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Abstract

Background: Obesity is a complex, multifactorial health condition that occurs from the build-up of
too much body fat due to the interrelation between hormones, genes, and the surrounding
environment.

Objective: The current study aimed to assess the relationship between body mass index (BMI) and
the levels of resistin, ghrelin, and some antioxidants (superoxide dismutase (SOD) and glutathione
peroxidase (GPx)) in Iraqi adults.

Methods: The study was conducted in Baquba city, Diyala Governorate, from October 2025 to April
2026. The study group consisted of 88 Iraqi adults aged 18 to 65 years who attended Baquba
Teaching Hospital and its specialized outpatient clinics. Participants were divided into three
categories: healthy controls (n=28), overweight subjects (n=30), and obese subjects (n=30). Venous
blood samples were collected under sterile conditions, and concentrations of resistin, ghrelin,
superoxide dismutase (SOD), and glutathione peroxidase (GPx) were determined using the enzyme-
linked immunosorbent assay (ELISA) technique (USCN Life Science Inc.). Results of the current
investigation were calculated by SPSS using IBM SPSS Statistics and GraphPad Prism.

Results: The results revealed non-significant demographic variations among the groups (gender and
age). Additionally, no statistically significant difference (P > 0.05) was observed in resistin levels
between the study groups. In contrast, levels of ghrelin and antioxidants (SOD and GPx) decreased
significantly with increasing body weight (P < 0.001). According to Receiver Operating
Characteristic (ROC) curve analysis, ghrelin levels demonstrated superior diagnostic utility in
distinguishing between the study groups, whereas resistin levels showed limited diagnostic value.

Conclusion: These findings suggest a clear association between elevated body mass index (BMI)
and variations in certain biochemical and antioxidant biomarkers. These results support the concept
of obesity as a metabolic disorder associated with inflammation and oxidative.

Keywords: Obesity, Resistin ,Ghrelin, Antioxidants.
1. Introduction

Obesity is a complex global, chronic, multifactorial disease marked by excessive or abnormal
deposition of adipose tissue (AT). The clinically defined metric for obesity is the body mass index
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(BMI) [1], which is weight in kilograms divided by height in meters squared. Individuals with a BMI
>30 kg/m? are obese, while those with a BMI > 25 kg/m? are overweight. BMI is a risk factor for
non-communicable diseases, including cardiovascular diseases, musculoskeletal and metabolic
diseases, and certain cancers, with the result of poor quality of life and low life expectancy [2]. It is
estimated that about 43% of the worldwide population is overweight and obese [3]. The increasing
prevalence of these diseases has become a public health problem worldwide [4], and has been
implicated in an estimated 3.4 million deaths per year. Obesity is complex and has a multi-factorial
etiology, encompassing hormonal, genetic, and environmental contributing factors. Obesity is also
exacerbated by excessive energy intake through the consumption of high-calorie foods and sedentary
lifestyles and decreased physical activity [5]. Obesity affects more than half of the population in
Arab countries [6]. A recent study on a sample of Iraqi patients found a high prevalence of obesity,
with a mean BMI of 32.2+4.2. The investigators also found an increased concentration of low-
density lipoprotein cholesterol (LDL-C) and a decrease in high-density lipoprotein cholesterol
(HDL-C), which indicates obesity-induced dyslipidemia. These results suggest that obesity in the
Iraqi population is not only a personal problem but also a general health problem related to lifestyle
and metabolic factors [7].

In addition, adipose tissue is considered a major endocrine organ influencing the body's energy
levels and metabolic homeostasis. It stores excess fat as triglycerides and, since it is secretory,
releases a variety of hormones, cytokines, and growth factors that alter tissues and organs throughout
the body [8]. It secretes hormones with cytokine-like properties termed adipokines, bioactive
molecules that regulate inflammatory processes such as adiponectin and resistin [9]. Resistin, a
protein hormone secreted by adipose tissue, is central to fostering inflammatory responses by
enhancing pro-inflammatory cytokines, including tumor necrosis factor-alpha (TNF-a) and
interleukin-6 (IL-6) concentrations. Serum resistin levels in patients with type 2 diabetes, insulin
resistance, and obesity have been shown by clinical studies to be elevated [10]. Moreover, resistin is
well-known to be strongly associated with dyslipidemia, systemic inflammation, and cardiac
metabolic abnormalities, thereby serving as a linkage between adipose tissue impairment and
cardiovascular diseases [11], [12]. Consumption of food is also closely linked with obesity; a diet
that is high in calories, fat, and cholesterol can also lead to obesity.

There are many hormones that maintain satiety and appetite, and ghrelin is one such hormone.
Ghrelin, also called the “hunger hormone,” is a peptide hormone secreted primarily in the stomach. It
is important in maintaining glucose and energy balance, and stimulates appetite and secretion of
growth hormones. Most of it is produced and distributed in multiple regions of the brain as well as
the pituitary gland, white adipose tissue, the gastrointestinal tract, and the cardiovascular system
[13]. On the other hand, oxidative stress is associated with antioxidants. Prior studies have found
strong associations between antioxidants and oxidative stress, and BMI, indicating that those with
obesity present reduced levels of enzymes such as superoxide dismutase (SOD) and glutathione
peroxidase (GPx) in their tissues [14]; levels of reactive oxygen species (ROS) are regulated by these
enzymes [15]. Based on the knowledge of the hormonal changes related to obesity and metabolic
disorders, this research intends to investigate the relationship between BMI and serum levels of
resistin, ghrelin, and antioxidant enzymes in the Iraqi population.
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2. Materials and Methods
2.1 Sample Collection and Procedures

The study was conducted during the period from October 2025 to April 2026. A total of 88
participants were recruited from Baquba Teaching Hospital and affiliated outpatient clinics in
Baquba, Diyala Governorate. The participants of both genders were divided into three categories: 30
individuals with obesity, 30 overweight individuals, and 28 healthy individuals as controls.
Participants aged 18-65 years were enrolled according to predefined inclusion criteria, and the
cohort included both males and females. A structured questionnaire designed specifically for this
study was utilized to collect demographic data, including age, gender, and history of chronic
diseases. Anthropometric measurements, including weight and height, were taken using standard
procedures. Body Mass Index (BMI) was calculated using the standard formula [2]. Five milliliters
of venous blood were drawn and collected in plain tubes. The samples were left at room temperature
to allow for clotting, then centrifuged at 3000 rpm for 10 minutes to obtain the serum. The serum
was subsequently transferred into appropriate storage tubes and preserved at -20°C for biochemical
analysis. Serum concentrations of resistin, ghrelin, superoxide dismutase (SOD), and glutathione
peroxidase (GPx) were measured using an enzyme-linked immunosorbent assay (ELISA) technique
(USCN Life Science Inc.), strictly following the manufacturer’s instructions.

2.2 Statistical Analysis

Statistical analysis and graphical representation of the data were performed using IBM SPSS
Statistics and GraphPad Prism. In SPSS, the data distribution (Shapiro-Wilk test) and homogeneity
of variance (Levene’s test) were verified. Following data verification, the three study groups (mean +
standard deviation), namely, the healthy control group, the overweight group, and the obese group,
were compared using one-way analysis of variance (ANOVA) as well as multiple pairwise
comparisons. A correlation coefficient was also calculated between variables. In GraphPad Prism, the
diagnostic performance of the biomarkers was evaluated using receiver operating characteristic
(ROC) curve analysis, with the area under the curve (AUC), sensitivity, and specificity reported. A p-
value of less than 0.05 was considered statistically significant.

3. Results and Discussion

Table 1 presents the demographic characteristics of the participants, as categorized by body mass
index (BMI), including the normal weight, overweight, and obese groups. A balanced distribution of
participants was achieved between the three groups; the overweight and obese groups each included
30 participants (34.1%), healthy control 28 participants (31.8%) per group. For the healthy group, the
gender distribution was balanced; the healthy group consisted of 46.4% males and 53.6% females,
while 70.0% of males were included in the overweight group and 30.0% of females, while 60.0% of
males and 40.0% of females were in the obese group (p > 0.05). There was no statistically significant
difference in the mean age (p>0.05). With respect to age, the healthy control group showed a mean
age of 34.29 + 13.78 years, whereas the overweight group had a mean age of 34.80 + 10.99 years,
and the obese group had a mean age of 34.20 + 9.46 years. Furthermore, the age group distribution
did not differ significantly among groups (p > 0.05). Collectively, these findings suggest that the
three groups displayed similar demographic profiles at the study’s onset. A conclusion is in line with
previous obesity literature, underlining that the selection of similar age and sex distributions in study
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design would enhance the validity of the study and decrease the influence of confounding variables.
BMI and obesity-related health outcomes may vary according to age group. Younger age groups
show elevated levels that may not be classified as overweight or obese in elderly individuals; with
class III obesity, young adults with class III obesity may have an increased risk of mortality, whereas
obesity prevalence may decrease in older age groups [16]. Moreover, in consideration of obesity-
related health outcomes, sex plays an important biological sex plays an important role (for example,
men generally exhibit higher visceral fat accumulation and women have greater subcutaneous
peripheral fat), which might alter the health risks with a specific BMI [17].

Table 1: Basic demographic characteristics of the study sample according to body mass index (BMI)
categories (normal weight, overweight, obese).

Features Obesity Overweight Healthy (control) P value
Sample size, n (%) 30 (34.1%) 30 (34.1%) 28 (31.8%)

Gender, n (%) > (.052
Male 18 (60.0%) 21 (70.0%) 13 (46.4%)
Female 12 (40.0%) 9 (30.0%) 15 (53.6%)

Age (years), Mean = SD 34.20+£9.46 34.80 £10.99 34.29 £ 13.78 >(.05°

Age Groups, n (%) >0.052
18-19 2 (6.7%) 3 (10.0%) 4 (14.3%)
20-29 9 (30.0%) 7 (23.3%) 8 (28.6%)
30-39 11 (36.7%) 10 (33.3%) 8 (28.6%)
40-49 6 (20.0%) 7 (23.3%) 3 (10.7%)
50-65 2 (6.7%) 3 (10.0%) 5 (17.9%)

*Different letters within the same row indicate statistically significant differences (P < 0.05), while similar
letters indicate no significant differences between groups.

Table 2 also displayed statistically significant differences in anthropometric data, specifically
body weight and BMI (P < 0.001), with each parameter ascending from normal BMI to overweight
to obese. Pairwise comparisons demonstrated significant differences among all BMI groups. Even
though the average height of healthy individuals was lower than that of overweight and obese
individuals, there was no statistically significant difference between the two groups (P > 0.05).
Overall, the findings indicate substantial differences among the groups according to BMI
classification, particularly regarding body weight and BMI. These findings are in agreement with
recent epidemiological data depicting an association of anthropometrics with adiposity. These
metrics categorize the population into four categories: underweight, normal weight, overweight, and
obese. Obesity is generally defined as a BMI of > 30 kg/m?, with greater severity showing higher
cut-offs in the level of BMI [18]. Although BMI continues to be predominantly used as the primary
index for recognizing obesity, the shortcomings of BMI measurement may be resolved by the
introduction of other body composition indices (such as waist and hip circumferences) that provide a
more accurate estimate of obesity-related risk compared with only BMI [19].
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Table 2: Comparison of anthropometric parameters among the healthy control, overweight, and obese groups

Variable Healthy control (n=28) Overweight (n=30) Obesity (n=30) P value
Weight (kg) 64.57£9.17 78.53 £ 8.11° 98.23 £ 12.51¢ <0.001%**
Height (cm) 163.00 £ 9.96* 169.50 + 7.78° 169.13 + 7.50° <0.05
BMI (kg/m?) 23.92 +1.372 27.41 £ 1.20° 34.30 +2.88¢ <0.001%**

**P<0.001, *Different letters within the same row indicate statistically significant differences (P < 0.05),
while similar letters indicate no significant differences between groups.

Table 3 shows that there is no significant difference in resistin levels (P > 0.05), with mean
values of (17.61 £ 27.34, 23.72 + 28.47, and 30.84 £+ 29.91) for the healthy, overweight, and obese
groups. This might indicate that resistin is not associated with the level of obesity as measured by
BMI. These findings are consistent with previous studies that showed that resistin is significantly
associated with inflammatory status and metabolic dysfunction, more than BMI [20]. Resistin is also
closely related to metabolic and inflammatory alterations; another study revealed that resistin levels
do not decrease until metabolic improvement occurs after bariatric surgery [21]. This is similar to the
intricate way resistin relates to obesity in humans. Indeed, a recent study on resistin's immune roles
with obesity-associated tumors discovered that this adipokine promotes the production of pro-
inflammatory cytokines, boosting its inflammatory cytokine production. Following the regulation of
the Resistin gene, the activation of these cytokines directly inhibits the expression and secretion of
the Resistin gene through interactions with immune signaling pathways and immune cells in the
adipose tissue. This mechanism worsens chronic inflammation and facilitates tumor growth,
particularly in obesity settings [22].

In contrast, ghrelin levels were significantly and consistently reduced with increased weight and
the development of obesity. Ghrelin levels were (420.15 + 108.22, 301.81 + 97.17, and 229.62 +
82.64) for the (healthy, overweight, and obese) groups, respectively, with all groups showing
significant differences. This result corroborates newer trials that reported a decrease of both (des-acyl
and acyl) ghrelin in adults with obesity, which were significantly lower than in individuals of normal
weight. This might be linked to the obesity-induced appetite dysregulation, where the accumulation
of body fat and an elevated insulin resistance might reduce ghrelin secretion or may lead to its
disruption [23]. Furthermore, the results are consistent with a recent study that showed that ghrelin
levels and body mass index (BMI) are inversely related to one another. It implies that increased
obesity is associated with a gradual decrease in ghrelin levels, representing a responsive mechanism
in which the body tries to limit food intake under conditions where there is excess stored energy [24].

Likewise, all of the antioxidant outcomes are statistically significant among the three groups, and
for each variable, a P-value of less than (P<0.001) was found, indicating a strong association with the
participants' weight status among other parameters. The average SOD levels in the healthy control
group were 351.77 £ 44.71, in the overweight group, they had a mean of 245.37 £+ 37.60, and in the
obese group had a mean of 111.48 + 41.64. Specifically, this may reflect altered antioxidant
responses caused by obesity-related oxidative stress under these conditions [25]. This result is
consistent with the findings of multiple studies on both adults and children, which reported reduced
activity of the SOD enzyme in the obese population, although the study noted that the results may be
sex-dependent [26]. GPx levels were significantly higher in the healthy control group compared with
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the overweight and obese groups. The mean of GPx was found to be 1.10 £ 1.71 in the healthy
control group, 0.528 + 0.778 in the overweight group, and 0.215 £ 0.504 in the obese group. This
finding is in agreement with that from several independent studies on adults showing a significant
decrease in GPx in obese subjects versus subjects of normal weight [27]. This drop in GPx levels
was attributed to an imbalance between the generation of reactive oxygen species (ROS) and
antioxidant defence mechanisms. Recent scientific studies have also shown that the GPx enzyme
plays an essential role as a part of the cellular defense against ROS [28], [29].

Table 3: Comparison of biomarkers and antioxidant parameters among the healthy control, overweight, and
obese groups

Biomarker Healthy control (n=28) | Overweight (n=30) Obesity (n=30) P value
Resistin ng/mL 17.61 + 27,34 23.72 + 2847 30.84£29.91¢ >0.05
Ghrelin ng/mL 420.15+108.222 301.81 +£97.17° 229.62 + 82.64¢ <0.001%**

SOD ng/mL 351.77 +44.712 245.37 £ 37.60° 111.48 £41.64¢ <0.001%**

GPX ng/mL 1.71 £ 1.10° 0.778 £ 0.528 0.504 £ 0.215° <0.001%**

**P<0.001, *Different letters within the same row indicate statistically significant differences (P < 0.05),
while similar letters indicate no significant differences between groups.

According to Tables 4 and 5 and Fig. 1, we performed Receiver Operating Characteristic (ROC)
curve analysis of resistin and ghrelin to evaluate effectiveness in discriminating between overweight,
obese, and healthy individuals. As indicated by the AUC value (AUC = 0.677, P < 0.05), the results
indicate that resistin is not very efficient in discriminating between obese and healthy individuals.
The discriminatory power of resistin for overweight versus healthy subjects was low to moderate.
Although the discriminatory power of resistin was slightly enhanced in obese subjects, it still
performed less effectively than other biomarkers in comparison to healthy subjects. This agrees with
previous studies indicating that resistin is linked to body fat mass rather than BMI in adolescents,
which leads to its lack of discriminatory power at the earliest stages of obesity [30]. Furthermore,
another study noted that the effect of resistin is confounded by various factors, limiting its specificity
as an independent biomarker, which could account for the overlap in values between healthy persons
and those suffering from various disorders [31].

In contrast, based on the current data, ghrelin has good to excellent discriminatory power in the
study groups. This meant that the greatest accuracy was attained when studying obese individuals
against healthy controls (AUC = 0.920), which is owing to the striking hormonal changes at this
stage. In comparison, this discriminatory power attenuated when comparing overweight with healthy
controls (AUC = 0.808), which can be a result of the fact that changes in ghrelin levels are less
pronounced during the early stages of overweight. On the whole, the greater the severity of obesity,
the more accurate ghrelin is as a biomarker. Recent studies have shown that ghrelin has a highly
predictive potential in obesity-related metabolic diseases. Such differences in discriminatory
performance in the overweight-obesity relation may be due to a larger magnitude of hormonal
changes related to increased severity of disturbances in energy balance [32]. This is in line with a
previous study that found that ghrelin is sensitive to changes in body mass; it is significantly elevated
during marked weight loss and decreases following weight restoration in patients with anorexia
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nervosa. This supports the use of ghrelin, as it is considered a more accurate assessment tool for
obesity than for overweight [33].

Table 4: Diagnostic performance of Resistin for discriminating overweight and obesity from healthy
controls using receiver operating characteristic analysis.

Resistin AUC Std. Error Sig. Sensitivity | Specificity
Healthy vs Overweight-Obesity 0.621 0.063 >0.05 65% 57.1%
Healthy vs Overweight 0.564 0.076 >0.05 43.3% 78.6%
Healthy vs Obesity 0.677 0.071 <0.05 76.7% 57.1%

Table 5: Diagnostic performance of ghrelin for discriminating overweight and obesity from healthy
controls using receiver operating characteristic analysis.

Ghrelin AUC Std. Error Sig. Sensitivity | Specificity
Healthy vs Overweight-Obesity 0.864 0.04 <0.001** 83.3% 78.6%
Healthy vs Overweight 0.808 0.058 <0.001** 83.3% 71.4%
Obesity Healthy vs 0.920 0.040 <0.001%** 93.3% 78.6%
**P<0.001
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Fig. 1 ROC curve of parameters (Resistin and Ghrelin) under study for groups (Overweight-Obesity,
Overweight, and Obesity)

Table 6 displays the correlation coefficient (overweight and obesity groups) to identify several
statistically significant associations between anthropometric characteristics, biochemical parameters,
and antioxidants. Specifically, BMI had a strong positive correlation with weight (r = 0.81, p < 0.01),
whilst weight and height showed a weak positive correlation (r = 0.53, p < 0.01). For biochemical
markers, weight was negatively correlated with ghrelin (r = -0.42, p < 0.01), SOD (r = -0.73, p <
0.01), and GPx (r = -0.34, p < 0.01). BMI was also negatively correlated with ghrelin (r = —0.49),
SOD (r = —0.94), and GPx (r = —0.37). Conversely, resistin was positively associated with GPx (r =
0.31, p <0.01), and ghrelin showed positive associations with SOD (r = 0.48, p <0.01) and GPx (r =
0.37, p < 0.01). Moreover, a positive correlation between SOD and GPx was found (r = 0.30, p <
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0.01). However, almost all factors examined had no significant association with age and weight,
indicating the observed variations in the study population are indirectly related to obesity indices.
The strong positive association between BMI and weight is in line with many studies that use BMI as
an effective measure to classify individuals according to obesity status. Moreover, owing to the
characteristics of human growth, a positive correlation between height and weight is expected [34].

Regarding the relationship involving resistin, an earlier study found positive correlations between
resistin levels and weight and BMI. This is consistent with the function of resistin as a factor in the
inflammatory response associated with fat accrual, obesity-associated metabolic derangements, and
insulin resistance. Additionally, ghrelin was negatively correlated with obesity severity, which
explains its inverse correlation with both BMI and weight. This is consistent with the findings of our
study, indicating that obesity could affect appetite-regulating hormones and exacerbate inflammatory
and oxidative stress [35]. These results indicate alignment with previous studies that demonstrated a
significant relationship between ghrelin and body weight, underscoring its potential role in energy
regulation in individuals [36]. one article suggested that the antioxidant capacity of the body
decreases in obesity, one article suggested that the antioxidant capacity of the body decreases in
obesity. This is believed to be caused by the association of abdominal obesity with an oxidative
imbalance, where excessive fat accumulation stimulates the overproduction of reactive oxygen

species (ROS) [37].

Regarding the association between ghrelin and antioxidants (SOD and GPx), this study
corroborates findings from prior studies that showed that a decrease in total antioxidant status and an
elevation of oxidative stress index in obese subjects are associated with compromised antioxidant
defenses, which may be linked to decreased ghrelin levels [38]. Conversely, in terms of resistin-
GPx, the present data are also consistent with current evidence that an inflammatory milieu induced
by high resistin (with other adipokines) results in elevated ROS production in adipose tissue. This
can overwhelm antioxidant defenses, such as the GPx enzyme, indirectly mirroring some of the
deleterious effects of increased resistin [39], [40].

Table 6: correlation among anthropometric variables, biomarkers, and Antioxidants in the combined
overweight and obesity group

Age Weight | Height BMI Resistin | Ghrelin SOD GPX

Age 1.00 0.06 -0.02 0.12 -0.18 -0.07 -0.08 -0.18
Weight 0.06 1.00 0.53%* 0.81%* 0.02 -0.42%* | -0.73%* -0.34%*

Height -0.02 0.53%* 1.00 -0.01 -0.05 0.04 0.09 -0.14
BMI 0.12 0.81%* -0.01 1.00 0.03 -0.49%* | -0.94%* -0.37**
Resistin -0.18 0.02 -0.05 0.03 1.00 0.07 -0.14 0.31*
Ghrelin -0.07 -0.42%* 0.04 -0.49** 0.07 1.00 0.48%* 0.37%*
SOD -0.08 -0.73%* 0.09 -0.94** -0.14 0.48%* 1.00 0.30*

GPx -0.18 -0.34%** -0.14 -0.37%* 0.31* 0.37** 0.30* 1.00

**P<0.001, *P<0.05
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4. Conclusion

These findings suggest a clear association between elevated body mass index (BMI) and variations in
certain biochemical and antioxidant biomarkers. These results support the concept of obesity as a
metabolic disorder associated with inflammation and oxidative stress. Across these groups, there was
an increase in resistin levels, but there was no statistically significant difference among the three
groups, which suggests that resistin is not suitable as a discriminative biomarker in the detection of
overweight and obesity. In contrast, ghrelin concentrations across the groups significantly and
incrementally decreased, which reflected a possible physiological imbalance concerning energy
balance regulation in overweight and obese individuals. The study found lower levels of antioxidant
markers, particularly SOD and GPx, in obese individuals compared with overweight and healthy
individuals. These enzymes are essential for the biological defense against oxidative stress by
scavenging free radicals and helping to prevent cellular injury. Based on these results, the conclusion
is that obesity contributes to oxidative stress dysregulation. Thus, obesity is a complex metabolic
disease defined by dysregulated metabolic hormones and oxidative stress that puts individuals at risk
for developing chronic diseases in the long term. Such biomarkers may eventually aid in identifying
novel targets for early diagnosis aimed at reducing oxidative stress disorders that are an etiological
factor of the condition itself.

References

[1] Kong, Y., Yang, H., Nie, R., Zhang, X., Zuo, F., Zhang, H., & Nian, X. (2025). Obesity: pathophysiology
and therapeutic interventions. Molecular biomedicine, 6(1), 25. https://doi.org/10.1186/s43556-025-
00264-9 .

[2] Woolcott, O. O., & Seuring, T. (2022). Prevalence trends in obesity defined by the Relative Fat Mass
(RFM) index among adults in the United States: 1999-2018: Abstracts from the 19h Annual World
Congress on Insulin Resistance Diabetes & Cardiovascular Disease. Metabolism: Clinical and
Experimental, 128. https://doi.org/10.1016/j.metabol.2021.155027 .

[3] Islam, A. S., Sultana, H., Refat, M. N. H., Farhana, Z., Kamil, A. A., & Rahman, M. M. (2024). The
global burden of overweight-obesity and its association with economic status, benefiting from STEPs
survey of WHO member states: A meta-analysis. Preventive Medicine Reports, 46, 102882.

[4] Ahmed, S. K., & Mohammed, R. A. (2025). Obesity: Prevalence, causes, consequences, management,
preventive strategies and future research directions. Metabolism Open, 27, 100375.

[5] Ilyas, Z., Perna, S., Al-Thawadi, S., Alalwan, T. A., Riva, A., Petrangolini, G., Gasparri, C., Infantino, V.,
Peroni, G., & Rondanelli, M. (2020). The effect of Berberine on weight loss in order to prevent obesity: A
systematic review. Biomedicine & pharmacotherapy = Biomedecine & pharmacotherapie, 127, 110137.
https://doi.org/10.1016/j.biopha.2020.110137 .

[6] Mills, K. T., Bundy, J. D., Kelly, T. N., Reed, J. E., Kearney, P. M., Reynolds, K., & He, J. (2016). Global
disparities of hypertension prevalence and control: A systematic analysis of population-based studies from
90 countries. Circulation, 134(6), 441-450. https://doi.org/10.1161/CIRCULATIONAHA.115.018912 .

[7] Abbas, N. K., Abd Alwahab, H. S. A. A., Yas, A. A., Al-Salihi, A. A. W. J., & Abdulkafi, A. Q. (2024).
Study the prevalence of obesity among Iraqi patients, knowledge of disorders, and clear communication
about weight and health between patients and health care providers. Sarcouncil Journal of Internal
Medicine and Public Health, 3(5), 26-31. https://doi.org/10.5281/zenodo.13963764.

[8] Chait, A., & den Hartigh, L. J. (2020). Adipose Tissue Distribution, Inflammation and Its Metabolic
Consequences, Including Diabetes and Cardiovascular Disease. Frontiers in cardiovascular medicine, 7,
22. https://doi.org/10.3389/fcvm.2020.00022 .

58


https://doi.org/10.1186/s43556-025-00264-9
https://doi.org/10.1186/s43556-025-00264-9
https://doi.org/10.1016/j.metabol.2021.155027
https://doi.org/10.1016/j.biopha.2020.110137
https://doi.org/10.1161/CIRCULATIONAHA.115.018912
https://doi.org/10.5281/zenodo.13963764
https://doi.org/10.3389/fcvm.2020.00022

Osol Journal of Medical Sciences (OJMS) ISSN: 3005-9097
DOI: 10.69946/0jms/2026.04.01.06, pp(50-61)

[9] Hemat Jouy, S., Mohan, S., Scichilone, G., Mostafa, A., & Mahmoud, A. M. (2024). Adipokines in the
Crosstalk between Adipose Tissues and Other Organs: Implications in Cardiometabolic Diseases.
Biomedicines, 12(9), 2129. https://doi.org/10.3390/biomedicines12092129 .

[10] Ahmed, H. T., & Hussein, S. Z. (2025). Estimation of resistin and adiponectin levels in Iraqi women with

hypothyroidism. Iraqi Journal of Science, 66(10), 4078—4090. https://doi.org/10.24996/ijs.2025.66.10.6 .

[11] Ling, Y., Han, B., Gu, T., & Jiang, X. (2025). Resistin in cardiac diseases: from molecular mechanisms
to clinical implications. Frontiers n endocrinology, 16, 1708332.
https://doi.org/10.3389/fendo.2025.1708332 .

[12] Al-Shuhaib, M. B. S., Alam, S., Khan, S. A., Hashim, H. O., Obayes, D. H., & Al-Shuhaib, J. M. (2024).
Masoprocol: a promising candidate for targeting insulin resistance by inhibiting resistin with optimal
druglikeness Potentials: an in silico approach. Journal of Biomolecular Structure and Dynamics, 42(19),
10044-10056.

[13] Vijayashankar, U., Ramashetty, R., Rajeshekara, M., Vishwanath, N., Yadav, A. K., Prashant, A., &
Lokeshwaraiah, R. (2024). Leptin and ghrelin dynamics: unraveling their influence on food intake,
energy balance, and the pathophysiology of type 2 diabetes mellitus. Journal of diabetes and metabolic
disorders, 23(1), 427—440. https://doi.org/10.1007/s40200-024-01418-2.

[14] Higuchi, M., Dusting, G. J., Peshavariya, H., Jiang, F., Hsiao, S. T. F., Chan, E. C., & Liu, G. S. (2013).
Differentiation of human adipose-derived stem cells into fat involves reactive oxygen species and
Forkhead box Ol mediated upregulation of antioxidant enzymes. Stem cells and development, 22(6),
878-888.

[15] Hammoud, A. S., & Salman, M. 1. (2023).Obesity in western Iraqi patients: The involvement of
glutathione peroxidase, catalase, superoxide dismutase, and malondialdehyde. Wasit Journal for Pure
Sciences, 2(3).https://doi.org/10.31185/wjps.211.

[16] Lu, Y., Mou, Y., Liu, Y., Chen, A. S., Herrin, J., Spatz, E., Sharifi, M., Jastreboff, A. M., & Krumholz,
H. M. (2025). Age-Specific Associations Between Adiposity and Mortality in U.S. Adults, 1999-2018.
JACC. Advances, 4(12 Pt 2), 102234. https://doi.org/10.1016/]j.jacadv.2025.102234 .

[17] Te Hoonte, F., Rietman, M. L., Wesenhagen, K. E. J., Picavet, H. S. J., & Verschuren, W. M. M. (2026).
Association of body mass index, waist circumference, (abdominal) overweight and obesity with sex- and
age-specific cognitive function over time-the Doetinchem Cohort Study. International journal of obesity
(2005), 10.1038/s41366-026-02034-1. Advance online publication. https://doi.org/10.1038/s41366-026-
02034-1 .

[18] Lassale, C., Péneau, S., Touvier, M., Julia, C., Galan, P., Hercberg, S., & Kesse-Guyot, E. (2013).
Validity of web-based self-reported weight and height: results of the Nutrinet-Santé study. Journal of
medical Internet research, 15(8), e152. https://doi.org/10.2196/jmir.2575 .

[19] Celik, S. B., Bucaktepe, P. G. E., Batur, U. B., & Bulut, I. U. (2023). Obezite gelistirme riskini
ongorebilecek bazi dlglim parametrelerinin analizi: Klinik bir ¢calisma. Journal of Medicine and Palliative
Care. https://doi.org/10.47582/jompac.1199357 .

[20] Al-Dallal, R., Thomas, K., Lee, M., Chaudhri, A., Davis, E., Vaidya, P., Lee, M., McCormick, J. B.,
Fisher-Hoch, S. P., & Gutierrez, A. D. (2025). The Association of Resistin with Metabolic Health and
Obesity in a Mexican-American Population. International journal of molecular sciences, 26(9), 4443.
https://doi.org/10.3390/ijms26094443 .

[21] Fiorotti, A. M., Gomes, A. C. A., Bortoli, A. M., Brito, B. B. d., Nunes, K. Z., Haraguchi, F. K., &
Bolsoni-Lopes, A. (2024). Dynamic Changes in Adiponectin and Resistin Drive Remission of
Cardiometabolic Risk Biomarkers in Individuals with Obesity Following Bariatric Surgery.
Pharmaceuticals, 17(2), 215. https://doi.org/10.3390/ph17020215.

[22] Zhang, J., Lu, E., Deng, L., Zhu, Y., Lu, X,, Li, X, Li, F., Yan, Y., Han, J. Y., Li, Y., & Zhang, Y.
(2024). Immunological roles for resistin and related adipokines in obesity-associated tumors.
International immunopharmacology, 142(Pt A), 112911. https://doi.org/10.1016/j.intimp.2024.112911 .

59


https://doi.org/10.3390/biomedicines12092129
https://doi.org/10.24996/ijs.2025.66.10.6
https://doi.org/10.3389/fendo.2025.1708332
https://doi.org/10.1007/s40200-024-01418-2
https://doi.org/10.31185/wjps.211
https://doi.org/10.1016/j.jacadv.2025.102234
https://doi.org/10.1038/s41366-026-02034-1
https://doi.org/10.1038/s41366-026-02034-1
https://doi.org/10.2196/jmir.2575
https://doi.org/10.47582/jompac.1199357
https://doi.org/10.3390/ijms26094443
https://doi.org/10.3390/ph17020215
https://doi.org/10.1016/j.intimp.2024.112911

Osol Journal of Medical Sciences (OJMS) ISSN: 3005-9097
DOI: 10.69946/0jms/2026.04.01.06, pp(50-61)

[23] Wang, Y., Wu, Q., Zhou, Q., Chen, Y., Lei, X., Chen, Y., & Chen, Q. (2022). Circulating acyl and des-
acyl ghrelin levels in obese adults: a systematic review and meta-analysis. Scientific reports, 12(1), 2679.
https://doi.org/10.1038/s41598-022-06636-3 .

[24] Alyar, G., & Umudum, F. Z. (2024). Differences in the levels of the appetite peptides ghrelin, peptide
tyrosine tyrosine, and glucagon-like peptide-1 between obesity classes and lean controls. Laboratory
medicine, 55(5), 553-558. https://doi.org/10.1093/labmed/lmae004 .

[25] Lewandowski, L., Kepinska, M., & Milnerowicz, H. (2020). Alterations in Concentration/Activity of
Superoxide Dismutases in Context of Obesity and Selected Single Nucleotide Polymorphisms in Genes:
SOD1, SOD2, SOD3. International Journal of Molecular Sciences, 21(14), 50609.
https://doi.org/10.3390/ijms21145069 .

[26] Cota-Magaiia, A. 1., Vazquez-Moreno, M., Rocha-Aguado, A., Angeles—Mejia, S., Valladares-Salgado,
A., Diaz-Flores, M., Lopez-Diazguerrero, N. E., & Cruz, M. (2024). Obesity Is Associated with
Oxidative Stress Markers and Antioxidant Enzyme Activity in Mexican Children. Antioxidants (Basel,
Switzerland), 13(4), 457. https://doi.org/10.3390/antiox13040457.

[27] Cecerska-Hery¢, E., Engwert, W., Michatow, J., Marciniak, J., Birger, R., Serwin, N., Hery¢, R.,
Polikowska, A., Goszka, M., Wojciuk, B., Wisniewska, M., & Dotggowska, B. (2025). Oxidative stress
markers and inflammation in type 1 and 2 diabetes are affected by BMI, treatment type, and
complications. Scientific reports, 15(1), 23605. https://doi.org/10.1038/s41598-025-05818-z.

[28] Colak, E., & Zorié, L. (2025). Interrelation of Oxidative Stress and Genetics in Pathophysiology of
Obesity and Obesity-Related Conditions. Genes, 16(5), 489. https://doi.org/10.3390/genes16050489 .

[29] Hurrle, S., & Hsu, W. H. (2017). The etiology of oxidative stress in insulin resistance. Biomedical
journal, 40(5), 257-262. https://doi.org/10.1016/j.bj.2017.06.007 .

[30] Ortega, L., Riestra, P., Navarro, P., Gavela-Pérez, T., Soriano-Guillén, L., & Garcés, C. (2013). Resistin
levels are related to fat mass, but not to body mass index in children. Peptides, 49, 49-52.
https://doi.org/10.1016/j.peptides.2013.08.019.

[31] Bernardi, S., Tonon, F., Barbieri, M., Zamagni, G., Nuredini, R., Perer, L., Comar, S., Toffoli, B.,
Ronfani, L., Ricci, G., Fabris, B., & Stampalija, T. (2024). A longitudinal study on the effect of obesity
upon circulating renin-angiotensin system in normal pregnancy. Nutrition, metabolism, and
cardiovascular diseases : NMCD, 34(3), 771-782. https://doi.org/10.1016/j.numecd.2023.10.030 .

[32] Xin, X., Wang, H., Guo, Y., & Xie, J. (2025). Effect of long-term exercise on circulating ghrelin in
overweight and obese individuals: a systematic review and meta-analysis. Frontiers in nutrition, 12,
1518143. https://doi.org/10.3389/fnut.2025.1518143.

[33] Kim, Y. R., Lauze, M. S., Slattery, M., Perlis, R. H., Holsen, L. M., Breithaupt, L., Stern, C. M., Fava,
M., Thomas, J. J., Lawson, E. A., Misra, M., & Eddy, K. T. (2023). Association Between Ghrelin and
Body Weight Trajectory in Individuals With Anorexia Nervosa. JAMA network open, 6(3), €234625.
https://doi.org/10.1001/jamanetworkopen.2023.4625 .

[34] Mayasari, N. R., Kumalasari, I., Indrawati, V., & Pratama, S. A. (2025). Obesity and correlation of body
mass index and body composition among sports sciences versus non-sport sciences students. Al-Rafidain
Journal of Medical Sciences, 8(1), 27-31. https://doi.org/10.54133/ajms.v8il1.1549 .

[35] Cruz-Dominguez, M. P., Cortés, D. H., Zarate, A., Tapia-Gonzalez, M.deL., Alvarez-Acosta, S.,
Damasio, L., & Manuel-Apolinar, L. (2014). Relationship of ghrelin, acid uric and proinflammatory
adipocytokines in different degrees of obesity or diabetes. International journal of clinical and
experimental medicine, 7(5), 1435-1441.

[36] Wang, Y., Wu, Q., Zhou, Q., Chen, Y., Lei, X., Chen, Y., & Chen, Q. (2022). Circulating acyl and des-
acyl ghrelin levels in obese adults: a systematic review and meta-analysis. Scientific reports, 12(1), 2679.
https://doi.org/10.1038/s41598-022-06636-3 .

[37] Li, X., Aili, A., Aipire, A., Maimaitiyusupu, P., Maimaitiming, M., & Abudureyimu, K. (2024).
Correlation analysis between the changes in plasma ghrelin level and weight loss after sleeve

60


https://doi.org/10.1038/s41598-022-06636-3
https://doi.org/10.1093/labmed/lmae004
https://doi.org/10.3390/ijms21145069
https://doi.org/10.3390/antiox13040457
https://doi.org/10.1038/s41598-025-05818-z
https://doi.org/10.3390/genes16050489
https://doi.org/10.1016/j.bj.2017.06.007
https://doi.org/10.1016/j.peptides.2013.08.019
https://doi.org/10.1016/j.numecd.2023.10.030
https://doi.org/10.3389/fnut.2025.1518143
https://doi.org/10.1001/jamanetworkopen.2023.4625
https://doi.org/10.54133/ajms.v8i1.1549
https://doi.org/10.1038/s41598-022-06636-3

Osol Journal of Medical Sciences (OJMS) ISSN: 3005-9097
DOI: 10.69946/0jms/2026.04.01.06, pp(50-61)

gastrectomy combined with fundoplication. BMC surgery, 24(1), 176. https://doi.org/10.1186/s12893-
024-02468-2 .

[38] Zora, S., Yigitbasi, T., Ulfer, G., & Emekli, N. (2019). Serum Concentration of Ghrelin, Oxidative Stress
and Lipid Parameters in Obese Subjects. 77(2), 55-58. https://doi.org/10.26650/EURJBIOL.2018.18008

[39] Taherkhani, S., Suzuki, K., & Ruhee, R. T. (2021). A Brief Overview of Oxidative Stress in Adipose
Tissue with a Therapeutic Approach to Taking Antioxidant Supplements. Antioxidants (Basel,
Switzerland), 10(4), 594.https://doi.org/10.3390/antiox10040594.

[40] Kirichenko, T. V., Markina, Y. V., Bogatyreva, A. 1., Tolstik, T. V., Varaeva, Y. R., & Starodubova, A.
V. (2022). The Role of Adipokines in Inflammatory Mechanisms of Obesity. International journal of
molecular sciences, 23(23), 14982. https://doi.org/10.3390/ijms232314982.

61


https://doi.org/10.1186/s12893-024-02468-2
https://doi.org/10.1186/s12893-024-02468-2
https://doi.org/10.26650/EURJBIOL.2018.18008
https://doi.org/10.3390/antiox10040594
https://doi.org/10.3390/ijms232314982

