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Abstract 

Background: Obesity is a chronic, relapsing, and multifactorial disease marked by an excessive accumulation of adipose 
tissue which has recently been considered to be in fact the physiological state for most people with obesity   namely low-
grade systemic inflammation. Adipose tissue is an active organ, serving the role of a dysfunctional endocrine gland that 
releases both adipokines and pro-inflammatory cytokines with capabilities to interfere with glucose/lipid homeostasis 
as well as insulin resistance. 

Objective: This study was positioned within the framework of exploring physiological and metabolic changes in obesity 
among adults by analyzing anthropometric, biochemical, hormonal & inflammatory markers between obese subjects 
and normal-weight controls while assessing for interrelationships between adiposity vs. several others including 
selected metabolically active endocrine cell-derived products (adipokines), inflammation features as well as insulin 
resistance status. 

Methods: This was a cross-sectional comparative study of 120 adults (age,20-55 years) with obesity (n=60; BMI >=30 
kg/m2 and controls[n = 60] aged matched normal-weight [BMI18.5–24.9 kg/m2]. Anthropometric indices as well as 
fasting biochemical, hormonal (leptin, adiponectin, insulin and cortisol), inflammatory parameters (CRP IL-6 and TNF-
alpha) were assessed. HOMA-IR; homeostasis model assessment of insulin resistance was calculated as an index for IR. 
Data were analyzed using independent-samples t-test, Pearson correlation, multiple linear regression and receiver 
operating characteristic (ROC) analysis of the curve in SPSS v27; Significance p < 0.0. 

Results: Compared with controls, obese participants had a significantly higher BMI, waist circumference and absolute 
values of the Waist-to-hip ratio, blood pressure (sitting systolic/diastolic BP), fasting glucose levels HbA1c triglycerides 
LDL-cholesterol leptin insulin cortisol CRP IL-6 TNF-alpha as well as HOMA-IR while displaying lower HDL cholesterol 
concentration relative to those without this phenotype(p < 0.001). Stronger correlations were observed between BMI 
and HOMA-IR (r = 0.78), leptin (r = 0.51) and IL-6(r= 0.61). BMI and leptin both emerged as independent HOMA-IR 
predictors on multiple regression (R2 = 0.80, p < 001). Receiver operating characteristics (ROC) curve analysis revealed 
that leptin, CRP and HOMA-IR showed very good discriminative performance to identify obesity related metabolic 
dysfunction from remaining cases. 

Conclusions: Obesity in this cohort was associated with coordinated disruption of a range of adipokines along with 
evidence for chronic low-grade inflammation and insulin resistance. Conclusion — We identify Leptin, CRP and HOMA-
IR as strong classifiers which constitute potential novel biomarkers for the early stratification of metabolic risk among 
obese adults. 
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1. Introduction 

Obesity has gone from being a national public-health issue to one of the global non-communicable disease epidemics of 
the twenty-first century. Worldwide obesity prevalence of adults has more than tripled since 1990, with global 
surveillance data estimating that over one billion are living with this condition as it increased in women from 
approximately 6.6% (1990) to >15.8%,with current models predicting half of the world's adult population will have a 
high body mass index by 2030 [1-4].   This trend has not exempted our region, with national and regional surveys 
reporting obesity prevalence more than 55-67% among Iraqi adults [5–8] especially in the urban governorates like 
Kirkuk, Erbil & Baghdad. Such regional burden reflects trends seen in other neighboring Arab populations with rates of 
metabolic syndrome approaching or exceeding 30-50% among screened adults. [9,10]. 

Obesity is now understood as a state of chronic, low-grade, systemic inflammation driven by expanding and 
dysfunctional adipose tissue that has mechanistic consequences beyond altering appearance. Adipokinesis 
Hypertrophied adipocytes, along with infiltrating macrophages and other immune cells, secrete many bioactive 
molecules collectively called as “adipokines" in addition to classical pro-inflammatory cytokines such as C-reactive 
protein (CRP), interleukin-6 (IL-6) and tumor necrosis factor-alpha(TNF-a) [11–13]. Leptin is secreted in direct 
correlation to fat mass and elevated in obesity while, other than its role of physiological appetite suppression [14], it 
creates a state of central leptin resistance aiding the compounding effects through which it has pro-inflammatory 
immunomodulatory impact on both innate as well as adaptive immune cells (Fig. 1B) [15-17]. Conversely, adiponectin 
- an anti-inflammatory and insulin-sensitizing adipokine that is characteristically decreased in obesity – has also been 
proposed as a key mechanistic link between excess fat mass and clinical diseases through its reciprocal relationship to 
leptin. [18-22]. 

Such inflammatory and hormonal signals are generated under excessive growth or chronic exposure, and in turn inhibit 
insulin signal transduction mainly by serine phosphorylation of insulin receptor substrate-1 (IRS-1), ultimately leading 
to peripheral insensitivity [23,24]. The homeostasis model assessment of insulin resistance (HOMA-IR) has not only 
been shown to approximate, but also provides one of the most frequently used clinically available surrogate indices for 
this process in both research and clinical settings using fasting glucose and :insulin concentrations [25–29]. Net PTSD-
related alterations in energy balance likely reflect aspects of dysregulated hypothalamic-pituitary-adrenal (HPA) axis 
function and up-regulated cortisol secretion, both mediators that may favor visceral fat deposition while also 
potentiating residual IR through a vicious cycle between stress hormones/adiposity/inflammation [30-34]. 
Additionally, obesity-induced hypertension through sympathetic activation with stimulation of the renin-angiotensin-
aldosterone system (RAAS), hyperleptinaemia and renal sodium retention further exacerbate this burden which is now 
referred to as cardiometabolic  [35-38]. 

Whereas most individual associations between obesity and specific biomarkers are well established, relatively few have 
exactly profiled the full spectrum of anthropometric, physiological hormonal inflammatory derangements in a single 
comparative cohort as derived from one defined clinical population particularly within Iraq or wider Middle East 
context  nor examined how these markers correlate statistically with each other or perform against certain criteria for 
discriminate tools. Defining this systems-oriented profile is pertinent not only in clarifying the mechanistic link between 
obesity and its metabolic sequelae, but also for discovering readily followed biomarkers that could aid early risk 
stratification with little requirement of resources as those often encountered around Kirkuk-Iraq., therefore this 
investigation was furthermore set up and implemented as a new comparative field study among adults in outpatient 
clinics associated with Kirkuk City rather than by an assessment of previously published literature. 

Aim and Objectives 

• Compare anthropometric indices (BMI, waist circumference, hip circumference and waist-to-hip ratio as 
well as physiological parameters (blood pressure/ heart rate between obese adults compared to normal-
weight controls. 

• Your objective is to suffice the expression for glycemic and lipid profile (FBS, HbA1c, total cholesterol, HDL, 
LDL triglycerides), analysis between two study groups 

• To determine and compare serum hormonal markers (leptin, adiponectin, insulin, cortisol) levels as well 
as the homeostasis model assessment of insulin resistance index( HOMA-IR ) in obese subjects to controls. 

• To assess serum inflammatory biomarkers (CRP, IL-6, TNF-alpha) between obese participants and 
controls. 

• To assess the relationships between adiposity indices and its associations with hormonal markers, 
inflammatory markers, and insulin resistance in the obese group. 
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• The objective of the study was to assess candidate biomarker diagnostic performance in distinguishing 
obese from non-obese subjects using ROC curve analysis (leptin, CRP, IL-6 and HOMA-IR). 

2. Material and methods 

2.1. Study Design, Site and Ethical Approval 

This comparative field study of the case-control type with a cross-sectional design was conducted in the outpatient 
clinics and the Kirkuk General Teaching Hospital in the city of Kirkuk, Iraq, during the period from March 2025 to June 
2026. The study relied on direct anthropometric measurements and biochemical analyzes of blood samples taken from 
the participants, aiming to investigate the physiological and metabolic differences between obese adults and individuals 
with normal weight.  The study protocol was approved by the Institutional Research and Ethics Committee at the College 
of Science, University of Kirkuk, and the study was conducted in accordance with the ethical principles outlined in the 
Declaration of Helsinki. The study was prepared and its results were reported in accordance with the guidelines for 
strengthening the reporting of observational studies in epidemiology (Strengthening the Reporting of Observational 
Studies in Epidemiology; STROBE).. 

2.2. Study Participants 

Methods158 adults identified from accompanying outpatient clinics over from March 2025 to June 2026 period were 
screened for eligibility (38 excluded relevant comorbidities: established diabetes mellitus, chronic kidney or liver 
disease, thyroid disorder or malignancy; current anti-inflammatory/ corticosteroid/weight-modifying medication use; 
pregnancy in past 12 months; acute infection <4 weeks prior to recruitment); declined consent/completed data 
unavailable. The final analytic sample included 120 participants (20-55 years old), who were assigned into two groups 
of n =60 based on a non-probability, convenience sampling approach : 

• Obese group: 60 adults with obesity (BMI >= 30.0 kg/m2), recruited from outpatient clinics 
• Control group: 60 adults with BMI in the normal range (BMI,18.5-24·9 kg/m2) and without a history of chronic 

metabolic or inflammatory disease matched for age and sex recruited among hospital staff and accompanying 
visitors during the same period 

We matched control participants to the obese group, with 31 men and 29 women in both groups (no significant 
between-group difference in sex distribution; chi-square test, p =1.00). Participants provided written informed consent 
prior to enrollment and after being explained the study aims, procedures and that they were under no obligation to 
participate as well as having guaranteed their information would remain confidential.  presents an overview of the study 
flow from screening to final biomarker evaluation.. 

2.3. Anthropometric and Physiological Assessment 

Height and weight were assessed directly on all participants by the research team (in light clothing without shoes) using 
an electronic scale with a digital readout and a wall-mounted stadiometer; height-weight body mass index (BMI, kg/m2 

was then calculated as weight divided by squared height [39], followed World Health Organization classification into 
three groups: 18.54 ) We measured waist circumference (WC) directly at the midway point between the inferior margin 
of rib cage and iliac crest on a horizontal plane with using non-elastic measuring tape, hip circumference (HC) over 
greatest trochanters both in cm., then WHR as : WC/ HC [40-43]. Outcomes were seated systolic and diastolic blood 
pressure (SBP, DBP) as well resting heart rate measured after a minimum 10-minute rest with an operator-calibrated 
digital sphygmomanometer, averaged from two measurements taken five minutes apart 

2.4. Biochemical, Hormonal and Inflammatory Assays 

Venous blood samples (5mL) were obtained from the antecubital vein, between 8 and 10 hours after an overnight fast 
by a qualified phlebotomist. Samples were allowed to clot, centrifuged at 3000 rpm for ten minutes and serum separated 
into aliquots then stored frozen (-20 deg C) until assay. Fasting blood sugar (FBS), HbA1c, total cholesterol (TC), HDL-
cholesterol, LDL-cholesterol and triglycerides were determined by standard enzymatic colorimetric techniques in an 
automated clinical chemistry analyser available at the hospital central laboratory. 

Samples were assayed for serum leptin, adiponectin, insulin and cortisol in duplicates using validated sandwich ELISA 
kits according to the manufacturer's instructions on a microplate ELISA reader. Serum high-sensitivity CRP measured 
by immunoturbidimetric assay and IL-6, TNF-alpha with sandwich ELISA. Each assay was performed in duplicate by the 
same laboratory technician, and included calibration curves as well as internal quality-control samples within each 
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analytical run to assess inter-assay reliability.  Homeostasis model assessment of insulin resistance (HOMA-IR) was 
calculated according to the following formula: [fasting insulin(μIU/mL)x fasting glucose(mg/dL)]/405 for each subject. 
[25-29]. 

2.5. Statistical Analysis 

Data were analyzed in IBM SPSS Statistics software version 27. Continuous variables were assessed for normality 
(Shapiro-Wilk test) and presented as mean +/- standard deviation (SD). Independent-samples t-test (with Welch 
correction for unequal variance, wherever appropriate) was used to compare continuously scaling variables between 
groups whereas categorical variables were compared using chi-square test. To determine bivariate associations among 
anthropometric, hormonal and inflammatory markers within the obese group Pearson correlation coefficients were 
calculated. C Multiple linear regression analysis (enter method) was performed in which HOMA-IR was the dependent 
variable, and body mass index (BMI), CRP, leptin, TNF-alpha and adiponectin were treated as independent predictors 
across whole sample; standardized beta coefficients with respective 95% confidence intervals are showns along with 
model R2. The discriminative performance of leptin, CRP, IL-6 and HOMA-IR to separate obese from control subjects (as 
indicated by the area under ROC curve [AUC]) was analyzed using receiver operating characteristic (ROC) analysis; for 
the best marker identified this is reported alongside its optimal cut point derived from Youden-index. Statistical 
significance was defined as a two-tailed p-value < 0.05 throughout. 

3. Results  

In total, 120 participants were included in the final analysis: 60 adults with obesity (Mean BMI=34.4 ±3.1 kg/m²) and 
normal-weight controls (n = 60; mean BMI =22.9 ±1·4 kg/m²). Summary of participant recruitment, screening and 
assessment Sex distribution was well balanced between the two groups, with no difference observed using Fisher's 
exact test. As shown in Table 1, participants within the obese group were significantly older compared with controls 
(41.9 ± 7.8 vs. 38.7 ± 8.1 years; p =0·026). 

Table 1 Baseline Characteristics of Study Participants 

Characteristic Obese Group mean ± SD Control Group mean ± SD p-value 

Age (years),  41.93 ± 7.80 38.67 ± 8.11 0.026* 

Male 31 (51.7%) 30 (50.0%) 0.860 (ns) 

Female 29 (48.3%) 30 (50.0%) 0.860 (ns) 

3.1. Anthropometric and physiological parameters. 

 As shown in Table 2 (and graphically represented the obese participants were significantly more likely than controls 
to have a greater waist circumference, hip circumference, waist-to-hip ratio; increasing systolic and diastolic blood 
pressure; and resting heart rate (all p 11 kg/m2, facilitating clear anthropometric separation of the two study arms. 

Table 2 Anthropometric and Physiological Comparison Between Groups 

Parameter Obese (mean ± SD) Control (mean ± SD) p-value 

BMI (kg/m²) 34.43 ± 3.13 22.88 ± 1.41 <0.001*** 

Waist circumference (cm) 107.50 ± 7.87 79.40 ± 5.54 <0.001*** 

Hip circumference (cm) 117.72 ± 5.23 96.21 ± 4.66 <0.001*** 

Waist-to-hip ratio 0.91 ± 0.06 0.83 ± 0.06 <0.001*** 

Systolic BP (mmHg) 131.90 ± 9.66 113.78 ± 7.92 <0.001*** 

Diastolic BP (mmHg) 84.63 ± 7.87 75.15 ± 5.66 <0.001*** 

Heart rate (bpm) 79.95 ± 7.24 73.05 ± 6.17 <0.001*** 
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3.2. Metabolic and lipid profile 

Compared to controls, obese participants had significantly higher fasting blood glucose levels (p < 0.001), HbA1c% (p = 
0.021) and total cholesterol, LDL-cholesterol and triglycerides with lower HDL-cholesterol(p < 0.001; Table3). The 
degree of elevation in triglycerides (mean difference around 67 mg/dL) and reduction in HDL cholesterol (mean 
difference about 12mg/dL), showed an atherogenic dyslipidemia associated pattern related to visceral adiposity. 

Table 3 Metabolic and Lipid Profile Comparison Between Groups 

Parameter Obese (mean ± SD) Control  (mean ± SD) p-value 

Fasting blood sugar (mg/dL) 107.37 ± 14.14 88.36 ± 7.14 <0.001*** 

HbA1c (%) 5.91 ± 0.57 5.16 ± 0.24 <0.001*** 

Total cholesterol (mg/dL) 201.66 ± 25.54 175.00 ± 17.85 <0.001*** 

HDL-cholesterol (mg/dL) 42.92 ± 7.09 54.94 ± 7.93 <0.001*** 

LDL-cholesterol (mg/dL) 130.07 ± 18.76 104.25 ± 16.30 <0.001*** 

Triglycerides (mg/dL) 170.58 ± 26.37 103.13 ± 17.97 <0.001*** 

3.3. Inflammatory markers 

As shown in Table (4) participants with obesity exhibited a significant increase in the levels of all inflammatory markers 
compared to the normal-weight group (all p < 0.001). The mean concentration of C-reactive protein (CRP) in serum was 
approximately 3.7 times higher in the obesity group (6.57 ± 2.40 vs. 1.76 ± 0.71 mg/L), while the mean level of 
interleukin-6 (IL-6) increased by about 2.4 times (5.14 ± 1.62 vs. 2.14 ± 0.75 picograms/mL). Additionally, the mean 
level of tumor necrosis factor-alpha (TNF-α) increased by about 2.1 times (12.21 ± 3.06 vs. 5.96 ± 1.93 picograms/mL). 
These results collectively indicate a clear case of low-grade chronic systemic inflammation in adults with obesity. 

Table 4 Inflammatory Biomarkers Comparison Between Groups 

Parameter Obese  (mean ± SD) Control  (mean ± SD) p-value 

hs-CRP (mg/L) 6.57 ± 2.40 1.76 ± 0.71 <0.001*** 

IL-6 (pg/mL) 5.14 ± 1.62 2.14 ± 0.75 <0.001*** 

TNF-α (pg/mL) 12.21 ± 3.06 5.95 ± 1.93 <0.001*** 

3.4. Hormonal indicators and insulin resistance 

As shown in Table (5), participants with obesity exhibited significant changes in hormonal indicators and insulin 
resistance compared to the normal weight group. The average serum leptin concentration was more than three times 
higher in the obesity group (28.01 ± 6.96 vs. 9.12 ± 2.54 ng/ml, p < 0.001), while the average adiponectin level 
significantly decreased (7.03 ± 1.88 vs. 11.42 ± 2.51 µg/ml, p < 0.001). Significant increases were also recorded in both 
fasting insulin and cortisol among participants with obesity compared to the control group (Table 5). In line with these 
results, the Homeostasis Model Assessment of Insulin Resistance (HOMA-IR) index was more than double in the obesity 
group compared to the control group (4.84 ± 1.64 vs. 1.96 ± 0.67, p < 0.001). It is noteworthy that the majority of 
participants with obesity recorded HOMA-IR values exceeding the traditional threshold for insulin resistance (2.5), 
indicating a high prevalence of insulin resistance among individuals in this group. 

Table 5 Hormonal Markers and Insulin Resistance Index Comparison Between Groups 

Parameter Obese  (mean ± SD) Control (mean ± SD) p-value 

Leptin (ng/mL) 28.01 ± 6.96 9.12 ± 2.54 <0.001*** 

Adiponectin (µg/mL) 7.03 ± 1.88 11.42 ± 2.51 <0.001*** 

Fasting insulin (µIU/mL) 17.98 ± 4.37 8.92 ± 2.69 <0.001*** 
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Cortisol (µg/dL) 16.77 ± 3.50 13.82 ± 2.76 <0.001*** 

HOMA-IR 4.84 ± 1.64 1.96 ± 0.67 <0.001*** 

3.5. Correlation analysis 

 Within the obese group, BMI correlated strongly and positively with HOMA-IR (r = 0.78), insulin (r = 0.72), IL-6 (r = 
0.61), and triglycerides (r = 0.61), and moderately with leptin (r = 0.51), CRP (r = 0.51), and TNF-alpha (r = 0.50), while 
correlating negatively with HDL-cholesterol (r = -0.58) and adiponectin (r = -0.48) (Table 6; Figure1). Adiponectin was 
inversely correlated with leptin (r = -0.60), TNF-alpha (r = -0.56), and HOMA-IR (r = -0.52), reflecting the reciprocal 
adipokine imbalance characteristic of obesity. Waist circumference and waist-to-hip ratio were strongly intercorrelated 
(r = 0.81), consistent with their shared reflection of central adiposity. 

Table 6 Pearson Correlation Matrix of Metabolic, Hormonal and Inflammatory Markers (Obese Group, n=60) 

Variable BMI WC WHR Leptin Adiponectin Insulin HOMA_IR CRP IL6 TNFa HDL TG 

BMI 1.00 0.39 0.06 0.51 -0.48 0.72 0.78 0.51 0.61 0.50 -0.58 0.61 

WC 0.39 1.00 0.81 0.54 -0.29 0.42 0.50 0.44 0.44 0.39 -0.30 0.08 

WHR 0.06 0.81 1.00 0.27 -0.05 0.17 0.21 0.24 0.25 0.11 0.00 -0.11 

Leptin 0.51 0.54 0.27 1.00 -0.60 0.56 0.65 0.48 0.53 0.60 -0.57 0.39 

Adiponectin -0.48 -0.29 -0.05 -0.60 1.00 -0.44 -0.52 -0.54 -0.51 -0.56 0.49 -0.18 

Insulin 0.72 0.42 0.17 0.56 -0.44 1.00 0.93 0.47 0.57 0.42 -0.46 0.42 

HOMA_IR 0.78 0.50 0.21 0.65 -0.52 0.93 1.00 0.52 0.60 0.57 -0.53 0.45 

CRP 0.51 0.44 0.24 0.48 -0.54 0.47 0.52 1.00 0.44 0.39 -0.47 0.21 

IL6 0.61 0.44 0.25 0.53 -0.51 0.57 0.60 0.44 1.00 0.51 -0.46 0.41 

TNFa 0.50 0.39 0.11 0.60 -0.56 0.42 0.57 0.39 0.51 1.00 -0.48 0.28 

HDL -0.58 -0.30 0.00 -0.57 0.49 -0.46 -0.53 -0.47 -0.46 -0.48 1.00 -0.34 

TG 0.61 0.08 -0.11 0.39 -0.18 0.42 0.45 0.21 0.41 0.28 -0.34 1.00 
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Figure 1 Correlation Heatmap of Metabolic, Hormonal and Inflammatory Markers in the Obese Group 

3.6. ROC curve analysis. 

Among the biomarkers, leptin had the highest performance (AUC = 0.999) in distinguishing obese from control subjects 
with excellent accuracy followed by CRP and HOMA-IR also showing higher AUC values close to IDF-Criteria whereas 
IL6 reached a good discrimination but lower than those markers shown above (Table 7; Figure 2). In this cohort, a CRP 
cutoff of 3.7 mg/L by the Youden index yielded 88.3% sensitivity and 100% specificity for obesity-associated metabolic 
dysfunctions. 

Table 7 ROC Curve Analysis of Candidate Biomarkers for Discriminating Obese from Control Participants 

Biomarker AUC Optimal Cutoff Sensitivity (%) Specificity (%) 

Leptin (ng/mL) 0.999 17.06 98.3 100.0 

CRP (mg/L) 0.979 3.70 88.3 100.0 

HOMA-IR 0.978 2.65 98.3 85.0 

IL-6 (pg/mL) 0.947 3.63 81.7 98.3 
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Figure 2 ROC Curves of Candidate Biomarkers for Discriminating Obese from Control Subjects 

4. Discussion 

These results present with a clear, internally homogeneous signal of physiologic and metabolic derangement among 
obese adults from different geographic regions as indicated by co-elevated adiposity indices (high waist circumference), 
high prevalence of atherogenic dyslipidemia, chronic low-grade inflammation or "metainflammation", imbalance in 
blood levels of circulating cytokines/chemokines/adipokines [or dysfunctional fat], insulin resistance. This 
constellation is largely compatible with the well-accepted conceptual framework wherein dysfunctional, expanding 
adipose tissue acts as a crisis organ that contributes to systemic metabolic derangements via dysregulated endocrine 
and immune function [11–13,20]. The significantly elevated leptin levels in obese subjects, together with the robust 
positive correlations between leptin concentrations and BMI and HOMA-IR values are consistent with a large body of 
evidence indicating that secretion of this adipokine increases as fat mass rises [14] and hyper leptinemia is well known 
to be associated closely both with metabolic syndrome [15], cardio metabolic disorders such as type 2 diabetes, 
hypertension or dyslipidemia[16],[17];and impaired trained innate immune responses due to obesity[14]. Importantly, 
leptin was the marker with the most powerful ROC discriminative performance of all markers evaluated in this study 
(AUC = 0.999), strengthening its claim - togetherm with its firmly established physiological role [15]- as a sensitive 
biochemical signature for the obese metabolic state, as also recent narrative reviews have highlighted linking Leptin 
resistance to speed up cardiovascular risk from type two diabetic patients [15]. Concomitantly, the central leptin 
resistance pattern that is characterized as failing to inhibit appetite and restore energy balance despite high circulating 
levels of leptin remains an important unaddressed aspect for optimal therapeutic development. [9,10]. 

In contrast, the obese group displayed significantly lower amounts of adiponectin which strongly inversely correlated 
with BMI, leptin levels and markers of inflammation while also correlating negatively with HOMA-IR in a manner 
consistent with an 'adiponectin resistance' paradigm wherein hypertrophic adipocytes progressively suppress 
secretion from this hormone alongside diminishing signaling through its corresponding receptors thereby blunting 
normally potent insulin-sensitizing as well anti-inflammatory roles played by needed to improve these sequelae [18–
22]. Several recent studies have suggested a potentially important reciprocal effect of leptin and adiponectin 
simultaneously, expressed as the ratio between them [21,22], which might influence cardiometabolic disease outcomes; 
indeed this simple interaction provides a more sensitive composite biomarker compared to their individual 
measurement. This chronic low-grade inflammatory profile - characterized by elevated levels of CRP and the 
proinflammatory cytokines, IL-6 and TNF-alpha - coincided with findings derived from numerous adult [23]–[25] as 
well as pediatric obesity cohorts [20], in which these markers have been found to be significantly higher compared to 
normal-weight controls. The significant association of IL-6 with BMI (r = 0.61) in this cohort supports biographic 
evidence that specifically, elevated levels of the cytokine may be a key link between peritoneal inflammation and hepatic 
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acute-phase CRP production [27]. Crucially however, evidence from systematic reviews shows that these inflammatory 
elevations are at least partly decreased by weight loss and reversibility suggests the pattern detected in this study is 
indicative of a potentially amenable pathophysiological state rather than an immutable trait. [29]. 

HOMA-IR and its component variables were generally significantly higher in the obese group, with multiple regression 
analyses identifying BMI (β = 0.015, P <.001) and leptin (β = 1.881, P <.003) as independent predictors of HOMA-IR after 
adjustment for inflammatory and adipokine covariates. This result is consistent with mechanistic data that indicate 
obesity-induced insulin resistance occurs through unrelated adipokine signaling pathways, ectopic lipid deposition and 
serine phosphorylation of IRS-1 to inhibit downstream signaling via the IR [30,31]. The R2 = 0.80 reported in the present 
model is consistent with, and somewhat higher than values for candidate gene regression analysis of HOMA-IR 
determinants (which generally are comparable sub-sampling due to ethnic homogeneity [32-36]. 

The higher levels of cortisol in the obese participants, along with previously established relationships between HPA-
axis events and visceral fat accumulation provide evidence for a feedback loop whereby chronic stress physiology 
promotes obesity by preferential SUVs-targeted deposition [37-40], whilst engaging an inflammatory cycle where 
elevated IL-6 (and TNF-alpha) from adipose tissue drives systemic inflammation that can sustain HPA-axis activation 
as illustrated schematically below in Fig. 10 [41,42]. This mechanistic loop has also been implicated in the pathogenesis 
of obesity-related hypertension as both systolic and diastolic blood pressure were significantly higher in obese than 
non-obese participants in the present cohort, parallel studies have consistently described sympathetic activation, hyper 
leptinemia stimulation of renin-angiotensin-aldosterone system (RAAS), or impaired natriuresis as converging 
mechanisms linking adiposity to elevated blood pressure [43-48]. 

Regionally, the obesity and metabolic derangement recorded in this Kirkuk-based cohort corroborates—and provides 
an important framework for—the previously reported substantial burden of overweight, obesity and metabolic 
syndrome between Iraqis from across Iraq (and neighboring countries). In Iraq, epidemiological surveys found over 55-
67% of adult citizens are overweight/obese [6–8]; and other studies reported that metabolic syndrome reached as high 
as ~ 30 to 51 % in Iraqi, Jordanian and Saudi adults primarily associated with waist circumference, fasting glucose level 
and combined dyslipidemia [49–51]. These current results build upon this regional evidence base in offering a granular 
biomarker comparison across multiple domains specific to the obese Iraqi adult population; they also support 
integrating accessible markers, such as leptin, CRP and HOMA-IR into local clinical risk assessment pathways. The line 
of evidence taken together, buttresses the contention that obesity is not merely an anthropometric diagnosis but a 
systemic endocrine-immune-metabolic disorder wherein imbalance in adipokines and chronic inflammation are close 
mediators of insulin resistance metabolically coupled to downstream cardiometabolic risk. The observable 
discriminative performance (ROC) of leptin, CRP and HOMA-IR in this cohort suggests that even a small analysis panel 
may significantly enhance BMI-based screening for efficient early identification of obese individuals at highest 
metabolic risk, especially considering the applicability to resource-limited clinical settings. 

5. Conclusion 

This study shows a distinct pattern of anthropometric, physiological, hormonal and inflammatory derangement in obese 
adults that is characterized by elevated leptin CRP IL-6 TNF-alpha cortisol insulin resistance with lower adiponectin 
HDL-cholesterol when compared to normal weight controls. BMI and leptin were independent predictors of insulin 
resistance, while obesity status was excellently discriminated by Leptin, CRP and HOMA-IR. These results substantiate 
an integrated hormonal-inflammatory biomarker approach, in conjunction with more traditional anthropometric 
assessment as a means of defining and monitoring the metabolic risk associated with adult obesity. 
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