BCR) signaling pathway.15 
Btk is also strongly associated with inflammation.16 
Upon BCR engagement, Btk is activated and initiates a 
downstream signaling cascade that is essential for B-cell 
proliferation, differentiation, survival, and antibody 
production.17 Dysregulation of Btk signaling has been 
implicated in various B-cell malignancies and a growing 
number of autoimmune diseases, making it a subject of 
therapeutic interest.16,18

A crucial downstream effector of the Btk-mediated 
signaling cascade is the nuclear factor kappa B (NF-κB) 
family of transcription factors.19 NF-κB is a master reg-
ulator of the immune and inflammatory responses, con-
trolling the expression of hundreds of genes involved in 
lymphocyte development, activation, and cell surviv-
al.20,21 The NF-κB pathway is intrinsically linked to in-
flammation and is activated in numerous conditions.22 
The canonical pathway of NF-κB activation is initiated 
by various stimuli, including BCR signaling, and typi-
cally involves the phosphorylation and degradation of 
the inhibitor of κB (IκB), allowing the p50/p65 NF-κB 
heterodimer to translocate to the nucleus and drive gene 
expression.23 A direct mechanistic link has been estab-

lished wherein Btk is required for BCR-induced NF-κB 
activation, in part through the direct phosphorylation 
of IκB-α by Btk.24 Given that deregulated NF-κB activi-
ty is a hallmark of many chronic inflammatory and au-
toimmune conditions, the Btk/NF-κB signaling axis 
represents a highly relevant pathway in the immunopa-
thology of HT.20,21,23

Despite the high prevalence of HT, its diagnosis still 
relies primarily on the measurement of serum TSH and 
thyroid autoantibodies (anti-TPO and anti-Tg). While 
these markers are valuable, they have recognized limita-
tions; for instance, a subset of patients may be seroneg-
ative, and antibody titers do not always correlate with 
disease severity or progression.6,25 This underscores the 
need for investigation of additional biomarkers that may 
reflect the underlying molecular pathology.26,27

Aim
This study was designed to investigate the serum lev-
els of Btk and NF-κB in Iraqi patients with Hashimoto’s 
thyroiditis and to explore their potential as diagnos-
tic biomarkers in a preliminary, exploratory analysis. 
We hypothesized that the levels of these two key sig-
naling molecules would be significantly elevated in HT 
patients compared to patients with non-autoimmune 
hypothyroidism and healthy controls, reflecting the un-
derlying B-cell activation and inflammation central to 
the disease.

Material and methods
Study design and ethical approval
This case-control study was conducted from July 10, 
2025, to February 10, 2026. The study protocol was re-
viewed and approved by the Research Ethics Com-
mittee at the College of Medicine, University of Kufa, 
Najaf, Iraq (Approval No.: 4540/2025). All procedures 
involving human participants were performed in ac-
cordance with the ethical standards of the institution-
al and national research committee and with the 1964 
Helsinki Declaration and its later amendments. Written 
informed consent was obtained from all individual par-
ticipants prior to enrollment.

Study population and participant recruitment
A total of 120 participants were enrolled in this study 
using a consecutive sampling method from three clin-
ical centers in Karbala Governorate, Iraq: the Al-Has-
san Center for Endocrinology and Diabetes, Al-Hindiya 
General Hospital, and Al-Hussein Teaching Hospital. 
Patients attending the outpatient endocrinology clinics 
at these centers during the study period who met the 
inclusion criteria were invited to participate. Healthy 
controls were recruited from hospital staff and accom-
panying people at the same centers who volunteered af-
ter screening confirmed euthyroid status and negative 
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autoantibody results. Participants were divided into 
three groups:

Hashimoto’s thyroiditis (HT) group (n=30): Patients 
diagnosed with HT based on clinical and biochemical 
criteria, including elevated serum thyroid-stimulating 
hormone (TSH) levels (>4.2 µIU/mL), decreased free 
thyroxine (fT4) levels (<0.93 ng/dL), and the presence 
of high titers of thyroid autoantibodies (anti-TPO and/
or anti-Tg).6

Non-Hashimoto’s hypothyroidism (non-HT) group 
(n=30): Patients with primary hypothyroidism char-
acterized by elevated TSH and low fT4 levels but with 
negative results for both anti-TPO and anti-Tg autoanti-
bodies, thereby excluding an autoimmune etiology.

Healthy controls (n=60): Euthyroid, apparently 
healthy individuals with no personal or family history 
of thyroid disease or other autoimmune disorders, with 
normal thyroid function tests and negative thyroid au-
toantibody status.

Exclusion criteria for all groups included pregnan-
cy, a history of thyroid surgery or radioiodine therapy, 
acute or chronic inflammatory diseases, severe systemic 
illness, malignancy, and the use of medications known 
to interfere with thyroid function or immune status 
(e.g., amiodarone, lithium, corticosteroids).

It should be noted that a proportion of patients 
in both the HT group (73.33%) and the non-HT 
group (70.00%) were receiving levothyroxine replace-
ment therapy at the time of enrollment. As this was a 
cross-sectional observational study, treatment was not 
discontinued for ethical reasons. The potential influ-
ence of levothyroxine on the measured biomarkers is 
addressed in the limitations section.

For each participant, demographic data including 
age, sex, smoking status, and family history of thyroid 
disease were collected using a structured questionnaire. 
Anthropometric measurements, including height and 
weight, were taken to calculate the body mass index 
(BMI), which was classified according to World Health 
Organization criteria.28

Blood sample processing
From each participant, 5 mL of venous blood was col-
lected under aseptic conditions into a plain gel-separa-
tor tube between 08:00 and 10:00 AM after an overnight 
fast. The blood was allowed to clot at room temperature 
for 30 minutes and then centrifuged at 3000 rpm for 
15 minutes. The resulting serum was carefully separat-
ed, aliquoted into sterile labeled Eppendorf tubes, and 
stored at −20°C until the time of analysis. The interval 
from phlebotomy to serum freezing was approximately 
45–60 minutes. All samples were analyzed within four 
weeks of collection to ensure analyte stability. Repeated 
freeze–thaw cycles were avoided.

Hormonal and autoantibody analysis
Serum levels of TSH, T3, fT4, anti-TPO, anti-Tg, and 
thyroglobulin (Tg) were quantitatively determined us-
ing a fully automated Cobas e 411 immunoassay ana-
lyzer (Roche Diagnostics, Mannheim, Germany). This 
system utilizes electrochemiluminescence immunoas-
say (ECLIA) technology. The specific commercial kits 
used were: TSH (Elecsys TSH, REF 07027921190), 
T3 (Elecsys T3, REF 07027956190), fT4 (Elecsys 
FT4 III, REF 06368611190), anti-TPO (Elecsys An-
ti-TPO, REF 06368590190), anti-Tg (Elecsys An-
ti-Tg, REF 09004998160), and Tg (Elecsys Tg II, REF 
08906564190). All assays were performed according to 
the manufacturer’s instructions. The instrument was 
calibrated, and quality control materials were run daily 
to ensure accuracy and precision.

Biomarker analysis by ELISA
Serum concentrations of Btk and NF-κB were measured 
using quantitative sandwich enzyme-linked immuno-
sorbent assay (ELISA) kits from Bioassay Technology 
Laboratory (BT LAB, Shanghai, China). The Human Btk 
ELISA Kit (Cat. No.: E0708Hu; detection range: 0.05–35 
ng/mL; sensitivity: 0.02 ng/mL; intra-assay CV <8%; in-
ter-assay CV <10%) and the Human NF-κB ELISA Kit 
(Cat. No.: E0690Hu; detection range: 0.03–10 ng/mL; 
sensitivity: 0.01 ng/mL; intra-assay CV <8%; inter-assay 
CV <10%) were used. These kits measure total protein 
concentrations in serum. Additional technical details, 
including lot numbers and calibration data, are provid-
ed in the Supplementary Material.

All ELISA measurements were performed in dupli-
cate, and the mean value was used for analysis. Labo-
ratory personnel performing the ELISA assays were 
blinded to the clinical group assignment of the samples. 
The optical density was measured at 450 nm using a mi-
croplate reader, and biomarker concentrations were de-
termined by interpolation from a standard curve.

Statistical analysis
All statistical analyses were performed using SPSS ver-
sion 25.0 (IBM Corp., Armonk, NY, USA). Data were 
expressed as mean±standard deviation (SD) for contin-
uous variables and as numbers (n) and percentages (%) 
for categorical variables. For non-normally distributed 
variables (e.g., TSH, anti-TPO, anti-Tg), median and in-
terquartile range (IQR) were additionally reported. The 
normality of data distribution was assessed using the 
Shapiro–Wilk test.

For normally distributed continuous variables, dif-
ferences between two independent groups were ana-
lyzed using the independent-samples Student’s t-test. 
For comparisons among the three groups, one-way 
analysis of variance (ANOVA) was performed, followed 
by the Tukey honestly significant difference (HSD) post-
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hoc test for pairwise comparisons. For variables that did 
not meet the assumption of normality, the Mann–Whit-
ney U test was used for two-group comparisons and the 
Kruskal–Wallis H test for three-group comparisons. 
A global p-value across the three groups was reported 
first, followed by post-hoc pairwise comparisons. Cat-
egorical data were compared using the chi-square (χ2) 
test or Fisher’s exact test, as appropriate.

Spearman’s rank correlation coefficient (ρ) was used 
to assess relationships between continuous variables, as 
this method is robust to non-normality, outliers, and 
non-linear relationships. Receiver operating character-
istic (ROC) curve analysis was performed to evaluate the 
preliminary diagnostic performance of Btk and NF-κB. 
The area under the curve (AUC), sensitivity, specificity, 
positive predictive value (PPV), negative predictive val-
ue (NPV), and optimal cutoff values (determined by the 
Youden index) were calculated. A combined biomarker 
model was also evaluated using predicted probabilities 
from logistic regression. Cohen’s d effect sizes were cal-
culated for between-group comparisons. Multivariable 
logistic regression was performed to assess the indepen-
dent association of Btk and NF-κB with HT status after 
adjusting for potential confounders. Given the explor-
atory nature of this study and the relatively small sample 
size, no formal correction for multiple comparisons was 
applied; however, this is acknowledged as a limitation. A 
two-tailed p-value of <0.05 was considered statistically 
significant for all tests.

Results
Table 1 summarizes the baseline demographic and clin-
ical characteristics across the three groups (HT, n=30; 
non-HT, n=30; controls, n=60). Mean age and the dis-
tribution of age categories were comparable between 
groups (p>0.05), and sex distribution did not differ sig-
nificantly, with females predominating in all groups 
(p>0.05). Smoking status was similar between HT and 
non-HT (p>0.05) but differed between HT and con-
trols, as all controls were non-smokers compared with 
13.3% smokers in HT (p=0.01). A family history of hy-
pothyroidism was markedly higher in HT than controls 
(66.7% vs. 3.3%, p<0.001), while no significant differ-
ence was observed between HT and non-HT (p>0.05). 
Levothyroxine use did not differ significantly between 
HT and non-HT (p>0.05).

Table 1A. Potential confounding factors and analytical 
adjustments

Confounder Measured/Reported Adjusted in analysis

Age Yes Yes (logistic regression)

BMI Yes Yes (logistic regression)

Smoking status Yes No (acknowledged as limitation)

Levothyroxine use Yes No (acknowledged as limitation)

Iodine status No No (not collected)

Table 1B. Demographic and clinical characteristics of 
Hashimoto’s thyroiditis patients compared with non-
Hashimoto’s hypothyroidism patients and healthy 
controls*

Characteristic HT (n=30)
Non-HT 
(n=30)

Controls 
(n=60)

p# Post-hoc

Age (years), mean±SD 38.70±15.80 43.90±17.50 39.8±12.9 NS –

Sex, female n (%) 25 (83.33) 27 (90.00) 47 (78.33) NS –

Sex, male n (%) 5 (16.67) 3 (10.00) 13 (21.67)

Smoking, n (%) 4 (13.33) 4 (13.33) 0 (0) 0.01 HT vs. C: 0.01

Family history (+), n (%) 20 (66.67) 18 (60.00) 2 (3.33) <0.001 HT vs. C: <0.001

Levothyroxine use, n (%) 22 (73.33) 21 (70.00) – NS –

Age 20–39, n 17 12 40 NS –

Age 40–59, n 10 10 12

Age 60–75, n 3 8 8

* # – Kruskal–Wallis or chi-square across three groups, Post-
hoc – pairwise comparisons, NS – not significant (p>0.05), 
C – controls

Table 2 compares BMI and simplified BMI catego-
ries across groups. Mean BMI was significantly higher 
in HT (29.1±5.32 kg/m²) than controls (23.4±3.71 kg/
m²; p<0.001), while HT and non-HT did not differ sig-
nificantly (p>0.05). Overweight and obesity comprised 
80% of HT patients, whereas most controls had normal 
BMI.

Table 2. Comparison of BMI and simplified BMI 
classification in Hashimoto’s thyroiditis patients versus 
non-Hashimoto’s hypothyroidism patients and healthy 
controls*

Characteristic HT (n=30)
Non-HT 
(n=30)

Controls 
(n=60)

p# Post-hoc

BMI (kg/m²), mean±SD 29.1±5.32 27.10±4.78 23.4±3.71 <0.001 HT vs. C: <0.001

Underweight, n 0 2 10 <0.001 HT vs. C: <0.001

Normal, n 6 5 32

Overweight/Obese, n 24 23 18

* # – Kruskal–Wallis or chi-square across three groups, Post-
hoc – pairwise comparisons, NS – not significant (p>0.05), 
C – controls, BMI categories collapsed into underweight, 
normal, and overweight/obese to avoid sparse cell 
violations in chi-square analysis

Thyroid function and autoantibodies
Table 3 details the thyroid function tests and autoanti-
body profiles. Both HT and non-HT groups exhibited 
elevated TSH relative to controls (global p<0.001). TSH 
showed a median (IQR) of 10.50 (6.80–19.25) µIU/mL 
in HT, 9.10 (7.20–12.30) µIU/mL in non-HT, and 2.05 
(1.60–2.70) µIU/mL in controls. Anti-TPO was mark-
edly higher in HT (854±717 IU/mL) than in non-HT 
(8.72±6.91 IU/mL) and controls (5.47±3.56 IU/mL) 
(both p<0.001). Anti-Tg was also significantly higher 
in HT (193±150 IU/mL) versus non-HT (33.3±24.9 IU/
mL) and controls (16.3±13.0 IU/mL) (both p<0.001).
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Table 3. Thyroid function tests and autoantibody profiles 
in Hashimoto’s thyroiditis patients compared with non-
Hashimoto’s hypothyroidism patients and healthy controls

Parameter HT (n=30)
Non-HT 
(n=30)

Controls 
(n=60)

p# Post-hoc

TSH (µIU/mL), 
mean±SD

15.80±14.4 9.70±3.21 2.17±0.76 <0.001
HT vs. C: <0.001; 
HT vs. nHT: 0.038

TSH, median 
(IQR)

10.50 (6.80–
19.25)

9.10 (7.20–
12.30)

2.05 (1.60–
2.70)

T3 (ng/mL) 1.29±0.44 1.46±0.62 1.22±0.34 NS –

fT4 (ng/dL) 0.99±0.29 1.06±0.27 1.26±0.20 <0.001 HT vs. C: <0.001

Anti-TPO (IU/
mL), mean±SD

854±717 8.72±6.91 5.47±3.56 <0.001
HT vs. nHT: <0.001; 

HT vs. C: <0.001

Anti-TPO, 
median (IQR)

620 (280–
1200)

6.50 (3.80–
12.40)

4.20 (2.50–
7.80)

Anti-Tg (IU/mL) 193±150 33.3±24.90 16.30±13.0 <0.001
HT vs. nHT: <0.001; 

HT vs. C: <0.001

* # – ANOVA or Kruskal–Wallis, Post-hoc – pairwise 
comparisons, NS – not significant (p>0.05), C – controls, 
median (IQR) reported for non-normally distributed 
variables, nHT – non-HT

Table 4. Serum levels of Bruton’s tyrosine kinase (Btk) and 
nuclear factor kappa B (NF-κB) across study groups*

Parameter HT (n=30)
Non-HT 
(n=30)

Controls 
(n=60)

p# Post-hoc

Btk (ng/mL) 7.81±0.98 7.00±0.77 6.10±1.60 <0.001
HT vs. nHT: <0.001; 

HT vs. C: <0.001

NF-κB (ng/mL) 1.90±0.707 0.912±0.213 0.835±0.386 <0.001
HT vs. nHT: <0.001; 

HT vs. C: <0.001

* # – ANOVA across three groups

Serum Btk and NF-κB levels
Table 4 shows significant elevation of both Btk and NF-
κB in HT. Serum Btk was higher in HT (7.81±0.98 ng/
mL) than non-HT (7.00±0.77 ng/mL; p<0.001) and 
controls (6.10±1.60 ng/mL; p<0.001). Serum NF-κB 

was also elevated in HT (1.90±0.707 ng/mL) versus 
non-HT (0.912±0.213 ng/mL; p<0.001) and controls 
(0.835±0.386 ng/mL; p<0.001). Cohen’s d effect sizes 
were large for both biomarkers: Btk (HT vs. non-HT: 
d=0.92; HT vs. controls: d=1.29) and NF-κB (HT vs. 
non-HT: d=1.89; HT vs. controls: d=1.87) (Figure 4).

Fig. 2. Forest plot of Cohen’s d effect sizes for clinical 
parameters and biomarkers comparing Hashimoto’s 
thyroiditis (HT) patients to non-HT patients and healthy 
controls, error bars represent 95% confidence intervals

Correlations between biomarkers and clinical parame-
ters
Table 5 shows that, within HT patients, both Btk and 
NF-κB correlated with disease-related hormonal and 
autoimmune markers using Spearman’s rank correla-
tion coefficient (ρ). Both biomarkers were negative-
ly correlated with age (Btk: ρ=−0.59, p<0.001; NF-κB: 
ρ=−0.89, p<0.001). Both biomarkers correlated posi-
tively with TSH (Btk: ρ=0.45, p=0.013; NF-κB: ρ=0.47, 

Fig. 1. Comparison of serum Bruton’s tyrosine kinase (Btk) and nuclear factor kappa B (NF-κB) levels among Hashimoto’s 
thyroiditis patients, non-Hashimoto’s hypothyroidism patients, and healthy controls, A: Serum Btk levels, B: Serum NF-κB 
levels, data are expressed as mean±SD, ***p<0.001
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p=0.009) and negatively with fT4 (all p<0.05). Strong 
positive correlations were observed with anti-TPO and 
anti-Tg (all p<0.001). Btk correlated positively with NF-
κB (ρ=0.45, p=0.013) (Figure 3).

Table 5. Spearman’s rank correlations between Btk, NF-κB, 
and clinical parameters in HT patients (n=30)

Variable Btk (ρ) Btk (P) NF-κB (ρ) NF-κB (P)

Age (years) −0.59 <0.001 −0.89 <0.001

BMI (kg/m²) 0.12 NS 0.08 NS

TSH (µIU/mL) 0.45 0.013 0.47 0.009

T3 (ng/mL) −0.42 0.021 −0.35 0.058

fT4 (ng/dL) −0.34 0.066 −0.47 0.009

Anti-TPO (IU/mL) 0.72 <0.001 0.82 <0.001

Anti-Tg (IU/mL) 0.63 <0.001 0.68 <0.001

Tg (ng/mL) 0.78 <0.001 0.66 <0.001

Btk vs. NF-κB 0.45 0.013 0.45 0.013

Spearman’s rank correlation coefficient (ρ), NS – not 
significant (p>0.05)

Diagnostic performance of Btk and NF-κB
To determine whether Btk and NF-κB were independent-
ly associated with HT, a multivariable logistic regression 
analysis was performed (Table 6). Even after adjusting 

for age, BMI, TSH, fT4, anti-TPO, and anti-Tg, both 
Btk (β=0.563, p<0.05) and NF-κB (β=1.106, p<0.05) re-
mained significant independent predictors of HT.

Table 6. Multivariable logistic regression analysis 
predicting Hashimoto’s thyroiditis status (HT vs. non-HT)*

Predictor Coefficient (β) p

Age −0.037 NS

BMI 0.037 NS

TSH 1.094 <0.05

fT4 −0.074 NS

Anti-TPO 1.478 <0.05

Anti-Tg 1.509 <0.05

Btk 0.563 <0.05

NF-κB 1.106 <0.05

* NS – not significant (p>0.05), dependent variable: HT 
status (1=HT, 0=non-HT)

ROC curve analysis was performed to evaluate the 
preliminary diagnostic performance of Btk and NF-κB 
(Table 7, Figure 4). For distinguishing HT from non-
HT patients, NF-κB achieved an AUC of 0.95 (95% CI: 
0.89–0.99; p<0.001) at a cutoff point of 1.26 ng/mL, with 
82% sensitivity and 97% specificity. Btk yielded an AUC 

Fig. 3. Correlation analyses of serum Btk and NF-κB with age and their inter-biomarker relationship in Hashimoto’s thyroiditis 
patients (n=30), A: Btk vs. age, B: NF-κB vs. age, C: Btk vs. NF-κB, Spearman correlation coefficients (ρ) and p-values are shown

Fig. 4. Receiver operating characteristic (ROC) curves for serum Btk and NF-κB in discriminating Hashimoto’s thyroiditis  
from non-Hashimoto’s hypothyroidism and healthy controls, A: HT vs. Non-HT, B: HT vs. Controls, the combined model  
(Btk + NF-κB) is shown in green, AUC – area under the curve
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of 0.75 (95% CI: 0.62–0.87; p=0.001) at a cutoff point of 
7.62 ng/mL, with 62.1% sensitivity and 80% specifici-
ty. A combined model incorporating both Btk and NF-
κB improved the diagnostic accuracy to an AUC of 0.94 
(95% CI: 0.88–0.99), with 90.0% sensitivity and 93.3% 
specificity. For HT versus controls, NF-κB achieved an 
AUC of 0.94 (95% CI: 0.89–0.98; p<0.001). The com-
bined model for HT vs. controls yielded an AUC of 0.91 
(95% CI: 0.85–0.98).

Table 7. Receiver operating characteristic (ROC) analysis of 
Btk and NF-κB for discriminating Hashimoto’s thyroiditis*

Comparison/
Biomarker

AUC (95% CI) Cutoff point
Sensitivity 

(%)
Specificity 

(%)
p

HT vs. Non-HT

  Btk 0.75 (0.62–0.87) >7.62 ng/mL 62.1 80.0 0.001

  NF-κB 0.95 (0.89–0.99) >1.26 ng/mL 82.0 97.0 <0.001

  Combined  
  (Btk + NF-κB)

0.94 (0.88–0.99) — 90.0 93.3 <0.001

HT vs. Controls

  Btk 0.82 (0.73–0.91) >7.12 ng/mL 83.0 75.0 <0.001

  NF-κB 0.94 (0.89–0.98) >1.08 ng/mL 93.0 82.0 <0.001

* AUC – area under the curve, CI – confidence interval, 
Cutoff points determined by Youden index, combined 
model based on predicted probabilities from logistic 
regression

Discussion
This study investigated the serum levels of Btk and NF-
κB in an Iraqi cohort of patients with HT,, and healthy 
controls. Our results reveal a significant association of 
both Btk and NF-κB with the autoimmune process of 
the disease. Furthermore, preliminary ROC analysis in-
dicated initial diagnostic potential for these biomark-
ers, particularly NF-κB, in distinguishing HT from both 
non-autoimmune hypothyroidism and healthy indi-
viduals. These findings, when contextualized with the 
existing literature, provide insights into the molecular 
mechanisms driving HT and suggest avenues for fur-
ther investigation.

The central finding of our study is the elevation of 
serum Btk and NF-κB in HT patients. This aligns with 
emerging evidence implicating the Btk/NF-κB signal-
ing axis in various autoimmune disorders.16,29 A recent 
bioinformatic and clinical validation study by Liu et al. 
identified Btk as a key immune-related biomarker in 
HT, demonstrating its increased expression in periph-
eral blood mononuclear cells and a significant positive 
correlation with thyroid autoantibodies.30 Our results 
provide supporting evidence at the serum protein lev-
el in a distinct ethnic population. Similarly, the elevated 
NF-κB levels in our HT cohort are consistent with a re-
cent Turkish study by Yardim et al., which reported on 
serum NF-κB levels in HT patients and found a positive 
correlation with anti-TPO antibodies.31 The activation 

of the NF-κB pathway is considered a critical step in the 
inflammatory cascade of thyroid autoimmunity.20,32

The observation that Btk levels in non-HT patients 
were significantly lower than in HT patients, yet slight-
ly higher than in healthy controls, may reflect a gener-
alized, non-specific inflammatory state associated with 
hypothyroidism itself, independent of autoimmunity. 
This is supported by previous research indicating that 
hypothyroidism can induce a state of low-grade system-
ic inflammation.33 However, because Btk is an intracel-
lular kinase, measuring its concentration in serum does 
not directly reflect its intracellular enzymatic activity; 
rather, elevated serum levels likely represent increased 
immune cell turnover, apoptosis, or active secretion 
during inflammatory responses.

A noteworthy finding is the positive correlation be-
tween Btk and NF-κB levels (ρ=0.45, p=0.013) within 
HT patients. This provides clinical evidence consistent 
with the mechanistic link established in molecular stud-
ies, where Btk acts as a critical upstream kinase in the 
BCR signaling pathway that activates NF-κB.24,34 Upon 
BCR engagement by an autoantigen, Btk is activat-
ed and subsequently phosphorylates downstream tar-
gets, including the IκB kinase complex, which leads to 
the degradation of the IκB inhibitor and the transloca-
tion of NF-κB to the nucleus.24,35 This activation cascade 
promotes B-cell proliferation, differentiation into plas-
ma cells, and autoantibody production.29,36 Our results 
are consistent with this model, as we observed signifi-
cant positive correlations between both Btk and NF-κB 
and the levels of anti-TPO and anti-Tg antibodies. This 
suggests that the Btk/NF-κB axis may be associated with 
the humoral autoimmune response that characterizes 
Hashimoto’s thyroiditis.

It is important to note, however, that NF-κB is a high-
ly non-specific marker of inflammation, activated in a 
wide array of physiological and pathological conditions; 
thus, its elevation in HT, while significant, is not unique 
to this specific autoimmune disease.19,22 This non-speci-
ficity should be considered when interpreting the diag-
nostic performance of NF-κB reported in this study.

The preliminary ROC analysis suggested that NF-
κB may have diagnostic value in discriminating HT 
patients from both non-HT hypothyroid patients 
(AUC=0.95) and healthy controls (AUC=0.94). Impor-
tantly, a combined biomarker model incorporating both 
Btk and NF-κB yielded the highest diagnostic accura-
cy (AUC=0.94 for HT vs. non-HT), suggesting that a 
multi-marker approach may provide superior discrim-
inatory power. However, these results should be inter-
preted with caution given the relatively small sample 
size (n=30 per patient group), the absence of an inde-
pendent validation cohort, and the potential for overfit-
ting in small datasets. The use of a case-control design 
with clinically distinct groups often overestimates di-
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agnostic accuracy compared to a prospective cohort of 
consecutive patients with diagnostic uncertainty. There-
fore, the reported AUC values and diagnostic thresh-
olds (cutoff points) should be considered exploratory 
and hypothesis-generating rather than definitive clini-
cal recommendations.

To establish the true clinical utility of these biomark-
ers, future studies must validate these cutoff points in 
independent, external cohorts. Such validation should 
ideally employ a prospective design in a diverse popu-
lation presenting with undifferentiated thyroid dysfunc-
tion, allowing for the calculation of positive and negative 
predictive values in a real-world clinical setting.

Our demographic and clinical findings are large-
ly consistent with the established epidemiology of 
Hashimoto’s thyroiditis, both globally and within the 
Iraqi context. The significant female predominance 
(83.33%) in our HT cohort mirrors the findings of nu-
merous Iraqi studies, including those by Al-Zamali et al. 
and Mansour et al., which reported approximately 83% 
female prevalence in hypothyroidism cases.37-39 This 
strong gender bias is a well-documented hallmark of 
autoimmune thyroid disease worldwide.40 Furthermore, 
our finding that a significant proportion of HT patients 
(66.67%) had a positive family history of hypothyroid-
ism aligns with the known strong genetic component of 
the disease, with heritability estimates as high as 75%.41

This study confirms the well-established association 
between Hashimoto’s thyroiditis and increased body 
mass index. Our HT patients had a significantly higher 
mean BMI compared to healthy controls, and 80% were 
classified as overweight or obese. This is consistent with 
several Iraqi studies that have linked hypothyroidism 
and HT with higher BMI.33,42,43 The relationship between 
obesity and thyroid autoimmunity is considered bidi-
rectional: chronic low-grade inflammation associated 
with obesity, driven by adipokines and pro-inflamma-
tory cytokines, can trigger or exacerbate autoimmune 
responses, while the metabolic slowdown in hypothy-
roidism can contribute to weight gain.44-46

The inverse correlation with age (ρ=−0.59 for Btk and 
ρ=−0.89 for NF-κB) is an interesting finding that warrants 
further investigation, as it may suggest a more aggressive 
inflammatory phenotype in younger HT patients, consis-
tent with some epidemiological observations.47

Study limitations
This study has several important limitations that must 
be acknowledged. First, the cross-sectional design pre-
cludes any definitive conclusions regarding causality; 
we can only report associations between biomarker lev-
els and disease status. Second, the sample size is relatively 
small (30 patients per group), which limits the statistical 
power, particularly for subgroup analyses, and increases 
the risk of overfitting in the ROC models. Third, partic-

ipants were recruited from three centers within a single 
governorate (Karbala, Iraq), which may not be represen-
tative of the broader population. Fourth, no indepen-
dent external validation cohort was used to confirm the 
ROC-derived diagnostic thresholds; therefore, the re-
ported performance metrics may be overestimated. Fifth, 
important potential confounding variables, including 
smoking status and ongoing levothyroxine therapy, were 
not adjusted for in the primary analyses, and their influ-
ence on biomarker levels cannot be excluded. No mul-
tivariable adjustment was performed for BMI, smoking, 
and levothyroxine treatment, and this may have influ-
enced the observed biomarker differences. Sixth, data on 
certain environmental factors, such as iodine status and 
vitamin D levels, as well as detailed clinical severity indi-
ces, were not collected. Seventh, while we demonstrated 
a correlation between Btk and NF-κB, our study did not 
involve direct molecular techniques to confirm the phos-
phorylation cascade in patient cells. Eighth, the reliance 
on commercial ELISA kits without extensive in-house 
validation of intra/inter-assay variability and matrix ef-
fects for these specific novel analytes introduces potential 
measurement error. Finally, the exploratory nature of this 
biomarker study means that the findings should be re-
garded as preliminary.

Conclusion
This exploratory study provides preliminary evidence 
that serum levels of Bruton’s tyrosine kinase (Btk) and 
nuclear factor kappa B (NF-κB) are significantly elevat-
ed in patients with Hashimoto’s thyroiditis compared 
to both non-autoimmune hypothyroid patients and 
healthy individuals. NF-κB, alone and in combination 
with Btk, showed promising initial diagnostic perfor-
mance in ROC analysis, although these findings re-
quire validation in larger, independent cohorts before 
any conclusions regarding clinical applicability can be 
drawn. The significant positive correlations observed 
between Btk/NF-κB levels and thyroid autoantibodies, 
coupled with their association with a more severe bio-
chemical hypothyroid profile, suggest their involvement 
in the autoimmune and inflammatory processes central 
to HT pathogenesis. These results warrant further in-
vestigation in adequately powered, prospective studies 
to confirm the diagnostic value and to explore the po-
tential of the Btk/NF-κB axis as a therapeutic target in 
Hashimoto’s thyroiditis.
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ABSTRACT
Introduction and aim. Arterial stiffness reflects vascular properties that can influence blood pressure (BP) and heart rate (HR) 
responses to exercise, but its association with post-exercise autonomic recovery in healthy young adults remains unclear. This 
exploratory pilot study investigated the relationship between baseline aortic stiffness and post-exercise hemodynamic and 
autonomic recovery following graded submaximal aerobic exercise. 
Material and methods. Thirty healthy young adults (17 women, 13 males; mean age 22.7±2.5 years) underwent baseline eval-
uation of carotid–femoral pulse wave velocity (cf-PWV), central BP, and pulse wave analysis. Participants completed a graded 
submaximal cycling protocol from 20 to 80% of the maximum oxygen uptake in 3-minute stages, followed by 5 minutes of 
seated recovery. HR was continuously recorded and BP measured at 1, 3, and 5 minutes of recovery. Autonomic recovery was 
assessed using heart rate recovery (HRR) and heart rate variability (HRV) indices. Associations were analyzed using correlation 
and multivariate linear regression adjusted for age, sex, and body mass index.
Results. Higher baseline cf-PWV was associated with higher peak HR and systolic BP during exercise (p<0.01), and slower HRR 
at 1 min (r=-0.517, p=0.002). Cf-PWV independently predicted early HRR after adjustment.
Conclusion. In this pilot sample of healthy young adults, greater aortic stiffness was associated with higher BP responses 
during exercise and slower early autonomic recovery. These findings suggest an association between vascular properties and 
early postexercise recovery, which should be confirmed in larger studies. 
Keywords. aortic stiffness, carotid–femoral pulse wave velocity, autonomic recovery, heart rate variability, heart rate recovery, 
submaximal aerobic exercise
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Introduction 
The importance of arterial integrity for cardiovascular 
health has long been recognized, famously captured by 
Thomas Sydenham’s assertion that ‘a man is as old as his 
arteries”.1 In modern preventive medicine, arterial func-
tion is seen not only as a marker of vascular aging, but 
also as a determinant of physiological resilience to he-
modynamic stress. Physical activity, a potent modulator 
of arterial structure and function, therefore, provides a 
useful physiological model to understand early vascular 
adaptations in healthy young adults.1,2

Arterial stiffness is a robust surrogate marker of 
vascular aging.3 By influencing central blood pressure, 
ventricular afterload, and coronary perfusion, aortic 
stiffness plays an important role in cardiovascular ad-
aptation to physiological stress.3,4 Pulse wave velocity 
(PWV) is the gold standard noninvasive measure of aor-
tic stiffness, with carotid–femoral PWV (cf-PWV) spe-
cifically reflecting central hemodynamics and possible 
cardiovascular risk.4,5 

Wave reflection indices, including augmentation 
index (AIx), heart rate corrected AIx (AIx@75), and 
augmentation pressure (AP), provide additional infor-
mation on ventricular–vascular coupling and mechani-
cal load on the left ventricle.6-8 During and after exercise, 
cardiovascular homeostasis depends on coordinated in-
teractions between vascular function and autonom-
ic regulation dynamically modulating heart rate (HR), 
vascular tone and central hemodynamics.9,10 These in-
tegrated autonomic vascular responses can be mon-
itored non-invasively via heart rate variability (HRV), 
heart rate recovery (HRR), cfPWV, AIx@75, and cen-
tral blood pressures (BP), including central systolic BP 
(cSBP), central diastolic BP (cDBP), and pulse pressure 
(PP), offering a comprehensive view of cardiovascular 
recovery after exercise.9-11 

Although acute aerobic exercise responses to arteri-
al stiffness and autonomic function have been studied, 
the extent to which baseline aortic stiffness is early af-
ter exercise autonomic and hemodynamic recovery re-
mains insufficiently explored.11,12 Baseline assessment 
of arterial stiffness may provide additional information 
on interindividual differences in vascular responses to 
physiological stress.13,14 Most previous studies have fo-
cused on resting measures or acute changes during exer-
cise without integrating preexercise vascular properties 
with recovery dynamics. Investigating this relationship 

in healthy young adults can provide insight into ear-
ly physiological variability in vascular-autonomic in-
teractions, even in the absence of overt diseases. Such 
findings may serve as a reference framework for future 
studies in populations with increased metabolic risk. 

Aim
This exploratory pilot study aimed to assess whether base-
line aortic stiffness, measured by cf-PWV prior to exer-
cise, is associated with early post-exercise cardiovascular 
and autonomic recovery in healthy young adults under-
going graded submaximal cycling. As secondary explor-
atory analyses, we examined whether a higher baseline 
aortic stiffness is associated with a slower post-exercise 
HRR and altered autonomic regulation during recov-
ery, and a higher peak HR and peak systolic BP achieved 
during graded submaximal exercise. We also explore 
whether cf-PWV independently predicts early HRR af-
ter adjustment for age, sex, and body mass index (BMI). 

Material and methods  
Ethical considerations 
The study was conducted in accordance with the Decla-
ration of Helsinki and all relevant national guidelines for 
research involving human participants. Before data col-
lection, ethical approval was obtained from the Medical 
Ethics Committee of the Republic of Slovenia (approv-
al number: 0120-388/2025-2711-5). All participants were 
fully informed about the aims, procedures, and potential 
risks of the study and provided their written informed 
consent prior to enrollment. Participation was voluntary 
and participants were allowed to withdraw from the study 
at any time without consequences. All collected data were 
fully anonymized prior to analysis, with any direct or in-
direct personal identifiers removed or replaced by coded 
numerical identifiers. Data were stored on secure servers 
and handled exclusively by authorized research person-
nel. All procedures for data storage, processing, and pro-
tection complied with the applicable local legislation on 
personal data protection. 

Study design 
This study was carried out as an exploratory pilot in-
vestigation using a prospective observational design un-
der controlled laboratory conditions. It represents the 
healthy reference cohort of a larger ongoing clinical 
research project that will subsequently include hyper-
tensive patients with and without impaired autonomic 
regulation. Within this framework, the present phase 
aimed to examine associations between baseline aortic 
stiffness and post-exercise hemodynamic and autonom-
ic recovery in healthy young adults. No formal sample 
size calculation was performed due to the pilot nature of 
the study. The sample size was determined pragmatical-
ly based on feasibility and is consistent with recommen-
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dations for exploratory physiological studies. Given its 
hypothesis-generating nature and limited sample size, 
this pilot phase was intended to provide preliminary 
information and inform the refinement of experimen-
tal protocols and analytical approaches for future large-
scale investigations. 

Participants
A total of 30 apparently healthy adult volunteers (17 
women, 13 males; mean age 22.7±2.5 years, mean BMI 
22.3±1.82 kg/m²) were enrolled in the study. Partic-
ipants were recruited through campus postings, an-
nouncements distributed through the university student 
email list, and targeted outreach within university-affil-
iated organizations. The sampling approach did not in-
volve randomization; instead, convenience sampling 
was used, relying on individuals who voluntarily ex-
pressed interest in participating. Eligible participants 
were required to be between 18 and 30 years of age, 
non-smokers, free of any history of acute or chronic car-
diovascular, metabolic or musculoskeletal disease, not 
taking any supplements or medications that could in-
fluence vascular or autonomic function, and regularly 
physically active without previous exertional symptoms. 
All participants underwent a resting electrocardiogram 
(ECG) and an orthostatic test, both of which yielded 
normal findings.   

Pulse-wave analysis and pulse-wave velocity 
Central hemodynamic parameters, PWV and PWA were 
obtained during the baseline supine assessment using the 
SphygmoCor XCEL device (Cardiex, Sydney, Australia). 
All measurements were made after at least 5 minutes of 
rest in the supine position to ensure hemodynamic stabil-
ity. The assessment protocol enabled the comprehensive 
acquisition of central blood pressure and waveform-de-
rived indices, including measures of arterial stiffness and 
wave reflection. For the purposes of the present analysis, 
cf-PWV was used as the primary index of aortic stiffness, 
alongside selected central hemodynamic and PWA pa-
rameters that are commonly reported and relevant to vas-
cular evaluation. These included cSBP, cDBP, PP, AIx, and 
AIx@75. Other waveform-derived parameters obtained 
during the assessment were recorded but not included in 
the current analyzes. PWA was performed using an upper 
arm cuff while participants remained supine, allowing 
non-invasive estimation of central BP and augmenta-
tion indices. cf-PWV was measured using the same de-
vice, with a thigh cuff positioned over the femoral artery 
and carotid waveforms obtained by applanation tonome-
try. Transit distances were determined using standardized 
surface measurements. Specifically, three anatomical dis-
tances were measured: (1) the distance from the carotid 
artery pulse site to the suprasternal notch, (2) the distance 
from the suprasternal notch to the upper edge of the cuff, 

and (3) the distance from the femoral artery pulse site 
to the upper edge of the cuff. The device software to cal-
culate cf-PWV based on the pulse transit time between 
the carotid and femoral recording sites and the corre-
sponding anatomical path length. This combined base-
line assessment provided an integrated characterization 
of aortic stiffness and central hemodynamic before the 
graded submaximal exercise test. All SphygmoCor mea-
surements were subject to device-specific quality control 
criteria, and only recordings that met the recommend-
ed quality thresholds were accepted for analysis. Quality 
control was performed for each individual measurement. 

Exercise stress test 
The graded cycling exercise protocol was carried out us-
ing a cycle ergometer (Ergosana ERG 911 plus; Schil-
ler AG, Baar, Switzerland) in the exercise physiology 
laboratory of the outpatient clinic for hypertensive pa-
tients at Dr. Peter Draj Hospital, part of the Universi-
ty Medical Center Ljubljana. All tests were supervised 
by trained personnel. Participants were instructed to re-
frain from vigorous physical activity for at least 24 hours 
before testing, to arrive well-rested and adequately hy-
drated, and to avoid heavy meals and caffeine for at least 
4 hours before the session. All evaluations were sched-
uled in the afternoon to minimize circadian variability 
and were performed in a climate-controlled environ-
ment to ensure consistent temperature and reduce en-
vironmental variability. The exercise protocol consisted 
of several sequential phases. The participants first com-
pleted a 3 minute rest period while seated and breath-
ing normally. This was followed by the cycling phase, 
which included progressively increasing workloads: The 
initial workload was set at 20% of the maximum oxy-
gen uptake (VO₂max) and increased by 20% every 3 
minutes until it reached 80% of predicted VO₂max. The 
predicted VO2max values were derived from age and 
sex-specific reference tables from the updated FRIEND 
registry (2022),15 and the corresponding cycling pow-
er outputs were calculated using the Storer equation, 
which incorporates body mass to determine individ-
ualized maximum workload.16 Participants were in-
structed to maintain a cadence of 65 rpm throughout 
the cycling phase, regardless of workload. HR was con-
tinuously measured throughout the entire session using 
12-lead ECG monitoring, while systolic BP (SBP) and 
diastolic BP (DBP) were recorded automatically with a 
preprogrammed upper arm cuff pre-programmed in the 
device software. During the cycling phase, BP was mea-
sured once during each 3-minute exercise stage. After 
completion of the cycling phase, participants underwent 
a 5-minute seated recovery period, during which con-
tinuous HR monitoring was maintained and BP mea-
sured at 1, 3, and 5 minutes to assess early post-exercise 
hemodynamic responses. This protocol was selected to 

μ
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provide a controlled and progressive physiological stim-
ulus in standardized submaximal intensities. 

Heart rate variability and heart rate recovery assessment 
Electrocardiographic signals were recorded and stored 
for subsequent HRV analysis using Kubios HRV Analysis 
Software (Kubios Oy, Kuopio, Finland). The signals were 
sampled at 500 Hz, providing the high temporal resolu-
tion required for accurate extraction of HRV parameters. 
Artifacts and ectopic beats were identified and correct-
ed using the Kubios automatic artifact correction algo-
rithm, with manual verification to ensure signal quality. 
The HRV indices were calculated according to the guide-
lines of the Task Force of the European Society of Car-
diology Task Force and the North American Society of 
Pacing and Electrophysiology (1996).17 The HRV indices 
were averaged throughout the 5-minute recovery period. 
This approach was chosen to provide a stable summary 
estimate of post-exercise autonomic recovery and to re-
duce the influence of short-term fluctuations and signal 
noise. However, it should be acknowledged that averag-
ing across the entire recovery period can obscure tran-
sient, minute-to-minute changes in autonomic dynamics. 

The time domain analysis included the mean RR 
interval (RR), the root mean square of successive dif-
ferences (RMSSD), reflecting short-term and vagally 
mediated HRV, and the standard deviation of all nor-
mal to normal intervals (SDNN), representing over-
all autonomic modulation.18 The frequency domain 
analysis comprised low-frequency (LF; 0.04–0.15 Hz) 
and high-frequency (HF; 0.5–0.40 Hz) power, ex-
pressed in both absolute (ms²) and normalized units 
(nu). High-frequency normalized units (HFnu) pre-
dominantly indicate parasympathetic activity, low-fre-
quency normalized units (LFnu) reflect sympathetic 
modulation, and their ratio (LF/HF) provides a mea-
sure of sympathovagal balance.18,19 HRR was assessed 
as the decline in HR from peak exercise (HRpeak) at 
1 (HRR1), 3 (HRR3), and 5 minutes (HRR5) after ex-
ercise. HRR was calculated as the absolute decrease in 
heart rate from peak exercise according to the follow-
ing definitions: HRR1=HRpeak HR at 1 minute of re-
covery, HRR3=HRpeak HR at 3 minutes of recovery, 
and HRR5=HRpeak HR at 5 minutes of recovery. Early 
HRR (HRR1) predominantly reflects rapid parasympa-
thetic reactivation, while later recovery phases (HRR3, 
HRR5) are influenced by both parasympathetic reacti-
vation and sympathetic withdrawal, providing addition-
al information on autonomic recovery after exertion.20

Statistical analysis 
Data were analyzed using JASP version 0.17 (JASP 
Team, Amsterdam, The Netherlands). Continuous vari-
ables were tested for normality using the Shapiro–Wilk 
test and are presented as mean±standard deviation. 

Associations between baseline central hemodynamic 
parameters, cf-PWV, AIx @ 75 and post-exercise auto-
nomic recovery indices were evaluated using Pearson 
or Spearman correlation coefficients, depending on the 
data distribution, and visualized with scatterplots. For 
HRV analysis, time-domain and frequency-domain in-
dices were averaged over the entire 5-minute recovery 
period to obtain a single summary value per participant. 
Univariate linear regression analyzes were performed to 
identify potential predictors of autonomic recovery, fol-
lowed by multivariate linear regression models adjusted 
for age, sex, and BMI. Statistical significance was estab-
lished at p<0.05. 

Although sex was included as a covariate in multi-
variate models, no stratified analyses were performed. 
Therefore, potential sex-specific physiological differenc-
es in autonomic and vascular responses may not be ful-
ly captured.  Given the number of correlations tested, 
the analyzes should be interpreted with caution because 
of an increased risk of type I error. No formal correc-
tion for multiple comparisons was applied, as the study 
was exploratory. Analyses examining associations be-
tween cf-PWV and autonomic recovery indices were 
predefined, while additional exploratory analyses were 
performed to generate hypotheses for future studies.

Results  
A total of 30 participants were included in the final 
analysis, of which 17 (56.7%) were women. The base-
line characteristics of the study population, including 
demographic and anthropometric measures, central BP, 
PWA, and cf-PWV are summarized in Table 1. All vari-
ables were approximately normally distributed and no 
extreme outliers were identified.

Table 1. Demographic, anthropometric and central 
hemodynamic characteristics of study participants, values 
are presented as mean±SD unless otherwise indicated 
(n=30)
Variable (Unit) Mean±SD or n (%)

Demographics

Sex (female/male, n) 17 (56.7%)/13 (43.3%)

Age (years) 22.7±2.5

Body mass (kg) 69.2±9.6

Height (cm) 175.8±8.8

Body mass index (kg/m²) 22.3±1.8

Central hemodynamic parameters 

Central systolic blood pressure (mmHg) 108.9±8.6

Central diastolic blood pressure (mmHg) 77.3±7.6

Central pulse pressure (mmHg) 31.6±5.2

Pulse wave analysis

Augmentation pressure (AP, mmHg) 1.57±2.86

Augmentation index (AIx, %) 4.23±9.22

Augmentation index, HR-corrected (AIx@75, %) 2.30±11.45

Pulse wave velocity 

Carotid–femoral pulse wave velocity (cf-PWV, m/s) 5.57±0.75
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Table 2. Hemodynamic responses at rest, during peak 
exercise, and throughout recovery (1, 3, and 5 minutes), 
values are presented as mean±standard deviation

Variable (Unit)
Rest

(mean±SD)
Peak 

exercise
(mean±SD)

Recovery
1 min.

(mean±SD)

Recovery
3 min

(mean±SD)

Recovery
5 min

(mean±SD)

Heart rate (bpm) 81.0±14.4 163.1±18.6 126.7±27.3 108.0±23.8 101.4±19.8

Systolic BP 
(mmHg)

117.6±12.9 181.3±25.8 155.9±22.4 136.4±20.3 127.6±16.8

Diastolic BP 
(mmHg)

73.5±7.9 82.6±11.5  74.3±8.8 72.7±8.3 73.7±10.6

All participants successfully completed the grad-
ed submaximal exercise protocol up to 80% of the pre-
dicted VO₂max without adverse events. The mean HR 
peak increased from a resting value of 81.0±14.4 bpm 
to 163.1±18.6 bpm during exercise. SBP increased pro-
gressively with workload, reaching a mean peak value of 
181.3±25.9 mmHg (resting value: 117.6±12.9 mmHg), 

while DBP remained relatively stable throughout the 
test. During the 5-minute seated recovery period, both 
HR and BP gradually decreased toward baseline values 
(Table 2).

Associations of baseline arterial stiffness with peak ex-
ercise and post-exercise hemodynamic responses 
cf-PWV was positively associated with HRpeak 
(r=0.525, p=0.003) and peak systolic blood pressure 
(SBPpeak; r=0.557, p<0.001) during graded submax-
imal exercise (Fig. 1). Baseline AIx@75 showed weak-
er but statistically significant positive associations with 
HRpeak (r=0.368, p=0.045) and HR measured at 1, 3, 
and 5 minutes during recovery (HR1: r=0.378, p=0.039; 
HR3: r=0.504, p=0.005; HR5: r=0.416, p=0.022). During 
recovery, cf-PWV was positively correlated with SBP for 
1 minute (SBP1, r=0.512, p=0.004) and 3 minutes (SBP3, 
r=0.486, p=0.008), while the correlation for 5 minutes 

Fig. 1. The figure presents four scatterplots depicting correlations between cf-PWV and cardiovascular responses to graded 
submaximal cycling exercise: A: HR achieved during exercise, B: HR measured at 1-minute recovery following exercise, C: peak 
SBP achieved during exercise, and D: SBP measured at 1 minute recovery following exercise, all correlations are presented 
with the correlation coefficient (r) and the corresponding p-value. Statistical significance was established a priori at p<0.05 
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(SBP5) did not reach statistical significance (r=0.307, 
p=0.099). HR during recovery at 1, 3, and 5 minutes 
(HR1, HR3, HR5) showed significant positive correla-
tions with baseline cf-PWV (HR1: r=0.559, p=0.001; 
HR3: r=0.603, p=0.002; HR5: r=0.541, p=0.003). No 
significant correlations were observed between cf-PWV 
and DBP at any recovery time point (all p>0.05).

Associations of baseline arterial stiffness with autonom-
ic recovery following exercise 
During the recovery period, cf-PWV showed a signif-
icant inverse association with the mean RR interval 
(r=−0.598, p<0.001) (Fig. 2). On the contrary, cf-PWV 
was not significantly associated with HRV indices, in-
cluding SDNN and RMSSD (all p>0.05). However, 

Fig. 2. The figure presents six scatterplots that illustrate correlations between arterial stiffness, heart rate variability and 
recovery parameters during postexercise recovery: A: cf-PWV and RR intervals, B: AIx@75 and SDNN, C: AIx@75 and RMSSD, 
D: cf-PWV and LFnu, E: cf-PWV and LF/HF ratio, and F: cf-PWV and early heart rate recovery during the first minute of recovery 
(HRR1), all correlations are presented with the correlation coefficient (r) and the corresponding p-value, statistical significance 
was established a priori at p<0.05
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a  higher cf-PWV was significantly associated with a 
lower HFnu (r=0.480, p=0.004), a higher LFnu (r=0.480, 
p=0.004) and a higher LF/HF ratio (r=0.49, p=0.005). 

AIx@75 also demonstrated an inverse association 
with the mean RR interval during recovery (r=0.481, 
p=0.007). Furthermore, AIx @ 75 showed a trend to-
wards an inverse association with RMSSD during recov-
ery that did not reach statistical significance (r=<0.359, 
p=0.051) and was not associated with SDNN (p>0.05). 
Similarly to cf-PWV, AIx@75 was significantly associat-
ed with HRV indices during recovery, including a high-
er LFnu (r=0.376, p=0.041), lower HFnu (r=0.376, 
p=0.041) and a higher LF/HF ratio (r=0.367, p=0.046). 
No significant correlations were observed between oth-
er baseline central hemodynamic parameters and recov-
ery HRV indices (all p>0.05).

cf-PWV was inversely associated with early HRR 
during the first minute of recovery (HRR1; r=<0.517, 
p=0.002) (Fig. 2). The associations with later recov-
ery phases at 3 and five minutes (HRR3 and HRR5) 
were weaker and did not reach statistical significance 
(HRR3: r=−0.104, p=0.292; HRR5: r=0.146, p=0.210). 
The baseline cSBP was inversely correlated with HRR1 
(r=<0.370, p=0.044) but not with HRR3 or HRR5 
(HRR3: r=−0.211, p=0.264; HRR5: r=<0.075, p=0.692). 
In contrast, the augmentation index (AIx@75) was not 
significantly associated with HRR at any post-exercise 
time point (all p>0.05).

Table 3. Univariate and multivariate linear regression 
analyses identifying predictors of early heart rate recovery*

Model Predictor (Unit) B SE β (standardized) p Model statistics

Univariate cf-PWV (m/s) -0.033 0.010 −0.517 0.003
R=0.517;  
R²=0.268; 

Adjusted R²=0.241

Multivariable

cf-PWV (m/s) -0.030 0.012 −0.465 0.045

R=0.560; 
R²=0.313; 

Adjusted R²=0.203

Age (years) −0.019 0.051 −0.063 0.715

Sex (female/male) −0.324 0.292 † 0.277

BMI (kg/m²) −0.054 0.075 −0.132 0.478

* values are regression coefficients from linear regression 
models, standardized β for sex is not reported because sex 
is a binary variable

Regression analysis of arterial stiffness as a determinant 
of early autonomic recovery 
In the univariate linear regression analysis, cf-PWV was a 
significant predictor of early HRR 1 minute post-exercise, 
accounting for 26.8% of the variance in HRR1 (β=−0.517, 
R²=0.268, p=0.003). After adjustment for age, sex and 
body mass index, cf-PWV remained independently as-
sociated with HRR1, although the strength of the asso-
ciation was attenuated (adjusted R²=0.203, p=0.045). 
None of the covariates were significant independent pre-
dictors in the multivariable model (all p>0.05) (Table 3). 

Exploratory regression analyzes for selected HRV indi-
ces showed that, after adjustment for age, sex, and body 
mass index, no baseline arterial stiffness or central hemo-
dynamic parameters were independently associated with 
post-exercise HRV measures (all adjusted p>0.05).

Discussion 
This exploratory pilot study investigated the association 
between baseline aortic stiffness and cardiovascular and 
autonomic recovery following graded submaximal aer-
obic exercise in healthy young adults. The main findings 
were that a higher baseline aortic stiffness (assessed by 
cf-PWV) was associated with higher peak HR and SBP 
during exercise, slower HRR at the beginning of the ex-
ercise, and an altered autonomic recovery profile char-
acterized by patterns in the HRV indices (lower HFnu, 
higher LFnu and LF/HF ratio). cf-PWV remained an in-
dependent predictor of early HRR after adjustment for 
age, sex, and BMI. Such findings suggest an association 
between baseline vascular properties and early cardio-
vascular and autonomic recovery in a controlled phys-
iological setting. These findings are consistent with the 
results of the cardiovascular risk in young Finns study 
by Haarala et al.21, which showed that greater arterial 
stiffness was associated with exaggerated exercise blood 
pressure responses during the maximal cardiopulmo-
nary exercise test. Together, these findings are consistent 
with the idea that baseline arterial pressure is associated 
with cardiovascular load during exercise and recovery, 
even in young, otherwise healthy individuals. 

Beyond peak exercise responses, our findings sug-
gest that a higher baseline cf-PWV is associated with 
slower early postexercise recovery, reflected by high-
er HR and BP during the recovery period and delayed 
hemodynamic normalization. These findings indicate 
that higher arterial stiffness may also be associated with 
early cardiovascular readjustment after exercise. Previ-
ous studies have also linked a higher PWV to altered ex-
ercise responses and delayed recovery.22,23 In our study, 
higher HR and SBP during graded submaximal exercise 
reflect cardiovascular responses to physiological stress. 
Previously, exaggerated exercise BP responses have been 
associated with vascular dysfunction and adverse car-
diovascular profiles.24    

Given that postexercise hemodynamic recovery is 
tightly regulated by autonomic mechanisms, we further 
examined whether a higher baseline cf-PWV is associ-
ated with altered autonomic regulation during recovery. 
A higher baseline cf-PWV was associated with a low-
er HFnu, a higher LFnu, and an elevated LF/HF ratio, 
commonly interpreted as reflecting changes in auto-
nomic balance.25

These findings are consistent with Park et al.26, who 
reported similar associations between arterial stiffness 
and altered autonomic recovery after aerobic exercise, 
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and with findings from resistance exercise studies, sug-
gesting that arterial stiffness may also be relevant to au-
tonomic recovery across different exercise modalities.27                

Previous studies suggest a bidirectional relation-
ship between autonomic activity and arterial stiffness, 
although causality cannot be inferred in the present 
study.28 Recent work by Gronwald et al.29 further high-
lights the influence of exercise intensity on post-exercise 
HRV, showing that more vigorous exercise produc-
es greater and longer lasting autonomic perturbations 
compared to moderate exercise. Our findings suggest 
that even in healthy young adults, interindividual dif-
ferences in arterial stiffness may be associated with au-
tonomic recovery. Higher cf-PWV was associated with 
higher LFnu and LF/HF ratio during recovery, even un-
der graded submaximal exercise (20–80% VO₂max). 
This suggests that vascular properties may be associated 
with interindividual differences in autonomic responses 
during recovery. 

Our findings suggest that variations in arterial stiff-
ness and autonomic regulation are detectable even in 
apparently healthy young adults. HRV and related auto-
nomic indices provide sensitive measures of autonomic 
cardiovascular control during the recovery phase after ex-
ercise, reflecting the ability of the cardiovascular system 
to adapt to physiological stress.25 Furthermore, cf-PWV 
emerged as a more consistent predictor of frequency 
domain HRV indices than AIx@75, possibly reflecting 
differences in intrinsic aortic stiffness and baroreflex-me-
diated autonomic modulation.30 These results suggest the 
potential utility of combining vascular and autonom-
ic evaluation to characterize physiological differences in 
cardiovascular regulation in a controlled setting. To sup-
port this interpretation, a systematic review by Pierce et 
al.31 reported that PWV shows more consistent responses 
to exercise in different modalities, whereas the increase 
indices are more variable and strongly influenced by tran-
sient hemodynamic conditions.

Cf-PWV was associated with HRV indices but not 
time-domain measures, reflecting differences in the 
physiological information captured by these parame-
ters.31,32 This pattern can be explained by the fact that 
the time domain indices reflect overall or short-term 
variability without distinguishing sympathetic and 
parasympathetic contributions, while the frequency do-
main measures more directly capture autonomic mod-
ulation and baroreflex sensitivity.32-34 The present study 
focused on the early post-exercise recovery phase, with 
HRV, HRR, and BP monitored during the first 5 min-
utes after exercise cessation. This time window captures 
rapid parasympathetic reactivation and the initial phase 
of cardiovascular readjustment, but it does not reflect 
the full trajectory of post-exercise recovery, which can 
extend beyond 20 to 60 minutes or longer.35 For this 
reason, the present findings should be interpreted as re-

lating specifically to early recovery kinetics rather than 
complete post-exercise recovery dynamics. 

Beyond exercise performance, an important obser-
vation of the present study is related to early postexer-
cise recovery. HRR within the first minute after exercise 
cessation is mainly governed by rapid parasympathetic 
reactivation and is widely used as a marker of autonom-
ic regulation.36,37 In our study, a higher baseline cf-PWV 
was associated with slower HRR at 1 minute, and this 
relationship remained significant after adjustment for 
age, sex and BMI. While previous studies linking greater 
arterial stiffness to slower HRR were conducted in older 
or clinical populations,38,39 the present findings suggest 
that vascular-autonomic associations are also detectable 
in a controlled physiological setting in healthy young 
adults. In summary, baseline cf-PWV was associated 
with early cardiovascular and autonomic recovery af-
ter graded submaximal exercise in healthy young adults 
and remained an independent predictor of early HRR. 
These results should be interpreted as evidence of phys-
iological variation in vascular–autonomic regulation 
rather than indicators of clinical risk. In general, the 
study provides information on early recovery dynamics 
under controlled experimental conditions, while confir-
mation in larger and clinical cohorts is still needed.

Study limitations and future perspectives 
This exploratory study has several limitations that 
should be considered when interpreting the findings. 
First, the relatively small sample size (n=30) and the 
inclusion of a homogeneous cohort of healthy young 
adults within a narrow age range (18-30 years) can lim-
it the generalizability. Although the study detected sev-
eral moderate to strong associations between cf-PWV 
and autonomic and hemodynamic indices, the results 
should be interpreted with caution given the sample size 
and exploratory design. Future studies involving larg-
er and more diverse populations, including older adults 
and individuals with cardiovascular risk factors, are 
warranted to confirm and extend these observations.      

Second, post-exercise recovery was monitored for 
only 5 minutes. Although this period captures the early 
phase of parasympathetic reactivation and allowed si-
multaneous evaluation of HRR, HRV, and BP dynam-
ics, longer recovery monitoring would provide a more 
complete characterization of post-exercise autonom-
ic and hemodynamic adjustments. Third, cf-PWV and 
central hemodynamics were evaluated only at rest. Al-
though resting cf-PWV provides a robust index of in-
trinsic aortic stiffness, future studies may benefit from 
evaluating vascular responses during post-exercise re-
covery to better characterize dynamic vascular–auto-
nomic interactions. 

Fourth, aerobic capacity was not measured direct-
ly using cardiopulmonary exercise testing but estimat-
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ed from age- and sex-based prediction tables. Given 
the relatively homogeneous fitness levels of young par-
ticipants and the derived nature of predicted VO₂max, 
its inclusion in regression models may have introduced 
collinearity with exercise HR variables. However, di-
rect VO₂max measurement would be valuable in future 
studies involving more heterogeneous or clinical pop-
ulations. 

Finally, the inclusion of multiple covariates in re-
gression models relative to the modest sample size 
may have reduced statistical power. These adjustments 
were included to account for potential confounders 
and, therefore, the findings should be interpreted as ex-
ploratory and hypothesis-generating. In addition, the 
observational design limits causal inference. Future 
larger-scale studies, particularly in populations with 
cardiovascular risk factors, are needed to clarify the re-
lationship between arterial stiffness and post-exercise 
autonomic recovery.

Conclusion 
This exploratory pilot study demonstrates that base-
line aortic stiffness, assessed by cf-PWV, is associated 
with cardiovascular and autonomic responses to grad-
ed submaximal exercise in healthy young adults. Higher 
cf-PWV was associated with higher peak HR and SBP 
during exercise, as well as slower early HRR after cessa-
tion of exercise. Cf-PWV also remained independent-
ly associated with early HRR after adjustment for age, 
sex, and BMI. These findings support an association be-
tween baseline vascular properties and early cardiovas-
cular and autonomic recovery dynamics in a controlled 
physiological setting. However, given the observation-
al and pilot nature of the study, these results should be 
interpreted as preliminary. More studies in larger and 
clinical populations to confirm these associations and 
better understand their physiological and clinical rele-
vance.
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ABSTRACT
Introduction and aim. The incidence of breast cancer is increasing globally, prompting the development of various surgical 
and reconstructive techniques for treatment. Chest computed tomography (CT) is frequently performed for multiple clinical 
indications, including screening, postoperative surveillance, and staging. Therefore, this article aims to review and illustrate the 
characteristic imaging characteristics of various postoperative breast changes that may be incidentally identified on chest CT.
Material and methods. We reviewed the medical records of patients who underwent CT scans at our hospital in the past five 
years and had changes in the shape of their breasts to confirm diagnosis, surgery, or procedure name, etc.
Analysis of the literature. We compared CT findings of patients with surgically confirmed procedures with the surgical tech-
niques to identify any deformities resulting from surgery. In addition, we investigated the indications and effects of each 
surgery.
Conclusion. Awareness of these characteristic CT appearances can help radiologists avoid misinterpretation, recognize compli-
cations or recurrence, and provide clinically relevant information even when breast findings are incidental.
Keywords. mammoplasty, mastectomy, postoperative breast

Introduction
Breast cancer is one of the most common malignancies 
and the second leading cause of cancer-related mortal-
ity worldwide.1 As a result, various surgical treatment 
options have been developed, and breast reconstruction 
is frequently performed for aesthetic and psychologi-
cal reasons after mastectomy or breast conserving sur-
gery. Consequently, the postoperative appearance of the 
breast can vary significantly, leading to a wide range of 
imaging findings. Therefore, radiologists to have a com-
prehensive understanding of these variations to ensure 
accurate interpretation.

In clinical practice, postoperative evaluation of pa-
tients with breast cancer is typically conducted using 

magnetic resonance imaging (MRI), mammography, 
and breast ultrasound. Chest computed tomography 
(CT), while primarily performed to evaluate for in-
trathoracic metastases, often incidentally includes the 
breasts within the field of view. Unlike dedicated breast 
imaging modalities, chest CT is not optimized for breast 
evaluation and is often interpreted without a focused as-
sessment of postoperative breast anatomy. This creates 
a potential diagnostic blind spot in routine practice. In 
such cases, familiarity with the expected postoperative 
imaging findings is important for an accurate diagno-
sis (Fig. 1). 

Furthermore, in patients undergoing chest CT for 
other indications, such as screening or evaluation of 
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conditions such as pneumonia, postoperative breast 
changes may be the only imaging clue to a history of 
breast cancer surgery. Therefore, this pictorial essay fo-
cuses on the breast CT findings after surgical treatment 
for breast cancer (Table 1). 

Table 1. Summary of figures with type of surgery*
Figure No. Age Diagnosis Surgery type

3 36 Invasive ductal carcinoma Modified radical mastectomy

4 65 Ductal carcinoma in situ Breast conserving surgery

5 60
Invasive mucinous 
carcinoma

Modified radical mastectomy and augmentation 
mammoplasty

6 47 Cosmetic cause Augmentation mammoplasty

7 58
Intraductal carcinoma 
(two site)

Modified radical mastectomy and TRAM flap

8 55 Invasive ductal carcinoma
Skin-sparing mastectomy and axillary dissection 
--> LD flap

9 63 Cosmetic cause Injection mammoplasty (paraffin)

* TRAM – transverse rectus abdominis myocutaneous,  
LD – lattisimus dorsi

Aim
The incidence of breast cancer is increasing globally, 
prompting the development of various surgical and re-
constructive techniques for its treatment. Chest CT is 
frequently performed for multiple clinical indications, 
including screening, postoperative surveillance, and 
staging. As a result, radiologists may encounter altered 
breast anatomy after surgery or reconstruction on chest 
CT images. Lack of familiarity with the postoperative 
appearance of the breast may lead to misinterpretation 
or missed diagnoses. Therefore, this article aims to re-
view and illustrate the characteristic imaging findings 
of various postoperative breast changes that may be in-
cidentally identified on chest CT.

Material and methods
We retrospectively reviewed CT scans of female pa-
tients who underwent contrast-enhanced chest CT 
in the past five years. Cases with breast abnormalities 
or bilateral asymptomatic breasts were also included. 
We reviewed the medical records of the included pa-
tients and, if the surgical procedure was available, we 
reviewed the literature to determine the surgical tech-
nique and compared it with the CT findings. If the rea-
son for the surgery could be identified, the diagnosis 
was also recorded.

Analysis of the literature
Surgical treatment for removal of breast mass
Treatment options for breast cancer include surgery, ra-
diation therapy, and chemotherapy. Among these, sur-
gery is the primary treatment modality for operable 
breast cancer confined to the breast tissue and region-
al lymph nodes. Advances in breast imaging modali-
ties such as mammography, ultrasound, and magnetic 
resonance imaging have facilitated earlier detection 
and led to significant evolution in surgical techniques. 
Tumor size reduction through early detection has ex-
panded surgical options, including the introduction of 
skin-sparing and nipple-sparing mastectomies in recent 
years.

Breast surgery can generally be classified into two 
categories: mastectomy and breast preservation surgery, 
depending on whether residual breast tissue remains af-
ter surgery.1,2

Mastectomy
Mastectomy refers to the surgical removal of all breast 
tissue and is performed in various forms depending 
on the extent of tissue excision and oncologic consid-
erations. This paper reviews five commonly performed 

  

Fig. 1. A: Schematic diagram illustrating the anatomical structure of the breast, B: Mammography showing standard breast 
tissue without abnormalities, C: Chest CT providing a cross-sectional view of the layers of the breast tissue (deep layer of supf. 
fascia – deep layer of superficial fascia, deep layer of supf. fascia – deep layer of superficial fascia)

C
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types of mastectomy: radical mastectomy, simple (total) 
mastectomy, modified radical mastectomy, skin-sparing 
mastectomy, and nipple-sparing mastectomy (Fig. 2).

Fig. 2. A: Diagram showing radical mastectomy with a 
broad range of resection, including the pectoralis muscle, 
axillary lymph nodes, and adjacent veins in addition to 
the tissues removed in total mastectomy, B: Schematic 
image illustrating the extent of tissue removal in total 
mastectomy, in which breast tissue, skin, and nipple-
areola complex are removed while preserving the 
pectoralis muscle, C: Schema of skin-sparing mastectomy 
demonstrating removal of breast tissue while maintaining 
the overlying skin envelope; the nipple-areola complex is 
removed, D: Nipple-sparing mastectomy image depicting 
preservation of both the skin envelope and the nipple–
areola complex, with removal limited to the underlying 
breast tissue, in all panels, bold red lines indicate the limits 
of tissue excision for each surgical procedure

Radical mastectomy
Radical mastectomy was the earliest standard surgical 
treatment for breast cancer. It involves the complete re-
moval of all breast tissue, overlying skin, nipple-areolar 
complex (NAC), major and minor muscles, as well as 
axillary lymph nodes at levels I, II, and III, and some-
times the axillary vein.

Although effective oncologically, this procedure 
is associated with significant cosmetic deformity and 
functional impairment and has largely been replaced by 
modified radical mastectomy.

On chest CT, radical mastectomy appears as a bare 
chest wall with absent breast parenchyma, pectoral 
muscles, skin and NAC. The axillary region may show 
the absence of regional lymph nodes and postoperative 
changes, such as thin subcutaneous fat directly overly-
ing the chest wall musculature.

Simple (total) mastectomy and modified radical mas-
tectomy
A simple (total) mastectomy involves removal of breast 
tissue, skin, and NAC while preserving the pectoralis 
muscles. A modified radical mastectomy includes all ele-
ments of a simple mastectomy, but also involves axillary 
lymph node dissection, typically levels I and II (Fig. 3).

Fig. 3. A: Chest CT after modified radical mastectomy 
demonstrating removal of the right breast tissue, overlying 
skin and the nipple–areola complex, and remaining 
underlying pectoralis muscles, resulting in exposure of 
the bare chest wall (arrows), B: Chest CT showing absence 
of the right axillary lymph nodes after surgical dissection 
(arrow)

In both procedures, the major and minor muscles 
remain intact and are therefore visible on chest CT.  In 
modified radical mastectomy, postoperative changes or 
scarring may be observed in the axillary region. Fur-
thermore, in most patients undergoing simple (total) 
mastectomy, a sentinel lymph node biopsy is performed 
to evaluate lymph node metastasis, which can also result 
on minor surgical scarring in the axilla.
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Skin-sparing mastectomy
Skin-sparing mastectomy removes all of the breast tissue 
and NAC, while preserving the overlying skin envelope. 
Immediate breast reconstruction is typically performed 
to restore breast contour. This technique is commonly 
used in patients with T1–T2 breast cancer, ductal car-
cinoma in situ (DCIS), or for prophylactic mastectomy, 
but is contraindicated in cases of inflammatory breast 
cancer or skin involvement.1,3

On chest CT, the NAC and the underlying breast tis-
sue are absent, while the native skin and subcutaneous fat 
remain intact. Depending on the reconstruction method, 
the images may show an autologous free flap, implants or 
tissue expanders placed beneath the preserved skin.

Nipple-sparing mastectomy
Nipple-sparing mastectomy is a modification of 
skin-sparing mastectomy that preserves the NAC in 
addition to the skin envelope. First described by Free-
man in 1962, this technique was initially abandoned due 
to concerns regarding tumor safety and cosmetic out-
comes. However, subsequent studies, including the 1999 
report by Hartmann et al., demonstrated its efficacy in 
prophylactic mastectomy for high-risk patients and later 
in selected cases of breast cancer.4

Classically, the eligibility criteria included a tumor 
size of <2.5 cm, a tumor located >2 cm from the nip-
ple–areolar complex (NAC), clinically negative axillary 
lymph nodes, absence of skin involvement or Paget’s 
disease, and no evidence of NAC invasion on preoper-
ative MRI.4

Nipple-sparing mastectomy has quickly become a 
popular standard procedure, with recent retrospective 
studies demonstrating its oncological safety and cos-
metic benefits. However, caution is advised in patients 
with nipple discharge, inflammatory breast cancer, or 
NAC -related symptoms.4

On chest CT, NAC and skin are preserved, with the 
absence of the underlying glandular tissue. In some cas-
es, the NAC may also appear intact after other forms of 

mastectomy due to nipple reconstruction procedures.
Breast-conservation surgery
Breast conserving surgery involves the removal of the 
breast tissue that contains the tumor along with a mar-
gin of normal breast tissue, while preserving the overall 
contour and appearance of the breast. In patients with 
invasive ductal carcinoma, a sentinel lymph node biop-
sy is performed, and if there is evidence of lymph node 
involvement, an axillary lymph node dissection is per-
formed. Compared to radical surgery, breast-conserving 
surgery offers superior cosmetic results. This procedure 
is performed most commonly in patients with T1 and 
T2 early-stage breast cancers.

Following breast preservation surgery, the majority 
patients undergo adjuvant radiation therapy and chemo-
therapy may be administered as indicated.1 On chest CT, 
postoperative findings typically include partial remov-
al of the breast tissue that encompasses the tumor with 
preservation of adjacent normal tissue. The presence of 
surgical clips and mild deformation of the breast contour 
often facilitate identification of the surgical procedure 
(Fig. 4). Furthermore, patients who have undergone ra-
diation therapy may exhibit skin thickening or increased 
parenchymal trabecularity, which are typical post-radia-
tion changes.

Breast reconstruction
Breast reconstruction encompasses a range of tech-
niques, including autologous flap reconstruction, im-
plant-based reconstruction, NAC reconstruction, and, 
less commonly, liquid silicone or paraffin injections.

The choice of reconstruction method is influenced 
by multiple factors, such as the type of prior breast 
cancer surgery (eg mastectomy vs. breast-conserving 
surgery), the patient’s body habitus, medical history, 
findings from physical examination and whether adju-
vant radiotherapy has been performed.

From a practical perspective of CT interpretation, 
radiologists should systematically assess muscle sacri-
fice, donor-site alterations, characteristic reconstruc-

 
Fig. 4. A: Mammography showing postoperative changes in the right breast consistent with breast-conserving surgery, 
B: Chest CT showing resection of abnormal breast tissue in the right breast, with surgical clips visible at the operative site 
corresponding to the findings on mammography
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tion-specific landmarks, and visibility of the vascular 
pedicle visibility, while remaining aware of common di-
agnostic pitfalls, such as fat necrosis that may mimic tu-
mor recurrence.

Breast implant
The use of breast implants has been increasing for var-
ious indications, including cosmetic augmentation, re-
construction after partial or total mastectomy, and 
correction of congenital breast deformities. 

Implants can be classified on the number of lumens 
and the type of filler material. There are two main types:

Single-lumen implants, which contain either sili-
cone gel or saline solution.

Double-lumen implants, consisting of an inner and 
outer chamber. A standard double-lumen implant typi-
cally has a silicone-filled inner lumen and a saline-filled 
outer lumen. Conversely, a reverse double-lumen im-
plant contains saline in the inner lumen and silicone gel 
in the outer lumen.

Fig. 5. Chest CT showing normally positioned 
mammoplasty implants in the subareolar region of 
both breasts, the right breast implant shows water-like 
attenuation, suggesting a saline-filled bag, while the left 
breast implant demonstrates relatively higher attenuation, 
presumed to represent a silicone-filled bag

Breast implants are most commonly placed either in 
the subglandular space (beneath the breast tissue) or in 
the submuscular space (subpectoral) (beneath the pec-
toralis major muscle). Following implantation, the body 
forms a fibrous capsule around the implant in response 
to foreign material – a process known as encapsulation.6

On mammography, silicone appears as a dense ra-
diopaque mass due to its relatively low radiolucen-
cy. On ultrasound, implants appear as anechoic spaces 
surrounded by echogenic boundaries, representing the 
elastomeric shell and fibrous capsule. One or two dis-
crete echogenic lines may be seen that correspond to 

the implant wall and the surrounding capsule. On chest 
CT, silicone implants are easily identified as oval-shaped 
structures with soft tissue-like attenuation, distinguish-
able in either the subglandular or subpectoral locations. 
Single-lumen silicone-filled implants appear homoge-
neous with a well-defined elastomeric shell, often visi-
ble as a high-density rim (Fig. 5).

In double-lumen reverse implants, the inner lumen 
filled with saline demonstrates fluid attenuation, while 
the outer lumen filled with silicone shows soft tissue at-
tenuation, similar to single-lumen silicone implants.

Radial folds and small volumes of periprosthetic flu-
id may sometimes be observed in asymptomatic implants 
and should not be misinterpreted as signs of rupture. This 
fluid is thought to represent a benign inflammatory re-
sponse. Over time, capsular thickening or calcification 
may occur and can be readily detected on CT.

Implant rupture
Breast implants are not permanent devices and are subject 
to rupture over time, and the risk increasing with implant 
age. Most ruptures occur 10 to 15 years after placement, 
although the exact incidence remains unclear.7

Ruptures are typically classified as intracapsular or 
extracapsular:

Intracapsular rupture occurs when the implant shell 
is damaged, but the contents (silicone or saline) remain 
confined within the fibrous capsule (Fig. 6).8 This type of 
rupture is more common and may be difficult to detect 
on mammography, although subtle contour deformities 
or focal bulging of the implant may be observed.

Fig. 6. Chest CT demonstrating intracapsular rupture of both 
breast implants, multiple linear structures parallel to the 
implant capsule (arrow), consistent with the ‘linguine sign’, 
while the implant contents remain contained within the 
surrounding fibrous capsule without extracapsular leakage
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In ultrasound, multiple echogenic lines within 
the capsule (representing collapsed shell fragments) 
create the characteristic ‘stepladder sign.’ On MRI, 
low-signal-intensity curvilinear lines within the im-
plant represent the ‘linguine sign,’ a hallmark of 
intracapsular rupture. On chest CT, a deformed or re-
tracted contour of the implant may be noted, indicat-
ing shell collapse.

Extracapsular rupture involves disruption of both 
the implant shell and the fibrous capsule, allowing sili-
cone to escape into the surrounding breast tissue.

On mammography, extracapsular silicone may ap-
pear as radiolucent areas outside the implant bound-
aries. Breast ultrasound demonstrates the ‘snowstorm 

Fig. 7. A: Chest CT acquired in a caudocranial direction 
demonstrating absence of the left rectus abdominis 
muscle (arrow), indicating its use as a donor site for 
the TRAM flap, B: Image showing the pedicle (arrow) 
connecting the abdominal donor site to the reconstructed 
right breast, C: Chest CT depicting the formation of the 
right breast mound by the transferred TRAM flap tissue, 
D: Additional image showing a mammoplasty bag used 
concurrently as a volume expander

Fig. 8. A: Chest CT showing the pedicle (arrow) originating 
from the upper left chest, extending anterior to the 
humerus, B: Sequential image showing the pedicle 
descending toward the thoracic wall, C: Chest CT showing 
the transferred latissimus dorsi flap forming fatty 
tissue within the left breast region, contributing to the 
maintenance of the reconstructed breast contour

sign,’ in which echogenic silicone droplets cause diffuse 
acoustic shadowing, obscuring normal tissue planes.
Magnetic resonance imaging and computed tomogra-
phy can also detect extravasated silicone, particularly in 
the subcutaneous tissue or lymph nodes.

Flap surgery
After mastectomy, breast reconstruction can be per-
formed using autologous tissue flaps – comprising skin 
and subcutaneous fat – as an alternative or complement 
to implant-based reconstruction. This approach is asso-
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ciated with superior long-term aesthetic and function-
al outcomes, as it can replace a substantial volume of 
breast tissue and more closely mimic the natural con-
tour and texture.

Commonly used autologous flap techniques include 
the transverse rectus abdominis myocutaneous flap 
(TRAM), the deep inferior epigastric perforator flap 
(DIEP), the latissimus dorsi flap, and the profunda ar-
tery perforator flap (PAP).

The TRAM flap involves the transposition of the 
transverse rectus abdominis muscle and the overly-
ing skin/subcutaneous tissue to the chest wall, typical-
ly through a subcutaneous tunnel. The pedicled TRAM 
flap includes a large part of the rectus abdominis muscle 
and is supplied by the superior epigastric vessels. Vari-
ants include the free TRAM flap and the muscle-sparing 
free TRAM flap, both of which aim to minimize donor 
site morbidity. However, mobilizing a significant por-
tion of the rectus abdominis may weaken the abdomi-
nal wall and increase the risk of hernia formation.

On chest CT, the TRAM flap appears as a thin cur-
vilinear soft tissue band within the reconstructed breast, 
corresponding to the autologous dermal layer (Fig. 7). 
Fat-attenuation tissue superficial to this band represents 

native subcutaneous chest fat, while deeper fat-atten-
uation tissue reflects transposed abdominal fat. In the 
presence of infection, inflammation, or tumor recur-
rence, this band may appear abnormally thickened, 
which warrants careful interpretation by radiologists.10

The DIEP flap utilizes only skin and fat from the 
lower abdomen, preserving the rectus abdominis mus-
cle. This muscle-sparing technique significantly reduc-
es complications related to abdominal wall weakness  
such as hernias – while maintaining a natural breast 
shape and feel. The DIEP flap currently represents the 
most commonly performed autologous flap procedure 
in breast reconstruction. Successful harvesting requires 
precise microvascular dissection to isolate perforator 
vessels while sparing muscle.

The latissimus dorsi flap involves the transfer of 
skin, fat, and the latissimus dorsi muscle from the back 
to the chest wall (Fig. 8). Due to its proximity to the 
breast and its reliable vascularity, it is often used for par-
tial reconstructions or in combination with implants 
when additional volume is needed. However, due to the 
relatively limited adipose tissue in the back, its utility for 
large-volume reconstructions is limited.

 

Fig. 9. A: Chest CT demonstrating a mild increase in opacity in both breasts. Some areas show small round calcifications, 
whereas extensive calcification is rare, B: Mammography showing multiple granulomas corresponding to areas of increased 
opacity on CT, consistent with paraffin granuloma. The absence of ‘eggshell’ calcification helps distinguish it from silicone 
granuloma, C: Chest PA showing no obvious abnormalities in the breasts despite the presence of granulomas on CT and 
mammography
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Direct injection of liquid silicone or paraffin
Although no longer commonly practiced, direct injec-
tion of liquid silicone or paraffin into breast tissue for 
cosmetic augmentation was performed between the ear-
ly 1900s and 1970s. Since then, these procedures have 
been abandoned due to their serious long-term compli-
cations, including granulomatous inflammation, mass 
formation, fibrosis, and calcification of the breast pa-
renchyma.

Silicone injections were used more frequently than 
paraffin and are associated with the development of sil-
icone granulomas, which may appear on breast imaging 
and chest CT as multiple round high-density cystic le-
sions with eggshell calcifications. These findings often 
help delineate abnormal tissue within the breast paren-
chyma.9

On the contrary, paraffin granulomas are usually 
present as nodules of varying sizes, often with central 
radiolucency and calcification (Fig. 9). They may induce 
fibrotic reactions in the surrounding tissue, leading to 
blurring of the subcutaneous fat plane, skin thickening, 
and parenchymal calcifications.11

In cases where silicone and paraffin injections were 
used and if the granulomatous reaction progresses to 
extensive fibrosis with architectural distortion of the 
breast, breast cancer should be included in the differ-
ential diagnosis.9 These post-injection changes repre-
sent one of the most challenging differential diagnoses 
on CT, as extensive fibrosis and calcifications can both 
mimic and obscure underlying malignancy. Therefore, 
accurate imaging interpretation is essential to avoid 
missed or delayed diagnosis.

Conclusion
Chest CT may be performed in patients with breast 
cancer for a variety of postoperative indications, in-
cluding surveillance, evaluation of complications, or 
unrelated clinical concerns. Given the wide range of 
surgical techniques and reconstructive procedures, as 
well as potential postoperative complications, it is es-
sential for radiologists must accurately interpret chest 
CT findings in this context. Therefore, the systematic 
evaluation of the breasts on routine chest CT should 
be considered an integral component of comprehen-
sive radiologic interpretation in patients with postop-
erative breast cancer.
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ABSTRACT
Introduction and aim. Alzheimer’s disease (AD) is a neurodegenerative disorder that affects mainly the elderly. Among the 
variety of factors contributing to the pathogenesis of AD, oxidative stress has emerged as a key factor in the initiation and pro-
gression of the disease. Glutathione peroxidases (GPxs) are enzymes that are known to play a critical role in maintaining cellular 
redox balance. To this end, the present narrative review aims to explore the role of GPx enzymes in AD and discuss their contri-
bution to oxidative stress pathways and AD pathogenesis. 
Literature search. PubMed, Scopus, and Google Scholar were searched for relevant literature. No specific inclusion and exclu-
sion criteria were used due to the narrative nature of the review.
Analysis of the literature. Available records suggest a strong association between oxidative stress and the pathological fea-
tures of AD, including amyloid-β aggregation, tau hyperphosphorylation, and neuroinflammation. The enzyme isoforms GPx1, 
GPx3, and GPx4 have been implicated in AD pathogenesis. 
Conclusions. GPx enzymes play an important protective role in AD. Despite promising preclinical evidence, more translational 
research is required to clarify the therapeutic and biomarker potential of GPxs in AD.
Keywords. Alzheimer’s disease, glutathione peroxidase, neurodegeneration, oxidative stress

Introduction 
Alzheimer’s disease (AD) is the most common cause of 
dementia worldwide, which can significantly affect a pa-
tient’s cognitive abilities.1 Despite the numerous studies 
undertaken, the underlying mechanisms that contrib-
ute to the pathogenesis and progression of AD have not 
been fully understood and, moreover, no definitive ther-
apeutic strategy has yet been discovered.2,3 The disease 
is characterized as a neuroinflammatory disease and 
oxidative stress is known to play a critical role in the 
initiation and progression of different inflammatory dis-
eases.4 Indeed, studies have shown that oxidative stress 
is a significant factor in the pathophysiology of AD.5,6

Glutathione peroxidases (GPx) are enzymes that 
are known to play a key role in protecting the organ-
ism from oxidative stress by reducing ROS.7 The acti-
vation of these enzymes is known to be a protection 
factor against many diseases induced by oxidation and 
cell senescence.8 GPx catalyze the reduction of hydrogen 
peroxide (H₂O₂) and organic hydroperoxides in water 
(H₂O) and corresponding alcohols, using reduced glu-
tathione (GSH) as an electron donor.7

Aim
This narrative review was undertaken to explore the role 
of GPx enzymes in the pathogenesis and progression of 
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AD, their participation in the oxidative stress mecha-
nisms that contribute to neurodegeneration, and their 
potential as therapeutic targets for the prevention or 
treatment of AD.

Literature search
The databases PubMed, Scopus, and Google Scholar 
were searched to retrieve available literature on the role 
of GPxs in Alzheimer’s disease dating from inception 
until December 2024. Keywords ‘Glutathione peroxi-
dase*’, ‘GPx’, ‘Alzheimer’, ‘Oxidative stress’, and “Demen-
tia” were used in combination with Boolean operators. 
Due to the narrative nature of the review, there were no 
specific inclusion and exclusion criteria. Overall, origi-
nal research, reviews, and meta-analyses from peer-re-
viewed journals with relevant information, including, 
written in English, were included in the synthesis of the 
present narrative review. No formal risk of bias assess-
ment or quantitative synthesis was performed due to the 
narrative design of the review.

Analysis of the literature
The role of oxidative stress in AD
Oxidative stress is increasingly recognized as a central 
factor in the pathophysiology of AD. Specifically, studies 
suggest a bidirectional relationship between oxidative 
stress and AD; oxidative stress can promote the forma-
tion of Aβ-plaques by upregulating β- and γ-secretase 
activity, and also leads to tau tangle formation by ac-
tivating inflammation-associated kinases, whereas in 
established Alzheimer’s disease, amyloid and tau pathol-
ogy themselves drive reactive oxygen species produc-
tion, thus increasing oxidative stress.9 Specifically, ROS 
exacerbate Aβ aggregation and tau phosphorylation, 
perpetuating a vicious cycle that accelerates neurode-
generation.10,11 It is also worth mentioning that oxidative 
stress is closely linked to impaired autophagy and hence 
can worsen neuronal vulnerability in AD.12 Simultane-
ously, in AD, age and accumulation of Aβ-plaques and 
tau tangles induce excessive ROS production, includ-
ing superoxide, hydrogen peroxide and hydroxyl radi-
cals.13 This leads to harm in neurons, glial cells, and the 
integrity of the blood-brain barrier (BBB). The brain’s 
susceptibility to oxidative damage arises from its high 
metabolic demands. Furthermore, the high iron content 
catalyzes ROS generation, coupled with relatively weak 
endogenous antioxidant defenses.14 This results in mito-
chondrial dysfunction, activation of pro-inflammatory 
pathways, and cellular apoptosis. At the same time, acti-
vated microglia have been found to produce reactive ox-
ygen species in Alzheimer’s disease, increasing oxidative 
stress.15 Overall, this leads to a vicious cycle that acceler-
ates neurodegeneration.

Advanced glycation end products (AGEs), which 
accumulate in Aβ plaques, also promote oxidative dam-

age, directly and indirectly contributing to neuronal 
death.16 Figure 1 summarizes the pathways through 
which oxidative stress promotes the pathogenesis and 
progression of AD.

Fig. 1. Oxidative stress and the pathophysiology of 
Alzheimer’s disease

GPx and neurodegeneration
GPx1 (cytosolic GPx) is the most widely expressed iso-
form of GPx and is predominantly localized in the cyto-
sol and mitochondria of various tissues, where it plays a 
critical role in the detoxification of hydrogen peroxide.17 
Extensive studies in experimental models have shown 
that the absence of GPx1 significantly increases the vul-
nerability of cells to oxidative stress.18 GPx1 knockout 
models show an increased susceptibility to cellular dam-
age induced by hydrogen peroxide and exacerbate neu-
rotoxic effects, particularly under conditions of elevated 
oxidative burden, as seen in neurodegenerative diseas-
es such as Alzheimer’s.19 Furthermore, GPx1 is involved 
in modulating redox-sensitive signaling pathways, in-
cluding those involving NF-κB, ERK1/2, and PKCβII, 
which are critical in the regulation of neuronal excit-
ability, inflammatory responses and cell survival.20 It is 
still highly debated whether or not GPx1 plays a direct 
or secondary role in the development of AD. Howev-
er, a study carried out in Brazil by Cardoso et al. sug-
gested that the Pro198Leu genetic variation in the GPx1 
gene was equally common in AD patients and healthy 
controls, suggesting that it does not increase the risk of 
AD, although AD patients with the Pro/Pro genotype 
had lower selenium levels compared to controls and, in 
turn, decreased antioxidant potential, suggesting that 
it affects the function of antioxidant enzymes in AD.21 
These findings highlight the need for further research 
on this genetic polymorphism in AD.

GPx2 (gastrointestinal GPx) is expressed primar-
ily in the gastrointestinal epithelium, where it plays a 
crucial role in protecting epithelial cells from oxida-
tive stress induced by dietary factors and gut micror-
ganisms.22 GPx2 works by catalyzing the reduction of 
hydrogen peroxide and other ROS to water, thus main-
taining redox balance in the intestine and reducing in-
flammation and tissue damage.23 Although its direct 
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involvement in Alzheimer’s disease has not been estab-
lished, it can hypothesize that since its function can lead 
to systemic oxidative stress, it may indirectly influence 
neuroinflammatory processes.24 It is worth mentioning 
that the gut microbiome has been found to affect the 
presentation of Alzheimer’s disease, further verifying 
the role of GPx2 in the pathogenesis.25,26  

GPx3 (plasma GPx) is a secreted enzyme found pri-
marily in extracellular fluids such as plasma, where it 
plays a crucial role in the defense of systemic antioxi-
dant defense.27 Studies have found a positive association 
between downregulation of GPx3 and the pathogene-
sis of Alzheimer’s disease.28,29 Specifically, peripheral ox-
idative stress and systemic inflammation can contribute 
to disruption of the blood-brain barrier (BBB), allow-
ing peripheral oxidative damage to exacerbate neuro-
nal damage, as seen in Alzheimer’s disease.30 Therefore, 
GPx3’s antioxidant function in mitigating peripheral 
oxidative stress may be critical in protecting the CNS 
and maintaining brain health.

Among the GPx isoforms, GPx4 (phospholipid 
hydroperoxide GPx) is unique due to its ability to di-
rectly reduce lipid hydroperoxides in cellular mem-
branes, lipoproteins, and organelles, which is essential 
for maintaining cellular integrity, particularly in tis-
sues with high oxidative activity, such as the brain.31 
Moreover, the neurons of the hypothalamus, hippo-
campus, and the cerebellum have been found to con-
tain GPx4 which is synthesized endogenously in the 
brain.32 GPx4 was found to have a critical role in 
counteracting cellular deterioration and protecting 
against brain injury. Another important role for GPx4 
is its participation in the regulation of ATP produc-
tion during oxidative stress. As one may gather, this is 
of great importance due to the potential damage that 
can occur to mitochondria caused by oxidative stress. 
AD is an example of a condition related to mitochon-
drial problems. Furthermore, studies have proven that 
a deficiency in selenium could expose cells to ferro-
ptosis and therefore make them more vulnerable all 
due to reduced GPx4 activity. Therefore, it is of great 
importance to highlight that selenium levels of seleni-
um must be maintained to ensure GPx4 protective ef-
fects on neurons.33

The role is also critical in preventing ferroptosis, an 
iron-dependent form of programmed cell death driv-
en by lipid peroxidation, which is implicated in neuro-
degenerative diseases.34 Indeed, a study by Khan et al. 
suggested that ferroptosis plays a critical role in the pro-
gression of Alzheimer’s disease.35 Conditional knockout 
models of GPx4 exhibit severe neuronal loss, particular-
ly in the hippocampus, a critical brain region for mem-
ory and learning, and is accompanied by increased lipid 
peroxidation and astrogliosis, both of which are features 
of Alzheimer’s pathology.36,37 The dysregulation of GPx4 

and the resulting increase in lipid peroxidation, ferro-
ptosis, and neuroinflammation are key factors in the 
progression of AD.36

Figure 2 summarizes the role of GPx enzymes in 
preventing AD.

Fig. 2. GPx and the prevention of Alzheimer’s disease (BBB 
– blood-brain barrier, ROS – reactive oxygen species)

Clinical uses of GPx in AD
Given the central role of oxidative stress in AD and the 
potential of GPx enzymes to mitigate this damage, these 
enzymes represent highly attractive therapeutic targets 
for the treatment of AD. Strategies aimed at enhancing 
GPx activity could help restore redox balance and prevent 
neuronal damage. Potential approaches include the de-
velopment of small molecule activators of GPx enzymes, 
gene therapy to increase GPx expression, or the use of di-
etary antioxidants to support the GPx system. Small-mol-
ecule activators, such as ebselen, mimic the activity of 
GPx enzymes and have demonstrated their efficacy in 
reducing oxidative stress and inflammation in preclini-
cal models.38 Gleichzeitig, advances in gene-editing tech-
nologies, particularly CRISPR-Cas9, offer the potential to 
up-regulate GPx4 expression in affected brain regions, al-
lowing targeted neuroprotection.39 Supplementation with 
diet selenium also plays a significant role, since selenium 
serves as an essential cofactor for GPx activity. Supple-
menting selenium has shown potential to improve GPx 
function, demonstrating neuroprotective effects in clin-
ical trials and mitigating oxidative damage.40-42 In addi-
tion, combination therapies that integrate GPx-targeted 
interventions with other AD treatments, such as Aβ ag-
gregation inhibitors or tau modulating drugs, may pro-
vide synergistic benefits by addressing multiple aspects 
of the disease pathology, while the combined approach 
could offer enhanced neuroprotection, slowing neuro-
nal damage, and preserving brain function.11,43,44 It is also 
worth mentioning that certain natural plant products that 
upregulate GPx4, including senegenin, berberin and tan-
nic acid have already been shown to exhibit neuropro-
tective effects in vitro and on mice, indicating them as 
possible ways of enhancing GPx4 activity for prevention 
of AD.45-47 Nevertheless, no clinical trials were retrieved 
in the literature search that shows effects of GPx upreg-
ulation through pharmacological intervention in AD 
patients. Overall, there is currently no robust clinical evi-
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dence that direct GPx-targeting therapies can modify AD 
outcomes in humans though preclinical data suggest GPx 
modulation may affect AD-relevant oxidative pathways.

GPx and ROS levels could also serve as an early in-
dicator, with their use as biomarkers, of oxidative im-
balance, having a vital role in the early detection and 
prevention of idiopathic and genetical AD. That is, the 
flavoprotein apoptosis-inducing factor, mitochondri-
al-associated 2 (AIFM2), also known as ferroptosis sup-
pressor protein 1 (FSP1), has gained attention for its 
role in mitigating ferroptosis through suppression of 
lipid peroxidation suppression.48 AIFM2 complements 
the function of GPx enzymes, particularly GPx4, by 
maintaining redox balance through reduction of ubi-
quinone to ubiquinol, a key antioxidant. Meanwhile, 
GPx3, which shares functional similarities with GPx1, 
but is unique in its sensitivity to selenium levels, offers 
a promising avenue as a biomarker of selenium status.49 
This characteristic makes it a valuable biological mark-
er for assessing selenium content in the body, which is 
crucial for optimal GPx enzyme function. Given the 
correlation between selenium deficiency and impaired 
antioxidant defenses, monitoring GPx3 activity could 
provide information on systemic redox imbalances that 
precede AD onset.50 However, it is worth mentioning 
that plasma GPx3 primarily reveals systemic oxidative 
status and is a practical state marker for epidemiolog-
ic or intervention studies, but directly reflect neuronal 
GPx activity, due to the difference in GPx levels be-
tween the central nervous system and serum, induced 
by the blood–brain barrier. On the contrary, GPx levels 
measured in cerebrospinal fluid, mainly those of GPx4, 
better reflect neuronal oxidative status and can be bet-
ter used as diagnostic and theragnostic biomarkers, but 
with the acquisition of CSF samples, limiting the practi-
cality of routine diagnostic. 

Future perspectives
The role of GPx enzymes in AD is a promising area of 
research, with compelling evidence suggesting that these 
enzymes play a vital role in protecting against oxidative 
stress and neuronal damage. By reducing ROS, GPx en-
zymes help maintain cell redox balance and prevent the 
harmful effects of oxidative damage, which is central to 
the pathophysiology of AD. Although much remains to 
be understood about the precise mechanisms by which 
GPx enzymes contribute to AD progression, their po-
tential as therapeutic targets deserves further investiga-
tion. Major gaps include varying clinical findings and the 
lack of interventional studies and clinical trials directly 
investing GPx in AD. The majority of findings originate 
from preclinical cell and animal models, which demon-
strate credibility, but one cannot assume with certainty 
that translation directly to humans is plausible. Future 
research focusing on modulation of GPx activity could 

provide new avenues for the prevention and treatment of 
Alzheimer’s disease, offering hope to patients and families 
affected by this devastating disease.

The functional complexity of the GPx family and 
the varying roles of different isoforms in different tissues 
and cell types complicate the development of targeted 
therapies. There is a need for a multimodal approach 
combining redox regulation, neuroinflammation con-
trol, and BBB permeability strategies.51,52 More research 
is needed to determine the most effective strategies for 
modulating GPx activity and optimizing the therapeutic 
potential of these enzymes.

Conclusion
Overall, in spite of the promising data, further studies 
and trials are needed to validate the reliability and con-
sistency of GPx levels as biomarkers and therapeutic 
targets and identifying confounding factors.
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ABSTRACT
Introduction and aim. Anatomical variation in the aortic arch has been proposed as an aneurysm risk factor based on changed 
hemodynamic forces and structural stress in arterial walls. Knowledge of these variations will be valuable in optimizing surgi-
cal planning and management of risks for patients to undergo cardiovascular and thoracic procedures. This systematic review 
summarized existing literature to assess the relation of different variations in the aortic arch with the risk of aneurysm forma-
tion by consolidating evidence of clinical relevance and predictive markers of risk.
Material and methods. We conducted our searches in seven databases: PubMed, Embase, Scopus, Web of Science, Cochrane 
Library, CINAHL, and ProQuest, using Boolean operators and MeSH terms. The ROBINS-I tool was used to assess the risk of bias 
in studies, including confounding, participant selection, and outcome reporting. GRADE was used to evaluate global certainty 
of evidence, which also considered consistency, directness, and precision of evidence. Studies were eligible based on strict eli-
gibility criteria and reported findings on specific aortic arch and their potential association with aneurysm formation.
Results. The review included 12 studies that varied in terms of sample size and used a mostly retrospective design. According 
to the findings evaluated, certain forms of the aortic arch, for example, the bovine arch and aberrant right subclavian artery, 
posed an increased risk of developing proximal versus distal aneurysms. Advanced imaging studies, such as 4D flow MRI and 
enhanced CT, aided in the selection of at-risk patients, as they described the flow pressure dynamics with detailed assessments. 
While several authors reported consistent associations of anatomical variation with risk, other authors found no significant cor-
relation and thus suggested variability in clinical relevance. The general review showed both converging and divergent find-
ings of the review about the predictive value of certain types of arch for aneurysm risk.
Conclusion. This systematic review highlights the incorporation of knowledge on aortic arch variation as part of the detailed 
risk assessment required in aneurysmal formation among patients. Although some forms, such as the bovine arch and the ab-
errant right subclavian artery, did indeed demonstrate the potential to be predictive of complications, study inconsistencies 
provide reason for continuing research on the topic. Advanced imaging may improve medical decision-making, as patient risk 
stratification would be feasible with greater information on anatomical variation.
Keywords. aberrant right subclavian artery, bovine arch, risk of aneurysm, risk stratification, thoracic surgery, variations in aortic arch

The list of abbreviations is as follows:
AA – aortic arch, ALVA – aberrant left vertebral artery, 
ARSA – aberrant right subclavian artery, ATAAD – acute 

type A aortic dissection, ATAA – ascending thoracic aor-
tic aneurysm, BAA – bovine aortic arch, BAV – bicuspid 
aortic valve, BT – brachiocephalic trunk, CAD – coro-
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nary artery disease, CFD – computational fluid dynam-
ics, CTA – computed tomography angiography, DSA 
– digital subtraction angiography, FEA – finite element 
analysis, GRADE - evaluation, development and evalua-
tion of recommendations, ICA – internal carotid artery, 
ILVA – isolated left vertebral artery, LCC – left com-
mon carotid, LCCA – left common carotid artery, LSA 
– left subclavian artery, MDCT – multidetector comput-
ed tomography, MeSH – medical subject headings, MRI 
– magnetic resonance imaging, OSI – oscillatory shear 
index, PECOS – population, exposure, comparator, out-
come, and study design, PRISMA – preferred reporting 
items for systematic reviews and meta-analyses, RCCA – 
right common carotid artery, ROBINS-I – risk of bias in 
non-randomized studies of interventions, TAD – thorac-
ic aortic disease, WSS – wall shear stress

Introduction
The aortic arch has been identified to be very variable in 
its morphology. Variability is of substantial clinical im-
portance, especially due to its potential association with 
vascular diseases such as aneurysm formation.1 Ana-
tomical variations of the aortic arch occur in the form 
of unique configurations in branch patterns, vessel an-
gulation, and luminal diameters. This has a considerable 
influence on hemodynamic characteristics within the 
aorta.2 These alterations can, by affecting hemodynamic 
conditions, play a role in the development of the local he-
modynamic environment favorable to vascular wall stress 
and endothelial dysfunction and subsequent aneurysmal 
degeneration.3 Therefore, such discoveries, by revealing 
correlations between anatomical variants and the tenden-
cy towards aneurysm formation, can enlighten vital risk 
factors for one of the most fatal vascular diseases.4

Hemodynamic forces such as wall shear stress 
(WSS) and oscillatory shear index (OSI) are inherent 
stimuli in the pathogenesis of an aortic arch aneurysm. 
Under normative anatomical conditions, WSS regu-
lates endothelial cell functions and vascular tone; while 
it maintains the integrity of the arterial wall.5 Howev-
er, variations of the aortic arch such as the common or-
igin bovine arch of the brachiocephalic trunk and the 
common carotid artery, aberrant right subclavian artery, 
or an isolated left vertebral artery are proven to signifi-
cantly modify these hemodynamic forces.6,7 These mod-
ifications can lead to regions of localized increased or 
localized blood flow that exert abnormal shear forces on 
the vessel wall. Low WSS and high OSI have been shown 
to correlate with endothelial damage, leading to matrix 
degradation, inflammation, and localized weakening 
of the vessel wall, all characteristic pathophysiological 
characteristics of aneurysm formation.8

Epidemiological studies and clinical case reports 
suggest that patients with non-standard aortic arch 
branching patterns have a significantly higher incidence 

of aortic arch aneurysms compared to standard branch-
ing. In detail, for instance, it follows that considerable 
anatomical correlations exist between certain types of 
arch in the bovine model and thoracic aortic aneurysms 
through work by Roberts et al. In fact, based on anat-
omy, some of them proposed that some specific types 
may be independent aneurysm risk factors.9 Addition-
ally, research has been carried out on the applicability 
of computational fluid dynamics (CFD) modeling based 
on simulation of flow across anatomically different types 
of arches of the aortic vessel. These types of models have 
shown that anatomical abnormalities in the arch can 
significantly affect the flow profile, with the formation 
of areas of high stress that favor aneurysmal changes.10-12

Despite increasing knowledge, research into the re-
lationship between variations of the aortic arch and the 
risk of aneurysms is still challenged by inconsistencies 
in the methodologies, demographics, and classification 
criteria in most studies. Although some research sug-
gests that specific variations, such as the bovine arch, 
have a strong association with proximal aneurysms, oth-
er research indicates very little clinical significance.9-12 
Furthermore, the role of advanced imaging techniques, 
including 4D flow MRI, in understanding the hemody-
namic consequences of these variations remains largely 
unexplored and underinvestigated. Patient demograph-
ics and imaging modality, as well as the approach of an-
alytical results, vary very widely between studies. 

Aim
In light of these problems, this systematic review aims 
to review the current body of evidence in relation to an-
atomical variations in the aortic arch and the risk of an-
eurysm formation.

Material and methods
Eligibility criteria
The PECOS framework was developed to ensure that 
relevant studies that study the relationship of anatomic 
variation in the aortic arch were included. The popula-
tion consisted of individuals with anatomical variation 
in the aortic arch, while exposure consisted of presence 
of the specific anatomical variation within the aortic 
arch. A comparator group included individuals with a 
normal anatomical configuration of the aortic arch, al-
though its inclusion was not considered essential due to 
the exploratory nature of the review. The outcome mea-
sures were related to the aneurysm formation; study 
designs were of an observational nature, especially con-
sisting of cohort and case-control studies, together with 
cross-sectional studies. This protocol followed the PRIS-
MA reporting guidelines.13 to provide clarity and repro-
ducibility and transparency concerning all elements 
covered, including sources of data, inclusion criteria and 
methods of extracting data.
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Table 1 elucidates the inclusion and exclusion cri-
teria devised for the review. The inclusion criteria in-
cluded studies of patients with anatomical variation in 
the aortic arch, recording common and rare branching 
patterns, and reporting the risk or incidence. Published 
observational cohort and case-control studies up to Oc-
tober 2024 were included. Excluded studies were those 
without specific variations in the aortic arch, those that 
focused only on genetic or metabolic factors, unrelated 
outcomes, case reports, editorials, reviews, non-English 
articles, and studies beyond the specified time frame.

Table 1. Inclusion and exclusion criterion devised for the 
review

Criteria Inclusion Exclusion

Population Studies including individuals with 
anatomical variations in the aortic 
arch

Studies without specific reference to 
anatomical variations of the aortic 
arch anatomical variations

Exposure Studies documenting variations 
in aortic arch anatomy, including 
common and rare branching patterns

Studies focusing solely on genetic 
or metabolic risk factors without 
anatomical context

Comparison Not mandatory considering the exploratory nature of the review

Outcome Reported risk or incidence of 
aneurysm formation

Outcomes not related to aneurysm 
formation or other vascular 
pathologies

Study design Observational cohort studies, case-
control studies

Case reports, editorials, and reviews

Language Articles published in English Articles published in languages 
other than English

Publication 
date

Studies published from inception up to 
October 2024

Studies published outside the 
specified timeframe

Table 2. Search strings used in the assessed databases
Database Search String

PubMed (“Aortic Arch” [MeSH] OR “Aortic Arch Variations” OR “Aortic Branching 
Patterns”) AND (“Aneurysm”[MeSH] OR “Aneurysm Formation” OR “Thoracic 
Aneurysms”) AND (“Risk Factors” [MeSH] OR “Incidence” OR “Prevalence”)

Embase (“Aortic Arch” OR “Arch Anatomy Variants” OR “Aortic Morphology”) AND 
(“Aneurysm Risk” OR “Aneurysmal Development” OR “Arterial Dilation”) AND 
(“Prevalence” OR “Risk Determinants” OR “Epidemiology”)

Scopus TITLE-ABS-KEY (“aortic arch anatomical variation” OR “aortic arch branching 
anomalies”) AND (“aneurysm risk” OR “aneurysmal formation”) AND 
(“population studies” OR “epidemiological studies”)

Web of 
Science

TS=(“aortic arch” OR “aortic branching pattern” OR “vascular variations”) AND 
TS=(“aneurysm formation” OR “aneurysmal risk” OR “vascular dilation”) AND 
TS=(“anatomical variation” AND “cohort studies”)

Cochrane 
Library

(“Aortic Arch Anatomy” OR “Arch Branching Variations”) AND (“Aneurysm 
Formation” OR “Risk of Aneurysms”) AND (“Risk Assessment” OR “Prevalence”)

CINAHL (“Aortic Arch” AND “Aneurysmal Development” AND “Risk Factors”) AND 
(“Population Studies” OR “Cross-Sectional Studies” OR “Epidemiological 
Research”)

ProQuest (“aortic arch anatomical variations” AND “aneurysm formation”) AND 
(“comparative studies” OR “population studies” OR “clinical risk analysis”)

Database search protocol 
The literature search protocol had the use of Boolean 
operators and MeSH keywords. The search was carried 
out across seven databases- PubMed, Embase, Scopus, 
Web of Science, Cochrane Library, CINAHL and Pro-

Quest. Each database required a particular search string 
unique to their indexing systems and search algorithms. 
Boolean operators (“AND,” “OR”) and MeSH terms 
(“aortic arch,” “anatomical variations,” “aneurysm,” “risk 
factors”) were used to combine relevant terms and limit 
results (Table 2).

Extraction protocol and data items evaluated
Data extraction was conducted in a structured man-
ner so that comprehensive details would be obtained 
for meta-analysis. As such, the data items consisted of 
study characteristics, including author, year, and study 
design, demographic data from the population such 
as age and sex distribution, specific anatomical varia-
tions in the aortic arch, details on comparison groups 
of individuals who had standard anatomy, the incidence 
or risk of forming an aneurysm and any other report-
ed risk factors. The available statistical methods, con-
fidence intervals and effect sizes were documented to 
enable meta-analytic pooling of findings. Where avail-
able, additional information on hemodynamic parame-
ters and wall shear stress measurements was included to 
further elucidate the effects of anatomical variations on 
aneurysmal risk factors.

Bias assessment protocol
The ROBINS-I tool14 was applied for bias in the evalua-
tion of included studies including confounding, partici-
pant selection, classification of interventions, deviations 
from intended interventions, missing data, outcome 
measurement, and result reporting. 

Certainty bias protocol
The GRADE tool15 was used to assess the certainty in the 
body of evidence included in this review, in conjunction 
with the ROBINS-I tool. Evidence from observation 
studies was rated as beginning from a lower grade of 
certainty, but increased on the scale due to strong meth-
odologies or repeatable findings in high-quality studies.

Analysis of the literature
Schematics for article selection
Initially, 382 records were identified from databases 
with no additional records from registers (Fig. 1). Be-
fore screening, 46 duplicate records were removed and 
the records left for screening were 336. Of these, 23 were 
excluded as full text was unavailable; thus, 313 reports 
were sought for retrieval. However, 44 reports could not 
be recovered and 269 reports remained for eligibility as-
sessment. Among them, the exclusions included the fol-
lowing: did not meet the PICO criteria; n=44, not on 
topic; n=28, individual case reports; n=26, animal stud-
ies; n=48, scoping reviews; n=43, literature reviews; n=33, 
and these articles; n=35. Ultimately, 12 studies16-27 met the 
inclusion criteria and were included in the final review.
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Baseline characteristics observed
Table 3 describes the demographic characteristics of the 
selected studies. The study time period varied between 
200923 and 202417. All studies were conducted in various 
geographic locations – Turkey16,19,22, France17, Central 
India18, Italy20, Japan21, Greece23, South India24, Canada25 
and China26,27 Such a wide geographic distribution will 
allow generalization of the results in different popula-
tions and genetic backgrounds.

All study designs were retrospective in nature16-27; 
most of the studies used observational data. A study 
used cadaver analysis to directly observe anatomical 
variations.18 The sample size was greatly different, with 
the highest sample size having 4000 participants24 and 
the least having as few as 47 in the MRI-based analysis.17 
The variation in sample size contributed to the strength 
of collective understanding, with higher cohorts allow-
ing statistical power and smaller, targeted samples al-
lowing fine-scale observations with higher resolution 
imaging, such as 4D flow MRI.17

The mean age of the participants ranged from the 
younger cohorts with a mean age of 49.7 years.27 to 
the older groups with a mean age of 70.4 years in dis-
ease groups.21 This means that the researches were 
mainly middle-aged to elderly populations who are 
more prone to developing aneurysms. Furthermore, 
age was sometimes distinguished at the subgroup lev-
el, for example, controls compared to disease-specif-
ic groups, so variability in the structure of the aortic 
arch could be examined at finer grain levels to deter-
mine how it was associated with age.20,21 Although the 
proportions of men to females are reported to vary 
with every study, even though some populations are 
male dominant,24,25 this is well consistent with the ob-
served gender preferences for cardiovascular and an-
eurysm conditions.

Fig. 1. Representation of the review using the PRISMA 
protocol

Aortic arch variations observed
Table 4 summarizes the types of variations of the aor-
tic arch reported across the selected studies, their preva-
lence, diagnostic methods, and possible association with 
aneurysm risk. The most common type of aortic arch 
was the typical three-branched variety, with prevalence 
ranging from 63.5%18 up to 83%.23 The most common 
variation was the bovine arch, defined by a common 
origin of the left common carotid and brachiocephal-
ic trunk, ranging from 10.1%21 to 43.2%.27 Some stud-
ies reported other more unusual anomalies, including a 

Table 3. Demographic variables evaluated in the included studies
Author Year Location Study design Sample size Mean age (years) Male:female ratio

Açar et al.16 2021 Turkey Retrospective 1026 62.5±14.8 575:451

Bouaoua et al.17 2024 France Retrospective, 4D flow MRI 47 (17 ATAA patients,  
17 age-matched controls, 

13 younger controls)

ATAA: 64.7±14.3,  
Controls: 59.7±13.3

12:5 (ATAA),  
12:5 (age-matched controls)

Budhiraja et al.18 2013 Central India Cadaveric study 52 Not reported Not reported

Celikyay et al.19 2013 Turkey Retrospective cohort 1136 Not reported Not reported

Della Corte et al.20 2021 Italy Retrospective study 180 Normal.: 69±13, 
 Aneurysm: 63±13, ATAAD: 62±11

68% male overall

Ikeno et al.21 2018 Japan Retrospective study 815 (disease group),  
1506 (control group)

Disease group: 70.4±11.0,  
Control group: 49.9±19.8

Disease group: 65% male,  
Control group: 74.2% male

Karacan et al.22 2014 Turkey Retrospective, CT-based 1000 56 (range: 17-94) 610:390

Natsis et al.23 2009 Greece Retrospective 633 49.1 (Range: 19-79) 447:186

Pandalai et al.24 2021 South India Retrospective CT-based study 4000 Not reported 2400:1600

Salehi et al.25 2022 Canada Retrospective study 1082 62.5 (range: 18-99) 587:495

Sun et al.26 2023 China Retrospective study 449 55.1±12.7 330:119

Zhu et al.27 2022 China Retrospective study 81 49.7±10.8 66:15
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left vertebral artery isolated from its origin, ARSA and a 
right aortic arch; these variations were observed in less 
than 5% of all cases in most research.21,24-26 

Diagnostic modalities also varied between studies, 
with most using CTA and other advanced imaging tech-
nologies, including MDCT19,26 as well as CTA.16,20,22,25 In 
some instances, 4D flow MRI was used to capture de-
tailed hemodynamic profiles in the cases of ATAA.17 
Other studies used DSA to directly visualize the vascu-
lar structures.23

Among the anomalies, bovine arch and ARSA had 
been highly associated with the presence of aneurysms. 
In studies, higher prevalence rates of aneurysmal chang-
es were observed in the patients with the bovine arch 
patients,19,26 but ARSA was associated with structural 
complications such as tracheoesophagus compression, 
which may have a causative role in aneurysms.24,27

Aneurysm-associated observations
Most studies showed the general three-branched pattern: 
brachiocephalic trunk, the left common carotid artery 
(LCCA), and left subclavian artery (LSA). The same pat-
tern was described as the most common in different pop-
ulations: Turkey,16 Central India,18 Japan21 and China26 
with a prevalence between 63 and 83% (95% CI: 60–85%). 
Thus, this pattern might be considered the physiological 
norm for the populations represented in the studies.

Other important differences were the bovine arch 
configuration, which had a common trunk from the 
brachiocephalic and LCCA. This was very common in 
Turkish studies, with an incidence of 9.7% (95% CI: 8.5–
11.0%) and 7.9% (95% CI: 6.8–9.1%) in two different 
cohorts.16,19 Similar frequencies were reported in Jap-
anese and Chinese populations where the bovine arch 
was taken as an ordinary anatomical variation.21,26 He-
modynamic analysis of the bovine arch configuration 
showed that the WSS factor increases the possibility of 
aneurysm development. For example, reports in Italian 
and South Indian countries have a relative risk (RR) of 
1.8 (95% CI: 1.3–2.4) of aneurysm formation among in-
dividuals with bovine arch configuration compared to 
standard three-branch anatomy.20,24

Less common anomalies were the aberrant right 
subclavian artery, the isolated left vertebral artery, and 
the right aortic arch with mirror-image branching. 
ARSA was observed in studies from Greece, Japan and 
Canada, with a prevalence of approximately 1.5%–2.3% 
(95% CI: 1.0–3.0%).23,21,25 ARSA has been associated 
with complications such as tracheoesophageal compres-
sion, which could increase the risk of developing aneu-
rysms by exerting structural strain on adjacent tissues. 
This was supported by Chinese and Canadian studies, 
which reported a significantly elevated risk (odds ratio 
[OR]: 2.1, 95% CI: 1.4–3.0) of aneurysm formation in 
patients with ARSA.26,25

Rare anomalies such as a double aortic arch and an 
abnormal origin of the bronchial artery have also re-
ported, albeit in very few cases. These rare configura-
tions further testify to the complexity and diversity of 
the aortic branching patterns described in the litera-
ture.24 Specific regional or genetic predispositions were 
evident in unique branching patterns, such as the coex-
istence of the brachiocephalic trunk left vertebral artery 
(ALVA). This configuration was more common in the 
Turkish and Japanese populations, with reported prev-
alence rates of 2.8% (95% CI 1.8–3.8%) and 3.4% (95% 
CI: 2.5–4.4%), respectively.16,21

Anatomical variations, for example, the bovine na-
ture of the left vertebral artery, were associated with 
structural conditions, including the bicuspid aortic valve. 
The prevalence of co-occurrence of the bovine arch with 
BAV was determined to range from 15% to 20% (95% CI: 
12% to 22%).17,20 This points to clinical implications in the 
sense of how these variations should be considered when 
developing diagnostic and therapeutic approaches.

Quality assessment observations
Bias evaluation of the included studies showed a con-
sistent low risk across the domains, demonstrating con-
sistency in methodology (Fig. 2). Furthermore, the said 
studies,16-27 had the highest low risk in D1-D7 with a 
moderate risk only in a few. For example, in the stud-
ies17,18 the risk was moderate in domains D2 and D4, re-
spectively. The risk was moderate in D2, D3, and D7 in 
Celikyay et al.,19 but there was an overall low risk rat-
ing. Moderate risk was more prevalent in studies20,22,23 
especially in domains concerning possible confounding 
and measurement consistency (D1, D2, and D5), which 
slightly affected their overall ratings and led to moderate 
bias ratings in some cases.

Fig. 2. Quality level assessment across the included studies

There are potentially significant ramifications for mild 
bias from these findings. The capacity to establish causal 
associations would be compromised by bias in participant Ta
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selection (D2) and confounding (D1), which could lead to 
an overestimation or underestimation of the relationship 
between aneurysm risk and differences in aortic arch. The 
variability in the findings may result from the possibili-
ty of moderate bias in the statistical analysis (D4) and in-
consistent measurement (D5), which could compromise 
the validity of reported results. Although these biases do 
not predominate, they could add unpredictability and less 
trustworthy results for some outcomes. Therefore, while 
the general tendencies of this review are in the right di-
rection, caution must be exercised when interpreting the 
results of studies that show only moderate bias, especially 
when the domains considered are critical to risk assess-
ment and outcome measurement.

GRADE – certitude assessment
The evaluation of GRADE in all included studies sug-
gests a moderate summary level of moderate certainty 
for evidence on clinical importance, acknowledging the 
variation of the aortic arch, for planning surgical proce-
dures and the of aneurysms of the risk assessment (Ta-
ble 5). The majority consisted of retrospective studies 
at low-to-moderate risk of bias with moderate consis-
tency within the findings; they highlighted how arch 
variations would play into procedural planning and risk 
prediction for aneurysm.16-26 The lone cadaveric study 
pertained but its design did hinder this study from hav-
ing maximum utility, meaning the degree of evidence 
was not particularly strong in regard to straight clinical 
application due to possible lack of context applicability 
in this case.18 Studies with more advanced imaging tech-
niques, especially by MRI and CT, clearly demonstrated 
their use in the exploration of specific arch types and, 
therefore, related hemodynamics such as flow-pressure 
changes. With a risk of bias at a low to moderate level, 
low precision was achieved due to the very small num-
ber of only imaging-based studies, which however were 
all relevant to the clinical area.17,27

Discussion
The formation of an aneurysm in the aortic arch has 
significant clinical implications. In this location, aneu-
rysms are risky because the environment is high pres-
sure in the aorta and can cause catastrophic hemorrhage 

with a high mortality rate if not treated.28 Furthermore, 
surgical intervention on the aortic arch is complicated 
by the structure and anatomical positioning of the aortic 
arch. Therefore, the need to prevent the development of 
aneurysm lies in the early identification of at-risk pop-
ulations.29 Although genetic predispositions, metabolic 
factors, and lifestyle influences are considered to con-
tribute to the formation of aneurysms, anatomical vari-
ation is increasingly recognized as a potential factor, but 
remains under-explored in the existing literature.30

With the advent of advanced imaging modalities, 
such as MRI and CT, and CFD and FEA, researchers 
can now visualize the precise geometry of the aortic 
arch in unprecedented detail. In so doing, these technol-
ogies surpass the mere correct classification of anatomi-
cal variations to reveal their hemodynamic implications. 
These imaging studies and calculations measure the 
high-risk anatomical variants and quantify the hemo-
dynamic parameters associated with aneurysm forma-
tion so that risk stratification becomes more complete 
and individualized clinical management strategies are 
taken into account.31-33

The clinical relevance of AA differences in rela-
tion to aneurysm formation, surgical planning, and 
perioperative treatment is highlighted by the evaluated 
research taken together. However, a more thorough re-
view of the literature identifies some significant gaps in 
our understanding of these relationships. First, the in-
cluded research ranges from sophisticated CFD analy-
ses to retrospective cohorts, demonstrating a significant 
degree of variation in study designs and methodology. 
Despite the fact that 4D flow MRI and CTA have sig-
nificantly enhanced our capacity to evaluate the archi-
tecture and hemodynamics of AA, published research is 
very inconsistent due to the lack of imaging procedure 
standardization and a definition of what constitutes 
“high risk.” For example, researchers have document-
ed a positive association, negative association, or no as-
sociation of risk in developing aneurysm among their 
groups when using two alternative thresholds to calcu-
late wall shear stress or oscillatory shear index.17,21,32

The issue of generalization is exacerbated by popu-
lation differences. Many studies focus on specific geo-
graphic or ethnic groups; for example, the existence of 

Table 5. GRADE certainty assessment

Study approach
Count of 
studies

Common finding Bias risk Consistency Applicability Precision Additional factors Overall certainty

Retrospective 9
Importance of aortic arch variations 

in surgical planning and prediction of 
aneurysm risk prediction16,17,19-22,24-26 

Low to 
moderate

Moderate Direct Low Potential publication bias Moderate

Cadaveric analysis 1
Relevance of anatomical awareness 

during interventions18 Low High Direct High
Limited by single study 

design
Low

Advanced imaging 2
MRI and CT-based metrics for 

identifying risk profiles in specific arch 
variations17,27

Low to 
moderate

Moderate Direct Low
Flow-pressure dynamics 

important
Moderate
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an abnormal right subclavian artery is an AA anomaly 
that is commonly observed in East Asians.20,29 Despite 
their usefulness, these results cannot be applied consis-
tently to populations with different genetic and envi-
ronmental origins. The lack of a standardized method 
for determining the risk associated with certain an-
atomical variations is another issue. Configurations 
such as the bovine arch are linked to aneurysms and 
strokes in some studies, but not in others. This is likely 
due to variations in sample numbers, power, and con-
trols for confounding factors such as smoking and hy-
pertension. This requires larger-scale, more thorough 
research.26,31,36

There is a great deal of literature in this regard to in-
corporate their findings into predictive models for clini-
cal use, despite the general recognition of the promise of 
sophisticated imaging techniques and computer mod-
els. Most analyses continue to be descriptive, restrict-
ing their applicability for tailored interventions and risk 
classification. There is also little research on the periop-
erative and procedural outcomes in patients with AA 
variants. Although carotid artery stenting for individ-
uals with bovine arch morphology has been associated 
with technical challenges, there is a lack of quantita-
tive information on long-term success and neurological 
problems.33,34

All the included studies in our review showed 
both converging and divergent results as far as clini-
cal relevance for the variation of the aortic arch. Some 
studies’ results are almost similar to each other, while 
others provide some individuality. Many of them sug-
gested that awareness of variations is crucial in the 
management plan and interventions during surgical op-
erations, especially in endovascular and thoracic proce-
dures.16,18,19,22,23 Studies that used very advanced imaging 
techniques, such as 4D flow MRI, highlighted the poten-
tial of such modalities in the detection of high-risk pa-
tients by flow-pressure metrics, particularly in ATAAs.17

Some studies identified particular anatomical vari-
ations that have been shown to predict aneurysm risk, 
including the angle between the ascending aortic arch 
(asc-arch) and ATAAD,20 as well as the association of 
bovine arch configurations with proximal aneurysms 
and aberrant subclavian arteries with distal aneu-
rysms.21,26 These results aligned with those that indicat-
ed high clinical relevance for preoperative imaging to 
direct surgical plans and minimize the risk of complica-
tions in anatomically variant patients.24,27 Other studies 
were different in showing no considerable association 
between specific arch types and aneurysm prevalence, 
suggesting a more conservative approach in terms of 
clinical relevance.25

A larger-scale study is necessary to establish wheth-
er specific patterns of branching of AA influence the 
lateralization of hemispheric stroke and whether the 

bovine arch configuration predisposed to cardioembolic 
stroke.33 Further research has indicated that anatomical 
variations in AA, including BAA, preferentially result in 
left-sided embolic events, often implicating the left cere-
bral hemisphere in approximately 30% of cases.34 With 
a frequently poorer prognosis associated with strokes 
originating from the left-sided cerebral sites, it may also 
be seen whether BAA anatomy presents a worse prog-
nosis as opposed to that of the standard architecture of 
AA. Findings of this nature would possibly increase the 
awareness and incorporation of AA anatomy within an-
ticoagulation schemes used in patients at risks for car-
dioembolic stroke.

Other studies suggest that the flow dynamics of the 
AA branches may be further studied to explain mecha-
nistic pathways toward ischemic stroke in AA variation 
of AA, especially BAAs.29 Other recommendations were 
also made on routine assessment of AA in carotid im-
aging, especially in the younger population of stroke pa-
tients, as well as highlighted in a preventive approach.31

A higher rate of adverse neurological events and 
mortality was observed among individuals with BAA 
configurations during the perioperative period, com-
pared to those with other AA patterns, although more 
research with larger cohorts is required to determine 
the effect of specific AA variations on perioperative out-
comes.32 Evidence also supported that carotid artery 
stenting with transradial or transbrachial approaches is 
safe and effective for patients with BAAs; CTA imaging 
before the procedure has helped determine the best vas-
cular access approaches to patient-specific anatomy of 
the Aas.33 Additionally, findings pointed out that cathe-
ter handling the catheter was one of the most important 
outcome determinants for CAS and careful planning in 
advance regarding procedural details could reduce even 
further the amount of time spent on catheter manage-
ment and, thereby, safety in CAS; this implies technical 
delicacy.34

The general prevalence of the three-branched aor-
tic arch model including the brachiocephalic trunk, the 
left common carotid artery, and the left subclavian ar-
tery observed in this review were comparable to the 
findings by Popieluszko et al.35 The prevalence was gen-
erally high (between 63.5% and 83%), which is well es-
tablished with the findings reported in Popieluszko et al. 
for 80.9%. Both studies mentioned the bovine arch as an 
anatomical variation that is present in the population, 
but our review covered a greater range of prevalence 
of 10.1% to 43.2% as opposed to 13.6% by Popieluszko 
et al. The two studies indicated that there was a higher 
risk of hemorrhagic and ischemic events during thorac-
ic surgery in patients with such variations, which indi-
cates the importance of preoperative planning.

Baz Rao et al.36 also showed that TAD and compli-
cations associated with the intervention were correlated 
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with the bovine arch. Although both reviews discussed 
advanced imaging such as CTA and 4D flow MRI in 
evaluating the hemodynamic consequences of aortic 
arch variations, Baz Rao et al.36 specifically drew a link 
of the bovine arch with complications of coarctation of 
the aorta (CoA) and stroke; our review covered the po-
tential impacts of different arch anomalies, including 
the angle of the ascending arch and aberrant subclavian 
artery, on the risk of aneurysm.

Our findings were consistent with the review by 
Lazaridis et al.37 in the presence of rare abnormalities, 
including a left vertebral artery that originated from the 
aortic arch, which makes these patients prone to cere-
brovascular complications. However, Lazaridis et al. 
focused specifically on VA origin anomalies and their 
implications for endovascular procedures, while our lit-
erature review covered a more extensive spectrum of 
aortic arch anomalies, including the bovine arch and 
ARSA, in relation to the risk of aneurysm and perioper-
ative complications.

Ahmad et al.38 discussed endovascular repair tech-
niques for the aortic arch and provided some results 
of the approaches of ChTEVAR SM TEVAR, and cus-
tom-made devices. Our review looked at anatomi-
cal variations and how these would affect procedural 
risks. Ahmad et al. reviewed the efficacy and safety of 
endovascular techniques in patients with complex aor-
tic anatomy. Although our review stressed anatomical 
knowledge for planning, Ahmad et al. presented quan-
titative procedural outcomes that clearly demonstrated 
technique-dependent differences. Both studies support-
ed the individualized approach in patients with aortic 
arch anomalies, and Ahmad et al.38 specifically empha-
sized endovascular interventions.

The limitations of the selected research are also re-
flected in the limits of this review. Retrospective designs 
are significantly overrepresented, which restricts caus-
al inference and introduces selection bias. Cross-study 
comparison is difficult due to the lack of a consensus 
classification scheme for AA variants, and definitions of 
“bovine arch” vary. The technological diversity creates 
factors of poor replicability and diagnostic variability.35,36 
Since the majority of the studies were single-center re-
search, generalizations would be more challenging due 
to the limited variety of population variety and expertise 
variability of experience that would be present in multi-
center studies. Despite being commonly associated with 
AA abnormalities, stroke risk has not been thoroughly 
investigated in terms of mechanisms such as haemody-
namic changes or embolic routes.31,37

Standardization in methodology, such as uniform 
imaging techniques and classification systems, should 
be the main focus of future research. To validate the 
results and guarantee a wider application across vari-
ous populations and therapeutic situations, prospective 

multicenter studies are required. Developing predictive 
tools for aneurysm risk and procedure outcomes can be 
made easier by integrating complex computer models, 
such as CFD and finite element analysis.17,38 Long-term 
follow-up studies would be helpful in providing import-
ant information on the durability of treatments and the 
natural history of aneurysms in patients with AA ab-
normalities. A deeper understanding of these interac-
tions may also be gained by researching the mechanistic 
links of AA variants with stroke, which integrate imag-
ing data with genetic profiles and biomarkers. For in-
dividuals with anomalies of the aortic arch, this would 
close a gap in the literature and offer different approach-
es to diagnosis and therapy.29,30,33

Study limitations
This study was weakened by heterogeneity in the study 
designs and sample size, which thereby introduced het-
erogeneity in assessing aneurysm risk and variations in 
the aortic arch. Also, the study is retrospective with an 
overwhelming predominance, potentially compromis-
ing control over a number of confounding variables, 
thus allowing scope for inconsistency in findings of as-
sociation. The heterogeneity due to the lack of uniformi-
ty in the advanced imaging techniques that contribute 
to the accuracy was one of the critical weaknesses this 
study had. Anatomical variation, as such, was neces-
sarily complicated and perhaps too subtle in its classi-
fication for certain types of interpretation, which were 
variable from study to study. All these factors narrowed 
the generalizability potential of any findings.

Clinical recommendations
According to the findings evaluated in this review, it be-
comes apparent that the clinical examination will include 
modern imaging techniques of CT and MRI to amplify 
the specificity of the diagnosis along with the detection 
of risk aortic arch variations prone to aneurysmal devel-
opment. Standardized imaging and classification proto-
cols for different types of aortic arches will increase the 
reproducibility of the risk detected in patients. Further 
prospective studies with well-defined controls for con-
founders are warranted to establish more strongly the 
relationship between certain arch types and the risk of 
aneurysms. Finally, interprofessional collaboration be-
tween vascular surgeons, radiologists, and cardiologists 
will ensure optimal risk stratification and surgical plan-
ning in patients with anatomy variations.

Conclusion
The results indicated a specific anatomical variation re-
lated to the aortic arch, such as a bovine arch and the 
aberrant right subclavian artery, which is reportedly as-
sociated with increased apparent risks of developing an-
eurysm formation. However, in view of the consistent 
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association, through all study populations, the influ-
ence of the specific anatomical variation upon the oth-
er factors can differ. It emphasizes the need to include 
detailed imaging assessments within the clinical evalu-
ation, and future research will be required to establish a 
definitive relationship between these variations and to 
explain the predictive value that may exist for aneurysm 
development.
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ABSTRACT
Introduction and aim. Ovarian torsion is a rare but significant cause of acute abdomen in children. Diagnosis is challenging 
due to nonspecific symptoms. While Doppler ultrasound is essential, it is not definitive. Laparoscopy with detorsion remains the 
diagnostic and therapeutic standard. For recurrent and high-risk cases, oophoropexy is considered, but there is no consensus 
on its indications or optimal technique. We analyze the diagnostic process, reasons for recurrence, and outcomes of different 
oophoropexy techniques. 
Description of the case. A premenarchal girl experienced three episodes of ipsilateral ovarian torsion. After the second re-
currence, she underwent laparoscopic oophoropexy via fixation posterior to the uterus to the ovarian fossa with absorbable 
sutures, which failed. Following a third torsion, a laparotomy with a subsequent oophoropexy to the round ligament using 
non-absorbable sutures achieved a long-term recurrence-free period. 
Conclusion. Retorsion remains a significant risk. This case provides a unique intrapatient comparison, demonstrating that the 
technical approach influences the outcomes. Fixation to the abdominal wall with non-absorbable sutures proved to be superi-
or in this scenario, preventing further recurrence. The patient’s age and torsion etiology are critical in selecting a fixation meth-
od. This report highlights the potential for oophoropexy failure and offers vital technical insights, underscoring the need for 
further studies to standardize practices for fertility preservation.
Keywords. abdomen, acute, child, fertility, oophoropexy, ovarian torsion

Introduction
Ovarian torsion (OT) is a rare emergency in the pediat-
ric population, typically managed by pediatric surgeons 
and gyneacologists.1–4 It occurs more frequently in ad-
olescents, but approximately 15% of cases are seen in 

prepubertal patients.1 Between 41 and 50% of the cases 
involve an ovarian neoplasm or cyst; however, torsion of 
normal premenarchal ovaries has also been document-
ed.2,5 Diagnosing OT can be challenging due to nonspe-
cific symptoms ‒ such as abdominal pain (lasting hours 
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to days), nausea, vomiting, and fever ‒ symptoms that 
overlap with many causes of acute abdomen, with ap-
pendicitis being the most common surgical emergency 
in patients older than one year. This overlap complicates 
the diagnostic process for OT.1,2,6,7

Diagnostic evaluation should encompass a compre-
hensive history, physical examination, laboratory tests 
and imaging studies, with ultrasound being the preferred 
initial choice for gynecological problems. A CT scan or 
MRI might be more appropriate for identifying gastro-
intestinal causes but should not delay any urgent surgical 
intervention.8 If a surgeon is in charge of the case, a con-
sultation and pelvic examination by a gynecologist might 
be beneficial. A vaginal or, in patients not sexually active, 
transrectal bimanual examination can be performed; 
however, its sensitivity to detect adnexal torsion is low.9

Transabdominal ultrasound is the primary imaging 
tool, effective in excluding other conditions such as ap-
pendicitis. Although transvaginal ultrasound offers better 
visualization, it is rarely appropriate in children; a tran-
srectal approach may be considered in cooperative pa-
tients. One of the most comprehensive studies shows that 
the most common ultrasound characteristics are enlarged 
adnexa, whirlpool sign, ovarian stromal oedema with or 
without peripherally displaced antral follicles, and free 
fluid in the pelvis. In contrast, the follicular ring sign and 
the absence of Doppler signals in the twisted organ are 
slightly less common features.10 Examiners should also 
note that the normal ovarian volume varies with age.11,12 
A definitive diagnosis can only be made after laparoscopy, 
during which the ovary is detorsed. 

Oophoropexy (OPY) refers to a procedure for fix-
ation of the adnexa, used in ovarian transposition in 
women before pelvic radiotherapy. It also serves as a 
preventive measure against recurrence of OT and the 
occurrence of OT in the remaining ovary following oo-
phorectomy. In these cases, OPY is vital for preserving 
fertility. While there are several methods of ovarian fix-
ation, specific guidelines regarding the choice of tech-
nique and the number of OT procedures warranting 
intervention in a patient are lacking. 

Aim
In this case report, we discuss a premenarchal woman 
with OT and its recurrence, focusing on the associat-
ed risk factors and management strategies. Additionally, 
we aim to highlight indications for OPY, along with its 
methods, and technical aspects. 

Description of the case
A four-year-old premenarchal girl was admitted to the 
department of pediatric surgery with a two-day his-
tory of abdominal pain and one episode of vomiting. 
She had previously been healthy, with no chronic ill-
ness or prior surgeries. On examination, her abdomen 
was soft, without pathological masses or signs of peri-
toneal irritation, although slight tenderness of the low-
er abdomen was observed. An ultrasound scan of the 
right lower abdomen revealed an ovary measuring ap-
proximately 4.3×3.1 cm, along with another measur-
ing 2.0×1.0 cm nearby. Free fluid was observed in the 
Pouch of Douglas. Exploratory laparoscopy revealed a 

Fig. 1. Schematic laparoscopy view of the pelvis: 1. uterus, 2. round ligament, 3. fallopian tube, 4. utero-ovarian/ovarian 
ligament (normal), 5. utero-ovarian/ovarian ligament (long), 6. ovary (normal), 7. ovary (enlarged), 8. uterosacral ligament, 9. 
ovarian fossa and broad ligament, 10. suspensory ligament of the ovary, 11. psoas tendon, A – first fixation of the left ovary to 
the ovarian fossa, B – second fixation to the round ligament
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double twisted black left ovary (LO) in the right iliac 
fossa. Adnexal detorsion was performed, restoring cir-
culation and the LO was repositioned in the left iliac 
fossa. The patient was discharged home seven days lat-
er in good condition. 

Six months later, the patient was readmitted with 
similar symptoms. An ultrasound confirmed an increase 
in the size of the LO. A color Doppler revealed periph-
erally diminished blood flow. An emergency laparosco-
py was performed, which revealed a black triple-torsed 
LO this time. Detorsion of the adnexa was performed 
that resulted in the return of normal tissue color. The 
follow-up ultrasound showed a reduction in the size of 
the LO and Doppler flow indicated normal blood flow. 

Fig. 2. An ultrasound scan of the twisted, 3.6x1.4 cm 
left ovary (white arrow) in a premenarchal girl. Visible 
hypoechogenic mass attached to the upper left side of the 
left ovary seven months after an oophoropexy

Fig. 3. Laparoscopic view of the recurrent, triple-twisted 
left ovary in a premenarchal girl before detorsion

Due to the OT recurrence, the patient was sched-
uled for a laparoscopic OPY. The right and left ovarian 
ligament (OL) were asymmetric, with the left approx-
imately three times longer than the right. The LO was 

fixed posterior to the uterus in the ovarian fossa using 
two single 4-0 absorbable sutures (Fig. 1). Seventeen 
months post-OPY, the patient returned with similar 
symptoms and findings as in the previous hospitaliza-
tions. An ultrasound revealed a mass attached to the LO 
(Fig. 2). An exploratory laparoscopy identified a triple 
twisted black LO (Fig. 3). 

Fig. 4. Postoperative Doppler ultrasound scan of the left 
ovary (white arrow) in a premenarchal patient with a left 
ovary with visible blood flow after a third torsion and a 
second oophoropexy

Detorsion was performed and a gradual, partial res-
toration of circulation was observed. Given the patient’s 
history, a laparotomy was performed and LO was fixed 
to the round ligament using two non-absorbable sutures 
(Fig. 1). Ovarian tissue samples were taken and revealed 
both necrotic and healthy ovarian tissue. Tumor mark-
ers, including β-hCG and AFP, were within the normal 
ranges. Postoperative ultrasound indicated an enlarged 
LO with increased blood flow (Fig. 4). During a 5-year 
follow-up period, the patient did not experience any 
further recurrences of OT. 

Discussion
The unique aspect of our report is the direct intrapatient 
comparison of two OPY techniques. The failure of the 
initial fixation with absorbable sutures versus the long-
term success of the second procedure with nonabsorb-
able sutures provides a powerful clinical lesson that is 
rarely documented in the literature. We believe that fixa-
tion of the ovary to the round ligament, specifically with 
nonabsorbable sutures, was a favorable choice for pre-
venting further recurrences. Had the discrepancy in the 
lengths of the ovarian ligaments been recognized earlier, 
this fixation could have been performed sooner, poten-
tially avoiding multiple operating procedures.

In this case, the patient presented common clini-
cal and ultrasound symptoms of OT, without any ovar-
ian mass. While abdominal pain is present in almost all 
patients, including the present one, it is not possible to 
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differentiate OT from other pathologies based on symp-
toms.13 If OT is suspected, an ultrasound with Doppler 
flow should be performed.1,2,14 The presence of an ovar-
ian mass, enlargement of the ovary, or absence of vas-
cular flow is highly suggestive of OT; however, some 
sources report that Doppler flow in the ovary is pres-
ent in 40% to 73% of OT cases.2,5,6,14 Therefore, a lack of 
Doppler flow in an ovary suggests OT, but its presence 
does not rule out.13 Those findings may vary among 
patients due to causative pathology and the duration 
of OT.15 Additionally, a small ovarian mass or ovaries 
without specific findings may be more closely associat-
ed with the risk of retorsion.16 In our patient, a ovary 
appeared noticeably larger, likely due to swelling, and 
the length of the OL allowed it to be positioned near the 
right ovary. Free fluid in the pouch of Douglas was also 
visualized. 

The literature reports that laparoscopic surgery is 
the best diagnostic and therapeutic procedure for pedi-
atric patients.5,6,14,17 Conservative management, such as 
detorsion and preservation of the adnexa, is considered 
a safe and effective treatment.17 Even if the ovary ap-
pears necrotic, it generally shows improvement in blood 
flow and follicular development after 4-6 weeks.14,17 

Recurrence of OT occurs in 12‒19% of the pediat-
ric cases, mainly on the same side, approximately seven 
times more often in patients with normal ovaries com-
pared to those with ovarian masses, and is not related 
to the presence of menarche at the first episode of tor-
sion.3,5 In premenarchal and adolescent girls, smaller ad-
nexa and loose structure can predispose to recurrence 
of OT.19 In a prospective cohort study, Tamir Yaniv et al. 
report that the length of OL length can be a statistically 
significant factor for OT; however, the answer to wheth-
er OPY should be performed in cases of first-episode 
OT with a long OL is not clear.18 

In the case presented, after detorsion and confir-
mation of ovarian viability, the patient was scheduled 
for elective laparoscopic OPY. This planned approach 
allows for a deliberate evaluation of pelvic anatomy ‒ 
including the identification of the elongated ovarian lig-
ament and a controlled fixation procedure, rather than 
performing it urgently during the initial emergent tor-
sion surgery.

Most of the literature on indications for OPY is 
based on case reports, case series, and small one-cen-
ter experiences. The overall recurrence of OT after 
simple laparoscopic detorsion is said to be signifi-
cant and can vary from 36 up to 64%, especially in 
the prepuberal population.3,20 Research indicates that 
performing OPY reduces this risk, but does not com-
pletely exclude it.3,14 

There are multiple fixation techniques, but com-
parative evidence is limited (Table 1). Mandarano et al., 
compared four methods, including fixation of the ova-

ry to the round ligament, ovarian fossa, utero-ovarian 
ligament, and uterine body, all with non-absorbable su-
tures.20 As a result, none of the methods appeared supe-
rior, except for the OPY to the round ligament, which, 
contrary to our case, showed a high rate of recurrence. 
The authors of the study suspected that this fixation site 
alters the normal anatomical position of the ovary to the 
greatest extent. However, it is important to note that fix-
ation to the round ligament in this study involved only 
five patients and no other publication has confirmed 
the inadequacy of this fixation site. In terms of alterna-
tive methods, a study by Yagur et al. compared ovari-
an ligament and ovarian round ligament plication in 
women of reproductive age after adnexal torsion with 
normal-sized ovaries. Although no statistical signifi-
cance was found, the ovarian-round ligament plication 
group experienced recurrence of OT, while the ovarian 
ligament plication did not.19 

Table 1. Oophoropexy techniques and alternative ovarian 
fixation methods performed after episodes of ovarian 
torsion in female patients of different age groups, OL, 
ovarian ligament, OT – ovarian torsion 

Method Note
Oophoropexy fixation to a uterosacral ligament 21 relatively easy, and prevents damage 

to the ureter and blood vessels

fixation to a utero-ovarian ligament, 
or to the psoas tendon 22

proximity of both structures to the 
anatomical location of the ovary

fixation to the peritoneum on the 
posterior abdominal wall (ovarian 
fossa) 20,23

helps preserve the tubo-ovarian 
anatomic relationship

fixation to an abdominal wall using a 
trocar site closure needle 24

suggested as an easier technique, 
especially for pregnant women with 
an enlarged uterus

fixation to the posterior uterine 
serosa 20,25

technique reported as effective with 
the use of either absorbable or non-
absorbable sutures

fixation to the broad ligament 26 older method, reported in neonatal 
patients

fixation to the round ligament 20 suggested high recurrence rate in 
one study, however effective in the 
presented case

Alternative 
fixation method

plication of the ovarian ligament 27,28 an effective method for longer or 
looser OL; it can be performed during 
early pregnancy 

Combined 
methods

fixation of the ovary to the pelvic side 
wall with the uteroovarian ligament 
plication 29

for recurring OT cases, mainly when 
laxity of ligaments and enlarged 
ovaries (due to, e.g., polycystic 
ovaries) are observed

To secure the ovary, we typically employ two su-
tures, size 3-0 or 4-0, which penetrate the ovari-
an cortex, as was demonstrated in our case.20,30 There 
is, however, no agreement on whether absorbable or 
non-absorbable sutures should be used. Some studies, 
such as those of Fuchs et al., advocate for nonabsorbable 
sutures, possibly due to shorter observation periods and 
varying operative techniques.30 This highlights the need 
for larger comparative studies on suture types. In our 
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case, non-absorbable sutures were more effective than 
absorbable ones. 

It is essential to establish different indications and 
surgical techniques for female patients with OT in vari-
ous age groups and adnexal characteristics. Research in-
dicates a negative correlation between patient age and 
recurrence rates. Therefore, for premenarcheal girls, in 
the absence of ovarian cysts or masses, it might be more 
profitable to perform OPY during the first detorsion, as 
it could limit the number of recurrences, reoperations, 
and their complications. Careful consideration should 
be given to the presence of ovarian masses and adnexa 
characteristics, particularly OL and discrepancies in 
their length. In the case presented, the use of non-ab-
sorbable sutures and fixation of the ovary to the ab-
dominal wall was an optimal choice to prevent further 
recurrences.

Conclusion
This case is noteworthy due to the presentation of two 
recurrences of the OT despite performing OPY after the 
first retorsion. OT and its recurrences can lead to or-
gan loss and infertility, which requires increased aware-
ness from the attending physician. It also provides a 
unique clinical comparison that underscores the influ-
ence of surgical technique and suture material choice on 
long-term results. More studies are required to reach a 
consensus on optimal indications for OPY and its tech-
niques to prevent recurrence.  
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ABSTRACT
Introduction and aim. Immune thrombocytopenia (ITP) and antiphospholipid syndrome (APS) may coexist, creating a clinical 
paradox of simultaneous bleeding risk and thrombophilia. In children and adolescents, APS can remain unrecognized for years 
when thrombocytopenia dominates the early course. The thrombotic risk associated with thrombopoietin receptor agonists 
(TPO-RAs) in this setting remains uncertain.
Description of the case. A 17-year-old boy with refractory ITP during romiplostim therapy developed massive upper-extremity 
and central venous thrombosis with near-complete superior vena cava obstruction. Persistent lupus anticoagulant, anticardi-
olipin, and anti-β2-glycoprotein I antibody positivity established APS. He was treated with heparin, alteplase, and long-term 
warfarin plus low-dose aspirin, while romiplostim was continued to support safe anticoagulation. No recurrent thrombosis or 
major bleeding was observed during 20 months of follow-up.
Conclusion. Thrombocytopenia does not protect against thrombosis in APS. In adolescents with chronic or refractory ITP, especial-
ly when vascular symptoms, unexplained prolonged aPTT, or other autoimmune red flags are present, targeted antiphospholipid 
antibody testing should be considered. Management of combined ITP and APS requires individualized balancing of anticoagula-
tion and platelet support, with vitamin K antagonists remaining the preferred long-term anticoagulant strategy in high-risk APS. 
Keywords. adolescent, antiphospholipid syndrome, immune thrombocytopenia, romiplostim, venous thrombosis

Introduction
Primary immune thrombocytopenia (ITP) is an ac-
quired autoimmune disorder characterized by isolated 
thrombocytopenia (platelet count<100×10⁹/L) in the 
absence of other causes of thrombocytopenia or disor-
ders associated with thrombocytopenia.1,2 It is the most 
common cause of thrombocytopenia in children and 
adolescents.1 In a population-based study, the annu-

al incidence of pediatric ITP was 4.2 per 100,000 per-
son-years.3 

Antiphospholipid syndrome (APS) is an acquired 
autoimmune thrombotic disorder defined by the com-
bination of at least one clinical criterion (vascular 
thrombosis or pregnancy morbidity) and one labo-
ratory criterion, namely persistent antiphospholipid 
antibodies (aPL) – lupus anticoagulant (LA), anticar-
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diolipin antibodies (aCL), and/or anti-β2-glycopro-
tein I antibodies (anti-β2GPI) – present on at least two 
occasions at least 12 weeks apart.4 In children, APS is 
rare, with an incidence of 0.2 per 100,000 reported in 
some populations.5

The coexistence of chronic refractory ITP and pri-
mary APS represents a major paradox in pediatric he-
matology: the same patient may be predisposed to 
bleeding because of thrombocytopenia while remaining 
at risk of thrombosis driven by aPL-mediated hyper-
coagulability. Standard ITP therapies can raise platelet 
counts but do not address the underlying APS-related 
prothrombotic tendency; accordingly, observational 
data suggest that thrombotic event rates during TPO-
RA therapy are markedly higher in patients with defi-
nite APS.6,7

Aim
This report describes an adolescent with refractory 
ITP who developed massive central venous thrombo-
sis during romiplostim therapy and was subsequently 
diagnosed with APS. The case is notable for the pedi-
atric age, delayed APS recognition, unusually extensive 
central venous thrombosis, and the need for continued 
TPO-RA support despite a major thrombotic event. Im-
portantly, its clinical significance arises from the co-
existence of refractory ITP, previously unrecognized 
primary APS, and exposure to TPO-RA, which togeth-
er created a high-risk and diagnostically misleading 
phenotype. This combination illustrates the potential 
for APS to remain masked by thrombocytopenia while 
clinically manifesting only after severe thrombotic com-
plications during therapy. We highlight the diagnostic 
challenges of this rare overlap and discuss the implica-
tions for anticoagulation, platelet-supportive therapy, 
and earlier recognition of APS in adolescents with re-
fractory thrombocytopenia.

Description of the case
A 17-year-old boy was admitted to the Department of 
Pediatric Oncology and Hematology in August 2023. 
On admission, he was 182 cm tall and weighed 108 
kg, corresponding to a body mass index of 32.6 kg/
m² (class I obesity). He had initially been diagnosed 
with immune thrombocytopenia in November 2019 
after presenting with petechiae, ecchymoses, and se-
vere thrombocytopenia (platelet count <5×10⁹/L). 
Bone marrow examination excluded malignancy and 
myelodysplasia. Over the following years, he received 
multiple therapies, including intravenous immuno-
globulin, repeated courses of glucocorticoids, aza-
thioprine, mycophenolate mofetil, and eltrombopag. 
Eltrombopag produced an initially encouraging re-
sponse, with the platelet count reaching 140×10⁹/L in 
May 2021; however, the response was not sustained, 

and a subsequent downward trend was observed, with 
the platelet count decreasing to 20×10⁹/L at the last 
visit before treatment modification. Eltrombopag was 
also discontinued because of severe headaches. Be-
cause of refractory thrombocytopenia, romiplostim 
was started in December 2022 and titrated individu-
ally at 1–3 μg/kg weekly, with platelet counts usually 
maintained between 47 and 110×10⁹/L. Previous co-
agulation assessments performed during the earli-
er course of the disease did not indicate coagulation 
factor deficiencies. Although intermittent aPTT pro-
longation had been observed, there were no thrombot-
ic manifestations or other clinical features suggestive 
of APS at that time. Broader autoimmune evaluation 
did not establish systemic autoimmune disease: ANA 
showed only low-titer positivity in 2020 and was neg-
ative on repeat testing in August 2023. Therefore, the 
overall clinical picture – severe isolated thrombocyto-
penia, bleeding symptoms, exclusion of bone marrow 
pathology, and lack of clinical features of systemic au-
toimmune disease supported the diagnosis of primary 
refractory ITP. Relevant comorbidities included selec-
tive IgA deficiency (IgA 0.53 g/L; reference range 1.00–
4.00), hypertension treated with hydrochlorothiazide, 
and obesity. In July 2023, he was treated with doxy-
cycline for erythema migrans associated with Borrelia 
burgdorferi IgG seropositivity.

Thrombotic event presentation (August 2023)
He was admitted with a 7–10-day history of progressive 
edema, pain, and erythema of the left upper limb ex-
tending to the left side of the neck and anterior chest 
wall, accompanied by low-grade fever (up to 38.0°C). 
On examination, the left upper limb was markedly swol-
len, with predominantly non-pitting edema extending 
to the shoulder girdle and neck. Prominent superficial 
collateral veins were visible over the thorax and abdo-
men. According to the family, the first thoracic collater-
al veins had become visible in mid-July 2023, suggesting 
that the thrombotic process had been evolving for more 
than 4 weeks before admission. 

Laboratory findings
Laboratory evaluation demonstrated markedly pro-
longed aPTT (>100 s), persistent lupus anticoagulant 
positivity, and repeated positivity of anticardiolipin 
and anti-β2-glycoprotein I antibodies on follow-up 
testing performed more than 12 weeks apart. Be-
cause local assays reported combined rather than iso-
type-specific results, formal “triple positivity” could 
not be assigned despite persistent antibody positivity 
for all three aPL categories. Platelet count on admis-
sion was 95×10⁹/L, and D-dimer was markedly elevat-
ed (61,485 ng/mL).
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Imaging	
CT angiography showed extensive thrombosis of the left 
internal jugular, subclavian, axillary, brachial, and bra-
chiocephalic veins, with near-complete superior vena 
cava obstruction and extensive collateral venous circu-
lation. Doppler ultrasonography confirmed occlusion of 
the left upper-extremity and cervical veins, with mark-
edly reduced flow on the right side; no lower-extremity 
thrombosis was detected. Echocardiography showed no 
right ventricular strain, while bilateral pleural effusions 
were consistent with chylothorax secondary to central 
venous obstruction. Brain MRI was performed in No-
vember 2023, three months after the index event, to ex-
clude cerebral venous sinus thrombosis in view of the 
extensive cervico-thoracic venous involvement and per-
sistent headache. The examination excluded cerebral ve-
nous sinus thrombosis.

Diagnosis
The patient fulfilled the revised Sydney classification 
criteria for definite antiphospholipid syndrome, based 
on objectively confirmed extensive venous thrombosis 
and persistent lupus anticoagulant positivity on repeat 
testing performed more than 12 weeks apart. Repeat-
ed positivity of anticardiolipin and anti-β2-glycoprotein 
I antibodies further supported the diagnosis, although 
formal triple aPL positivity was not assigned because 
the local assays reported combined isotypes. Thus, these 
findings indicate a high-risk aPL profile rather than 
strictly confirmed triple positivity. No clinical features 
of systemic lupus erythematosus or another systemic 
autoimmune disease were identified.4

Management and outcomes
In the acute phase, anticoagulation was initiated with 
continuous intravenous unfractionated heparin (UFH), 
monitored by anti-Xa activity because of lupus antico-

agulant-related interference with aPTT. Given the ex-
tent of thrombosis, near-complete superior vena cava 
obstruction, and a platelet count above 50×10⁹/L, sys-
temic thrombolysis with alteplase was administered, re-
sulting in partial reperfusion. Dabigatran was used only 
as a short transitional regimen while the APS work-up 
was being completed. After APS was confirmed, long-
term therapy was changed to warfarin, consistent with 
recommendations favoring vitamin K antagonists over 
direct oral anticoagulants in thrombotic APS, partic-
ularly in high-risk aPL profiles.6,8,9 Romiplostim was 
continued as an individualized supportive measure to 
maintain platelet counts compatible with safe anticoag-
ulation, rather than as APS-directed therapy.7,10

Complications included puncture-site bleeding and 
pleural effusions. Catheter-directed thrombolysis and 
thrombectomy were not pursued because the extensive 
collateral circulation suggested partial chronicity of the 
process and the risk of procedure-related pulmonary 
embolism was considered high. Central venous access 
was obtained via the right femoral vein, and right-sid-
ed thoracocentesis was performed. A short transitional 
oral regimen with dabigatran 150 mg twice daily plus 
acetylsalicylic acid (ASA) 75 mg daily was used pending 
completion of the antiphospholipid antibody work-up; 
after APS had been confirmed, long-term treatment was 
changed to warfarin. 

For long-term secondary prevention, warfarin was 
introduced with a target INR of 2.0–3.0, in line with 
adult EULAR recommendations for venous thrombot-
ic APS and with pediatric APS practice, in which ini-
tial heparin therapy is followed by warfarin.6,8 Low-dose 
ASA 75 mg daily and romiplostim (125 μg subcutane-
ously every 2 weeks) were continued as part of an indi-
vidualized strategy aimed at maintaining platelet counts 
compatible with safe anticoagulation. At 20-month fol-
low-up, the patient remained clinically stable, with no 

Table 1. Timeline of the patient’s disease course
Date Event Platelet count (×10⁹/L) Treatment/key interventions Important findings/comments

November 2019 Diagnosis of primary immune 
thrombocytopenia (ITP)

<5 IVIg, glucocorticoids Petechiae and ecchymoses

2019–2022 Multiple lines of therapy for refractory ITP Variable (usually<30) Glucocorticoids (repeated), azathioprine, 
mycophenolate mofetil, eltrombopag

Transient or no response; eltrombopag 
discontinued due to severe headache

December 2022 Initiation of romiplostim 47–110 Romiplostim (1–3 μg/kg weekly) Partial response achieved

July 2023 Erythema migrans (Borrelia burgdorferi 
infection)

Not reported Doxycycline –

Mid–July 2023 First appearance of collateral veins on thorax 
(retrospectively)

Not reported – Early sign of developing thrombosis

August 2023 Acute presentation: massive upper extremity 
and central venous thrombosis

95 UFH → alteplase (systemic thrombolysis), 
transitional dabigatran+ASA

Near-complete SVC obstruction, markedly 
prolonged aPTT, positive LA

August–November 2023 APS confirmation 95 → rising Switch to warfarin (target INR 2.0–3.0)+ASA 
75 mg

Persistent LA, positive aCL and anti-β2GPI

November 2023 Brain MRI – – No cerebral venous thrombosis

August 2023–April 2025 Follow-up (20 months) 95 → 210 Warfarin+ASA+romiplostim (125 μg every 
2 weeks)

No recurrent thrombosis or major 
bleeding, partial vein recanalization, 

persistent aPL positivity
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recurrent thrombosis or major bleeding and preserved 
left upper-limb function. The platelet count increased 
from 95×10⁹/L at presentation to 210×10⁹/L, D-dimer 
normalized, and the INR was therapeutic at 2.66, while 
aPTT remained prolonged (121.4 s), consistent with 
persistent lupus anticoagulant activity. Repeat antiphos-
pholipid testing continued to show positive lupus anti-
coagulant, repeated anticardiolipin antibody positivity, 
and persistently elevated anti-β2-glycoprotein I anti-
bodies. Follow-up imaging demonstrated partial reca-
nalization of the left upper-extremity veins, but superior 
vena cava occlusion persisted, indicating chronic central 
venous sequelae despite clinical improvement. Over-
all, the follow-up course supported ongoing long-term 
anticoagulation in the setting of thrombotic APS with 
persistent laboratory activity. The key diagnostic and 
therapeutic milestones of the patient’s disease course are 
summarized in Table 1.

Discussion
The central diagnostic issue was whether thrombocy-
topenia initially managed as primary ITP represented 
an isolated disorder or an early manifestation of APS. 
At presentation, the patient fulfilled criteria for prima-
ry ITP, with severe isolated thrombocytopenia, bleed-
ing symptoms, exclusion of marrow pathology, and no 
clinical or laboratory evidence of systemic autoimmune 
disease or thrombosis; therefore, the initial diagnosis 
was appropriate and should not be considered incorrect 
in retrospect. Only after APS became definite could the 
thrombocytopenia be reinterpreted as possibly APS-re-
lated or as an ITP phenotype within APS.

This diagnostic overlap is supported by evidence 
that antiphospholipid antibodies may be present in a 
subset of ITP patients before overt APS develops, al-
though progression to thrombosis is variable and not 
predictable. Accordingly, these findings support diag-
nostic vigilance rather than routine aPL screening in all 
ITP cases.11,12

Thrombocytopenia does not confer protection 
against thrombosis in APS, where bleeding is relatively 
uncommon compared with thrombotic complications.13

In this case, extensive central venous thrombosis 
occurred despite a platelet count of 95×10⁹/L, under-
scoring that platelet count alone is not a reliable indica-
tor of vascular risk. 

The temporal association between romiplostim and 
thrombosis should be interpreted within a multifactori-
al “multiple-hit” model. Previous reports have described 
severe thrombotic complications, including catastroph-
ic APS (CAPS), occurring during romiplostim therapy 
in patients with antiphospholipid antibodies or estab-
lished APS. However, the present case differs in several 
important aspects: APS was not initially recognized, the 
thrombotic presentation involved unusually extensive 

upper-extremity and central venous thrombosis rath-
er than CAPS, and long-term management required 
continued TPO-RA support together with warfarin an-
ticoagulation. These features illustrate a distinct and 
diagnostically challenging clinical phenotype at the in-
tersection of refractory ITP, APS, and thrombopoietin 
receptor agonist exposure. Persistent antiphospholipid 
antibody activity represented the primary prothrombot-
ic driver, while obesity, hypertension, infection, delayed 
diagnosis, and possibly romiplostim may have contrib-
uted. Pediatric data on TPO-receptor agonists are over-
all reassuring but limited in patients with APS, and 
available adult data suggest a higher thrombotic burden 
in this subgroup; therefore, causality cannot be attribut-
ed to romiplostim alone.7,14,15

The extent and distribution of thrombosis ‒ multi-
ple upper-extremity and central venous segments with 
near-complete superior vena cava obstruction ‒ are con-
sistent with pediatric venous APS but represent an unusu-
ally severe and extensive pattern compared with registry 
data, where lower-extremity DVT predominates.16

In retrospect, earlier reassessment with antiphos-
pholipid antibody testing could have been considered 
due to refractory thrombocytopenia and evolving clin-
ical features, which represent red flags for secondary 
causes of presumed ITP. This supports a selective rather 
than routine approach to aPL testing in chronic or re-
fractory cases.17 

To place the present case in context, the available lit-
erature at the intersection of pediatric APS, chronic ITP, 
antiphospholipid antibody positivity, and TPO-receptor 
agonist exposure is summarized in Table 2.

Collectively, the available literature addresses iso-
lated aspects of pediatric APS, chronic ITP, antiphos-
pholipid antibody positivity, or TPO-RA exposure, but 
evidence integrating all of these factors within a single 
pediatric clinical scenario remains extremely limited.

Once APS-associated thrombosis was diagnosed, 
long-term anticoagulation with warfarin was initiated in 
accordance with recommendations favoring vitamin K 
antagonists over direct oral anticoagulants in high-risk 
APS.6,8,9 Continuation of romiplostim was an individu-
alized decision to maintain platelet counts sufficient for 
safe anticoagulation. This approach reflected the com-
plex therapeutic dilemma between bleeding risk and re-
current thrombosis risk and should not be interpreted 
as a general treatment recommendation for APS-asso-
ciated thrombosis.7

Conclusion
This case is hypothesis-generating. It illustrates that 
thrombocytopenia, initially fulfilling clinical criteria for 
primary ITP can, in selected patients, later be recon-
sidered as APS-associated thrombocytopenia or as an 
ITP phenotype occurring in the setting of APS. The ob-
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servation does not support universal antiphospholipid 
antibody screening in all children with ITP. Rather, it 
supports targeted aPL testing when chronic or refracto-
ry ITP is accompanied by vascular, neurologic, autoim-
mune, or coagulation red flags.

The novelty of this report lies in the delayed diagno-
sis of APS after years of refractory ITP phenotype, the 
unusually extensive upper-extremity and central venous 
thrombosis with near-complete superior vena cava ob-
struction, and the need to balance long-term anticoag-
ulation with continued platelet-supportive therapy. The 
clinical course is best explained by cumulative rather than 
single-drug risk. In combined ITP and APS, the thera-
peutic goal shifts from normalizing the platelet count to 
maintaining a platelet count sufficient for safe anticoagu-
lation while reducing modifiable thrombotic risks.
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more of the authors.
If an Editor or Editorial Board Member of Eur J Clin Exp 
Med is listed as an author on a manuscript, it is recom-
mended that they declare this in the competing interests 
section of the submission. If they are an author or have 
any other conflict of interest regarding a specific manu-
script, another editor will be assigned to oversee the peer 
review process. These submissions will undergo the same 
review process as any other manuscript.
Editors and Editorial Board Members of Eur J Clin Exp 
Med are welcome to submit their own papers to the jour-
nal. These submissions receive no special priority, and the 
status of the Editor or Editorial Board Member does not 
influence the editorial consideration.
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themselves in cases where there is a significant conflict of 
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Editors will consider these statements when weighing 
peer-reviewers’ recommendations.
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Availability of materials and data
In order to maintain the integrity, transparency, and repro-
ducibility of research records, authors are encouraged to 
make their experimental and research data openly avail-
able either by depositing data in repositories or by pub-
lishing the data and files as supplementary information in 
this journal. The journal may request access to underlying 
data, protocols, or original materials for editorial assess-
ment. Where data cannot be publicly shared due to pri-
vacy, ethical, or legal restrictions, authors must describe 
the restrictions and provide a mechanism for qualified 
access where feasible.
Data may be deposited with specialized service provid-
ers or institutional/subject repositories, preferably those 
that use the DataCite mechanism. Large datasets and 
files greater than 60 MB must be deposited in this way. 
For a list of other repositories specialized in scientific 
and experimental data, please consult re3data.org and 
DataCite resources. The data repository name, link to 
the dataset (URL) and accession number, DOI or handle 
number of the dataset must be provided in the paper. The 
journal Data also accepts submissions of dataset papers.

Data availability statement format guidelines
The statement should be provided as a separate section 
(titled ‘Data Availability’) at the end of the main text, 
before the ‘References’ section. Data availability state-
ments should include, where applicable, accession codes, 
other unique identifiers and associated web links for pub-
licly available datasets, and any conditions for access of 
non-publicly available datasets. Where figure source 
data are provided, statements confirming this should be 
included in data availability statements. Depending on 
the data described in the manuscript, data availability 
statements commonly take one of the following forms, 
or can be a composite of the statements below:

	— The datasets generated during and/or analyzed during 
the current study are available in the [NAME] repos-
itory, [PERSISTENT WEB LINK TO DATASETS].

	— The datasets generated during and/or analyzed 
during the current study are available from the cor-
responding author on reasonable request.

	— All data generated or analyzed during this study are 
included in this published article (and its Supple-
mentary Information files).

	— The datasets generated during and/or analyzed 
during the current study are not publicly available 
due to [REASON(S) WHY DATA ARE NOT PUB-
LIC] but are available from the corresponding author 
on reasonable request.

	— No datasets were generated or analyzed during the 
current study.

	— The data that support the findings of this study are 
available from [THIRD PARTY NAME] but restric-

tions apply to the availability of these data, which 
were used under license for the current study, and so 
are not publicly available. Data are however available 
from the authors upon reasonable request and with 
permission of [THIRD PARTY NAME].

Declaration of use of AI and AI-assisted tech-
nologies in the writing process
Authors are required to disclose the use of generative AI 
in the writing of scientific papers upon submission. This 
guidance applies solely to the writing process and does not 
pertain to the use of AI tools for data analysis or drawing 
insights as part of the research process.
Generative AI and AI-assisted technologies should be 
used in the writing process solely to enhance the readabil-
ity and language of the manuscript. These tools must be 
employed under human supervision, with authors thor-
oughly reviewing and editing the output, as AI can pro-
duce seemingly credible content that may be inaccurate, 
incomplete, or biased. Ultimately, authors are responsible 
and accountable for the content of the work.
Authors should not list generative AI and AI-assisted 
technologies as an author or co-author, nor cite AI as 
an author. Authorship entails responsibilities and tasks 
that can solely be assigned to and carried out by humans.
The Eur J Clin Exp Med does not allow the use of gener-
ative AI or AI-assisted tools to create or modify images 
in submitted manuscripts. This includes activities such as 
enhancing, obscuring, moving, removing, or introducing 
specific elements within an image or figure. Adjustments 
to brightness, contrast, or color balance are permitted as 
long as they do not obscure or remove any information 
present in the original. Image forensics tools or specialized 
software may be used to detect suspected irregularities 
in images within submitted manuscripts. Authors must 
not upload confidential, personal, or patient-identifiable 
information to generative AI tools.
The only exception to this policy is when AI or AI-as-
sisted tools are integral to the research design or meth-
ods, such as in AI-assisted imaging approaches used to 
generate or interpret the underlying research data, par-
ticularly in fields like biomedical imaging. In such cases, 
the use of AI must be described in a reproducible man-
ner within the methods section. This description should 
include details on how the AI or AI-assisted tools were 
applied in the image creation or alteration process, along 
with the name of the model or tool, version and exten-
sion numbers, and the manufacturer.
Authors must follow the AI software’s specific usage 
policies and ensure proper content attribution. When 
applicable, authors may be required to provide pre-AI-
adjusted versions of images and/or the composite raw 
images used to produce the final submitted versions for 
editorial assessment.
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The use of generative AI and AI-assisted technologies 
in scientific writing should be disclosed by including 
a statement at the end of the manuscript when it is ini-
tially submitted.

	— Title of new section: Use of AI and AI-assisted tech-
nologies in the writing process.

	— Example of a statement: “During the preparation of 
this work the author(s) used [NAME TOOL/SER-
VICE] in order to [REASON]. After using this tool/
service, the author(s) reviewed and edited the con-
tent as needed and take(s) full responsibility for the 
content of the published article.”

The declaration does not apply to the use of basic tools, 
such as those used for checking grammar, spelling, and 
references. If there is nothing to disclose, no statement 
is required.
NOTE: to protect authors’ rights and the confidentiality of 
their research, the Eur J Clin Exp Med does not currently 
allow the use of Generative AI or AI-assisted technolo-
gies such as ChatGPT or similar services by reviewers or 
editors in the peer review and manuscript evaluation pro-
cess. Suspected breaches may result in reviewer removal 
and rejection of the manuscript or other editorial actions. 
Moreover, editors may decline to move forward with man-
uscripts if AI is used inappropriately.

Correction and retraction policy
The Eur J Clin Exp Med operates the following policy 
for making corrections to its peer-reviewed content.
Publishable amendments must be represented by a formal 
online notice because they affect the publication record 
and/or the scientific accuracy of published information. 
Where these amendments concern peer-reviewed mate-
rial, they fall into one of four categories: Publisher Cor-
rection (formerly Erratum), Author Correction (formerly 
Corrigendum), Retraction or Addendum.
Publisher Correction (formerly Erratum). Notification 
of an important error made by the journal that affects the 
publication record or the scientific integrity of the paper 
or the reputation of the authors or the journal.
Author Correction (formerly Corrigendum). Notifica-
tion of an important error made by the author(s) that 
affects the publication record or the scientific integrity of 
the paper, or the reputation of the authors or the journal.
Retraction. Notification of invalid results. All co-authors 
must sign a Retraction specifying the error and stating 
briefly how the conclusions are affected, and submit it 
for publication. In cases where co-authors disagree, the 
in-house editors may seek advice from independent ref-
erees and impose the type of amendment that seems most 
appropriate, noting the dissenting author(s) in the text of 
the published version.
Addendum. Notification of additional information. 
Addenda are published when the in-house editors decide 

that the addendum is crucial to the reader’s understand-
ing of a significant part of the published contribution.
Expression of Concern. A notice issued when serious 
concerns have been raised about a publication, but an 
investigation is ongoing and conclusive evidence is not 
yet available.
Corrections, retractions, and expressions of concern are 
published as separate notices and are permanently linked 
to the original article. The online article and PDF are 
clearly labeled to reflect the amendment status.
 
Archiving policy
Articles published in Eur J Clin Exp Med are long-term 
deposited in the repository of the University of Rzeszów.
Authors of articles are permitted to self-archive the sub-
mitted (preprint) version of the article at any time, and 
may self-archive the accepted (peer-reviewed) version. The 
authors may also deposit the published version of the article.
On submission of the manuscript, authors may deposit 
the submitted version in their personal, institutional, or 
online preprint repository. The first page of the manu-
script must clearly display the following wording: “This 
paper is a preprint of a paper submitted to European Jour-
nal of Clinical and Experimental Medicine (ISSN: 2544-
1361)”. If the paper is rejected, authors must remove all 
mention of the journal.
The author may deposit the accepted manuscript of the 
paper (accepted version of the manuscript after peer-re-
view and content amendments, but before copyediting, 
typesetting and proof correction) to the author’s personal 
website, provided that it is non-commercial, and to the 
repository of the author’s institution with acknowledge-
ment of the Journal (acknowledgement should be made 
as follows: “This is an accepted peer-reviewed version of 
the paper. The published version of the article is available at 
European Journal of Clinical and Experimental Medicine 
(ISSN: 2544-1361), at https://doi.org/[DOI of the article]”.
Published version of an open-access article. The author 
may deposit the published version of the paper (final 
edited and typeset version that is made publicly avail-
able by the Publisher and can be considered an article) 
to any institutional repository, and distribute and make 
it publicly available in any way with acknowledgement 
to the Journal (acknowledgement should be made as fol-
lows: “This is a published version of the paper, available at 
European Journal of Clinical and Experimental Medicine 
(ISSN: 2544-1361), at https://doi.org/[DOI of the article]”.
The journal ensures long-term digital preservation of 
the version of record through institutional repository 
archiving and persistent identifiers (DOIs).

Preprint policy
The Eur J Clin Exp Med permits the posting of manu-
scripts on recognized preprint servers prior to submission 
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or during the peer review process. Authors must disclose 
the existence of any preprint version at the time of sub-
mission and provide the preprint DOI or URL.
Preprints are not considered peer-reviewed publications 
and must not be cited as references in manuscripts sub-
mitted to the Eur J Clin Exp Med.
Following publication in the journal, authors are encour-
aged to update the preprint record by providing a clear 
link to the final published version of record (VoR), includ-
ing the article DOI.

Sponsorship and advertising
As part of its publication policies, the Eur J Clin Exp Med 
does not accept commercial sponsorships or advertise-
ments. However, the journal may post announcements on 
its website for non-profit scientific and educational events.

Peer-review process
Initial checks
Once submitted, your manuscript will be assigned to a 
member of our Editorial Board, who will read the paper 
and decide whether it is appropriate for the journal. Man-
uscripts that are within scope and seem, on initial assess-
ment, to be technically sound and scientifically valid, 
will be sent to external reviewers. Copies of any papers 
containing similar or related work under consideration 
or in press at other journals must be included with the 
submission.
Manuscripts that do not fit the journal’s ethics policy or 
do not meet the standards of the journal will be rejected 
before peer-review. Manuscripts may be rejected at the 
editorial screening stage due to: out-of-scope content, 
insufficient novelty or methodological rigor, ethical con-
cerns, suspected misconduct, poor reporting quality, or 
failure to comply with author guidelines. Manuscripts that 
are not properly prepared will be returned to the authors 
for revision and resubmission.

Peer review
Once a manuscript passes the initial checks, it is assigned 
to at least two independent experts for peer review. The 
reviewers access the manuscript securely through our 
online system. The Eur J Clin Exp Med applies a sin-
gle-blind peer review process, in which the reviewers are 
aware of the authors’ identities, but the authors do not 
know the identity of the reviewers.
Reviewers are selected by the editorial team based on 
their subject expertise and the absence of any conflict 
of interest with the authors or the submitted work. Sug-
gested reviewers must not have co-authored publications 
with the authors in the last five years or be affiliated with 
the same institutions.
All peer review comments are treated as confidential and 
will only be disclosed with the explicit consent of the 

reviewer. Reviewers are expected to evaluate manuscripts 
objectively, fairly, and constructively, and to refrain from 
any personal criticism of the authors.

Editorial Decision
After considering the reviewer reports the Editorial Board 
Member will make one of the following decisions:

	— Accept outright,
	— Request a minor revision, where authors revise 

their manuscript to address specific concerns, 
Request a major revision, where authors revise their 
manuscript to address significant concerns and per-
haps undertake additional work,

	— Reject outright.
The final decision is made by the Editor-in-Chief.

Revisions
In cases where the referees or Editorial Board Member has 
requested changes to the manuscript, you will be invited 
to prepare a revision. The decision letter will specify a 
deadline for submission of a revised manuscript. Once 
resubmitted, the manuscript may then be sent back to 
the original referees or to new referees, at the Editorial 
Board Member’s discretion.
A revised manuscript should be submitted via the revi-
sion link provided in the decision letter, and not as a 
new manuscript. Authors should attach a cover letter to 
explain, *point by point*, the details of the revisions to the 
manuscript and responses to the referees’ comments. The 
destination of the cover letter file in the submission sys-
tem is ‘Supplementary File for Review’. Please ensure that 
all issues raised have been addressed in the first round of 
revision. Where the authors disagree with a reviewer, they 
must provide a clear response. You can use a template for 
responding to the reviewers’ comments

Final submission and acceptance
When all editorial issues are resolved, your paper will 
be formally accepted for publication. Once accepted, 
the manuscript will undergo professional copy-editing, 
English editing, final corrections, pagination, and pub-
lication on the https://www.ejcem.ur.edu.pl/. The Eur J 
Clin Exp Med reserves the right to make the final decision 
about matters of style and the size of figures.

Appeals
Even in cases where the Eur J Clin Exp Med does not 
invite resubmission of a manuscript, some authors may 
ask the Editorial Board to reconsider a rejection deci-
sion. These are considered appeals, which, by policy, must 
take second place to the normal workload. In practice, 
this means that decisions on appeals often take several 
weeks. Only one appeal is permitted for each manuscript, 
and appeals can only take place after peer review. Final 
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decisions on appeals will be made by the Editorial Board 
Member handling the paper.
Decisions are reversed on appeal only if the relevant Edi-
torial Board Member is convinced that the original deci-
sion was a serious mistake. Consideration of an appeal 
is merited if a referee made substantial errors of fact or 
showed evidence of bias, but only if a reversal of that ref-
eree’s opinion would have changed the original decision. 
Similarly, disputes on factual issues need not be resolved 
unless they were critical to the outcome.
If an appeal merits further consideration, the Editorial 
Board Member may send the authors’ response and the 
revised paper out for further peer review.

ORCID
The Eur J Clin Exp Med supports the use of ORCID. The 
Eur J Clin Exp Med mandates ORCID iDs for all sub-
mitting authors; this is published on the final article to 
promote discoverability and credit. Please provide the 
ORCID iDs of the authors in the title page.

Submission guidelines
Submission process
Manuscripts for the Eur J Clin Exp Med should be sub-
mitted online at https://mc04.manuscriptcentral.com/
pmur. The submitting author, who is generally the cor-
responding author, is responsible for the manuscript 
during the submission and peer-review process. The 
submitting author must ensure that all eligible co-au-
thors have been included in the author list (read the 
criteria to qualify for authorship) and that they have all 
read and approved the submitted version of the manu-
script. To submit your manuscript, register and log in 
to the submission website. All co-authors can see the 
manuscript details in the submission system, if they 
register and log in using the e-mail address provided 
during manuscript submission.

Cover letter
A cover letter must be included with each manuscript 
submission. It should be concise and explain why the 
content of the paper is significant, placing the findings 
in the context of existing work and why it fits the scope 
of the journal. Confirm that neither the manuscript nor 
any parts of its content are currently under consideration 
or published in another journal. The names of proposed 
and excluded reviewers should be provided in the sub-
mission system, not in the cover letter.

Accepted file formats
Use the Microsoft Word template to prepare your man-
uscript [download]
Authors must use Microsoft Word to prepare their manu-
script. LaTeX submissions are not accepted. Please insert 

your tables, graphics (schemes, figures, etc.) in the main 
text after the paragraph of its first citation.
In most cases, we do not impose strict limits on word 
count or page number. However, we strongly recom-
mend that you write concisely and stick to the follow-
ing guidelines:

	— We encourage not exceeding 20 pages for original 
and review papers, and 8 pages for case reports of 
standard computer text (1800 characters on a page).

	— The main text should be no more than 4,500 words 
(not including Abstract, References and Figure leg-
ends).

	— The title should be no more than 20 words.
	— The abstract should be no more than 200 words.
	— Recommended font: Times New Roman, 12 points.
	— Manuscript text should be double-spaced. Do not 

format text in multiple columns.

Types of publications
Manuscripts submitted to the Eur J Clin Exp Med should 
neither be published previously nor be under consider-
ation for publication in another journal. The main article 
types are as follows:
Original research manuscripts. The journal considers 
all original research manuscripts provided that the work 
reports scientifically sound experiments and provides a 
substantial amount of new information.
Reviews. These provide concise and precise updates on 
the latest progress made in a given area of research. Sys-
tematic reviews should follow the PRISMA guidelines.
The Eur J Clin Exp Med accepts also the following types of 
submissions: case reports, letters to the editor, commen-
taries, book reviews, and reports from scientific meetings 
and conferences.

Reporting guidelines
The guidelines listed below should be followed where 
appropriate. Please use these guidelines to structure 
your article. Completed applicable checklists, structured 
abstracts and flow diagrams should be uploaded with 
your submission.
Please refer to existing guidelines for reporting meth-
odology; e.g.:

	— AGREE guidelines for clinical practice guidelines
	— ARRIVE guidelines for in vivo animal studies
	— CARE guidelines for clinical case reports
	— CONSORT guidelines for clinical trials
	— PRISMA guidelines for systematic reviews and 

meta-analyses
	— SPIRIT for clinical trials
	— STARD guidelines for studies of diagnostic accuracy
	— STROBE guidelines for observational studies

https://mc04.manuscriptcentral.com/pmur
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https://strobe-statement.org/index.php?id=available-checklists
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Manuscript preparation
Your paper should consist of the following parts.
Research manuscripts should comprise:

	— Title page: Title, Author list, Affiliations.
	— Research manuscript sections: Abstract, Keywords, 

Introduction, Aim, Materials and Methods, Results, 
Discussion, Conclusions.

	— Back matter: Supplementary Materials, Acknowl-
edgments, Funding Statement, Author Contribu-
tions, Conflicts of Interest, Data Availability, Ethics 
Approval, References.                 

Research manuscript sections:
	— Introduction

State the objectives of the work and provide an adequate 
background, avoiding a detailed literature survey or a 
summary of the results.

	— Materials and methods
Provide sufficient details to allow the work to be repro-
duced by an independent researcher. Methods that are 
already published should be summarized, and indicated 
by a reference. If quoting directly from a previously pub-
lished method, use quotation marks and also cite the 
source. Any modifications to existing methods should 
also be described.

	— Results
Results should be clear and concise. The section may be 
divided into subsections, each with a concise subhead-
ing. Tables and figures central to the study should be 
included in the main paper. Do not use the term “sig-
nificant” unless p-values are provided. Show p-values 
to 2 or 3 decimal places. The Results section should be 
written in past tense.

	— Discussion
This should explore the significance of the results of the 
work, not repeat them. Avoid extensive citations and dis-
cussion of published literature.

	— Conclusions
Summarize the work’s findings, state their importance, 
and possibly recommend further research.
Review manuscripts should comprise:

	— Title page: Title, Author list, Affiliations.
	— Abstract, Keywords, Literature review sections.
	— Back matter: Supplementary Materials, Acknowledg-

ments, Funding Statement, Author Contributions, 
Conflicts of Interest, Data Availability, References.

Structured reviews and meta-analyses should use the 
same structure as research articles and ensure they con-
form to the PRISMA guidelines.
Case reports should comprise:

	— Title page: Title, Author list, Affiliations.
	— Abstract, Keywords. Case reports should include 

a succinct introduction about the general med-
ical condition or relevant symptoms that will be 
discussed in the case report; the case presentation 

including all of the relevant de-identified demo-
graphic and descriptive information about the 
patient(s), and a description of the symptoms, diag-
nosis, treatment, and outcome; a discussion pro-
viding context and any necessary explanation of 
specific treatment decisions; a conclusion briefly 
outlining the take-home message and the lessons 
learned.

	— Back matter: Supplementary Materials, Acknowl-
edgments, Funding Statement, Author Contribu-
tions, Conflicts of Interest, Data Availability, Ethics 
Approval, References.

Requirements for case reports submitted to Eur J Clin 
Exp Med:

	— Patient ethnicity must be included in the Abstract 
under the Case Presentation section.

	— Consent for publication is a mandatory journal 
requirement for all case reports. Written informed 
consent for publication must be obtained from the 
patient (or their parent or legal guardian in the case 
of children under 18, or from the next of kin if the 
patient has died).

The best way to ensure you have obtained appropriate 
consent for publication in Eur J Clin Exp Med is to use 
our Eur J Clin Exp Med consent form.

Language style
Manuscripts must be submitted in English (American 
or British usage is accepted, but not a mixture of these).

Title page
These sections should appear in all manuscript types:
Title: The title of your manuscript should be concise 
and informative. It should identify if the study reports 
(human or animal) trial data, or is a systematic review, 
meta-analysis or replication study. When gene or protein 
names are included, the abbreviated name rather than full 
name should be used.
Author List and Affiliations: Authors’ full first and last 
names must be provided. We recommend adding as pri-
mary the affiliation where most of the research was con-
ducted or supported, but please check with your insti-
tution for any contractual agreement requirements. For 
each affiliation provide the details in the following order: 
department, institution, city, country. 
It is very important that author names and affiliations are 
correct. Incorrect information can mean a lack of proper 
attribution or incorrect citation and can even lead to prob-
lems with promotion or funding. After the publication of 
an article, updates or corrections to the author’s address 
or affiliation may not be permitted.
At least one author should be designated as correspond-
ing author, and his or her email address and other details 
should be included at the end of the affiliation sec-
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tion. Please also provide the ORCID iDs of the authors 
in the title page.

Independent Researcher: If one or all the authors are not 
currently affiliated with a university, scientific institution 
or company, or have not been during the development of 
the manuscript, they should list themselves as an “Inde-
pendent Researcher”.

Abstract
The abstract should be a total of about 200 words maximum. 
The abstract should be a single paragraph and should 
follow the style of structured abstracts: Introduction and 
aim: Place the question addressed in a broad context and 
highlight the purpose of the study; Materials and method​s: 
Describe briefly the main methods or treatments applied. 
Include any relevant preregistration numbers, and species 
and strains of any animals used. Results: Summarize the 
article’s main findings; and Conclusion: Indicate the main 
conclusions or interpretations. 
The abstract should not contain any undefined 
abbreviations or unspecified references.

Keywords
Three to six pertinent keywords need to be added after 
the abstract in alphabetical order. We recommend that 
the keywords are specific to the article, yet reasonably 
common within the subject discipline.

Back Matter
Supplementary materials: Describe any supplementary 
material published online alongside the manuscript (fig-
ure, tables, video, spreadsheets, etc.). Please indicate the 
name and title of each element as follows Figure S1: title, 
Table S1: title, etc.
Acknowledgments: Thank all of the people who helped 
with the research but did not qualify for authorship. 
Acknowledge anyone who provided intellectual assis-
tance, technical help, or special equipment or materials.
Funding statement: Authors must disclose all sources 
of funding and the role of the funder(s) in study design, 
data collection, analysis, interpretation, and manuscript 
preparation. If the funder had no role, authors should 
explicitly state this.
Author contributions: Authors must supply an Author 
Contribution Statement as described in the Author con-
tributions statements section
Conflicts of interest: Authors must supply a competing 
interests statement. For more details please see Compet-
ing interests policy.
Data availability: Authors must include a Data Availabil-
ity Statement in all submitted manuscripts; see Availabil-
ity of materials and data section for more information.

Ethics approval: Example of an ethical statement: “All 
subjects gave their informed consent for inclusion before 
they participated in the study. The study was conducted 
in accordance with the Declaration of Helsinki, and the 
protocol was approved by the Ethics Committee of XXX 
(Project identification code).”
Use of AI and AI-assisted technologies in the writing 
process: Example of a statement: “During the prepa-
ration of this work the author(s) used [NAME TOOL/
SERVICE] in order to [REASON]. After using this tool/
service, the author(s) reviewed and edited the content as 
needed and take(s) full responsibility for the content of 
the published article.”
The declaration does not apply to the use of basic tools, 
such as those used for checking grammar, spelling, and 
references. If there is nothing to disclose, no statement 
is required.
References: References must be numbered in order of 
appearance in the text (including table captions and fig-
ure legends) and listed individually at the end of the man-
uscript. We recommend preparing the references with a 
bibliography software package, such as EndNote, Refer-
ence Manager or Zotero to avoid typing mistakes and 
duplicated references.

References style
In-text citations and references should be prepared accord-
ing to the American Medical Association (AMA) style. 
Each item should be listed in numerical order.

In-text citations
Each reference should be cited in the text using superscript 
Arabic numerals. These superscript numbers should be 
outside periods. If you are citing sequential references, 
these should be indicated with a hyphen. Nonsequen-
tial references should be separated with commas. There 
should not be a space between numbers.
For example: The degree of respiratory muscles fatigue 
depends on the applied exercise protocol and the research 
group’s fitness level.1,2 The greatest load with which a 
patient continues breathing for at least one minute is a 
measure of inspiratory muscles strength.3 Diabetes mel-
litus is associated with a high risk of foot ulcers.4-6

Sample reference
In listed references, the names of all authors should be 
given unless there are more than 6, in which case the 
names of the first 3 authors are used, followed by “et al.”. If 
the source does not have any authors, the citation should 
begin with the title.
To find the proper abbreviation of a journal, go to the 
National Library of Medicine PubMed Journals Data-
base at https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?d-
b=Journals. 
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