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Abstract

Background: Metabolic syndrome is significantly influenced by obesity. Hormonal dysregulation involving hepatokines and adipokines
characterizes it. The interactions of fetuin-A, nesfatin-1, leptin, and adiponectin with sex hormones in obese and non-obese subject was
examined in this study.

Methods: A total of 140 adults (70men and 70 women) were examined in this cross-sectional study. Fetuin-A, Nesfatin-1, leptin,
adiponectin, lipid file, oxidative stress markers(MDA, GSH), inflammatory markers (CRP, IL-6, TNF-a), HbAlc,(Homeostatic Model
Assessment for Insulin Resistance) HOMA-IR, testosterone, and estradiol status were all measured using blood samples. Group
comparisons (obese men vs. obese women) were performed using t-tests, and associations were assessed using Pearson's correlation (p <
0.05).

Results: Obese men had an unfavorable metabolic profile compared to obese women with a statistically significant increase in blood
pressure, triglycerides, LDL-c, HOMA-IR,HbAlc, CRP, IL-6,TNF-a, Fetuin-Aandleptin. The men had significantly lower levels of
Nestfatin-1 and adiponectin compared with obese women and the correlation analysis exposed the damaging axis associated with leptin
and fetuin serum levels and owing to insulin resistance with pro-inflammatory (CRP,IL-6) when oxidative stress markers at high MDA
with low GSH. The result shows the leptin with Nesfatin-1 advancing to document the protective axis that supported insulin sensitivity
after favorable lipid levels after increases the antioxidant substancessuch as GSH. Hormone testosterone has a highly positive correlation
with the damaging axis (Fetuin-A: r= 0.71, p < 0.001)when indicating the potential role in the insulin resistance,while estradiol hormone
has a low positive correlation with the protective axis (Nesfatin- 1: r = 0.48, p = 0.004).Conclusion: The pathophysiology associated with
obesity can be defined in both males and females, through the injurious Leptin with Fetuin-A axis, through the protective Adiponectin
with Nesfatin-1 axis. So, the data that resulted with this investigation provide catalogs for sex hormones may be important for
determination the metabolic risk factors that may be important for determining the metabolic risk factors resulting from obesity through
utilizing different biomarker hubs. Therefore, the study investigates that assessing sex hormone concentrations and biomarkers related to
obesity provides useful information for developing and implementing tailored therapeutic interventions to regulate these pathways and
improve metabolic health overall.

Introduction

The excess body fat is the major factor of obesity ,which  the dysfunction in the organism, and increased susceptibility to the
according to the WHO that affected approximately 650 million  chronic disease [4]. The metabolic syndrome in the obesity must be the
people, or roughly 13 percent of the adult population worldwide  rigk factor that estimated at 20-25% in this study and the high blood
as of 2023 [1]. In addition to the individual effects of obesity, it pressure refers to consistently elevated diastolic and systolic pressures,
is important to understand that obesity is the major contributor  yhich indicating through vascular events related to excessive adiposity.
to mult}p le metabol.lc syn@rome .d1sorc'lers, which are Dyslipidemia could be identified as highly elevated LDL cholesterol,
char.ac.terlz.ed _by various .d.lS.CaSES mcludmg hypert_ensmn, triglycerides, and low HDL cholesterol, which promote a higher chance
dyshpl.demla, m.sulm 1nsens1t1\{1ty . an.d systemic chrhomhc low- of developing atherosclerosis, leading to CV events. Insulin resistance
grade inflammation; each of which is linked to greater incidences . . . i
may be demonstrated as impaired glucose uptake with added higher

of more serious chronic diseases, such as diabetic type II, ) ) ‘ ; 3
cardiovascular disease and hepatic lipid accumulation [2]. insulin concentrations, making the metabolic dysfunction more

Physiologically, obesity disrupts a delicate network of hormonal complex [5]. In addition, low-grade chronic inflammation accompanied
and metabolic signals. This disruption occurs through the by high levels of C-reactive protein (CRP) could result in continued
intervention by the adipokines, such as leptin and adiponectin,  tissue damage, leading to higher morbidity. The effects of obesity are
and the hepatokines, such as fetuin-A [3]. It creates energy  compounded by each of the metabolic disorders noted above; thus
dysregulation and excessive storage of lipids in the adipocytes  resulting in an exponential increase in the extent of damage to one's
and consequently initiates a chronic inflammatory response.  health associated with each disorder [4]. Nesfatin-1 consist of 82-
Such alterations induce the cycle of the imbalance and amino-acids ,which is produced from the nucleobindin-2 (NUCB?2)
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The mechanism of appetite suppression by nesfatin-1 occurs via
modulation of hypothalamic melanocortin pathways, which
directly influence the regulation of energy balance and body
weight [6]. Nesfatin-1 was made in the hypothalamus and
pancreatic cells, also stomach cells; it works in the body to
stimulate pro-opiomelanocortin (POMC) nerve cells and
simultaneously inhibit agouti- related peptide (AgRP) and
neuropeptide Y (NPY) nerve cells [7]. These interventions appear
to enhance beta-cell secretions from the pancreas while
simultaneously improving glucose uptake/usage in muscle and
adipose tissues. For nesfatin-1, as it relates to energy homeostasis,
the importance of this continues to be evident. Based on this
data, researchers have demonstrated that overweight subjects will
exhibit substantially reduced plasma nesfatin-1 concentrations
compared to those who maintain a normal weight. Overweight
individuals will generally also experience a greater level of hunger
and increased body weight, and ultimately exhibit negative
metabolic effects associated with the increase in their body weight
[8]. In addition to regulating energy homeostasis, nesfatin-1 also
has an anti-inflammatory effect; it has been demonstrated that
nesfatin-1 will inhibit pro-inflammatory cytokine production (i.e.,
interleukin 6 [IL-6] and tumor necrosis factor (TNF-a)), which
are elevated in obesity, and are associated with elevated insulin
resistance and an increased risk for cardiovascular disease [9]. On
the other hand, fetuin-A is a major (64-kDa) glycoprotein
produced mainly by the liver and plays a significant role in
regulating metabolism associated with obesity [10, 11]. Fetuin-A
could be intrinsic inhibitor for insulin receptor called tyrosine
kinase, due to contributing to the insulin resistance, which has a
major characteristic for both obesity and type 2 diabetes ,and
high levels of fetuin-A have been shown to be closely correlated
with visceral fat and therefore represent an additional
cardiometabolic risk factor for developing cardiometabolic
disorders [12]. This study aimed to examine the effect of Nesfatin-
1 and Fetuin-A in terms of regulating the metabolism of a group
of healthy, non-obese, and obese males. The study will also
involve an examination of the effect of sex hormones
(testosterone and estradiol) on these markers and the resulting
metabolic patterns, based on the current literature, which are
limited in sample sizes, methodology, and biochemical variables.
This study aims to provide new avenues for approaches to the
management of obesity and its associated complications, as well
as to evaluate the combined effect of both markers on metabolic
parameters such as the lipid profile, blood pressure, and
inflammatory markers for the purpose of comparison with
existing and emerging therapy options.

Methodology

Research Design

This cross sectional study was performed from January 2022 until
December 2023 in Kirkuk General Hospital and private
laboratories connected to Kirkuk General Hospital (KGH), in
Iraq. The objective was to determine the effects of Fetuin-A,
Nesfatin-1 and sex hormones on metabolism among obese,
overweight and normal weight individuals of both genders. The
reason for both KGH and private laboratories selected was to take
advantage of the large and varied patient base as well as access to
state-of-the-art diagnostic facilities. All participants consumed a
defined diet (2000 - 2500 kilocalories of food per day, with 50%
carbohydrates, 30% fats and 20% proteins) for a period of three
days prior to their blood collection and performed their usual
physical activity as measured by the validated questionnaire [12].

Ethical Considerations

The study followed the ethical principles for the Helsinki

declaration was conducted following by the research and the permission
of the research project was granted by the Kirkuk General Hospital
Institutional Review Board (IRB approval number: KGH-2022-117) [13].
Research is conducted internationally with the intent to protect and
provide for the welfare of the participants. All potential participants
were given a written explanation in their primary language regarding the
objectives of the research and methods used for conducting the research,
and asked to provide informed consent. All data collected during the
study were de-identified in order to protect the identity of all
participants, and laboratory methods were performed in accordance with
established protocol to ensure accurate results.

Sample Plan and Justification

This research used a stratified random sampling method to provide an
unbiased representation of the Adults population studied from the
Kirkuk Region ,and completed the questionnaire based on their health
behaviors, when the sample was randomly selected from a population of
adults aged 25 to 55 years visiting Kirkuk General Hospital for a regular
check-up period, the sampling frame was adults visiting the hospital for
routine check- ups. Once the population was determined, it was stratified
by gender for upward balance (70 men, 70 women). Then, for each
gender stratification, probable participants were stratified by their
measured BMI into three categories: obese (BMI > 30 kg/m?),
overweight (25-29.9 kg/m?), and non-obese (18.5-24.9 kg/m?). Using
computer-generated random numbers, a random number draw was
generated for a pre-determined number of participants from each
gender-BMI grouping, which resulted in a sample of 140 participants (70
obese adults, 35 men and35women), and(70 non-obese adults,35men and
35 women). The sampling strategy of using a stratified random selection
is a probabilistic sampling strategy that collectively improves the external
validity of the results because researchers can reduce selection bias and
increase the likelihood of the sample being representative of the Kirkuk
population that has similar health characteristics.

Participant Consent

All participants gave written informed consent before they took part in
the research. The consent process included discussion face-to-face and
written documentation in the local language outlining the goals and
protocol of the research and participants' rights to withdraw without
penalty. The only person who had access to participants' data was the
lead investigator. The forms of consent were placed in a locked cabinet
within the investigator's office.

Inclusion Criteria

Eligible participants were healthy, active adults aged 25-55 years,
classified by BMI as obese, overweight, or non-obese, with fasting
glucose <126 mg/dL, blood pressure <140/90 mmHg, and no
medications for metabolic, lipid, or hormonal conditions. To provide the
means for controlling the estradiol levels, the research inclusion of
women in the follicular phase (days 1-14).

Exclusion Criteria

Exclusion criteria included individuals with a fasting glucose level greater
than 126 mg/dL, those experiencing uncontrolled hypertension (pulse
pressures of 160 mmHg and higher and/ or a diastolic pressure of 100
mmHg or higher), patients diagnosed with chronic disease(s) (e.g.,
diabetes, heart disease), and women taking medications that could affect
metabolism. Any patient not in the follicular phase was excluded from
the sample and rescheduled, this was necessary to eliminate confounding
factors in the analysis of the total amount of estradiol in all the
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participants so that it could be uniformly measured for the study.
Any woman whose age or body mass index did not fall within the
study's specified parameters was also excluded from the sample.

Sample Size

The participants consisted of 140 participants (70 men and 70
women), including 35 obese participants, 35 overweight
participants, and 70 non-obese participants. For calculation the
sample size was using power calculations (the effect size is 0.75,
and power 85%, a=0.05)[12]. In order to achieve the statistical
significance differences for lipid parameters ,Nesfatin-1 with
Fetuin-A and sex hormones to allow the study's schedule with
resources.

Data Collection Instruments

Fasting blood samples measured lipid profiles (total cholesterol,
triglycerides, LDL-c, HDL-c), Nesfatin-1, Fetuin-A, CRP,
HbAlc, HOMA-IR, IL-6, TNF-a, testosterone, and estradiol.
ELISA quantified Nesfatin-1, Fetuin-A, IL-6, TNF-a, and CRP
(R&D Systems). Twenty samples were taken for both gender(10
per each gender) were validated by using western blot and mass
spectrometry (Orbit rap, Thermo Fisher Scientific). HbAlc used
HPLC. HOMA-IR was estimated as (Fasting Insulin [uIU/mL] X
Fasting Glucose [mmol/L])/22.5 [14],while the lipids were
analyzed enzymatically and the HDL-c via direct assay ,but the
LDL-c via Martin-Hopkins method [15]:LDL-c (mg/dL) = Non-
HDL-C - (Triglycerides / Adjusted Factor),using a 180-cell
stratification table. CRP used an automated analyzer. Height
(audiometer), weight (calibrated scale), BMI, and blood pressure
(sphygmomanometer) were measured. Smoking, alcohol, and
activity were assessed via IPAQ.

Data Collection Process

Blood sample was taken at 8:00 AM to 10:00 AM in the morning
after fasting overnight, when the participants followed the
standardized diet and avoided strenuous exercise for 24 hours.
The samples were taken in duplicate to ensure reliability for the
application and centrifuged at 3000RPM for 10 minutes until
serum was in a state of readiness, and samples were then either
tested or promptly added to the 80 degrees Celsius freezer to
ensure that the integrity of the biomarkers was preserved. Obesity
was defined as BMI =30 kg/m? (WHO).

Enzyme-Linked Immunosorbent Assay (ELISA) Procedures

The Nesfatin-1, Fetuin-A, IL-6, TNF-a, and CRP concentrations
were estimated commercially by using human sandwich available
ELISA kits (DY056, DY516, D6050, DTA00D, DCRP00, R&D
Systems, Minneapolis, MN) depending on the protocol kit. Each
assay was based on a Sandwich ELISA design where samples and
standards were added to antibody- pre-coated wells. After
washing, a biotin-labelled detection antibody was added and
followed by a streptavidin-HRP conjugate [16]. The colorimetric
reaction was started by adding TMB substrate, which was stopped
with acid that converted the blue solution to yellow. The optical
density was estimation at 450nm and the intensity of color
depend on the proportion to the concentration of the analyze,
while the CVs were <8% (intra-assay) and <10% (inter-assay);
detection limits: 0.1 ng/mL (Nesfatin-1), 2.0 ng/mL (Fetuin-A),
1.0 pg/mL (IL-6), 1.5 pg/mL (TNF-a),0.5 mg/L (CRP). Dilutions
were re-analyzed as needed. Western blot (20 samples) used anti-
Fetuin-A (1:1000, Abcam) and anti-Nesfatin-1 (1:500, Santa
Cruz) antibodies (Fetuin-A: 64 kDa; Nesfatin-1: 9.7 kDa). Mass
spectrometry confirmed identity (MASCOT >50).

Sex Hormone Assay

Serum total testosterone, estradiol, and cortisol concentrations
were  measured using commercially available  specific
chemiluminescent immunoassay (CLIA) kits on an automated
analyzer (Abbott Architect i2000SR). All assays were done in
duplicates according to the manufacturer's instructions [17].
Testosterone (0.08-17.00 nmol/L, CV <6%), estradiol (73-3420
pmol/L, CV <7%), and cortisol (27.6-1656 nmol/L, CV <5%) used
duplicate assays. Women’s samples were collected in the follicular
phase, confirmed by cycle tracking.

Statistical Analysis

The statistical descriptive for measuring the blood pressure (BP),
BMI, triglycerides, cholesterol, HOMA-IR, HbAlc, CRP, IL-6,
TNF-a, Fetuin-A, Nesfatin-1, and sex hormones were calculated
outcome. Independent t-tests were performed to compare mean
variations among groups, with Cohen's d to calculate a measure of
effect size. The correlation coefficients were calculated by using the
Pearson correlation analysis significantly evaluations at the
(P<0.05), While the multiple regression analysis was proceeding
after alteration for the confounding factors (BMI, Age, cortisol,
IL-6, CRP, TNF-a, and/or Lifestyle variables) and the analyses
were performed utilizing only one method of statistical analysis
software [18].

Data Availability

The data supporting the results of this research study can be made
available upon request to the corresponding author, all requests
must comply with ethical and privacy requirements. The raw data
will remain securely stored at the Kirkuk General Hospital for at
least five years, the summarized results will be made available with
all appropriate precautions taken to protect confidentiality.

Results
Variations Between Groups in Metabolic Parameters

This study took place from January 2022 to December 2023 at
Kirkuk General Hospital and nearby private laboratories in Iraq.
Obese men had higher systolic blood pressure (SBP; 145.8 = 13.9
mmHg vs. 140.2 = 12.7 mmHg, t=2.45, P=0.017, Cohen’s d=0.41)
and diastolic blood pressure (DBP; 84.7 £ 5.0 mmHg vs. 81.3 £ 4.8
mmHg, t=3.01, P=0.004, Cohen’s d=0.51) than women, suggesting
the greater vascular strain in men. In terms of lipid profiles, men
had greater triglycerides (128.6 + 22.8 mg/dL vs. 118.4 £ 20.5
mg/dL, t=2.72, P=0.008, Cohen’s d=0.46) but no significant
differences were observed for total cholesterol (190.7 £ 18.2 mg/dL
vs. 188.1 £ 17.6 mg/dL, t=0.87, P=0.389, Cohen’s d=0.15), LDL-c,
calculated using the Martin-Hopkins method, was also significantly
higher in obese men (118.5+ 14.2 mg/dL) compared to obese
women (109.3 + 13.1 mg/dL, t=2.85, P=0.006, Cohen's d=0.48), or
HDL-c (27.1 £ 5.6 mg/dL vs. 28.9 * 6.0 mg/dL, t=-1.33, P=0.188,
Cohen’s d=-0.22). CRP levels were also higher in men (16.8 * 3.5
mg/L vs. 149 £ 3.2 mg/L, t=2.51, P=0.015, Cohen’s d=0.43).
Fetuin-A levels were higher in men (360.2 £ 28.7 ng/mL vs. 345.6%
27.3 ng/mL, t=2.28, P=0.026, Cohen’s d=0.39), while Nesfatin-1
levels were lower in men (1.65 £ 0.35 ng/mL vs. 1.82 * 0.38 ng/mL,
=-2.01, P=0.049, Cohen’s d=-0.34). BMI was slightly higher in
men (35.2 * 3.4 kg/m? vs. 34.1 * 3.2 kg/m?, t=1.96, P=0.055,
Cohen’s d=0.33). There was no significant difference in age (40.1 *
8.0 years vs. 39.4 + 7.8 years, t=0.37, P=0.714, Cohen’s d=0.06
[Table 1, Figure 1].
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Parameter Obese Men Men Obese Obese t- P- Cohen’sd(95
Women Women %CI)
(n=35) (n=35) Mean + (n=35) Mean | + value value value
SD SD SD SD

SBP 14584139 | 145.8+13.9 | 1402+127 | 14022127 245 245 0.017 | 041(0.07.0.7

(mmHg) 5)

DBP 0.51(0.16,0.8

84.74 5.0 84.74 5.0 813448 81348 3.01 3.01 0.004

(mmHg) 6)

Total 190.7+182 | 190.7x182 | 188.1217.6 | 188.1217.6 0.87 0.87 0.389 2'91)5(‘0'19’0-

Cholesterol

(mg/dL)

TG(mg/dL) | 12865228 | 1286228 | 11842205 | 1184+205 272 272 0.008 0-)46(0‘12’0‘8
0

LDL- 11854142 | 118.5:142 | 109.3+13.1 | 109.313.1 2.85 2.85 0.006 | 0-48(0.14,08

c(mg/dL) 2)

HDL- 27.145.6 271456 28.9+ 6.0 28.9+ 6.0 -1.33 -1.33 0.188 | 0-22(-0.56,0

c(mg/dL) 12)

CRP(mg/L) | 16.8+3.5 16.8+3.5 14.9+32 14.9+32 251 251 0.015 | 0:43(0.09.0.7
7)

IL-6(pg/mL) | 5.11.2 51212 43+1.0 43+1.0 238 238 0.02 | 0:40(0.06.0.7
4)

TNE- 3.940.8 3.940.8 3.240.7 3.240.7 2.67 2.67 0.01 | 0:45(0.11.0.7

o(pg/mL) 9)

HbAIC(%) | 6.8+0.9 6.8£0.9 6.3£0.8 6.3+0.8 2.1 2.1 0.04 (9)')35(0'01 0.6

HOMA-IR | 4.2+1.1 42411 3.640.9 3.640.9 225 225 0.03 0-)38(0‘04 0.7
2

Fetuin-A 3602287 | 3602287 | 345.6:273 | 345.6:27.3 228 228 0.026 (3)')39(0'05’0'7

(ng/mL)

Nesfatin-1 1.65+£0.35 1.65+£0.35 1.82+0.38 1.82+0.38 2.01 2.01 0.049 | 0-34(-0.68,0
00)

(ng/mL)

BMi(kg/m?) | 35.2+3.4 350+ 3.4 34.1+32 34.1+32 1.96 1.96 0.055 0-3)3(‘0'01’0-
67

Age(years) | 40.1 8.0 40.1% 8.0 394+ 7.8 39.4+7.8 037 037 0.714 26(;6('0'28’0'

Table 1: Metabolic Parameters in Obese Males and Obese Females
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Metabolic Parameters in Obese Men and Women

T B Men
I Women

SBP (mmH)

SBP DBP BMI Cholesterol HiAc CRP IL-6 TNF-a Fetu- Nesfa-
mmHg kgim® mg mgidl. % mg/L  pg/mL pgimL in-l  tin-1

Figure 1: Comparative Analysis of Metabolic Parameters in
Obese Males and Obese Females.

Correlation Tests of Obese Males and Obese Females

Strong positive relationships were remarked between Body
Mass Index (BMI) and several metabolic variables in males.
Specificallyy, BMI had strong positive relationships with
systolic and diastolic blood pressure (SBP: r=0.75, p<0.001;

DBP: r=0.62, p<0.001), triglycerides (r=0.68, p<0.001),

LDL-cholesterol (r=0.60, p<0.001), a combination of inflammatory
markers CRP, IL-6, and TNF-a (r=0.48, p=0.003; r=0.45, p=0.007;
r=0.42, p=0.011 respectively), glycemic indices HbAlc and HOMA-
IR (r=0.50, p=0.002; r=0.55, p<0.001), and the hepatokine Fetuin-A
(r=0.72, p<0.001). A moderate negative relationship was found in
HDL-cholesterol (r=-0.40, p=0.017), and no statistically meaningful
correlations were found with Nesfatin-1 or total cholesterol levels.

A similar analysis in females showed comparable results; the BMI
was positively related to all of the same parameters—blood pressure,
lipids (excluding HDL-c), inflammatory markers, glycemic controls,
and Fetuin-A—with the correlation coefficients and significance
shown in [Table 2]. Again, and similarly to men, there was a negative
correlation with HDL-(r=-0.38, p = 0.024), and there were no
practically useful correlations with Nesfatin-1 or total cholesterol
[Figure 2].

®  Men (r=0.72, p<0.001) M
S00F x Women (r=0.68. p<0.001) X

475

F-e
o
=1

E=
B
w

400

Fetuin-A (ng/mL)

w
~j
w

350

325

300

30 32 34 36 38 20
BMI (kg/m?)

Figure 2: Relationship between BMI and Fetuin-A for Obese Men and

Obese Women SBP-Related

Across the metabolic landscape, SBP emerged as a connective node
with strong associations across the metabolic network. In men, high
SBP was significantly related to other high values of DBP, triglycerides,
LDL-c, CRP, IL-6, TNF-a, Haemoglobin A1C (HbAc), Homeostasis
Model Assessment of Insulin Resistance (HOMA-IR), fetuin-A, and
body mass index (BMI) (all p<0.05), as shown in [Table 3][Figure 3]. In

Parameter | Men(r) MenP- Women(r) WomenP-
value value

SBP(mm 0.75 | <0.001 0.7 | <0.001

Hg)

DBP(mm 0.62 | <0.001 0.58 | <0.001

Hg)

TotalChol 0.09 0.602 0.07 0.689

esterol(m

TG(mg/d 0.68 | <0.001 0.65 | <0.001

L)

LDL- 0.6 | <0.001 0.57 | <0.001

c(mg/dL)

HDL- 0.4 0.017 -0.38 0.024

c(mg/dL)

CRP(mg/ 0.48 0.003 0.45 0.007

L)

IL- 0.45 0.007 0.42 0.012

6(pg/mL)

TNF- 0.42 0.011 0.39 0.021

o(pg/mL)

HbAle(% 0.5 0.002 0.47 0.004

)

HOMA- 0.55 | <0.001 0.52 0.001

IR

Fetuin- 0.72 | <0.001 0.68 | <0.001

A(ng/mL)

Nesfatin- 0.1 0.565 0.08 0.645

1(ng/mL)

Table 2: Pearson Relationships between BMI and Metabolic

Factors in Obese Women and Men

compartment, SBP was negatively correlated with high-density
lipoprotein cholesterol (HDL-c) and Nesfatin-1 levels.
Parameter Men(r) MenP- Women(r) WomenP-
value value
DBP(mmH 0.82 | <0.001 0.79 | <0.001
g
TotalChole 0.11 0.53 0.09 0.605
sterol(mg/d
TG(mg/dL) 0.71 | <0.001 0.67 | <0.001
LDL- 0.72 | <0.001 0.68 | <0.001
c(mg/dL)
HDL- -0.37 0.029 035 0.039
c(mg/dL)
CRP(mg/L) 0.45 0.007 0.42 0.012
IL- 0.43 0.01 0.4 0.018
6(pg/mL)
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TNF- 0.4 0.017 0.37 0.029
a(pg/mL)

HbA1c(%) 0.48 0.004 0.45 0.006
HOMA-IR 0.53 | <0.001 0.5 0.002
Fetuin- 0.69 | <0.001 0.65 | <0.001
A(ng/mL)

Nesfatin- 0.42 0.012 -0.39 0.021
1(ng/mL)

BMI(kg/m 0.75 | <0.001 0.7 | <0.001

?)

Table 3: Correlation Coefficients by Pearson of SBP and the
Metabolic Parameters among Obese Men and Women Correlations

®x  Men (r=0.69, p<0.001)
a0l * Women (r=0.65, p<0.001)
x
® x
375 x
350
=
£
£325
b
1=
3 300
&
275 2 % =
» X 4 ®
250
225
130 135 140 145 150 155 160

SBP (mmHg)

Figure 3: Correlation between SBP and Fetuin-A in Obese Men and
Women Peptide-Specific Correlations

A mostly equivalent correlation pattern was also observed in women,
with SBP positively correlated to the same adverse metabolic risk
factors and negatively correlated with HDL-c and Nesfatin-1. The
relationships in women were slightly weaker than those reported for
men, but remained statistically significant, demonstrating a consistent
relationship between higher blood pressures and broader variation in
metabolic dysfunction. There was no involvement of total cholesterol
with SBP in either sex.

Direct analysis of the biomarkers indicated differential associations.
Fetuin-A concentration had a significant positive association with
central inflammatory cytokines CRP [Figure 4], IL-6, and TNF-a in
both male and female subjects, confirming its prospective role in
inflammation. In contrast, in males, Nesfatin-1 had a significant
negative association with LDL-cholesterol [Figure 5]. The was
positive association intriguing result in women was suggested the
possible interaction of gender roles in lipid metabolism with Nesfatin-
1 concentrations that warrants further investigation.

Fetuin-A and Nesfatin-1 measurements were confirmed using
Western blot and mass spectrometry in all 20 samples. The
representative Western blot images showed the expected bands
corresponding to the molecular weight of Fetuin-A (64 kDa) and
Nesfatin-1 (9.7 kDa). Mass spectrometry confirmed peptide identity
with an NIH-P33 and MASCOT score >50; appropriate standard
errors (SEs) are used in [Tables 4-6].

320} = Men(r=0.31, p=0.020) x
®x  Women (r=0.29, p=0.026)

300

280
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[ ]
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=]
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&
k=

220

200

12 13 13 15 16 17 18 19 20
CRP (ma/L)
Figure 4: Correlation Between Fetuin-A and CRP in Obese men and
women

4.2 x  Men (r=0.33, p=0.003) by
Women (r=0.30, p=0.014)

4.0

w
o
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150 155 160 165 170 175 180 185 190
LDL-c {mg/dL)

Figure 5: Correlation between Nesfatin-1 and LDL-c in Obese Men
and Women Measurement Precision

Parameter MenMean MenSE WomenMe WomenSE
an

Nesfatin- 1.65 0.059 1.82 0.064
1(ng/mL)
Fetuin-

360.2 4.85 345.6 4.61
A(ng/mL)
fRP(mg/L 16.8 0.591 14.9 0.541
IL- 5.1 0.203 43 0.169
6(pg/mL)
TNE- 3.9 0.135 3.2 0.118
o(pg/mL)
LDL- 118.5 2.72 109.3 2.6
c(mg/dL)

Table 4: Standard Errors and Mean Values for Metabolic Parameters
in Obese Women and Obese Men
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HDL- 27.1 0.95 28.9 1.01
c(mg/dL)

TG(mg/dL 128.6 3.85 118.4 3.46
)

SBP(mmH 145.8 2.35 140.2 2.15
g

DBP(mm 84.7 0.845 81.3 0.811
Hg)

BMI(kg/m 35.2 0.574 34.1 0.541
)

HbA 1c(%) 6.8 0.152 6.3 0.135
HOMA-IR 42 0.186 3.6 0.152

Table 5: Standard Error for Lipid Parameters, Nesfatin-1, and
Glycemic Markers

Parameter MenSE WomenSE

CRP(mg/L) 0.591 0.541
IL-6(pg/mL) 0.203 0.169
TNF-o(pg/mL) 0.135 0.118
BMI(kg/m?) 0.574 0.541
SBP(mmHg) 2.35 2.15
DBP(mmHg) 0.845 0.811
Fetuin-A(ng/mL) 4.85 4.61

Table 7: Assessed Sex Hormone Concentrations and Associations with
Important Biomarkers in Obese Individuals

Integration of Adipokine Pathways and Oxidative Stress

While hepatokines are involved in some aspects of the metabolism
associated with obesity, adipokines are major contributors to the
disruption of normal metabolism in obesity. Our analysis in [Table 8],
indicates that some indicators of the alteration of normal metabolism
have strong correlations with leptin levels, including the following: BMI
(r=0.82, p <0.001), HOMA-IR (r = 0.75, p = 0.003), and Fetuin-A (r
= 0.65, p = 0.018). The relationship between grade related
hyperleptinemia and increased Fetuin-A synergistically to exacerbate
the insulin resistance. Leptin correlated inversely and significantly with
Nesfatin-1, the anorexigenic peptide (r=-0.55, p=0.045), which indicates
a counterregulatory relationship with Nesfatin-1 suppressing the
appetite inhibition effects of Leptin, and of course, Nesfatin-1 might
have other potentially protective effects related to prepandial oxidative
stress.

Parameter MenSE WomenSE
LDL-c(mg/dL) 2.72 2.6
HDL-c(mg/dL) 0.95 1.01
TG(mg/dL) 3.85 3.46
TotalCholesterol(m 3.08 297
g/dL)

Nesfatin-1(ng/mL) 0.059 0.064
HbA 1c(%) 0.152 0.135
HOMA-IR 0.186 0.152

Table 6: Standard Error for CRP, IL-6, TNF-a, BMI, SBP, DBP,
and Fetuin-A

Sex Hormonal Concentration and Effects on Metabolism in Obese
Individuals

[Table 7], summarizes the differences in directly assessed
testosterone, estradiol, and cortisol levels between the obese male
and female participants.

Given the higher testosterone production in obese men than in
obese women, it is reasonable that the circulating testosterone
levels were significantly higher for men (12.8 = 3.5 nmol/L) than
women (1.6 + 0.5 nmol/L; p< 0.001, Cohen's d = 3.21). Conversely,
given the higher estradiol production by obese women than obese
men, it is not surprising that the circulating estradiol levels were
significantly greater for women (325.4 £ 85.1 pmol/L) than men
(105.3 = 30.2 pmol/L; p < 0.001, Cohen's d = 2.45). There were no
differences in circulating cortisol levels between groups (M: 538 +
95 nmol/L vs. F: 515 £ 88 nmol/L; p = 0.285).

Depen | Indepe | r- tvalue | P | SE SEM
dentV ndent value value
Leptin | BMI 0.82 6.91 | <0.001 0.12 | 0.06
HOM 0.75 572 | 0.003 0.13 | 007
A-IR
Fetuin- 0.65 445 | 0.018 0.15| 0.08
A
Nesfati -0.55 345 | 0.045 0.16 | 0.08
n-1
Adipo | gy 078 | -612 | 0.002 0.13 | 007
nectin
HDL-c 0.85 7.52 | <0.001 0.11 | 0.06
HOM 08| -667| 0001 0.12 | 0.06
A-IR
Leptin 076 | -5.95| 0.005 0.13 | 0.07
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MDA | BMI 0.84 | 7.15 | <0.001 0.12 | 0.06
CRP 072 | 525 0007 0.14 | 007
Fetuin-
R 069 | 482 oo01 0.14 | 007
GSH | BMI 083 | -6.81 | <0.001 0.2 | 0.06
:_eleati 0.62 41| 0.025 0.15 | 0.08
MDA 086 | -7.75 | <0.001 0.11 | 0.06

Table 8: Associations of Leptin and Adiponectin with Metabolic,
Inflammatory, and Oxidative Stress Markers in the Obese Cohort
(n=70)

Abbreviations: SE, Standard Error; SEM, Standard Error of the
Mean; MDA, Malondialdehyde; GSH, Glutathione.

Discussion

This result provide a new hub for understand the significant marker for
both gender at obesity condition that related the metabolic health.
Earlier studies have always reported that men with obesity have much
worse outcomes than women, yet this study signaling about how sex
hormones and other biological factors are involved in the process of
how obesity affects health differently based on one's sex. The result
demonstrate that obesity does not have the same type of
pathophysiology for every person; rather, obesity follows different
channels determined by sex: when the men have an increased risk due
to the adverse effects of a Fetuin-A with Leptin hormonal axis
enhanced by testosterone, while the women have a decreased risk due
to a protective Nesfatin-land Adiponectin hormonal axis enhanced by
estrogen. The [Table 1], illustrate notable gender differences in the
metabolic with clinical characteristics profiles of obese subjects. These
results were supported by Ramirez-Vélez et al. [18] that demonstrated
the wvisceral fat accumulation in obese men,that increased the
sympathetic nerve activations, which further impairs the function of
blood vessels and sodium retention disorder and increasing the blood
pressure. Men’s higher visceral fat likely activates the renin-
angiotensin-aldosterone system (RAAS), exacerbating hypertension
[19]. Compared to earlier studies like Rashid et al. [20], which reported
higher SBP (~150 mmHg) and DBP (~88 mmHg) in obese males, This
results are somewhat lower. This difference may arise from variations
in population characteristics, like geographic or genetic factors specific
to the Iraqi group, and differences in measurement methods, including
our standardized protocols.

The lipid profile assessment in [Table 1] and [Figure 1], shows that
obese males had significantly higher triglyceride levels, which is a
known indicator of insulin resistance and a major risk factor for
atherosclerotic artery disease. This aligns with findings from Link and
Reue [21], who linked elevated triglycerides in obese males to increased
production of very- low-density lipoprotein (VLDL) in the liver,
influenced by lower estrogen levels that usually help lipid clearance in
females. In contrast, no significant differences were found in total
cholesterol, LDL-cholesterol, or HDL-cholesterol. Results obtained by
Milyani and Al-Agha [22] indicate that men had a lower

mean HDL-cholesterol than women, ~25 mg/dL and ~30 mg/dL,
respectively, possibly owing to the more lenient criteria used to
include people with chronic conditions. Triglycerides appear to be a
more sensitive gender-specific lipid marker, with estrogen
promoting HDL synthesis and reducing VLDL in women [23]. Pro-
inflammatory systemic inflammation was marked with elevated C-
reactive protein (CRP) in obese males, as shown in [Table 1]. This
supports the observations of Lee and Kim [24], who connected
higher CRP levels in obese males to the inflammation caused by
excess fat, which increases the risk of heart disease. In this study,
the CRP values were consistent with the findings in obese
individuals offered by Ruminska et al. [25] in average CRP levels for
men- and women-only groups, which offered insight into the
gender-based inflammatory load. Small BMI differences suggest
metabolic variations stem from sex-specific physiological responses,
particularly visceral fat in men and estrogen-modulated
inflammation in women [26]. The circulating concentrations of
Fetuin-A and Nesfatin-1 evaluated in this study supported the
ranges reported in the existing literature. Zhou and colleagues
found similar values of Fetuin-A reports in former studies of obese
individuals, again, a similar trend of higher Fetuin-A values in
males [27]. Similarly, the circulating concentrations of Nesfatin-1
reported here in [Figure 5], were within the range of values
reported by Luo et al. [28] for obese populations. The correlation
strengths in [Figure 4], that we found with CRP were slightly lower
than the values found by Khadir et al. [3], demonstrate that there
were some differences in metabolic markers, possibly due to the
sample cohort differences. This small difference could be explained
by differences in the demographic profile of the study population
or technical differences in the immunoassays. This association
between Fetuin-A levels and hepatic steatosis as shown by Peter et
al. [29] further highlights its important role in insulin resistance and
inflammatory processes, especially in men. The lower amounts of
Nesfatin-1 seen in the obese males correspond with its known
effects on both stimulation of appetite and glucose homeostasis
[28]. Its inverse relationship with SBP [Table 3], indicates potential
protective effects on vascular health, which aligns with findings
from Lu et al. [30], who suggested that Nesfatin-1 may affect
sympathetic nervous system activity and renal sodium activation by
RAAS (r=-0.40 to -0.45 for SBP). The novel positive correlation
with LDL-c [Figure 4], contrasts with weaker associations in Luo et
al. [28] (r=0.20-0.25), suggesting a gender-specific lipid regulatory
role needing further study. This might demonstrate either a
compensatory mechanism in lipid metabolism or a different effect
of Nesfatin-1 that warrants further assessment. Moreover,
Nesfatin-1 was not correlated with BMI [Table 2], which is not
consistent with Lopez-Aguilar et al. [31] (r=0.15-0.20). This
suggests that Nesfatin-1 may play a predominantly regulatory role
in vascular and lipid regulation and has no direct role in body
weight. The reliability of our biochemical and clinical evedence was
reflected in the low standard errors seen in [Tables 4-6]. Fetuin-A
and Nesfatin-1 showed minimal variability similar to Zhou et al.
[27] (Fetuin-A SE: ~4.5-5.0; Nesfatin-1 SE: ~0.05-0.07). Larger
Fetuin-A SE in men may reflect variations in liver function or
inflammation [3]. Lipoprotein profiles and blood pressure records
showed homogeneous SEs comparable to the recommended clinical
norms [19]. The similar BMI SEs (0.574 vs. 0.541) indicate accurate
body measurements, which corroborates the work by Ruminska et
al. [25]. The differences between Fetuin-A and Nesfatin-1 across
sexes may have implications for their ability to act as biomarkers
for obesity-related outcomes. The elevated levels of Fetuin- A in
men suggest a greater risk for insulin resistance and cardiovascular
diseases. Pan et al. [32] concluded that increased levels of Fetuin-A
are associated with a two-fold increase in developing type 2
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diabetes. The low levels of Nesfatin-1 found in males could play a role
in appetite control and lipid metabolism. Luo et al. [28] identified
Nesfatin-1 as a promising candidate for therapeutic interventions
focused on appetite regulation. This results show the significant
relationships pointing to a direct mechanistic role of Fetuin-A and
associated peptides in the development of metabolic syndrome
components ,when substantial gender differences in the metabolic
phenotype of obesity .The elevated levels and strong positive
correlations of Fetuin-A with BMI, the inflammatory markers
measured in this study (CRP, IL-6, TNF-a), blood pressure, and
HOMA-IR, respectively, provide a strong basis for Fetuin-A to be
viewed as an overall pro-inflammatory and pro- diabetogenic mediator
in obese men, where it inhibits the insulin receptor known tyrosine
kinase and is elevated in hepatic steatosis [29]. The strong association
with inflammation indicates that elevated Fetuin-A, likely from visceral
adipose tissue release, also associated with pro-inflammatory cytokines
released from adipose tissue, which could correlated with further
increases in Fetuin-A, and therefore, a vicious cycle of deterioration.
The observed elevations of Fetuin-A in men may also be accounted for
by some measure of androgen regulation, as testosterone has been
suggested to correlate with visceral adiposity and hepatic lipo genesis,
key stimulators of Fetuin-A secretion [33].

In contrast, lower circulating levels of Nesfatin-1 in obese men suggest
a potential protective effect of this peptide that is decreased in obesity.
A reduction of Nesfatin-1 may have direct metabolic effects. Its strong
and significant negative relationship with systolic blood pressure
implies that decreased Nesfatin-1 may permit more vascular tone and
hypertension, perhaps through actions on the sympathetic nervous
system or on modifies functions of the endothelium. The relationship
with LDL-cholesterol is curious and complicated, and is negative in
men but positive in women. This should be investigated further, but it
suggests Nesfatin-1 may interact with specific gender-associated
characteristics, such as sex hormones, regarding their influence on lipid
metabolism. Since Nesfatin-1's primary role is in central appetite
suppression, a reduction in Nesfatin-1 would directly contribute to
hyperphagia and subsequent weight gain, thereby perpetuating obesity.
Higher levels of Nesfatin-1 in pre-menopausal women may be due to
the protective effects of estrogen and, therefore, may investigated the
partial explanation of the gender variations, which needed to be
determined by direct measurements of hormones. Milyani & Al-Agha
[22] identified triglycerides as a necessary consideration regarding fat
metabolism conditions between genders. Targeted efforts to reduce
Fetuin-A or enhance levels of Nesfatin-1 through diet may be strategies
to reduce obesity-related health risks [26]. From a physiological and
hormonal standpoint, our direct measurements provide a correlation
link to explain the observed gender binary morphosim in metabolic
parameters. The significantly higher levels of testosterone in obese men,
coupled with the strong positive correlation between testosterone and
Fetuin-A, strongly suggest that androgen excess is a key driver of the
adverse metabolic profile. In men, testosterone levels and their
relationship to Fetuin-A associated with visceral adiposity and hepatic
lipo genesis, resulting in worsened insulin resistance and inflammation
[34]. In women, estradiol showed a correlation with Nesfatin-1 (r=0.48,
p=0.004), which improves endothelial function and lipid metabolism
[35]. To better manage the menstrual cycle phase with respect to
concentrations of estrogen, women were tested during the follicular
phase (days 1-14) of the menstrual cycle when estradiol concentration
peaks to ensure low variability and enhance reliability of the measures
[36, 37]. This standardization would likely enhance the protective effects
of estradiol on the activity of Nesfatin-1 and lipoprotein profiles. While
cortisol levels did not differ significantly between groups, its weak
correlation with Fetuin-A suggests a potential minor role in modulating
metabolic inflammation. The differences in hormones suggest sexual
dimorphism with respect to the relationships with Fetuin-A

concentration, with testosterone amplifying the negative

properties of Fetuin-A and estradiol amplifying the protective
properties of Nesfatin-1, further suggesting a need for gender-
specific interventions for obesity [38-40]. The impact of hormones
on the sex-specific adipokine and oxidative stress pathways
observed in this study is consistent with, and supports, the current
literature. Moreover, the predominant cluster of inflammation and
oxidative stress associated with high levels of leptin, Fetuin-A, and
MDA is more pronounced in obese males. This finding supports
the results of Tchernof and Després [19], who noted that the
androgenic profile of men favors the accumulation of visceral fat
and the production of hepatic triglycerides, inducing to the
development of an excess of pathogenic adipokines and
hepatokines in the body. This mechanistic pathway linking
testosterone to a pro-inflammatory metabolic phenotype is a
biochemical explanation for the well-established clinical observation
of greater cardiometabolic risk in obese men.

Conversely, the protective cluster that consisted of higher
adiponectin and Nesfatin-1 was greater in women, which remained
potent owing to estradiol. These results agreement with Moran-
Costoya et al. [41], who indicated that estrogen plays an important
role in increasing the sustained secretion of adiponectin to promote
insulin sensitivity and improve lipid metrics. This hormonal
potentiation likely contributes to the meliorated antioxidant
defense in women, and demonstrated through the strong inverse
correlation between GSH and MDA, and this finding was more
favorable metabolic environment that minimize the most serious
consequence of obesity. To summarize the result, we propose the
unified model for the pathophysiology of obesity, when posits the
detrimental axis and the protective axis between both two key axes
of estrogen with testosterone, and sex hormone-binding globulin
(SHBG). This model extends the current paradigm of sex
differences in metabolic disease. The axis when damaging was
characterized by Leptin and Fetuin-A, which was acting in concert
to drive inflammation with insulin resistance and oxidative stress,
for exists on a spectrum that is greater in men. The protective axis is
characterized by Adiponectin and Nesfatin-1, which act to support
insulin sensitivity, promote lipid metabolism, and antioxidant
capacity, and can be observed along a spectrum that is greater in
women. Future forinterventions designed must be promote the
restoration for metabolic homeostasis may enhance

by greater specificity for acceptance in either men or women
biological differences, such as considering Leptin to Fetuin-1
suppression in males or Adiponectin with Nesfatin-1 intervention
in females, rather than just classical obesity therapies targeting
weight management.

Conclusions

The present study augmentedto exist the evidence of substantial
sexual dimorphism in the various metabolic indicators of obesity
and governed by different biomarker axes with sex hormones
operating as modulators. We identified and characterized two main
axes: the pestilent Leptin to Fetuin-A axis, which quickens
inflammation, insulin resistance, and oxidative stress that is
supported by elevated testosterone levels in men, and the
preventative Adiponectin to Nesfatin-1 hubs that advances insulin
sensitivity, lipid metabolism, and antioxidant capacity that is
augmented by estradiol in women.

Direct measures of testosterone and estradiol, accounting for the
phase of menstrual status, underscored their importance to body
composition and metabolic risk. Specifically, testosterone strongly
correlated with the pro-inflammatory Fetuin-A biomarker, whilst
estradiol was associated with the contingent anti-inflammatory
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index biomarker Nesfatin-1. Further inclusion of markers of oxidative
stress confirmed that the protective axis was associated with measures
of lipid peroxidation (lower MDA) and antioxidant defence (higher
GSH) factors that lowered metabolic risk.

These result assisted to explain the disorder cardio metabolic
mechanism occur in the men with obesity than in obesity women. Since
these two biomarker axes are expressed differentially by sex, they are
rational targets for developing individualized obesity therapies. Fetuin-
A and leptin could be considered when developing obesity interventions
in men, while attempts to stimulate adiponectin and Nesfatin-1 effects
may have more effect in women when it comes to developing
interventions for obesity. Future multi-ethnic longitudinal studies and
clinical trials are needed to establish the global applicability of this
model and to test interventions targeting the deleterious axis and
enhancing the protective axis as a way of preventing the underlying
metabolic and inflammatory dysregulations of obesity-related weight
gain, rather than just focusing on weight loss.

Justification for the Research

Obesity represents a significant global health concern, with metabolic
syndrome serving as a primary mechanism influenced by dysregulated
peptides such as Fetuin-A and Nesfatin-1. Prior research has reported a
relationship between Fetuin-A and Nesfatin-1 and their association with
appetite, insulin resistance, and inflammation. The major drawback of
these studies was that they almost exclusively used small sample sizes
and limited the type of Biomarker analysis performed.

This study intends to overcome these issues by investigating the major
characteristics of Fetuin-A and Nesfatin-1, as well as their interaction
with sex hormones for markers of Metabolic health, including blood
pressure, Lipids and C-reactive protein, in a population of 70 Obese
subjects, equally balanced between men (n=35) and women (n=35),
using advanced statistical techniques to assess gender-based differences
and hormone-based differences in Obesity Dysfunction. The study aims
to clarify the physiological dysfunction caused by Obesity and serves as
a basis for developing targeted therapy for patients, while also providing
greater insight into Fetuin-A and Nesfatin-1's roles as Metabolic
Biomarkers associated with Obesity.

Outcome of the Study

This objective provides the distinguished evidence for the effect of sex in
obesity-related metabolic differences. For example, obese males exhibit
many higher risk characteristics when compared to obese females,
including elevated blood pressure (BP), triglycerides, systemic
inflammatory markers (CRP, IL-6, TNF-a), HOMA-IR, HbAlc, and
the biomarkers, Fetuin-A (increased) and Nesfatin-1 (decreased), as
seen in [Table 1].

Additionally, correlation analyses provided additional mechanistic
insight as high levels of Fetuin-A highly positively correlated with BMI
and inflammatory markers. This supports the established relationship
between Fetuin-A and both obesity and systemic inflammation, and the
strong correlation with SBP suggests that Fetuin-A may be involved in
OB-related hypertension. Conversely, Nesfatin-1 was inversely related to
SBP, suggesting it may confer some protection on the vascular
endothelium; however, there was a complex, gender-specific relationship
between Nesfatin-1 and LDL-c levels. Furthermore, when incorporating
age, BMI, and lifestyle activities into the multivariable regression
analyses, both Fetuin-A and Nesfatin-1 remain independent predictors
of adverse metabolic outcomes, further highlighting their potential
utility as biomarkers to identify the pathophysiological mechanisms
associated with obesity.

Constraints of the Research

The cross-sectional design precludes causal conclusions, and the
temporal relationship of the metabolic change is undefined. Even
though a stratified random sampling technique improves the internal
validity and reduces selection bias, the generalizability of our results
may have limitations driven by geographic and ethnic characteristics.
The focus on Iraqi adults may restrict the generalizability of findings
since hereditary and environmental influences vary among
populations (e.g., dietary and physical activity patterns). The
longitudinal designs across the diverse populations should be
employed by the Future studies through incorporating MRI and CT
for visceral fat measurement and confirm the sex hormone
influences directly assays. While the more comprehensive biomarkers
(IL-6, TNF-a, HbAlc, HOMA-IR) were included as part of the
study, the focus on direct measurements of testosterone and
estradiol, properly standardized for menstrual phase, adds strength
to the hormonal relationship yet still needs to be validated in larger
cohorts. Interventions aimed at decreasing Fetuin-A and Nesfatin-1
through lifestyle changes (e.g., exercise or omega-3 diet) or
treatments based on hormones may provide a novel treatment
strategy and may also continue to elucidate mechanisms in a gender-
specific manner.
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	Abstract
	Background: Metabolic syndrome is significantly influenced by obesity. Hormonal dysregulation involving hepatokines and adipokines characterizes it. The interactions of fetuin-A, nesfatin-1, leptin, and adiponectin with sex hormones in obese and non-obese subject was examined in this study. Methods: A total of 140 adults (70men and 70 women) were examined in this cross-sectional study. Fetuin-A, Nesfatin-1, leptin, adiponectin, lipid file, oxidative stress markers(MDA, GSH), inflammatory markers (CRP, IL-6, TNF-α), HbA1c,(Homeostatic Model Assessment for Insulin Resistance) HOMA-IR, testosterone, and estradiol status were all measured using blood samples. Group comparisons (obese men vs. obese women) were performed using t-tests, and associations were assessed using Pearson's correlation (p < 0.05). Results: Obese men had an unfavorable metabolic profile compared to obese women with a statistically significant increase in blood pressure, triglycerides, LDL-c, HOMA-IR,HbA1c, CRP, IL-6,TNF-α, Fetuin-Aandleptin. The men had significantly lower levels of Nesfatin-1 and adiponectin compared with obese women and the correlation analysis exposed the damaging axis associated with leptin and fetuin serum levels and owing to insulin resistance with pro-inflammatory (CRP,IL-6) when oxidative stress markers at high MDA with low GSH. The result shows the leptin with Nesfatin-1 advancing to document the protective axis that supported insulin sensitivity after favorable lipid levels after increases the antioxidant substancessuch as GSH. Hormone testosterone has a highly positive correlation with the damaging axis (Fetuin-A: r= 0.71, p < 0.001)when indicating the potential role in the insulin resistance,while estradiol hormone has a low positive correlation with the protective axis (Nesfatin- 1: r = 0.48, p = 0.004).Conclusion: The pathophysiology associated with obesity can be defined in both males and females, through the injurious Leptin with Fetuin-A axis, through the protective Adiponectin with Nesfatin-1 axis. So, the data that resulted with this investigation provide catalogs for sex hormones may be important for determination the metabolic risk factors that may be important for determining the metabolic risk factors resulting from obesity through utilizing different biomarker hubs. Therefore, the study investigates that assessing sex hormone concentrations and biomarkers related to obesity provides useful information for developing and implementing tailored therapeutic interventions to regulate these pathways and improve metabolic health overall.


	Introduction
	The excess body fat is the major factor of obesity ,which according to the WHO that affected approximately 650 million people, or roughly 13 percent of the adult population worldwide as of 2023 [1]. In addition to the individual effects of obesity, it is important to understand that obesity is the major contributor to multiple metabolic syndrome disorders, which are characterized by various diseases including hypertension, dyslipidemia, insulin insensitivity and systemic chronic low-grade inflammation; each of which is linked to greater incidences of more serious chronic diseases, such as diabetic type II, cardiovascular disease and hepatic lipid accumulation [2]. Physiologically, obesity disrupts a delicate network of hormonal and metabolic signals. This disruption occurs through the intervention by the adipokines, such as leptin and adiponectin, and the hepatokines, such as fetuin-A [3]. It creates energy dysregulation and excessive storage of lipids in the adipocytes and consequently initiates a chronic inflammatory response. Such alterations induce the cycle of the imbalance and
	the dysfunction in the organism, and increased susceptibility to the chronic disease [4]. The metabolic syndrome in the obesity must be the risk factor that estimated at 20-25% in this study and the high blood pressure refers to consistently elevated diastolic and systolic pressures, which indicating through vascular events related to excessive adiposity. Dyslipidemia could be identified as highly elevated LDL cholesterol, triglycerides, and low HDL cholesterol, which promote a higher chance of developing atherosclerosis, leading to CV events. Insulin resistance may be demonstrated as impaired glucose uptake with added higher insulin concentrations, making the metabolic dysfunction more complex [5]. In addition, low-grade chronic inflammation accompanied by high levels of C-reactive protein (CRP) could result in continued tissue damage, leading to higher morbidity. The effects of obesity are compounded by each of the metabolic disorders noted above; thus resulting in an exponential increase in the extent of damage to one's health associated with each disorder [4]. Nesfatin-1 consist of 82-amino-acids ,which is produced from the nucleobindin-2 (NUCB2)

	The mechanism of appetite suppression by nesfatin-1 occurs via modulation of hypothalamic melanocortin pathways, which directly influence the regulation of energy balance and body weight [6]. Nesfatin-1 was made in the hypothalamus and pancreatic cells, also stomach cells; it works in the body to stimulate pro-opiomelanocortin (POMC) nerve cells and simultaneously inhibit agouti- related peptide (AgRP) and neuropeptide Y (NPY) nerve cells [7]. These interventions appear to enhance beta-cell secretions from the pancreas while simultaneously improving glucose uptake/usage in muscle and adipose tissues. For nesfatin-1, as it relates to energy homeostasis, the importance of this continues to be evident. Based on this data, researchers have demonstrated that overweight subjects will exhibit substantially reduced plasma nesfatin-1 concentrations compared to those who maintain a normal weight. Overweight individuals will generally also experience a greater level of hunger and increased body weight, and ultimately exhibit negative metabolic effects associated with the increase in their body weight [8]. In addition to regulating energy homeostasis, nesfatin-1 also has an anti-inflammatory effect; it has been demonstrated that nesfatin-1 will inhibit pro-inflammatory cytokine production (i.e., interleukin 6 [IL-6] and tumor necrosis factor (TNF-α)), which are elevated in obesity, and are associated with elevated insulin resistance and an increased risk for cardiovascular disease [9]. On the other hand, fetuin-A is a major (64-kDa) glycoprotein produced mainly by the liver and plays a significant role in regulating metabolism associated with obesity [10, 11]. Fetuin-A could be intrinsic inhibitor for insulin receptor called tyrosine kinase, due to contributing to the insulin resistance, which has a major characteristic for both obesity and type 2 diabetes ,and high levels of fetuin-A have been shown to be closely correlated with visceral fat and therefore represent an additional cardiometabolic risk factor for developing cardiometabolic disorders [12]. This study aimed to examine the effect of Nesfatin-1 and Fetuin-A in terms of regulating the metabolism of a group of healthy, non-obese, and obese males. The study will also involve an examination of the effect of sex hormones (testosterone and estradiol) on these markers and the resulting metabolic patterns, based on the current literature, which are limited in sample sizes, methodology, and biochemical variables. This study aims to provide new avenues for approaches to the management of obesity and its associated complications, as well as to evaluate the combined effect of both markers on metabolic parameters such as the lipid profile, blood pressure, and inflammatory markers for the purpose of comparison with existing and emerging therapy options.

	Methodology
	Research Design
	This cross sectional study was performed from January 2022 until December 2023 in Kirkuk General Hospital and private laboratories connected to Kirkuk General Hospital (KGH), in Iraq. The objective was to determine the effects of Fetuin-A, Nesfatin-1 and sex hormones on metabolism among obese, overweight and normal weight individuals of both genders. The reason for both KGH and private laboratories selected was to take advantage of the large and varied patient base as well as access to state-of-the-art diagnostic facilities. All participants consumed a defined diet (2000 - 2500 kilocalories of food per day, with 50% carbohydrates, 30% fats and 20% proteins) for a period of three days prior to their blood collection and performed their usual physical activity as measured by the validated questionnaire [12].
	Ethical Considerations
	The study followed the ethical principles for the Helsinki
	declaration was conducted following by the research and the permission of the research project was granted by the Kirkuk General Hospital Institutional Review Board (IRB approval number: KGH-2022-117) [13]. Research is conducted internationally with the intent to protect and provide for the welfare of the participants. All potential participants were given a written explanation in their primary language regarding the objectives of the research and methods used for conducting the research, and asked to provide informed consent. All data collected during the study were de-identified in order to protect the identity of all participants, and laboratory methods were performed in accordance with established protocol to ensure accurate results.

	Sample Plan and Justification
	This research used a stratified random sampling method to provide an unbiased representation of the Adults population studied from the Kirkuk Region ,and completed the questionnaire based on their health behaviors, when the sample was randomly selected from a population of adults aged 25 to 55 years visiting Kirkuk General Hospital for a regular check-up period, the sampling frame was adults visiting the hospital for routine check- ups. Once the population was determined, it was stratified by gender for upward balance (70 men, 70 women). Then, for each gender stratification, probable participants were stratified by their measured BMI into three categories: obese (BMI > 30 kg/m²), overweight (25-29.9 kg/m²), and non-obese (18.5-24.9 kg/m²). Using computer-generated random numbers, a random number draw was generated for a pre-determined number of participants from each gender-BMI grouping, which resulted in a sample of 140 participants (70 obese adults, 35 men and35women), and(70 non-obese adults,35men and 35 women). The sampling strategy of using a stratified random selection is a probabilistic sampling strategy that collectively improves the external validity of the results because researchers can reduce selection bias and increase the likelihood of the sample being representative of the Kirkuk population that has similar health characteristics.

	Participant Consent
	All participants gave written informed consent before they took part in the research. The consent process included discussion face-to-face and written documentation in the local language outlining the goals and protocol of the research and participants' rights to withdraw without penalty. The only person who had access to participants' data was the lead investigator. The forms of consent were placed in a locked cabinet within the investigator's office.

	Inclusion Criteria
	Eligible participants were healthy, active adults aged 25-55 years, classified by BMI as obese, overweight, or non-obese, with fasting glucose <126 mg/dL, blood pressure <140/90 mmHg, and no medications for metabolic, lipid, or hormonal conditions. To provide the means for controlling the estradiol levels, the research inclusion of women in the follicular phase (days 1-14).

	Exclusion Criteria
	Exclusion criteria included individuals with a fasting glucose level greater than 126 mg/dL, those experiencing uncontrolled hypertension (pulse pressures of 160 mmHg and higher and/ or a diastolic pressure of 100 mmHg or higher), patients diagnosed with chronic disease(s) (e.g., diabetes, heart disease), and women taking medications that could affect metabolism. Any patient not in the follicular phase was excluded from the sample and rescheduled, this was necessary to eliminate confounding factors in the analysis of the total amount of estradiol in all the
	participants so that it could be uniformly measured for the study. Any woman whose age or body mass index did not fall within the study's specified parameters was also excluded from the sample.

	Sample Size
	The participants consisted of 140 participants (70 men and 70 women), including 35 obese participants, 35 overweight participants, and 70 non-obese participants. For calculation the sample size was using power calculations (the effect size is 0.75, and power 85%, α=0.05)[12]. In order to achieve the statistical significance differences for lipid parameters ,Nesfatin-1 with Fetuin-A and sex hormones to allow the study's schedule with resources.

	Data Collection Instruments
	Fasting blood samples measured lipid profiles (total cholesterol, triglycerides, LDL-c, HDL-c), Nesfatin-1, Fetuin-A, CRP, HbA1c, HOMA-IR, IL-6, TNF-α, testosterone, and estradiol. ELISA quantified Nesfatin-1, Fetuin-A, IL-6, TNF-α, and CRP (R&D Systems). Twenty samples were taken for both gender(10 per each gender) were validated by using western blot and mass spectrometry (Orbit rap, Thermo Fisher Scientific). HbA1c used HPLC. HOMA-IR was estimated as (Fasting Insulin [µIU/mL] × Fasting Glucose [mmol/L])/22.5 [14],while the lipids were analyzed enzymatically and the HDL-c via direct assay ,but the LDL-c via Martin-Hopkins method [15]:LDL-c (mg/dL) = Non-HDL-C - (Triglycerides / Adjusted Factor),using a 180-cell stratification table. CRP used an automated analyzer. Height (audiometer), weight (calibrated scale), BMI, and blood pressure (sphygmomanometer) were measured. Smoking, alcohol, and activity were assessed via IPAQ.

	Data Collection Process
	Blood sample was taken at 8:00 AM to 10:00 AM in the morning after fasting overnight, when the participants followed the standardized diet and avoided strenuous exercise for 24 hours. The samples were taken in duplicate to ensure reliability for the application and centrifuged at 3000RPM for 10 minutes until serum was in a state of readiness, and samples were then either tested or promptly added to the 80 degrees Celsius freezer to ensure that the integrity of the biomarkers was preserved. Obesity was defined as BMI ≥30 kg/m² (WHO).

	Enzyme-Linked Immunosorbent Assay (ELISA) Procedures
	The Nesfatin-1, Fetuin-A, IL-6, TNF-α, and CRP concentrations were estimated commercially by using human sandwich available ELISA kits (DY056, DY516, D6050, DTA00D, DCRP00, R&D Systems, Minneapolis, MN) depending on the protocol kit. Each assay was based on a Sandwich ELISA design where samples and standards were added to antibody- pre-coated wells. After washing, a biotin-labelled detection antibody was added and followed by a streptavidin-HRP conjugate [16]. The colorimetric reaction was started by adding TMB substrate, which was stopped with acid that converted the blue solution to yellow. The optical density was estimation at 450nm and the intensity of color depend on the proportion to the concentration of the analyze, while the CVs were ≤8% (intra-assay) and ≤10% (inter-assay); detection limits: 0.1 ng/mL (Nesfatin-1), 2.0 ng/mL (Fetuin-A), 1.0 pg/mL (IL-6), 1.5 pg/mL (TNF-α),0.5 mg/L (CRP). Dilutions were re-analyzed as needed. Western blot (20 samples) used anti- Fetuin-A (1:1000, Abcam) and anti-Nesfatin-1 (1:500, Santa Cruz) antibodies (Fetuin-A: 64 kDa; Nesfatin-1: 9.7 kDa). Mass spectrometry confirmed identity (MASCOT >50).

	Sex Hormone Assay
	Serum total testosterone, estradiol, and cortisol concentrations were measured using commercially available specific chemiluminescent immunoassay (CLIA) kits on an automated analyzer (Abbott Architect i2000SR). All assays were done in duplicates according to the manufacturer's instructions [17]. Testosterone (0.08–17.00 nmol/L, CV <6%), estradiol (73–3420 pmol/L, CV <7%), and cortisol (27.6–1656 nmol/L, CV <5%) used duplicate assays. Women’s samples were collected in the follicular phase, confirmed by cycle tracking.

	Statistical Analysis
	The statistical descriptive for measuring the blood pressure (BP), BMI, triglycerides, cholesterol, HOMA-IR, HbA1c, CRP, IL-6, TNF-α, Fetuin-A, Nesfatin-1, and sex hormones were calculated outcome. Independent t-tests were performed to compare mean variations among groups, with Cohen's d to calculate a measure of effect size. The correlation coefficients were calculated by using the Pearson correlation analysis significantly evaluations at the (P<0.05), While the multiple regression analysis was proceeding after alteration for the confounding factors (BMI, Age, cortisol, IL-6, CRP, TNF-α, and/or Lifestyle variables) and the analyses were performed utilizing only one method of statistical analysis software [18].

	Data Availability
	The data supporting the results of this research study can be made available upon request to the corresponding author, all requests must comply with ethical and privacy requirements. The raw data will remain securely stored at the Kirkuk General Hospital for at least five years, the summarized results will be made available with all appropriate precautions taken to protect confidentiality.


	Results
	Variations Between Groups in Metabolic Parameters
	This study took place from January 2022 to December 2023 at Kirkuk General Hospital and nearby private laboratories in Iraq. Obese men had higher systolic blood pressure (SBP; 145.8 ± 13.9 mmHg vs. 140.2 ± 12.7 mmHg, t=2.45, P=0.017, Cohen’s d=0.41) and diastolic blood pressure (DBP; 84.7 ± 5.0 mmHg vs. 81.3 ± 4.8 mmHg, t=3.01, P=0.004, Cohen’s d=0.51) than women, suggesting the greater vascular strain in men. In terms of lipid profiles, men had greater triglycerides (128.6 ± 22.8 mg/dL vs. 118.4 ± 20.5 mg/dL, t=2.72, P=0.008, Cohen’s d=0.46) but no significant differences were observed for total cholesterol (190.7 ± 18.2 mg/dL vs. 188.1 ± 17.6 mg/dL, t=0.87, P=0.389, Cohen’s d=0.15), LDL-c, calculated using the Martin-Hopkins method, was also significantly higher in obese men (118.5± 14.2 mg/dL) compared to obese women (109.3 ± 13.1 mg/dL, t=2.85, P=0.006, Cohen's d=0.48), or HDL-c (27.1 ± 5.6 mg/dL vs. 28.9 ± 6.0 mg/dL, t=-1.33, P=0.188, Cohen’s d=-0.22). CRP levels were also higher in men (16.8 ± 3.5 mg/L vs. 14.9 ± 3.2 mg/L, t=2.51, P=0.015, Cohen’s d=0.43). Fetuin-A levels were higher in men (360.2 ± 28.7 ng/mL vs. 345.6± 27.3 ng/mL, t=2.28, P=0.026, Cohen’s d=0.39), while Nesfatin-1 levels were lower in men (1.65 ± 0.35 ng/mL vs. 1.82 ± 0.38 ng/mL, t=-2.01, P=0.049, Cohen’s d=-0.34). BMI was slightly higher in men (35.2 ± 3.4 kg/m² vs. 34.1 ± 3.2 kg/m², t=1.96, P=0.055, Cohen’s d=0.33). There was no significant difference in age (40.1 ± 8.0 years vs. 39.4 ± 7.8 years, t=0.37, P=0.714, Cohen’s d=0.06 [Table 1, Figure 1].


	Table 1: Metabolic Parameters in Obese Males and Obese Females
	LDL-cholesterol (r=0.60, p<0.001), a combination of inflammatory markers CRP, IL-6, and TNF-a (r=0.48, p=0.003; r=0.45, p=0.007; r=0.42, p=0.011 respectively), glycemic indices HbA1c and HOMA-IR (r=0.50, p=0.002; r=0.55, p<0.001), and the hepatokine Fetuin-A (r=0.72, p<0.001). A moderate negative relationship was found in HDL-cholesterol (r=-0.40, p=0.017), and no statistically meaningful correlations were found with Nesfatin-1 or total cholesterol levels. A similar analysis in females showed comparable results; the BMI was positively related to all of the same parameters—blood pressure, lipids (excluding HDL-c), inflammatory markers, glycemic controls, and Fetuin-A—with the correlation coefficients and significance shown in [Table 2]. Again, and similarly to men, there was a negative correlation with HDL-(r=-0.38, p = 0.024), and there were no practically useful correlations with Nesfatin-1 or total cholesterol [Figure 2].
	Figure 1: Comparative Analysis of Metabolic Parameters in Obese Males and Obese Females.

	Correlation Tests of Obese Males and Obese Females
	Strong positive relationships were remarked between Body Mass Index (BMI) and several metabolic variables in males. Specifically, BMI had strong positive relationships with systolic and diastolic blood pressure (SBP: r=0.75, p<0.001; DBP: r=0.62, p<0.001), triglycerides (r=0.68, p<0.001),
	Figure 2: Relationship between BMI and Fetuin-A for Obese Men and Obese Women SBP-Related
	Across the metabolic landscape, SBP emerged as a connective node with strong associations across the metabolic network. In men, high SBP was significantly related to other high values of DBP, triglycerides, LDL-c, CRP, IL-6, TNF-α, Haemoglobin A1C (HbA1c), Homeostasis Model Assessment of Insulin Resistance (HOMA-IR), fetuin-A, and body mass index (BMI) (all p<0.05), as shown in [Table 3][Figure 3]. In compartment, SBP was negatively correlated with high-density lipoprotein cholesterol (HDL-c) and Nesfatin-1 levels.
	Table 2: Pearson Relationships between BMI and Metabolic Factors in Obese Women and Men

	Figure 4: Correlation Between Fetuin-A and CRP in Obese men and women
	Table 3: Correlation Coefficients by Pearson of SBP and the Metabolic Parameters among Obese Men and Women Correlations
	Figure 3: Correlation between SBP and Fetuin-A in Obese Men and Women Peptide-Specific Correlations
	A mostly equivalent correlation pattern was also observed in women, with SBP positively correlated to the same adverse metabolic risk factors and negatively correlated with HDL-c and Nesfatin-1. The relationships in women were slightly weaker than those reported for men, but remained statistically significant, demonstrating a consistent relationship between higher blood pressures and broader variation in metabolic dysfunction. There was no involvement of total cholesterol with SBP in either sex. Direct analysis of the biomarkers indicated differential associations. Fetuin-A concentration had a significant positive association with central inflammatory cytokines CRP [Figure 4], IL-6, and TNF-α in both male and female subjects, confirming its prospective role in inflammation. In contrast, in males, Nesfatin-1 had a significant negative association with LDL-cholesterol [Figure 5]. The was positive association intriguing result in women was suggested the possible interaction of gender roles in lipid metabolism with Nesfatin-1 concentrations that warrants further investigation. Fetuin-A and Nesfatin-1 measurements were confirmed using Western blot and mass spectrometry in all 20 samples. The representative Western blot images showed the expected bands corresponding to the molecular weight of Fetuin-A (64 kDa) and Nesfatin-1 (9.7 kDa). Mass spectrometry confirmed peptide identity with an NIH-P33 and MASCOT score >50; appropriate standard errors (SEs) are used in [Tables 4-6].
	Figure 5: Correlation between Nesfatin-1 and LDL-c in Obese Men and Women Measurement Precision
	Table 4: Standard Errors and Mean Values for Metabolic Parameters in Obese Women and Obese Men
	Table 5: Standard Error for Lipid Parameters, Nesfatin-1, and Glycemic Markers
	Table 7: Assessed Sex Hormone Concentrations and Associations with Important Biomarkers in Obese Individuals

	Integration of Adipokine Pathways and Oxidative Stress
	While hepatokines are involved in some aspects of the metabolism associated with obesity, adipokines are major contributors to the disruption of normal metabolism in obesity. Our analysis in [Table 8], indicates that some indicators of the alteration of normal metabolism have strong correlations with leptin levels, including the following: BMI (r = 0.82, p < 0.001), HOMA-IR (r = 0.75, p = 0.003), and Fetuin-A (r = 0.65, p = 0.018). The relationship between grade related hyperleptinemia and increased Fetuin-A synergistically to exacerbate the insulin resistance. Leptin correlated inversely and significantly with Nesfatin-1, the anorexigenic peptide (r=-0.55, p=0.045), which indicates a counterregulatory relationship with Nesfatin-1 suppressing the appetite inhibition effects of Leptin, and of course, Nesfatin-1 might have other potentially protective effects related to prepandial oxidative stress.
	Table 6: Standard Error for CRP, IL-6, TNF-α, BMI, SBP, DBP, and Fetuin-A

	Sex Hormonal Concentration and Effects on Metabolism in Obese Individuals
	[Table 7], summarizes the differences in directly assessed testosterone, estradiol, and cortisol levels between the obese male and female participants.
	Given the higher testosterone production in obese men than in obese women, it is reasonable that the circulating testosterone levels were significantly higher for men (12.8 ± 3.5 nmol/L) than women (1.6 ± 0.5 nmol/L; p< 0.001, Cohen's d = 3.21). Conversely, given the higher estradiol production by obese women than obese men, it is not surprising that the circulating estradiol levels were significantly greater for women (325.4 ± 85.1 pmol/L) than men (105.3 ± 30.2 pmol/L; p < 0.001, Cohen's d = 2.45). There were no differences in circulating cortisol levels between groups (M: 538 ± 95 nmol/L vs. F: 515 ± 88 nmol/L; p = 0.285).
	mean HDL-cholesterol than women, ~25 mg/dL and ~30 mg/dL, respectively, possibly owing to the more lenient criteria used to include people with chronic conditions. Triglycerides appear to be a more sensitive gender-specific lipid marker, with estrogen promoting HDL synthesis and reducing VLDL in women [23]. Pro-inflammatory systemic inflammation was marked with elevated C-reactive protein (CRP) in obese males, as shown in [Table 1]. This supports the observations of Lee and Kim [24], who connected higher CRP levels in obese males to the inflammation caused by excess fat, which increases the risk of heart disease. In this study, the CRP values were consistent with the findings in obese individuals offered by Rumińska et al. [25] in average CRP levels for men- and women-only groups, which offered insight into the gender-based inflammatory load. Small BMI differences suggest metabolic variations stem from sex-specific physiological responses, particularly visceral fat in men and estrogen-modulated inflammation in women [26]. The circulating concentrations of Fetuin-A and Nesfatin-1 evaluated in this study supported the ranges reported in the existing literature. Zhou and colleagues found similar values of Fetuin-A reports in former studies of obese individuals, again, a similar trend of higher Fetuin-A values in males [27]. Similarly, the circulating concentrations of Nesfatin-1 reported here in [Figure 5], were within the range of values reported by Luo et al. [28] for obese populations. The correlation strengths in [Figure 4], that we found with CRP were slightly lower than the values found by Khadir et al. [3], demonstrate that there were some differences in metabolic markers, possibly due to the sample cohort differences. This small difference could be explained by differences in the demographic profile of the study population or technical differences in the immunoassays. This association between Fetuin-A levels and hepatic steatosis as shown by Peter et al. [29] further highlights its important role in insulin resistance and inflammatory processes, especially in men. The lower amounts of Nesfatin-1 seen in the obese males correspond with its known effects on both stimulation of appetite and glucose homeostasis [28]. Its inverse relationship with SBP [Table 3], indicates potential protective effects on vascular health, which aligns with findings from Lu et al. [30], who suggested that Nesfatin-1 may affect sympathetic nervous system activity and renal sodium activation by RAAS (r=-0.40 to -0.45 for SBP). The novel positive correlation with LDL-c [Figure 4], contrasts with weaker associations in Luo et al. [28] (r=0.20–0.25), suggesting a gender-specific lipid regulatory role needing further study. This might demonstrate either a compensatory mechanism in lipid metabolism or a different effect of Nesfatin-1 that warrants further assessment. Moreover, Nesfatin-1 was not correlated with BMI [Table 2], which is not consistent with Lopez-Aguilar et al. [31] (r=0.15-0.20). This suggests that Nesfatin-1 may play a predominantly regulatory role in vascular and lipid regulation and has no direct role in body weight. The reliability of our biochemical and clinical evedence was reflected in the low standard errors seen in [Tables 4-6]. Fetuin-A and Nesfatin-1 showed minimal variability similar to Zhou et al. [27] (Fetuin-A SE: ~4.5-5.0; Nesfatin-1 SE: ~0.05-0.07). Larger Fetuin-A SE in men may reflect variations in liver function or inflammation [3]. Lipoprotein profiles and blood pressure records showed homogeneous SEs comparable to the recommended clinical norms [19]. The similar BMI SEs (0.574 vs. 0.541) indicate accurate body measurements, which corroborates the work by Rumińska et al. [25]. The differences between Fetuin-A and Nesfatin-1 across sexes may have implications for their ability to act as biomarkers for obesity-related outcomes. The elevated levels of Fetuin- A in men suggest a greater risk for insulin resistance and cardiovascular diseases. Pan et al. [32] concluded that increased levels of Fetuin-A are associated with a two-fold increase in developing type 2
	Table 8: Associations of Leptin and Adiponectin with Metabolic, Inflammatory, and Oxidative Stress Markers in the Obese Cohort (n=70)
	Abbreviations: SE, Standard Error; SEM, Standard Error of the        Mean;  MDA, Malondialdehyde; GSH, Glutathione.

	Discussion
	This result provide a new hub for understand the significant marker for both gender at obesity condition that related the metabolic health. Earlier studies have always reported that men with obesity have much worse outcomes than women, yet this study signaling about how sex hormones and other biological factors are involved in the process of how obesity affects health differently based on one's sex. The result demonstrate that obesity does not have the same type of pathophysiology for every person; rather, obesity follows different channels determined by sex: when the men have an increased risk due to the adverse effects of a Fetuin-A with Leptin hormonal axis enhanced by testosterone, while the women have a decreased risk due to a protective Nesfatin-1and Adiponectin hormonal axis enhanced by estrogen. The [Table 1], illustrate notable gender differences in the metabolic with clinical characteristics profiles of obese subjects. These results were supported by Ramírez-Vélez et al. [18] that demonstrated the visceral fat accumulation in obese men,that increased the sympathetic nerve activations, which further impairs the function of blood vessels and sodium retention disorder and increasing the blood pressure. Men’s higher visceral fat likely activates the renin-angiotensin-aldosterone system (RAAS), exacerbating hypertension [19]. Compared to earlier studies like Rashid et al. [20], which reported higher SBP (~150 mmHg) and DBP (~88 mmHg) in obese males, This results are somewhat lower. This difference may arise from variations in population characteristics, like geographic or genetic factors specific to the Iraqi group, and differences in measurement methods, including our standardized protocols. The lipid profile assessment in [Table 1] and [Figure 1], shows that obese males had significantly higher triglyceride levels, which is a known indicator of insulin resistance and a major risk factor for atherosclerotic artery disease. This aligns with findings from Link and Reue [21], who linked elevated triglycerides in obese males to increased production of very- low-density lipoprotein (VLDL) in the liver, influenced by lower estrogen levels that usually help lipid clearance in females. In contrast, no significant differences were found in total cholesterol, LDL-cholesterol, or HDL-cholesterol. Results obtained by Milyani and Al-Agha [22] indicate that men had a lower
	diabetes. The low levels of Nesfatin-1 found in males could play a role in appetite control and lipid metabolism. Luo et al. [28] identified Nesfatin-1 as a promising candidate for therapeutic interventions focused on appetite regulation. This results show the significant relationships pointing to a direct mechanistic role of Fetuin-A and associated peptides in the development of metabolic syndrome components ,when substantial gender differences in the metabolic phenotype of obesity .The elevated levels and strong positive correlations of Fetuin-A with BMI, the inflammatory markers measured in this study (CRP, IL-6, TNF-α), blood pressure, and HOMA-IR, respectively, provide a strong basis for Fetuin-A to be viewed as an overall pro-inflammatory and pro- diabetogenic mediator in obese men, where it inhibits the insulin receptor known tyrosine kinase and is elevated in hepatic steatosis [29]. The strong association with inflammation indicates that elevated Fetuin-A, likely from visceral adipose tissue release, also associated with pro-inflammatory cytokines released from adipose tissue, which could correlated with further increases in Fetuin-A, and therefore, a vicious cycle of deterioration. The observed elevations of Fetuin-A in men may also be accounted for by some measure of androgen regulation, as testosterone has been suggested to correlate with visceral adiposity and hepatic lipo genesis, key stimulators of Fetuin-A secretion [33]. In contrast, lower circulating levels of Nesfatin-1 in obese men suggest a potential protective effect of this peptide that is decreased in obesity. A reduction of Nesfatin-1 may have direct metabolic effects. Its strong and significant negative relationship with systolic blood pressure implies that decreased Nesfatin-1 may permit more vascular tone and hypertension, perhaps through actions on the sympathetic nervous system or on modifies functions of the endothelium. The relationship with LDL-cholesterol is curious and complicated, and is negative in men but positive in women. This should be investigated further, but it suggests Nesfatin-1 may interact with specific gender-associated characteristics, such as sex hormones, regarding their influence on lipid metabolism. Since Nesfatin-1's primary role is in central appetite suppression, a reduction in Nesfatin-1 would directly contribute to hyperphagia and subsequent weight gain, thereby perpetuating obesity. Higher levels of Nesfatin-1 in pre-menopausal women may be due to the protective effects of estrogen and, therefore, may investigated the partial explanation of the gender variations, which needed to be determined by direct measurements of hormones. Milyani & Al-Agha [22] identified triglycerides as a necessary consideration regarding fat metabolism conditions between genders. Targeted efforts to reduce Fetuin-A or enhance levels of Nesfatin-1 through diet may be strategies to reduce obesity-related health risks [26]. From a physiological and hormonal standpoint, our direct measurements provide a correlation link to explain the observed gender binary morphosim in metabolic parameters. The significantly higher levels of testosterone in obese men, coupled with the strong positive correlation between testosterone and Fetuin-A, strongly suggest that androgen excess is a key driver of the adverse metabolic profile. In men, testosterone levels and their relationship to Fetuin-A associated with visceral adiposity and hepatic lipo genesis, resulting in worsened insulin resistance and inflammation [34]. In women, estradiol showed a correlation with Nesfatin-1 (r=0.48, p=0.004), which improves endothelial function and lipid metabolism [35]. To better manage the menstrual cycle phase with respect to concentrations of estrogen, women were tested during the follicular phase (days 1-14) of the menstrual cycle when estradiol concentration peaks to ensure low variability and enhance reliability of the measures [36, 37]. This standardization would likely enhance the protective effects of estradiol on the activity of Nesfatin-1 and lipoprotein profiles. While cortisol levels did not differ significantly between groups, its weak correlation with Fetuin-A suggests a potential minor role in modulating metabolic inflammation. The differences in hormones suggest sexual dimorphism with respect to the relationships with Fetuin-A
	concentration, with testosterone amplifying the negative properties of Fetuin-A and estradiol amplifying the protective properties of Nesfatin-1, further suggesting a need for gender-specific interventions for obesity [38-40]. The impact of hormones on the sex-specific adipokine and oxidative stress pathways observed in this study is consistent with, and supports, the current literature. Moreover, the predominant cluster of inflammation and oxidative stress associated with high levels of leptin, Fetuin-A, and MDA is more pronounced in obese males. This finding supports the results of Tchernof and Després [19], who noted that the androgenic profile of men favors the accumulation of visceral fat and the production of hepatic triglycerides, inducing to the development of an excess of pathogenic adipokines and hepatokines in the body. This mechanistic pathway linking testosterone to a pro-inflammatory metabolic phenotype is a biochemical explanation for the well-established clinical observation of greater cardiometabolic risk in obese men. Conversely, the protective cluster that consisted of higher adiponectin and Nesfatin-1 was greater in women, which remained potent owing to estradiol. These results agreement with Morán-Costoya et al. [41], who indicated that estrogen plays an important role in increasing the sustained secretion of adiponectin to promote insulin sensitivity and improve lipid metrics. This hormonal potentiation likely contributes to the meliorated antioxidant defense in women, and demonstrated through the strong inverse correlation between GSH and MDA, and this finding was more favorable metabolic environment that minimize the most serious consequence of obesity. To summarize the result, we propose the unified model for the pathophysiology of obesity, when posits the detrimental axis and the protective axis between both two key axes of estrogen with testosterone, and sex hormone-binding globulin (SHBG). This model extends the current paradigm of sex differences in metabolic disease. The axis when damaging was characterized by Leptin and Fetuin-A, which was acting in concert to drive inflammation with insulin resistance and oxidative stress, for exists on a spectrum that is greater in men. The protective axis is characterized by Adiponectin and Nesfatin-1, which act to support insulin sensitivity, promote lipid metabolism, and antioxidant capacity, and can be observed along a spectrum that is greater in women. Future forinterventions designed must be promote the restoration for metabolic homeostasis may enhance by greater specificity for acceptance in either men or women biological differences, such as considering Leptin to Fetuin-1 suppression in males or Adiponectin with Nesfatin-1 intervention in females, rather than just classical obesity therapies targeting weight management.

	Conclusions
	The present study augmentedto exist the evidence of substantial sexual dimorphism in the various metabolic indicators of obesity and governed by different biomarker axes with sex hormones operating as modulators. We identified and characterized two main axes: the pestilent Leptin to Fetuin-A axis, which quickens inflammation, insulin resistance, and oxidative stress that is supported by elevated testosterone levels in men, and the preventative Adiponectin to Nesfatin-1 hubs that advances insulin sensitivity, lipid metabolism, and antioxidant capacity that is augmented by estradiol in women. Direct measures of testosterone and estradiol, accounting for the phase of menstrual status, underscored their importance to body composition and metabolic risk. Specifically, testosterone strongly correlated with the pro-inflammatory Fetuin-A biomarker, whilst estradiol was associated with the contingent anti-inflammatory
	index biomarker Nesfatin-1. Further inclusion of markers of oxidative stress confirmed that the protective axis was associated with measures of lipid peroxidation (lower MDA) and antioxidant defence (higher GSH) factors that lowered metabolic risk. These result assisted to explain the disorder cardio metabolic mechanism occur in the men with obesity than in obesity women. Since these two biomarker axes are expressed differentially by sex, they are rational targets for developing individualized obesity therapies. Fetuin-A and leptin could be considered when developing obesity interventions in men, while attempts to stimulate adiponectin and Nesfatin-1 effects may have more effect in women when it comes to developing interventions for obesity. Future multi-ethnic longitudinal studies and clinical trials are needed to establish the global applicability of this model and to test interventions targeting the deleterious axis and enhancing the protective axis as a way of preventing the underlying metabolic and inflammatory dysregulations of obesity-related weight gain, rather than just focusing on weight loss.

	Justification for the Research
	Obesity represents a significant global health concern, with metabolic syndrome serving as a primary mechanism influenced by dysregulated peptides such as Fetuin-A and Nesfatin-1. Prior research has reported a relationship between Fetuin-A and Nesfatin-1 and their association with appetite, insulin resistance, and inflammation. The major drawback of these studies was that they almost exclusively used small sample sizes and limited the type of Biomarker analysis performed.
	This study intends to overcome these issues by investigating the major characteristics of Fetuin-A and Nesfatin-1, as well as their interaction with sex hormones for markers of Metabolic health, including blood pressure, Lipids and C-reactive protein, in a population of 70 Obese subjects, equally balanced between men (n=35) and women (n=35), using advanced statistical techniques to assess gender-based differences and hormone-based differences in Obesity Dysfunction. The study aims to clarify the physiological dysfunction caused by Obesity and serves as a basis for developing targeted therapy for patients, while also providing greater insight into Fetuin-A and Nesfatin-1's roles as Metabolic Biomarkers associated with Obesity.

	Outcome of the Study
	This objective provides the distinguished evidence for the effect of sex in obesity-related metabolic differences. For example, obese males exhibit many higher risk characteristics when compared to obese females, including elevated blood pressure (BP), triglycerides, systemic inflammatory markers (CRP, IL-6, TNF-α), HOMA-IR, HbA1c, and the biomarkers, Fetuin-A (increased) and Nesfatin-1 (decreased), as seen in [Table 1].
	Additionally, correlation analyses provided additional mechanistic insight as high levels of Fetuin-A highly positively correlated with BMI and inflammatory markers. This supports the established relationship between Fetuin-A and both obesity and systemic inflammation, and the strong correlation with SBP suggests that Fetuin-A may be involved in OB-related hypertension. Conversely, Nesfatin-1 was inversely related to SBP, suggesting it may confer some protection on the vascular endothelium; however, there was a complex, gender-specific relationship between Nesfatin-1 and LDL-c levels. Furthermore, when incorporating age, BMI, and lifestyle activities into the multivariable regression analyses, both Fetuin-A and Nesfatin-1 remain independent predictors of adverse metabolic outcomes, further highlighting their potential utility as biomarkers to identify the pathophysiological mechanisms associated with obesity.

	Constraints of the Research
	The cross-sectional design precludes causal conclusions, and the temporal relationship of the metabolic change is undefined. Even though a stratified random sampling technique improves the internal validity and reduces selection bias, the generalizability of our results may have limitations driven by geographic and ethnic characteristics. The focus on Iraqi adults may restrict the generalizability of findings since hereditary and environmental influences vary among populations (e.g., dietary and physical activity patterns). The longitudinal designs across the diverse populations should be employed by the Future studies through incorporating MRI and CT for visceral fat measurement and confirm the sex hormone influences directly assays. While the more comprehensive biomarkers (IL-6, TNF-α, HbA1c, HOMA-IR) were included as part of the study, the focus on direct measurements of testosterone and estradiol, properly standardized for menstrual phase, adds strength to the hormonal relationship yet still needs to be validated in larger cohorts. Interventions aimed at decreasing Fetuin-A and Nesfatin-1 through lifestyle changes (e.g., exercise or omega-3 diet) or treatments based on hormones may provide a novel treatment strategy and may also continue to elucidate mechanisms in a gender-specific manner.
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