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EVALUATION OF ANTIOXIDANT STATUS AND LIPID PEROXIDATION IN PERSONS WITH GLUGLUTEOFEMORAL AND ABDOMINAL OBESITY IN BENIN CITY NIGERIA

[bookmark: _Toc174348865]ABSTRACT
Obesity is a chronic condition that impacts people's quality of life on a physiological, economic, and psychological level regardless of their cultural, economic, or ethnic background. It is the leading health burden of the twenty-first century. This study was designed to evaluate the antioxidant status and lipid peroxidation in persons with glugluteofemoral and abdominal obesity in Benin City Nigeria. A total of 200 adult male and female subjects with age ranging from 18 to 65years were randomly recruited for this study. The test subjects consist of 100 male and female subjects with gluteofemoral and abdominal obesity who reside within Benin metropolis and the control subjects consist of age matched apparently healthy adult males and female subjects recruited from the University of Benin (100 subjects). Five milliliters (5 ml) of fasting venous blood sample was obtained from each participant for biochemical analysis. Antioxidant enzymes (Superoxide dismutase (SOD), glutathione peroxidase (GPX) and catalase (CAT) and Lipid Peroxidation biomarker (malondialdehyde (MDA) were assayed using the enzymatic colorimetric method. The results showed significantly increased mean serum MDA level (44.17 ± 6.89 Vs 30.74 ± 7.90; p<0.001) and decreased activities of SOD (3.60 ± 0.70 Vs 6.09 ± 1.22), GPX (65.00 ± 36.13 Vs 109.96 ± 10.04) and CAT (180.79 ± 25.62 Vs 223.28 ± 24.98) in the obese participants compared to the control group (p<0.001) respectively. Also, there were significantly increased mean serum MDA levels and decreased activities of SOD, GPX and CAT in the male and female obese participants compared to their control groups (p=0.001) respectively. Furthermore, there were significantly increased mean serum MDA levels and decreased activities of GPX and CAT in the participants with gluteofemoral obesity compared to those with abdominal obesity (p<0.001) respectively. This study revealed significant alterations in antioxidant status of obese persons with heightened oxidative stress. Therefore, increased oxidative stress and decreased levels of antioxidants in obese subjects, as revealed in the study may be significant as markers to prevent obesity and related complications.
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INTRODUCTION
“Obesity the primary health burden of the 21st century is a chronic disease that affects the quality of individual life physiologically, economically, and psychologically, irrespective of cultural, financial, or ethnic background” (Zhang and Wang, 2012; Balasundaram and Daley, 2023; Hecker et al., 2022). “An excess amount of body fat not only reduces the quality of life but also increases both healthcare-associated costs and the risk of death” (Frank et al., 2019; Lartey et al., 2020). “Obesity is associated with the development of a large number of health disorders, including diabetes, cardiovascular complications, cancer, asthma, sleep disorders, hepatic dysfunction, renal dysfunction, and infertility” (Manna and Jain, 2015; Adebibe and Coppack, 2023).
The World Health Organization (WHO) defines “overweight as a body mass index (BMI) of 25.0 to 29.9 kg/m2 and obesity as a BMI of ≥30 kg/m2” (Sikaris, 2004). “However, as a defining parameter, BMI has certain limitations as it does not distinguish the difference between lean mass and fat nor does it identify fat distribution. Recent studies have shown that obesity-associated risk factors depend not on excess body weight per se, but rather on the regional distribution of the excess body fat” (Manna and Jain, 2015; Frank et al., 2019). “In light of this, it is now well recognized that abdominal fat is a significant risk factor for obesity-associated diseases; in fact, visceral fat accumulation stimulates pro-oxidant and proinflammatory states” (Fernández-Sánchez et al.,2011; García-Sánchez et al., 2020; Čolak and Pap, 2021; Bansal et al., 2023).
“The imbalance between the production of free radicals and antioxidant defenses, which can result in tissue damage, is known as oxidative stress” (Oyerinde et al., 2025). “Epidemiological, clinical, and animal studies have reported the role of oxidative stress in the pathogenesis of obesity and its associated risk factors” (Manna and Jain, 2015; Čolak and Pap, 2021; Naomi et al., 2023; Jin et al., 2023). “Oxidative stress could trigger obesity by stimulating the deposition of white adipose tissue (WAT) and altering food intake; both cell culture and animal studies have demonstrated that oxidative stress can cause an increase in pre-adipocyte proliferation, adipocyte differentiation, and the size of mature adipocytes” (Čolak and Pap, 2021; Masenga et al., 2023; Naomi et al., 2023). A variety of compounds can be produced as a result of interactions between reactive oxygen species and biological components (Oyerinde et al., 2025). “These interactions can cause DNA damage, lipid peroxidation, protein oxidation, and other processes. Reactive oxygen species (ROS) have been found to be involved in the control of body weight by exerting different effects on hypothalamic neurons, which control satiety and hunger behavior” (Horvath et al., 2009; Freeman et al., 2013; Timper and Brüning, 2017; Pérez-Torres et al., 2021). “Obesity per se can also induce systemic oxidative stress through multiple biochemical mechanisms, such as superoxide generation from NADPH oxidases (NOX), oxidative phosphorylation, glyceraldehyde auto-oxidation, protein kinase c (PKC) activation, and polyol and hexosamine pathways” (Savini et al., 2013; Serra et al., 2013). “Other factors that also contribute oxidative stress to obesity include hyperleptinemia, tissue dysfunction, low antioxidant defense, chronic inflammation, and postprandial ROS generation” (Fernandez-Sanchez et al., 2011; Beltowski et al., 2012). 
[bookmark: _Toc174348871]“Body fat distribution is an important metabolic and cardiovascular risk factor, because the proportion of abdominal to gluteofemoral body fat correlates with obesity-associated diseases and mortality” (Manolopoulos et al., 2010). “Oxidative stress results from an imbalance between prooxidative and antioxidant factors in favour of pro-oxidative factors” (Sharifi-Rad et al., 2020). “Representatives of reactive oxygen species (ROS), highly reactive radical or non-radical molecules generated in the course of oxygen metabolism, are superoxide anion, hydroxyl radical, and hydrogen peroxide” (Murphy, 2009). “Superoxide dismutase (SOD), glutathione peroxidase, and catalase are main antioxidant enzymes in humans” (Wołonciej et al., 2016). “Ascorbic acid, glutathione, beta-carotene, tocopherols, and tocotrienols belong to non-enzymatic antioxidants” (Kabel, 2014). “Reactive oxygen species can damage macromolecules such as proteins, lipids, and deoxyribonucleic acid (DNA)” (Juan et al., 2021; Martemucci et al., 2022). “Lipid peroxidation assessment by measurement of malondialdehyde blood concentration is a useful marker of oxidative stress” (Ito et al., 2019). Oxidative stress was shown to be a distinctive feature of obesity (Pietrocola et al., 2021). This study was aimed at determining the antioxidant status and lipid peroxidation of persons with gluteofemoral and abdominal obesity in Benin City, Nigeria.



MATERIALS AND METHODS
[bookmark: _Toc174348928]Study Area
[bookmark: _Toc174348916][bookmark: _Toc174348917]The study was carried out in Benin City metropolis among subjects with gluteofemoral and abdominal obesity. Benin City is the capital of Edo State, Nigeria. Edo State is located in the South-South geo-political zone of Nigeria. It lies between latitude 6.1 degrees North and 7.3 degrees north and between longitude 5.0 degrees East and 6.5 degrees east. It has a total land area of 19,281.93Km square. It is bounded by Delta State to the South, Kogi State to the North, Ondo State to the West and River Niger along the Eastern border. Benin City has an average elevation of 80 meters. The temperature ranges from 27 to 44 degrees Celsius, with average annual rainfall of 150cm. It mainly consists of flat lands with tropical rain forest. Benin City is made up of three main Local Government Areas (out of the eighteen Local Government Areas in Edo State) namely, Egor, Oredo and Ikpoba-Okha. The 2006 census puts Benin City population at about 1,086,882. The City has a good road network and hosts an airport, many public and private institutions including educational institutions, hospitals, industries, banks.
Study Design
This is a case controlled study designed for the evaluation of antioxidant status and lipid peroxidation in persons with glugluteofemoral and abdominal obesity in Benin City Nigeria. A total of 200 adult male and female subjects with age ranging from 18 to 65years were randomly recruited for this study. The test subjects consist of 100 male and female subjects with gluteofemoral and abdominal obesity who reside within Benin metropolis and the control subjects consist of age matched apparently healthy adult males and female subjects recruited from the University of Benin (100 subjects).
Study population
A total of 200 adult male and female subjects with age ranging from 18 to 65years were recruited for this study. The test subjects consist of 100 male and female subjects with gluteofemoral and abdominal obesity who reside within Benin metropolis and the control subjects consist of age matched apparently healthy adult males and female subjects recruited from the University of Benin (100 subjects). Informed consent was obtained from each participant after proper notification and information on the nature of the research, risk involved, benefits, as well as assurance of confidentiality by the use of a questionnaire.
[bookmark: _Toc174348919]Inclusion Criteria
Study group
Male and female subjects with gluteofemoral and abdominal obesity who reside within Benin metropolis who gave their consent to participate in the study were recruited.
Control group
Healthy male and female individuals (aged 18-65 years) with no with gluteofemoral and abdominal obesity and no demographic or medical history of cancer, not active smokers or frequent alcohol abusers formed the control group. 
[bookmark: _Toc174348920]Exclusion Criteria
Study group 
Male and female subjects with gluteofemoral and abdominal obesity with demographic or medical history of cancer, frequent tobacco smoking or alcohol consumption were excluded from the study
Control group
[bookmark: _Toc174348921]Participants with demographic or medical history of cancer, frequent smoking or alcohol consumption were excluded from the study
Sample Size determination
[bookmark: _Toc174348922]The sample size for this study was determined using prevalence from previous studies.  The prevalence of obesity in Nigeria was reported as (8.1%) (Chukwuonye et al., 2013). The sample size was calculated according to the following formula as previously described by Naing et al. (2006).
N= t2×p (1-p)
m2
Where:
N=required sample size
t=confidence level at 95% (standard value of 1.96)
P=estimated prevalence of obesity in Nigeria (8.1%) (Chukwuonye et al., 2013).
m=margin of error at 5% (standard value=0.05)

N = 1.962 X 0.081(1-0.081)
0.052
N = 114 minimum sample
Therefore a minimum sample of 200 samples was collected from Male and female subjects with gluteofemoral and abdominal obesity and apparently health male and female subjects to serve as control.
[bookmark: _Toc174348924]Sample Collection 
5ml of blood sample was obtained from each participant. The blood sample was transferred into a plain container, and centrifuged at 4000 rpm for 5 minutes. The serum from each sample was dispensed into sterile plain container with the same sample number and stored frozen at -20 0C until laboratory analysis.
[bookmark: _Toc174348925]Laboratory analysis
All laboratory analysis was carried out in the department of Medical Laboratory Science, Faculty of Basic Medical Sciences, University of Benin, Benin city.  
Assay of Lipid Peroxidation Biomarker: Malondialdehyde (MDA)
Concentrations of MDA in the samples were estimated by the thiobarbituric acid reactive substance (TBARS) assay. Assay of TBARS measures malondialdehyde (MDA) present in the sample, as well as malondialdehyde generated from lipid hydroperoxides by the hydrolytic conditions of the reaction. Assay of TBARS was done according to the method of Varshney and Kale (1990).
[bookmark: _Toc174348929]Assay of Antioxidant Enzymes
Antioxidant enzymes assayed in this study include; Catalase (CAT), Superoxide Dismutase (SOD) and Gluthatione Peroxidase (GPX).
Activity of serum Catalase enzyme was assayed according to the kinetic method of Cohen et al. (1970). GPx assay was done according to the kinetic method described by Flohe and Gunzler (1984). Activity of serum Superoxide dismutase enzyme was assayed according to the kinetic method of Misra and Fridovich (1972).
[bookmark: _Toc174348933]Statistical analysis
Statistical analyses including descriptive statistics was carried out using the statistical package for social scientist (SPSS) version 20.0. All values were expressed as Mean ±Standard error of the mean. Means were compared in both groups using Student’s t test. The P-value <0.05 was taken as the cut off level for significance.
RESULTS
The age, sex and demographic indices of obese subjects and control subjects are presented on table 1 below. Result indicated that the mean age of obese subjects and control subjects were 50.37±0.12 and 50.48±0.78 respectively. Nationality frequency indicated that a total of 100% of the participants in each group were all Nigerians. Majority (85%) of the test subjects were married while just 15% of the subjects were single. Most of the respondents across the groups were having one form of education or the other ranging from primary education to tertiary education. 
Table 2 showed the enzymatic and non-enzymatic antioxidant biomarkers of oxidative stress in obese and non-obese subjects. Data indicated a significant increase (p<0.001) in the serum level of Malondialdehyde in the test subjects (44.17 ± 6.89) compared with the control subjects (30.74 ± 7.90). There was also a significant decreased in the serum activities of Glutathione peroxidase (65.00 ± 36.13), Catalase (180.79 ± 25.62) and Superoxide dismutase (3.60 ± 0.70) in the test subjects compared with the control subjects (109.96 ± 10.04, 223.28 ± 24.98 and 6.09 ± 1.22 respectively). 
Table 3 showed the enzymatic and non-enzymatic antioxidant biomarkers of oxidative stress in obese and non-obese subjects in relation to sex.  Data indicated a significant increase (p<0.001) in the serum level of Malondialdehyde in male obese subjects (46.04±0.28) compared with male control subjects (33.14±1.26). Similarly, there was a significant increase (p<0.001) in the serum activities of Malondialdehyde in the female obese subjects (42.52±0.92) compared with the female control subjects (27.05±1.02). There was also a significant reduction (p<0.001) in the serum activities of Glutathione peroxidase (61.19±0.14), Catalase (177.43±4.02) and Superoxide dismutase (3.58±0.10) in the male obese subjects compared with the male control subjects (109.67±6.34, 227.28±0.98 and 6.69±0.19). Similarly there was a significant reduction in the serum activities of Glutathione peroxidase (68.04±3.22), Catalase (184.15±1.14) and Superoxide dismutase (3.62±0.16) in the female obese subjects compared with the female control subjects    (110.16±5.18, 219.28±3.24 and 6.02±0.16).
Table 4 showed the enzymatic and non-enzymatic antioxidant biomarkers of oxidative stress in subjects with gluteofemoral obesity compared to subject with abdominal obesity (Mean±SE).  Data indicated a significant increase (p<0.001) in the serum level of Malondialdehyde in subjects with abdominal obesity (47.02±0.44) compared to subjects gluteofemoral obesity (41.13±0.80). Similarly, there was a significant decrease (p<0.001) in the serum activities of Glutathione peroxidase (60.22±0.09) and Catalase (177.24±3.04) in subjects with abdominal obesity compared to subjects gluteofemoral obesity (68.09±2.01 and 186.33±0.25 respectively). However, there was no significant difference in the Superoxide dismutase activities in subject with abdominal obesity (3.60±0.22) compared to subjects gluteofemoral obesity (3.64±0.14).












Table 1: Demographic indices of obese subjects and control subjects
	Observation
	Obese subjects 
	Control

	Age 

Nationality

Education Level
Primary 
Secondary
Tertiary 
Marital Status
Single
Married

States of Origin










Number of Children

	50.37±0.12 

Nigeria (100%)

28%
44%
28%


15%
85%

Edo = 30% 
Delta=25%           
Ebonyi=5%
Ondo=10%
Osun=5%
Ogun=5%
Anambra=4%
Enugu=7
Kogi=6%
Ekiti=3%

3.43±0.13



               
	50.48±0.78 

Nigeria (100%)

100%


93%
7%

Edo=63.%                           Ekiti=8%                      
 Imo = 5%
Delta=20%         
Ebonyi =2% 
Anambra=2%        





2.1±0.16


                                   










Table 2: Enzymatic and non-enzymatic antioxidant biomarkers of oxidative stress in obese and non-obese subjects (Mean±SE)
	
Parameters
	Test subjects (n=100)
	Control (n=100)
	P value

	Malondialdehyde (x10-3 mmol/ml)
	44.17 ± 6.89
	30.74 ± 7.90
	<0.001

	Glutathione peroxidase (x 10-1 U/ml)
	65.00 ± 36.13
	109.96 ± 10.04
	<0.001

	Catalase (U/ml)
	180.79 ± 25.62
	223.28 ± 24.98
	<0.001

	Superoxide dismutase (U/ml)
	3.60 ± 0.70
	6.09 ± 1.22
	<0.001


*SEM: Standard Error of Mean.
*P< 0.001 = very high significant difference
*P< 0.01 = high significant difference
 P> 0.05 = no significant difference












Table 3: Enzymatic and non-enzymatic antioxidant biomarkers of oxidative stress in obese and non-obese subjects in relation to sex (Mean±SE)
	Parameters
	Test Male
(n=50)
	Test female
(n=50)
	Control male
(n=40)
	Control female 
(n=60)
	p. value

	MDA (x10-3) (mmol/ml)
	46.04±0.28
	42.52±0.92
	33.14±1.26
	27.05±1.02
	0.001

	GPX (X10-1) (U/mL)
	61.19±0.14
	68.04±3.22
	109.67±6.34
	110.16±5.18
	0.001

	Catalase (U/ml)
	177.43±4.02
	184.15±1.14
	227.28±0.98
	219.28±3.24
	0.001

	SOD (U/ml)
	3.58±0.10
	3.62±0.16
	6.69±0.19
	6.02±0.16
	0.001


*Statistically significant at p<0.05; SEM: Standard Error of Mean.





Table 4: Enzymatic and non-enzymatic antioxidant biomarkers of oxidative stress in subjects with gluteofemoral obesity compared to subject with abdominal obesity (Mean±SE)
	Parameters

	Abdominal Obesity (n=59)
	Gluteofemoral Obesity (n=41)
	p. value

	MDA (x10-3) (mmol/ml)
	47.02±0.44
	41.13±0.80
	< 0.001

	GPX (X10-1) (U/mL)
	60.22±0.09
	68.09±2.01
	< 0.001

	Catalase (U/ml)
	177.24±3.04
	186.33±0.25
	< 0.001

	SOD (U/ml)
	3.60±0.22
	3.64±0.14
	> 0.05


*SEM: Standard Error of Mean.
*P< 0.001 = very high significant difference
*P< 0.01 = high significant difference
 P> 0.05 = no significant difference



Discussion

In this present study, the mean age of obese subjects and control subjects were 50.37±0.12 and 50.48±0.78 respectively. Nationality frequency indicated that a total of 100% of the participants in each group were all Nigerians. Majority (85%) of the test subjects were married while just 15% of the subjects were single. Most of the respondents across the groups were having one form of education or the other ranging from primary education to tertiary education. This finding was due to the fact that this study was conducted in Benin City, south-south Nigeria and a very large proportion of the participants are Nigerians. This finding is similar of the report of Desalu et al., (2008) among Adults in an Urban Nigerian Population in which the respondents across the groups were having one form of education or the other ranging from primary education to tertiary education.
“It has been documented that oxidative stress and inflammatory processes in obesity are strongly related” (Marseglia et al., 2014). “Obesity is accompanied by chronic oxidative stress, although there are no data in the available literature which would clearly explain whether obesity leads to chronic oxidative stress or whether chronic oxidative stress is one of the etiological factors of obesity. At the same time, it has been demonstrated that oxidative stress may be intensified by strenuous physical exercise, advanced age, and concomitant diseases” (Lubkowska et al., 2015). “Adipose tissue secretes proinflammatory cytokines such as: tumor-necrosis factor α (TNF-α), interleukin 1β (IL-1β) and IL-6, which induce the production of reactive oxygen species” (Fonseca-Alaniz et al., 2007; Bakinowska et al., 2024). “It is thought that oxidative stress could be a consequence, but also a trigger of obesity. Increase intake of fats, carbohydrates and saturated fatty acids, especially trans-fatty acids lead to increase oxidative stress. The multiple biochemical mechanisms responsible for increased oxidative stress include several processes such as: the superoxide generation via the activity of NADPH oxidase, oxidative phosphorylation, glyceraldehyde auto-oxidation, protein kinase C (PKC) activation, polyol and hexosamine pathways” (Winter et al., 2013). “On the other hand, oxidative stress plays a causative role in development of obesity by stimulating the deposition of adipose tissue including preadipocyte proliferation, adipocyte differentiation and growth” (Higuchi et al., 2013).
In this study there was a significant increase in the serum level of Malondialdehyde in the test subjects compared with the control subjects. There was also a significant decreased in the serum activities of Glutathione peroxidase, Catalase and Superoxide dismutase in the test subjects compared with the control subjects. Data also indicated a significant increase in the serum level of Malondialdehyde in male obese subjects compared with male control subjects. Similarly, there was a significant increase in the serum activities of Malondialdehyde in the female obese subjects compared with the female control subjects. There was also a significant reduction in the serum activities of Glutathione peroxidase, Catalase and Superoxide dismutase in the male obese subjects compared with the male control subjects. Similarly, there was a significant reduction in the serum activities of Glutathione peroxidase, Catalase and Superoxide dismutase in the female obese subjects compared with the female control subjects. 
This study also shows a significant increase in the serum level of Malondialdehyde in subjects with abdominal obesity compared to subjects gluteofemoral obesity. Similarly, there was a significant decrease in the serum activities of Glutathione peroxidase and catalase in subjects with abdominal obesity compared to subjects gluteofemoral obesity. However, there was no significant difference in the Superoxide dismutase activities in subject with abdominal obesity compared to subjects gluteofemoral obesity. These findings are in accordance with the report of Colak et al. (2021) among adolescents with increased cardiovascular risk. The reason for this observation may be the association between obesity and lipid status, as there is a complex link between the balance of redox status and lipid profiles in obese subjects as evidenced by the study of Barbosa et al. (2011). Previous findings by various authors suggest that patients with elevated waist circumference have increased oxidative stress biomarkers (Pap et al., 2013; Wildman et al., 2005). This author points to a positive correlation between the activity of glutathione peroxidase with ox-LDL cholesterol and other lipid biomarkers. This is probably part of the antioxidant protective mechanism as some authors had shown, suggesting that increased activity of GPx can reduce the risk of cardiovascular disease while low levels of GPx can be used as independent predictor for increased risk in patients with coronary artery disease (Blankenberg et al., 2003; Cheraghi et al., 2019). Therefore, GPx may have prognostic significance along with other traditional cardiovascular risk factors. The evidence of impaired obesity-related antioxidant system arises from several observational, clinical and in vitro studies. In a population-based study, Chrysohoou et al. (2007) have documented an inverse relationship between visceral fat and total antioxidant capacity (TAC). This correlation was stronger for waist circumference with respect of BMI. It has been well documented that SOD, catalase and GPx activities were inversely related to BMI both in obese children and adults (Olivares-Corichi et al., 2011; Mittal and Kant, 2009). Bougoulia et al. (2016) reported significant increasing activity of GPx in obese women after weight reduction. However, some researchers reported that severely obese patients with greater insulin resistance have greater GPx activity than control counterparts (Tinahones et al., 2009).
Conclusion 
This study concludes that there was a significant increase in the serum level of Malondialdehyde in the test subjects compared with the control subjects. There was also a significant decreased in the serum activities of Glutathione peroxidase, Catalase and Superoxide dismutase in the test subjects compared with the control subjects. Therefore, increased oxidative stress and decreased levels of antioxidants in obese subjects, as revealed in the study may be significant as markers to prevent obesity and related complications.
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