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ABSTRACT

Objective: Metabolic syndrome (MetS) is characterized by the
coexistence of several risk factors, including abdominal obesity,
elevated blood pressure, glucose intolerance, and dyslipidemia. MetS
has become a significant public health concern worldwide, and its
prevalence is steadily increasing in Tirkiye. It has been suggested
that serum ferritin concentrations are higher in individuals with MetS
and that inflammation plays a crucial role in the pathogenesis of the
syndrome. The aim of this study was to evaluate serum ferritin levels
and inflammatory cytokine levels in individuals with and without MetS.

Methods: A total of 150 individuals who presented to the
endocrinology unit were included in the study. According to the
National Cholesterol Education Program/Adult Treatment Panel llI
(NCEP ATP Ill) criteria, participants were divided into two groups:
those with MetS (n = 75) and those without MetS (n = 75). Fasting
serum ferritin, interleukin (IL)-1a, IL-10, and interferon (IFN)-y levels
were analyzed using commercial enzyme-linked immunosorbent
assay (ELISA) kits. Demographic characteristics, anthropometric
measurements, and biochemical parameters of the participants were
also evaluated.

Results: Serum levels of ferritin, IL-1a, and IFN-y were significantly
higher in individuals with MetS than in the control group (p < 0.05).
Although IL-10 levels were also higher in the MetS group, the
difference was not statistically significant. Furthermore, fasting blood
glucose, triglycerides, blood pressure, and waist circumference were
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Amag: Metabolik sendrom (MetS) abdominal obezite, artmis kan
basinci, glukoz intoleransi ve dislipidemi gibi risk faktorlerinden olusan
bir durum olarak tanimlanmaktadir. MetS diinya ¢capinda énemli bir halk
saghgl sorunudur ve Tirkiye'de MetS prevalansi giderek artmaktadir.
Serum ferritin konsantrasyonunun MetS’li bireylerde daha yiksek
ve enflamasyonun, MetS patogenezinde 6nemli bir rol oynadigi 6ne
surtlmustar. Bu ¢alismanin amaci MetS olan ve olmayan bireylerde
serum ferritin ve enflamatuvar sitokin duzeylerini degerlendirmektir.

Yontemler: Endokrinoloji Ginitesine bagvuran 150 kisi, Ulusal Kolesterol
Egitim Programi/Yetiskin Tedavi Paneli (NCEP ATP 1lI) MetS kriterleri
temel alinarak her grupta 75 kisi olacak sekilde iki gruba ayrilmistir.
Aclik serum ferritin, interlokin (IL)-1a, IL-10 ve interferon (IFN)-y
duzeyleri ticari enzim baglantili immiinosorbent test (ELISA) yontemi
ile analiz edilmistir. Ayrica demografik parametreler, antropometrik
Olgtimler ve biyokimyasal parametreler degerlendirilmistir.

Bulgular: MetS’li bireylerde serum ferritin, IL-1a ve IFN-y dlzeyleri
kontrol grubuna kiyasla anlamh dizeyde yiksek bulunmustur (p <
0,05). IL-10 dizeyleri hastalarda daha ylksek olmasina ragmen, bu
artis istatistiksel olarak anlamli bulunmamistir. Ayrica MetS grubunda,
kontrol grubuna gore acglk kan sekeri, trigliserit, kan basinci, bel gevresi
degerleri anlamli sekilde vyiksek; yiksek yogunluklu lipoprotein-
kolesterol duizeyleri ise anlamli sekilde disik saptanmistir.
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ABSTRACT

significantly higher, whereas high-density lipoprotein cholesterol
levels were significantly lower in the MetS group than in controls.

Conclusion: The findings suggest that inflammatory markers such as
ferritin, IL-1a, and IFN-y may serve as biomarkers for the diagnosis and
management of MetS, thereby contributing to a better understanding
of its pathogenesis and early detection. Further large-scale studies
are required to validate these findings and clarify the roles of these
parameters in MetS.

Keywords: Ferritin, inflammation, metabolic syndrome, interleukin-
lalpha, interleukin-10, interferon-gamma

Oz

Sonug: Bulgular, ferritin, IL-1a ve IFN-y gibi enflamatuvar belirteglerin
MetS tani ve yonetiminde potansiyel biyobelirtegler olarak hizmet
edebilecegini, patogenezinin daha iyi anlasilmasina ve erken teshisine
katkida bulunabilecegini gostermektedir. Bu bulgularin dogrulanmasi
icin bu degiskenlerin dikkate alindigi daha genis 6rneklemli galismalara
ihtiyag duyulmaktadir.

Anahtar Sozciikler: Ferritin, enflamasyon, metabolik sendrom,
interlokin-1alfa, interlokin-10, interferon-gama

INTRODUCTION

Metabolic syndrome (MetS) is a worldwide clinical challenge
characterized by a cluster of risk factors, including abdominal
obesity, insulin resistance, glucose intolerance, diabetes mellitus,
dyslipidemia, and hypertension (1). According to the International
Diabetes Federation, one-quarter of the global population has MetS
(2). The Turkish Adult Risk Factor study reported that the prevalence
of MetS among adults aged over 40 years in Turkiye was 53% (3).
Obesity, low educational level, physical inactivity, hypertension,
elevated total cholesterol levels, older age, and higher body mass
index (BMI) are also strong risk factors for the development of
MetS (4). Although the precise pathogenic pathways underlying
MetS remain to be elucidated, the interaction among obesity, low-
grade inflammation, and insulin resistance is considered to play
a vital role in its development (5). The association between MetS
and inflammation has not been fully explained; however, adipose
tissue is thought to mediate the relationship between MetS and
inflammation (6).

Obesity, an important risk factor for the development of MetS,
is characterized by low-grade inflammation leading to adipose
tissue dysfunction. Adipose tissue is an endocrine organ that
secretes various bioactive substances, such as adipocytokines. An
imbalance between the production of anti-inflammatory and pro-
inflammatory adipocytokines in obese adipose tissue contributes to
the pathophysiology of MetS (7). Ferritin, an acute-phase reactant, is
a recognized biomarker of acute or chronic inflammation and is non-
specifically elevated in various inflammatory conditions, including
acute infection, malignancy, chronic kidney disease, rheumatoid
arthritis, and other autoimmune disorders (8). Despite this, it remains
unclear whether serum ferritin is involved in an inflammatory cycle
or whether it causes or reflects inflammation (9). This study aimed
to contribute to this growing area of research by exploring serum
levels of ferritin, interleukin (IL)-1a, IL-10, and interferon (IFN)-y as
inflammatory markers and by examining the relationships among
them in individuals with and without MetS.

MATERIALS AND METHODS

Study Population

Overweight or obese subjects were recruited from the
Endocrinology and Metabolism Unit of Selguk University Medical
Faculty Hospital. This cross-sectional study was conducted in Konya
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Province, Tirkiye, with 150 adults (114 women, 36 men) aged 19-
65 yearsin Konya province, Turkiye. In this case-control study, 75
subjects diagnosed with MetS according to the National Cholesterol
Education Program/Adult Treatment Panel Ill (NCEP ATP lIl) criteria
constituted the patient group (mean age 40.4 + 1.5 years; mean
BMI: 34.5 + 0.8 kg/m?), and 75 subjects without MetS constituted
the control group (mean age 28.1 + 1.0 years; mean BMI: 29.8 + 0.6
kg/m?). Individuals were excluded from the study if they met any
of the following criteria: age outside the 19-65-year age range; use
of antioxidants or specialized nutritional supplements; presence of
inflammatory conditions (e.g., connective tissue diseases, cancer,
infection, inflammatory bowel disease, rheumatoid arthritis, lupus,
tuberculosis); diagnosis of any chronic or genetic disease other than
diabetes mellitus or hypertension; pregnancy or lactation; or use of
medications that affect nutritional status.

BMI was calculated as weight in kilograms divided by the square of
height in metres (kg/m?). BMI categories were defined as follows
(10):

Normal weight: 18.5-24.9 kg/m?

Overweight: 25-29.9 kg/m?

Obesity: 230 kg/m?

Obesity class I: 30-34.9 kg/m?

Obesity class II: 35-39.9 kg/m?

Obesity class Ill: 240 kg/m?

The classification of MetS was based on the NCEP ATP Ill guidelines.
According to the NCEP ATP IlI definition, a diagnosis of MetS requires
the presence of at least three of the following five components: waist
circumference >102 cm for men and >88 for women; triglycerides
>150 mg/dL; high-density lipoprotein cholesterol (HDL)-C <40 mg/
dL for men, and <50 mg/dL for women; systolic blood pressure >130
mmHg or diastolic blood pressure 285 mmHg; and fasting glucose
>110 mg/dL] (11).

Laboratory Analysis

Blood samples were collected after an overnight fast. Serum samples
were separated by centrifugation at 3000 rpm for 10 minutes
at room temperature and stored at -80 °C until analysis. Serum
ferritin (DiaMetra, DK0039), IL-1a (Elabscience, E-EL-H0088), IL-10
(Elabscience, E-EL-H6154), and IFN-y (Elabscience, E-EL-H0108) levels
were analyzed using commercial enzyme-linked immunosorbent
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assay (ELISA) kits. Biochemical parameters were analyzed at the
Pharmaceutical Biochemistry Laboratory of Gazi University.

Blood pressure was measured twice on the participant’s right arm
using a mercury sphygmomanometer after a 20-minute rest. The
mean of the two measurements was used for statistical analysis.

The study was approved by the Medical Ethics Committee of Selguk
University (approval number: 2016/304, dated: 21.12.2016). Written
informed consent was obtained from all participants prior to study
enroliment.

Statistical Analysis

Numerical variables were expressed as mean + standard error and
categorical variables as percentages. Unequal gender group sizes can
affect test power when group variances are heterogeneous but have
minimal impact when group variances are homogeneous. Therefore,
Levene’s test was used to assess the homogeneity of variances.
When variances were not homogeneous, Welch’s t test was applied;
otherwise, Student’s t-test or ANOVA was used for parametric
variables. For nonparametric variables, the Mann-Whitney U test or
the Kruskal-Wallis test was employed. Correlations were evaluated
using either Pearson or Spearman correlation coefficients. A p-value
of <0.05 was considered statistically significant. All analyses were
performed using SPSS (Statistical Package for the Social Sciences)
version 24.0.

RESULTS

A total of 150 subjects participated in the present study. participants
were divided into two subgroups based on the NCEP ATP Il criteria
for the diagnosis of MetS. The patient group included individuals
with at least three MetS components: 31.3% (n = 47) had three
components; 14.7% (n = 22) had four components; and 4% (n = 6)
had all five components. The control group comprised individuals
with no MetS components or with only one or two components:
7.3% (n = 11) had none; 17.3% (n = 26) had one component; and
25.3% (n = 38) had two components.

The general characteristics of the study participants, including age
and BMI ranges, gender distribution, education level, smoking
status, and alcohol consumption status, are summarized in Table 1.

Across the patient group (aged 40-65 years) and the control group
(aged 18-24 years), the participation rate was 52% (n = 39). The
mean ages of the patient and control groups were 40.4 + 1.5 and
28.1 + 1.0 years, respectively. Individuals diagnosed with MetS were
significantly older than those without MetS (p=0.000; data not
shown). Among patients, 33.3% (n = 25) had first-degree obesity,
whereas among controls, 58.7% (n = 44) were overweight. BMI was
significantly higher in patients than in controls (34.5 + 0.8 and 29.8 +
0.6, respectively; p < 0.001; data not shown). In terms of education,
most patients (53.3%) were elementary school graduates, while
most controls (48%) were high school graduates. The majority of
participants reported never smoking and never consuming alcohol
(77.3% and 91.3%, respectively).

Demographic characteristics, anthropometric measurements,

biochemical data, and other measured parameters for each group
are summarized in Table 2.

Anthropometric measurements, including hip circumference and
mid-upper arm circumference, were significantly higher in patients
than in controls (p = 0.000 for both). Biochemical analysis revealed
that homeostatic model assessment-insulin resistance and levels of
total cholesterol, alanine transaminase (ALT), urea, and insulin were
significantly higher, whereas the estimated glomerular filtration rate
(e-GFR) was significantly lower in patients compared with controls
(p =0.000, p =0.001, p =0.001, p=0.000, p = 0.000, and p = 0.000,
respectively). MetS components identified in patients included
increased waist circumference, elevated fasting blood glucose,
elevated systolic and diastolic blood pressure, elevated triglycerides,
and reduced HDL-C levels. Recent evidence suggests that MetS
accelerates eGFR decline, thereby increasing the risk of chronic
kidney disease and end-stage renal disease (12). Although no prior
study has specifically examined the relationship between urea and
MetS, it is hypothesized that MetS may elevate serum urea levels by
impairing renal function. Serum ferritin, IL-1a, IL-10, and IFN-y levels
for each group are presented in Table 3.

In the present study, serum levels of ferritin, IFN-y, and IL-1a were
significantly higher in patients than in controls. Although serum IL-10
levels were also higher in individuals with MetS, this difference did
not reach statistical significance. The distribution of the measured
parameters by gender is presented in Table 4.

This study revealed that serum ferritin concentrations were
statistically significantly higher in men than in women in both the
control and patient groups.

DISCUSSION

The main finding of this study was that the concentrations of serum
ferritin, IL-1a, and IFN-y were significantly higher in participants with
MetS than in healthy controls. Although serum IL-10 levels were also
higher in patients, the difference was not statistically significant.
These results suggest that ferritin, IL-1a, and IFN-y may serve as
biomarkers for MetS.

Although the precise pathogenic mechanisms underlying MetS
unclear, the interplay between obesity, low-grade
inflammation, and insulin resistance is thought to play a vital role in
its development (5). In particular, chronic low-grade inflammation is
considered a central factor in the pathogenesis of MetS (13).

remain

Ferritin plays a critical role in iron homeostasis and serves as a clinical
biomarker for both iron deficiency and hemochromatosis (14).
Recent studies have reported higher serum ferritin concentrations in
individuals with MetS compared with healthy controls (13,15). This
finding supports the idea that serum ferritin may serve as a marker
for the development of MetS. Although the underlying mechanisms
linking ferritin and MetS are not fully understood, several
hypotheses have been proposed, including the Fenton reaction
(16), the iron dysregulation and dormant microbes hypothesis (17),
the lipolytic effect of excessive iron concentrations (18), and the
increased hypersensitivity of pancreatic cells to reactive oxygen
species (19). Nevertheless, some studies have reported conflicting
results regarding the association between serum ferritin and MetS.
These discrepancies have been attributed to small sample sizes,
confounding factors, and differences in study populations (20).
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Table 1. General characteristics of study participants.

Total individuals n (%)

Patients n (%) Controls n (%)

Age range 18-24 years 50 (33.3%) 11 (14.7%) 39 (52%)
25-39 years 50 (33.3%) 25 (33.3%) 25 (33.3%)
40-65 years 50 (33.3%) 39 (52%) 11 (14.7%)
Gender Male 36 (24%) 23 (30.7%) 13 (17.3%)
Female 114 (76%) 52 (69.3%) 62 (82.7%)
BMI range Overweight 65 (43.3%) 21 (28%) 44 (58.7%)
1%t degree obesity 46 (30.7%) 25 (33.3%) 21 (28%)
2" degree obesity 26 (17.3%) 18 (24%) 8 (10.7%)
3 degree obesity 13 (8.7%) 11 (14.7%) 2(2.7%)
Level of education Literate 8 (5.3%) 4 (5.3%) 4 (5.3%)
Elementary 57 (38%) 40 (53.3%) 17 (22.7%)
High school 53 (35.3%) 17 (22.7%) 36 (48%)
University 28 (18.7%) 12 (16%) 16 (21.3%)
Postgraduate 4(2.7%) 2 (2.7%) 2(2.7%)
Smoking status Current 20 (14%) 13 (17.3%) 7 (10.7%)
Never 116 (77.3%) 54 (72%) 62 (82.7%)
Former 13 (8.7%) 8 (10.7%) 5 (6.7%)
Alcohol consumption Current 7 (4.7%) 3 (4%) 4 (5.3%)
Never 137 (91.3%) 68 (90.7%) 69 (92%)
Former 6 (4%) 4 (5.3%) 2 (2.7%)

BMI: Body mass index.

Adipose tissue, which is currently recognised as an endocrine
organ (21), undergoes hypertrophy and hyperplasia in response
to excessive caloric intake (22). This increase in adipose tissue
mass leads to elevated adipokine production by pre-adipocytes
and macrophages, thereby contributing to the development of
inflammation (23). Therefore, the accumulation of visceral adipose
tissue, a characteristic feature of MetS, may alter the vascular and
lymphatic microenvironment, thereby creating lethal conditions for
adipocytes that are distant from blood vessels. In addition, hypoxia
and lipotoxicity may occur in adipocytes, thereby triggering the
release of fatty acids and substrates that activate pro-inflammatory
pathways in tissues (22). Although the pathogenesis of MetS has
not yet been fully elucidated, it is hypothesised that an imbalance
between antioxidant and pro-oxidant activities plays a vital role
in its development (24). Furthermore, a chronic inflammatory
state is considered the primary mechanism underlying MetS
pathophysiology (21). Chronic low-grade inflammation, resulting
from the accumulation of excess adipose tissue, is generally regarded
as a key factor in the development of insulin resistance and may play
an important role in the pathobiology of MetS (24,25).

Nicoara et al. (26) demonstrated the diagnostic value of the systemic
immune-inflammatory response index for distinguishing MetS in
obese children. Another study found a pronounced increase in pro-
inflammatory cytokines in men with MetS and a decrease in anti-
inflammatory adipokines in women with MetS (27). IFN-y suppresses
the expression of Sirtuin-1 (SIRT1), leading to metabolic dysfunction
and the development of T2DM (28). Increased IFN-y levels reduce
insulin activity, disrupt metabolic homeostasis and insulin signaling
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in skeletal muscle, and induce tumor necrosis factor (TNF)-a and
Nuclear Factor Kappa B (NF-kB). IFN-y also contributes to T-cell
modulation, diet-associated insulin resistance, T2DM, and obesity
by activating the JAK-STAT pathway, ultimately leading to insulin
resistance (28). IFN-y cytokine levels were found to be significantly
higher in individuals diagnosed with MetS than in healthy adults
(29), and increased serum IFN-y concentrations were associated
with insulin resistance and MetS components in obese children
(30). These findings indicate that elevated IFN-y levels are related
to insulin resistance and MetS in pediatric population. Therefore,
IFN-y concentration may serve as a clinical biomarker for MetS and
T2DM development and is considered a potential therapeutic target
for improving these pathologies (31). Similar to previous studies, we
found that serum IFN-y concentrations were significantly higher in
patiens with MetS compared to healthy counterparts.

IL-1, which includes IL-1a, IL-1B, and IL-1 receptor, is produced and
secreted by hepatocytes and various other cellss, including vascular
smooth muscle cells, endothelial cells, and macrophages/monocytes
(32). Elevated serum IL-la concentrations have been identified
as vital parameters in the development of MetS (29). Lower IL-1a
concentrations were associated with reduced adiposity and improved
glucose tolerance in diet-induced obese mice, suggesting that
inhibition of IL-1a may help maintain glucose tolerance and protect
against obesity-related comorbidities (33). In another study, IL-1a
treatment was shown to impair insulin signaling (34) by increasing
IL-6 production in 3T3-L1 adipocytes, thereby contributing to insulin
resistance. Other mechanisms have been suggested, including
disruption of insulin signalling via STAT phosphorylation, SOCS3
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Table 2. Demographic, anthropometric, and clinical data of study participants.

Age

BMI

Hip circumference (cm)

Mid upper arm circumference (cm)
Waist circumference (cm)

SBP (mmHg)

DBP (mmHg)

Fasting blood glucose (mg/dL)
Insulin (mU/L)

HOMA-IR

Total cholesterol (mg/dL)
Triglycerides (mg/dL)

HDL-C (mg/dL)

LDL-C (mg/dL)

e-GFR (mL/min)

ALT (U/L)

Creatinine (mg/dL)

Urea (mg/dL)

Vitamin B, (ng/L)

TSH (mU/L)

Patients Controls p-value
mean + SE mean t SE

40.4+1.5 28.1+1.0 0.000*
345+0.8 29.8+0.6 0.000*
119.8+1.6 112.5+1.3 0.000*
37.9+05 342105 0.000*
1159+1.8 99.8+1.9 0.000*
128.5+2.4 110.8+1.5 0.000*
80.2+1.4 72.7+1.2 0.000*
118.5+5.7 88.7+0.9 0.000*
18.6+1.3 12.7+0.7 0.000*
4.6+0.3 2.8+0.2 0.000*
200.5+5.6 178.2+3.9 0.000*
203.5+10.8 90.7+4.1 0.000*
447 +1.1 53.6+1.2 0.000*
117.2+4.6 106.5+2.9 0.051
117.6+2.2 131416 0.000*
255+15 19.5+1.4 0.001*
0.73 £0.02 0.68 £ 0.01 0.178
26.2+0.9 22.3+0.6 0.000*
292.0+11.2 307.7 £13.5 0.684
21+0.1 23+0.2 0.403

*p < 0.05, HOMA-IR: Homeostatic model assessment-insulin resistance, SE: Standard error, BMI: Body mass index, SBP: systolic blood pressure, DBP: Diastolic
blood pressure, HDL-C: High denstiy lipoprotein cholesterol, LDL-C: Low density lipoprotein cholesterol, ALT: Alanine aminotransferase, TSH: Thyroid-stimulating

hormone.

Table 3. Evaluation of measured parameter levels in participants
according to MetS status.

Patients Controls p-value
Mean+SE  Mean * SE
Ferritin (ng/mL) 60.8 +4.2 37.1+3.4 0.000*
IL-1a (pg/mL) 33+0.2 27+0.1 0.011*
IL-10 (pg/mL) 39+0.1 3.7+0.1 0.089
IFN-y (pg/mL) 3.0+0.1 2.8+0.0 0.001*

*p < 0.05.
IL-1a: Interleukin-1a, IL-10: Interleukin 10, IFN-y: Interferon-y, SE: Standard
error.

induction (35), and downregulation of insulin receptor substrate-1
in the presence of IL-6 (28). Consistent with previous research (29),
the present study found that serum IL-la concentrations were
significantly higher in patients than in controls.

IL-10, an anti-inflammatory cytokine, plays an important role in
regulating the immune system and in inhibiting the production and
expression of pro-inflammatory cytokines (25). IL-10 is produced by
macrophages and lymphocytes and exerts its anti-inflammatory and
insulin signalling-modulating effects by inhibiting kappa B inhibitor
kinase activity, suppressing TNF-induced nuclear factor kappa
B activation (36), inhibiting NADPH oxidase-mediated oxidative
stress, and downregulating TNF-a and IL-6 concentrations (37).

High circulating IL-10 levels help counter chronic inflammation
in obesity and T2DM (38,39). Serum IL-10 has been found to be
inversely associated with metabolic disorders, including elevated
blood pressure, dyslipidemia, glucose intolerance (40), and MetS
(25,38). Freitas et al. (41) reported that subjects with the IL-10 AA
genotype, which is associated with lower IL-10 levels, had a higher
risk of developing MetS. Serum IL-10 concentration has been linked
to improvements in MetS and obesity by reducing BMI and body
fat mass, reducing insulin resistance, and improving adipose tissue
function in both human and animal models (42,43). Reduced IL-10
concentrations in adipose tissue and serum have been observed
in subjects with obesity and type 2 diabetes (44,45). Interestingly,
increased serum IL-10 concentrations have been found in obese
women compared to non-obese women (38); this was attributed
to a compensatory increase in IL-10 aimed at downregulating
pro-inflammatory cytokines (38), as well as in children and
adolescents (46). Some studies have also reported higher serum
IL-10 concentrations in subjects with MetS compared with healthy
counterparts (29,47). In our study, serum IL-10 concentrations
were higher in patients; however, the difference between the two
groups was not statistically significant. Although the underlying
mechanism is not fully understood, a compensatory increase in
IL-10 in response to the pro-inflammatory state may explain these
findings (29). Additionally, genetic factors are thought to contribute
to variability in cytokine production (48), and genetic differences
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Table 4. Evaluation of measured parameters according to gender in
controls and patient groups.

Measured parameters in n Meant + SE  p-value
controls
Ferritin
Female 62 30.7+2.1

0.03*
Male 13 67.7+14.6
IL-1a
Female 62 2.6+0.1

0.317
Male 13 3.0+0.3
IL-10
Female 62 3.7+0.1

0.905
Male 13 3.7+0.2
IFN-y
Female 62 2.8+0.0

0.413
Male 13 2.8+0.0
Measured parameters in patients
Ferritin
Female 52 52.7+4.1

0.011*
Male 23 79.2+9.0
IL-1a
Female 52 3.2+0.2

0.899
Male 23 3.4+0.4
IL-10
Female 52 3.8+0.1

0.140
Male 23 40+0.1
IFN-y
Female 52 3.1+0.1 0.411
Male 23 3.0+0.1
*p < 0.05.

IL, IL-1a: Interleukin-1a, IL-10: Interleukin 10, IFN-y: Interferon-y, SE:
Standard error.

among individuals in our study may account for the higher serum
IL-10 concentrations observed in patients with MetS compared with
those in the control group.

Gender is considered a significant factor that potentially influences
differences in serum ferritin levels. A review of the literature
has revealed that studies report inconsistent results (49). The
discrepancies observed across studies may be attributed to
differences in study population characteristics, sample size, and
factors influencing serum ferritin levels. Physiologically, women tend
to have lower serum ferritin concentrations than men due to iron
loss through menstruation. In men, increased visceral adiposity and
metabolic disorders may elevate serum ferritin levels by promoting
the production of inflammatory cytokines. In our study, consistent
with previous research (50), Levene’s test indicated that variances
across groups were not homogeneous. Therefore, Welch’s t-test was
applied, and only serum ferritin concentrations were higher in men
than in women in both the patient and the control groups.
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Study Limitations

Although this study was successfully completed, several limitations
should be considered. First, the small sample size and the cross-
sectional design of the study may limit the generalizability of the
findings. Prospective studies with larger sample sizes are needed to
clarify the causal relationships between serum ferritin, inflammatory
cytokines, and MetS. Another limitation is that menopausal status
was not considered, which may have influenced serum ferritin levels.

CONCLUSION

To the best of our knowledge, this is the first study in Tirkiye to
evaluate levels of serum ferritin and other inflammatory cytokines in
individuals with and without MetS. The main finding was that serum
concentrations of ferritin, IL-1a, and IFN-y were significantly higherin
participants diagnosed with MetS than in healthy controls. Although
serum IL-10 levels were also higher in patients, the difference was
not statistically significant. These findings indicate that individuals
with MetS have elevated serum levels of pro-inflammatory cytokines
and ferritin, which may be clinically relevant to the pathogenesis
of the syndrome. Identifying new determinants of MetS could
facilitate earlier diagnosis and more effective treatment. A better
understanding of the roles of inflammation and ferritin in MetS
may also contribute to improved prevention strategies. Prospective
studies with larger cohorts are needed to further elucidate the
relationship between cytokines and MetS.
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