
Association of Cortisol and Adiponectin with Oxidative Stress 
Biomarkers in Obese Iraqi Adults 

Dania Salah Abdel Rahim1, Luay Qasim Abdulhameed1 and Takoua Ben Hlel2 
1Department of Biology, College of Education for Pure Sciences, University of Diyala, 32001 Baqubah, Iraq 

2LIP-MB Laboratory (LR11ES24), National Institute of Applied Sciences and Technology, University of Carthage, 
BP 676, 1080 Tunis Cedex, Tunisia 

dania.salaah@gmail.com, loai.qassim@uodiyala.edu.iq, takoua.benhlel@fst.utm.tn  

Keywords: Obesity, Adiponectin, Cortisol, Malondialdehyde, Catalase. 

Abstract: Obesity is a condition that directly impacts a variety of metabolic processes. The study investigated 
relationship between cortisol, adiponectin, and oxidative stress indicators in obese Iraqi adults. Between 
October 2025 and April 2026, a total of 88 Iraqi adults between the ages of 18 and 65 were recruited from 
Baqubah Teaching Hospital and specialist outpatient clinics in Baqubah City, Diyala Governorate. 
Participants were divided into three categories: healthy controls (n=28), overweight (n=30), and obese 
individuals (n=30). Venous blood samples were obtained under sterile circumstances, and cortisol, 
adiponectin (ADPN), catalase (CAT), and malondialdehyde (MDA) concentrations were determined using 
enzyme-linked immunosorbent assay (ELISA). The study observed significant anthropometric differences 
across groups. BMI increased sequentially among the three groups (P < 0.001). Additionally, cortisol levels 
were significantly higher in obese people than in overweight and healthy persons (P < 0.001). ADPN levels, 
on the other hand, gradually and dramatically decreased as body weight status increased (P < 0.001). 
Significant changes were also observed in oxidative stress markers, where CAT activity decreased and MDA 
levels increased in study groups from healthy to overweight and obese. According to ROC curve analysis, 
ADPN levels showed better diagnostic value in differentiating across study groups compared to cortisol 
levels, which only showed moderate diagnostic value. In conclusion, obesity is closely related to oxidative 
stress and hormonal imbalance, which are indicated by increased levels of cortisol, decreased levels of ADPN, 
antioxidant defenses, and MDA. It is therefore proposed that ADPN could be used as a biomarker for 
metabolic disorders related to obesity.

1 INTRODUCTION 

Obesity is a disease that impacts many metabolic 
pathways directly. Obesity is now a threat to all, 
including industrialized nations, because of lifestyle 
changes, lack of physical activity, and 
overconsumption of high-calorie meals [1]. 
Especially in low- and middle-income nations, 
obesity has been rising in recent decades and is 
projected to become one of the most significant 
public health issues in the twenty-first century [2]. 
Obesity among Iraqi patients is a major health 
concern, mirroring other obesity-related health issues 
in the Arab region. Obesity levels have escalated in 
the country, mirroring global statistics on obesity. It 
is estimated that the number of overweight and obese 
persons in Iraq reflects a general increase in obesity 
levels worldwide. The prevalence of obesity in the 

world has almost doubled since 1980 [3]. There are 
worrying statistics on obesity among certain 
demographic groups. For example, obesity levels are 
as high as 54.5% among men and 45.5% among 
women [4]. In a study carried out in the Kurdistan 
Region between 2018 and 2023, hypertension, 
diabetes, dyslipidemia, and physical inactivity are 
identified as the most common modifiable risk factors 
for CVD among Iraqi patients. In the study, 86.17% 
of cardiac patients were found to have hypertension, 
whereas physical inactivity and dyslipidemia were 
observed in 60.59% and 56.31%, respectively [5]. 
These results are comparable to other findings in 
other places, and in addition to this, smoking and 
unhealthy food habits are also contributing to the rise 
in obesity levels [6], [7]. Besides this, Obesity also 
affects metabolic health in a significant way. Recent 
studies suggest that obesity may influence the release 
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and activity of many metabolic hormones, causing 
disruptions in energy and glucose metabolism [8], [9]. 
Obesity's effect on hormones such as insulin, leptin, 
ghrelin, and adiponectin (ADPN) are crucial for 
understanding the pathophysiology of obesity-related 
problems, including type 2 diabetes and 
cardiovascular disease [10]. The importance of 
hormonal imbalance in obesity management is further 
emphasized by the potential for a vicious cycle to 
arise from these hormonal imbalances to worsen the 
condition [11]. In addition to fat storage, WAT is a 
key component in metabolism and inflammation due 
to the secretion of adipokines, which are bioactive 
molecules that have hormone-like effects. Among 
these is adiponectin, a 30-kDa secretory hormone 
primarily secreted by adipocytes. It is known to 
increase insulin sensitivity and possesses anti-
inflammatory effects. There are three major isoforms 
of adiponectin, which are classified according to 
molecular weight: low molecular weight (LMW), 
middle molecular weight (MMW), and high 
molecular weight (HMW). Among these variants, 
HMW adiponectin is thought to be the most 
physiologically active and a good indication of 
insulin sensitivity. Reduced HMW adiponectin levels 
have been linked to obesity-related insulin 
resistance [8]. Furthermore, adipose tissue produces 
hormones that can impact energy balance and help 
regulate metabolism. These hormones may encourage 
the buildup of fat in obese people and impede 
attempts to lose weight [12]. One of these hormones 
is cortisol, also known as the "stress hormone," which 
is synthesized by the adrenal glands in reaction to 
stress and is integral to numerous physiological 
processes, including metabolism and immunological 
response [13]. A study reported there is a correlation 
between chronic stress and obesity, which in turn 
activates the hypothalamic-pituitary-adrenal (HPA) 
axis and sets off the neuroendocrine response system. 
This activation leads to increased cortisol synthesis, 
which causes inflammatory responses that can harm 
the body's tissues [14]. Also, chronic stress raises 
cortisol levels, which can contribute to weight gain, 
especially around the abdomen, because of an 
increase in hunger [15]. Furthermore, obesity disrupts 
the balance of antioxidant enzymes like superoxide 
dismutase (SOD) and catalase (CAT), which 
exacerbates oxidative stress and lipid peroxidation 
and strengthens the connection between oxidative 
stress and obesity [16], [17]. As a result, 
understanding hormonal issues is crucial for treating 
obesity and related metabolic disorders. This study 
intends to evaluate the relationship between serum 

cortisol, adiponectin levels, and oxidative stress 
indicators in obese people in an Iraqi community. 

2 MATERIALS AND METHODS 

2.1 Participants 

The current study involved 88 Iraqi individuals aged 
between 18 and 65 years. The participants were 
divided into three categories: healthy controls (n=28), 
those who are overweight (n=30), and those who are 
obese (n=30). They were recruited from Baqubah 
Teaching Hospital and the Specialized Outpatient 
Clinics in Baqubah City, Diyala Governorate, during 
the timeframe from October 2025 to April 2026. 

All individuals involved shared their clinical and 
demographic data as per the study protocol. Venous 
blood, totaling five milliliters, was drawn from each 
individual under sterile conditions, transferred to gel 
tubes, and permitted to clot at room temperature. 
After a 10-minute centrifugation at 4000 rpm, the 
serum was isolated, placed into sterile Eppendorf 
tubes, and stored at -20 °C until further biochemical 
testing was conducted. 

2.2 Determination of Serum Metabolic 
Hormones 

Using commercially available kits (cortisol, ADPN, 
CAT and MDA, USCN. Comp.), the sandwich 
enzyme-linked immunosorbent assay (ELISA) was 
used to measure the serum concentrations of cortisol 
and adiponectin. 96-well microplates that had been 
pre-coated with particular antibodies were used for 
the assay. As directed by the manufacturer, serum 
samples, biotin-conjugated antibodies, and HRP-
conjugated avidin were added one after the other. 
Absorbance was measured at 450 nm when the 
reaction was stopped with stop solution after 
incubation and the addition of TMB substrate. 

2.3 Demographics/BMI 

A questionnaire created specifically for this study was 
used to gather demographic data, such as age and sex. 
A member of the study team measured the 
participants' weight both at baseline and at follow-up. 
These weights and measured heights were used to 
calculate the body mass index (BMI) [18]. 
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2.4 Exclusion Criteria 

In order to ensure homogeneity among the 
participants and minimize confounding factors. 
Those taking medications like estrogens, inhaled 
corticosteroids, anabolic steroids by injection, or oral 
glucocorticoids, which are known to influence 
cortisol or adipokine concentrations, were excluded. 
Those suffering from psychopathology or other 
pathological disorders associated with energy 
metabolism were not selected either. Moreover, 
individuals diagnosed with heart, renal, hepatic, or 
pulmonary insufficiencies were excluded. 

2.5 Data Analysis 

The statistical analysis as well as the graphical 
representation of the data were conducted using IBM 
SPSS Statistics software as well as GraphPad Prism. 
In SPSS, the data were checked for normality 
(Shapiro-Wilk test) as well as homogeneity of 
variance (Levene’s test). After checking the data, the 
comparison of the three groups of the study (mean ± 
standard deviations), namely healthy control, 
overweight, and obesity, was conducted using one-
way analysis of variance (ANOVA) as well as 
multiple pairwise comparisons. In addition, 
Spearman’s rank correlation coefficient. In GraphPad 
Prism, diagnostic performance of biomarkers was 
evaluated using receiver operating characteristic 
(ROC) curve analysis, with area under the curve 
(AUC), sensitivity, and specificity reported. A P 
value less than 0.05 was considered significant. 

3 RESULTS AND DISCUSSION 

Table 1 summarizes the participants' baseline 
demographics by BMI category (healthy control, 
overweight, and obesity). Participants were 
distributed fairly evenly across the three groups, with 
30 people (34.1%) in each of the overweight and 
obese groups and 28 people (31.8%) in the healthy 
control group. The groups' BMI showed highly 
significant differences (P < 0.001), clearly increasing 
from the healthy control group to the overweight 
group and finally to the obese group. Males and 
females made up 46.4% and 53.6% of the healthy 
control group, 70.0% and 30.0% of the overweight 
group, and 60.0% and 40.0% of the obese group, 
respectively (P > 0.05). Similarly, there was no 
statistically significant difference (P > 0.05) in the 
mean age, which was 34.29 ± 13.78 years in the 
healthy control group, 34.80 ± 10.99 years in the 
overweight group, and 34.20 ± 9.46 years in the 
obesity group. Additionally, there was no discernible 
difference in the distribution of participants by age 
group (P > 0.05). 

BMI, a widely used tool for assessing obesity, 
better predicts obesity risk [19]. When taken as a 
whole, these findings show that the demographic 
features of the three groups were well matched at 
baseline. This interpretation is in line with earlier 
studies on obesity that purposefully selected age- and 
sex-comparable groups to increase study efficiency 
and reduce confounding. Age affects the relationship 
between BMI and health outcomes, with younger 
individuals showing higher BMI values for the same 
adiposity levels compared to older adults [20].  

Table 1: Baseline demographic characteristics of the study participants according to body mass index category (healthy 
control, overweight, and obesity). 

Variable Healthy control (n=28) Over-weight (n=30) Obesity (n=30) P value 
Sample size, n (%) 28 (31.8%) 30 (34.1%) 30 (34.1%)  

BMI (kg/m²) 23.92 ± 1.37ᵃ 27.41 ± 1.20ᵇ 34.30 ± 2.88ᶜ <0.001** 
Sex, n (%)    > 0.05ᵃ 

Male 13 (46.4%) 21 (70.0%) 18 (60.0%)  
Female 15 (53.6%) 9 (30.0%) 12 (40.0%)  

Age (years), Mean ± SD 34.29 ± 13.78 34.80 ± 10.99 34.20 ± 9.46 > 0.05ᵇ 
Age categories, n (%)    > 0.05ᵃ 

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

** p < 0.001, * p < 0.05 
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Table 2: Comparison of biochemical and oxidative stress biomarkers among healthy control, overweight, and obesity groups. 

Biomarker Healthy control (n=28) Over-weight (n=30) Obesity (n=30) P value 
Cortisol ng/mL 15.84 ± 15.75ᵃ 17.34 ± 12.11ᵃ 30.85 ± 13.87ᵇ <0.001** 
ADPN ng/mL 5.28 ± 1.06ᵃ 3.79 ± 0.88ᵇ 2.11 ± 1.03ᶜ <0.001** 
CAT ng/mL 0.072 ± 0.032ᵃ 0.045 ± 0.014ᵇ 0.035 ± 0.010ᶜ <0.001** 
MDA ng/mL 108.38 ± 50.90ᵃ 178.72 ± 45.40ᵇ 228.13 ± 40.61ᶜ <0.001** 

Additionally, gender plays a significant role in 
obesity-related health outcomes. Females generally 
exhibit higher complication rates post-surgery across 
all BMI categories [21]. Conversely, the association 
between BMI and mortality risk varies with age. 
Obesity class II consistently correlates with higher 
mortality risk across all ages, while the relationship 
for lower obesity classes changes with age [22]. 

All biochemical and oxidative stress markers in 
Table 2 indicated very significant differences 
between the three study groups; the P value for each 
variable was less than (< 0.001), demonstrating a 
strong relationship between the changes and the 
participants' weight status. The obese group had 
higher cortisol levels than the overweight and healthy 
groups, according to the findings. The obese group 
had cortisol levels of 30.85 ± 13.87, while the healthy 
and overweight groups had values of 15.84 ± 15.75 
and 17.34 ± 12.11, respectively. The latter two groups 
did not differ significantly from one another. The 
results of our investigation are in consistent with a 
recent study that discovered that women who were 
obese had considerably higher total cortisol levels 
than their counterparts who were normal weight, with 
mean serum cortisol levels of 6.2 µg/dl versus 4.7 
µg/dl, respectively [23]. About 20% of children and 
adolescents in another study had high cortisol levels, 
which may be connected to metabolic syndrome [24]. 
The metabolic activity of the enzyme 11β-HSD1 may 
be the cause of increased cortisol release in obesity. 
This enzyme is in charge of converting inactive 
cortisol into cortisol, the active form. Elevated 11β-
HSD1 activity in adipose tissue raises local cortisol 
levels, which in turn stimulate fat storage, especially 
in the visceral area, and the differentiation of primary 
adipocytes into mature adipocytes [25]. The findings 
also showed that when weight increased and obesity 
developed, adiponectin levels significantly and 
steadily decreased. The healthy group's ADPN levels 
were 5.28 ± 1.06, the overweight groups were 3.79 ± 
0.88, and the obese groups were 2.11 ± 1.03. All 
groups showed significant differences. The results of 
our investigation are in consistent with a recent study 
that indicated that healthy obese people had 
considerably lower serum ADPN levels than non-
obese controls (2.35±0.77 vs. 8.10±2.98 μg/mL) [26]. 

The reduction in ADPN levels is explained by the 
hypertrophy of fat cells in obesity, which increases 
the production of inflammatory cytokines, including 
TNF-α and IL-6, which directly block the expression 
and secretion of the ADPN gene [27]. The antioxidant 
CAT, which registered 0.072 ± 0.032 and 0.045 ± 
0.014 and 0.035 ± 0.010, respectively, showed a 
substantial and steady decline from the healthy group 
to the overweight group and finally to the obese 
group. This is attributed to a CAT overexpression in 
reaction to elevated oxidative stress in this particular 
setting [28]. this result consistent with Many studies 
show that obese people frequently have decreased 
catalase activity in a variety of tissues, including the 
liver and adipose tissue. This decline exacerbates 
oxidative stress and cell damage by reducing the 
body's capacity to neutralize hydrogen peroxide [29]. 
MDA showed a distinct and steady rise in all research 
groups, starting at 108.38 ± 50.90 in the healthy 
group, increasing to 178.72 ± 45.40 in the overweight 
group, and finally reaching 228.13 ± 40.61 in the 
obese group. This finding is in agreement with 
numerous adult and pediatric studies that show 
considerably greater MDA in obese compared to 
normal-weight individuals [30], [31]. This rise in 
MDA levels in the blood or urine is indicative of 
increased lipid and cell membrane damage brought on 
by the long-term oxidative stress linked to obesity. 
The significance of MDA as a sensitive clinical 
biomarker of oxidative stress and its interaction with 
lipid membranes in the setting of metabolic disorders 
has been validated by recent research [32], [33]. 

From Tables 3 and 4, (Fig.1) receiver operating 
characteristic (ROC) curve analysis was done to 
evaluate the diagnostic efficacy of both cortisol and 
ADPN in distinguishing between overweight and 
obese people and healthy persons. According to the 
data (AUC = 0.810) and significant statistical 
significance (P < 0.001), the current results 
demonstrated that cortisol has a moderate diagnostic 
ability in distinguishing between obesity and healthy 
individuals. Cortisol's capacity to distinguish between 
overweight and healthy people was clearly limited, 
according to the data (AUC = 0.586), and the findings 
were not statistically significant (P > 0.05). The 
limited specificity reported in most comparisons 
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indicates a significant proportion of false positives, 
which limits cortisol's utility as an independent 
biomarker for early detection. These findings are 
comparable with those of Abraham et al. (2013), who 
found that cortisol levels can be altered by a variety 
of physiological and psychological factors other than 
fat storage, reducing its discriminatory value [34]. 
Fan et al. (2021) back up this claim by finding 
inconsistent relationships between morning cortisol 
levels and several measures of obesity, implying that 
cortisol is not a sufficiently specific biomarker for 
detecting early-stage overweightness [35]. On the 
other hand, adiponectin showed remarkable 
diagnostic efficacy in every comparison, with AUC 
values ranging from 0.864 to 0.989, indicating 
extremely high case classification accuracy. 
Adiponectin was the best at discriminating between 
obesity and healthy people, with full sensitivity 
(100%) and good specificity (89.3%) as shown Table 
5. These findings support the critical function of 
ADPN as an accurate biomarker, as revealed in a 
previous study by Liu et al. (2018), who found that 
adiponectin had strong predictive potential for 
metabolic disorders linked with obesity [36]. 
Agostinis-Sobrinho et al. (2022) supports these 
findings by demonstrating that ADPN surpasses 
many other biomarkers in predicting the likelihood of 
insulin resistance and fat mass disorders due to its 
strong and direct inverse connection with adipose 
tissue [37]. 

From Table 5, Spearman's correlation matrix in 
the overweight and obese groups indicated multiple 
significant relationships between anthropometric 
factors and biochemical markers. Weight and BMI 
showed a high positive connection (r s = 0.81, P < 
0.01), whereas weight and height showed a moderate 
positive correlation (r s = 0.53, P < 0.01). At the 

biomarker level, weight was positively connected 
with cortisol (rs = 0.36, P < 0.01) and MDA (rs = 0.32, 
P < 0.01) but negatively correlated with ADPN (rs = 
-0.45, P < 0.01) and CAT (rs = -0.36, P < 0.01). BMI 
also correlated positively with cortisol (rs = 0.42, P < 
0.01) and MDA (rs = 0.54, P < 0.01), but negatively 
with ADPN (rs = -0.66, P < 0.01) and CAT (rs = -
0.47, P < 0.01). A positive connection was also 
discovered between height and ADPN (rs = 0.26). 
The majority of the variables examined showed no 
significant associations with age, indicating that the 
changes seen in this cohort are more strongly 
associated with the obesity markers themselves than 
with age. The study's findings are consistent with 
BMI and weight having a high positive association, 
which is consistent with many studies that view BMI 
as a valid metric for classifying people based on their 
weight. Given the nature of physical growth, a 
positive link between height and weight is also 
anticipated [38]. Regarding the relation of cortisol, 
one study found that cortisol levels gradually 
increased with body weight growth. Individuals with 
high cortisol levels are 72% more likely to be fat, and 
obesity tends to persist over time in those with 
elevated cortisol [39]. Whereas another recent study 
found that increasing visceral fat (related to higher 
BMI and waist circumference) leads to a substantial 
drop in total ADPN levels [40]. In terms of the 
relationship between the CAT enzyme and MDA, a 
recent study found that as obesity increases, the 
body's antioxidant capacity declines, and that 
depletion of antioxidant defense mechanisms in 
situations of chronic obesity is caused by chronic 
oxidative stress. It also discovered that MDA was 
independently related to BMI, with MDA levels 
considerably higher in the overweight/obese  
group [41]. 

Table 3: Diagnostic performance of cortisol for discriminating overweight and obesity from healthy controls using receiver 
operating characteristic analysis. 

Cortisol AUC Std. Error Sig. Sensitivity Specificity 
Healthy vs Overweight-

Obesity 0.698 0.065 < 0.01 * 95% 39.3% 

Healthy vs Overweight 0.586 0.078 > 0.05 90% 39.3% 
Healthy vs Obesity 0.810 0.061 < 0.001** 93.3% 64.3% 

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

Adiponectin AUC Std. Error Sig. Sensitivity Specificity 
Healthy vs Overweight-Obesity 0.927 0.028 < 0.001 ** 95% 75% 

Healthy vs Overweight 0.864 0.049 < 0.001 ** 90% 75% 
Healthy vs Obesity 0.989 0.009 < 0.001 ** 100% 89.3% 
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Figure 1: ROC curve of parameters (Cortisol and ADPN) under study for groups (Overweight-Obesity, Overweight and 
Obesity). 

Table 5: Spearman correlation matrix among anthropometric variables and biochemical biomarkers in the combined 
overweight and obesity group. 

 Age Weight Height BMI Cortisol ADPN CAT MDA 
Age 1.00 0.06 -0.02 0.12 -0.01 0.15 -0.14 0.04 

Weight 0.06 1.00 0.53 0.81 0.36 -0.45 -0.36 0.32 
Height -0.02 0.53** 1.00 -0.01 -0.02 0.26 -0.03 -0.24 
BMI 0.12 0.81** -0.01 1.00 0.42 -0.66 -0.47 0.54 

Cortisol -0.01 0.36** -0.02 0.42** 1.00 -0.33 -0.08 0.23 
ADPN 0.15 -0.45** 0.26* -0.66** -0.33 1.00 0.18 -0.33 
CAT -0.14 -0.36** -0.03 -0.47** -0.08 0.18 1.00 -0.36 
MDA 0.04 0.32* -0.24 0.54** 0.23 -0.33 -0.36 1.00 

Consequently, it can be said that obesity is more 
than just being overweight; rather, it is linked to 
serious hormonal and metabolic problems, which are 
typified by increased stress and oxidative damage 
markers and decreased antioxidant and metabolic 
control markers. This lends credence to the idea that 
obesity is a complicated metabolic disorder that may 
make a person more vulnerable to long-term 
problems. 

4 CONCLUSIONS 

The findings of this study show a clear and 
statistically significant link between higher BMI and 
abnormalities in biochemical and oxidative stress 
indicators. The obesity group had significantly higher 
cortisol levels than the healthy and overweight 
control groups, indicating an elevated physiological 
stress response with growing obesity. In contrast, 
ADPN levels decreased gradually and significantly 
across all groups, showing a deterioration in its 
metabolic and anti-inflammatory protective effect as 

adipose tissue accumulation increased. The study also 
found a large decrease in the antioxidant enzyme 
CAT in overweight and obese people, which 
coincided with a considerable increase in MDA 
levels, a critical biomarker of lipid peroxidation. 
These findings indicate that obesity is linked to a 
significant imbalance in oxidative stress, as seen by 
decreased antioxidant defenses and increased cellular 
oxidative damage. As a result, obesity can be 
classified as a complex metabolic illness that includes 
hormonal, metabolic, and oxidative alterations that 
may raise the risk of developing chronic difficulties 
in the future. As a result, these indicators may be 
useful in detecting the pathogenic effects of obesity 
and promoting early intervention to reduce oxidative 
stress imbalances and their repercussions. 
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