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Abstract  
Objective: Co-existence of diabetes and hypertension is known to aggravate cardiovascular complications. Of interest is what impact obesity has 
considering its prevalence in the general population and the public health implication? Hence, this study investigated the effect of obesity on 
diabetes and hypertension vis-a-vis oxidative stress and some antioxidant status. Methods: The study population comprised of 264 subjects; obese 
hypertensive (OH; n=59), obese diabetes (OD; n=59), obese diabetes and hypertensive (ODH; n=41), obese non diabetes and non hypertensive 
(ONDH; 45) and non obese non diabetes and non hypertensive (NONDH; control; n=60). There ages, blood pressure, fasting blood glucose and 
body mass index were determined using standard techniques while Malondialdehyde (MDA) levels was used to determine oxidative stress status 
and Vitamins A and E with Nitric oxide (NO) were used for the assessment of the antioxidants status and these were analyzed via standard 
laboratory procedures. Results: The control were younger, however the age difference between groups were not significant. BMI was not 
significantly different when test groups were compared but with control, the difference was significant. The mean blood pressure for the control 
was significantly lower than those of the OH, ODH and OD but not significantly different from that of ONDH. Also, fasting blood glucose was 
significantly higher amongst the ODH and OD groups compared to the OH, NODH and control groups. Compared with the control, marker of 
oxidative stress (MDA) was lower although not significantly different from those of ODH, OD, OH and ONDH. Variations were observed with 
biomarkers of antioxidants status studied and these were observed to be significant in terms of vitamin A in the ODH, OD and OH groups 
compared to the ONDH and control groups. However, the vitamin E level for the control was not significantly different from those of ONDH and 
OD but significantly different from those of the OH and ODH groups. Also, nitric oxide levels among the groups were not significantly different. 
Conclusion: Obesity is an oxidatively stressed condition which worsens with diabetes and or hypertension complicating it but interestingly these 
complications increased the levels of antioxidants (vitamin A and NO) studied. 

 
Keywords: Obesity, Oxidative stress, Antioxidant, Diabetes, Hypertension. 

 
 
 
INTRODUCTION   
Obesity  is  associated  with  increased  incidence  of hypertension 
and diabetes mellitus.[1] On the other hand, epidemiological 
studies as well as intervention studies,[2] indicated that weight 
loss is associated with reductions of blood pressure and glucose 
levels and with a decreased incidence of hypertension and non–
insulin-dependent diabetes mellitus. Although the underlying 
mechanisms for the association of obesity with diabetes and/or 
hypertension are still not fully known,[3,4] it is known that 
diabetes and hypertension react favorably to weight 
reduction.[1,5,6]  

It have been reported that in reality diabetes and 
hypertension are found in the same individual more often than 
would occur by chance, whereas the overlap between 
dysglycemia and raised blood pressure is even more substantial 
than that between diabetes and hypertension. This suggests that 
they either shared genetic or environmental factors in the 
etiology. Interesting, substantial overlap between diabetes and 
hypertension has previously been reported, reflecting 
substantial overlap in their etiology and disease mechanisms.  

It is said that people with Obesity and type 2 diabetes 
mellitus (DM) have increased risk of death from CVD and that  
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the possible mechanisms that relate obesity and diabetes to 
increased CVD risk include inflammation and oxidative damage.[7] 

There are data that indicate increased oxidative stress in human 
essential hypertension  as well as in obese hypertensive 
patients.[8-10] Hence, could factors that reduce oxidative stress 
provide an important tool to reduce the burden associated with 
obesity and related chronic disease including diabetes and 
CVD?  

We hypothesize that oxidative stress might be a common 
link that underlies both diabetes and hypertension induced by 
obesity. The aim of this study therefore, is to investigate the 
effect of obesity on markers of oxidative stress and antioxidants 
status in obese diabetic and hypertensive subjects.  
METHODS  

Study Area This study was conducted in Ekpoma, Benin 

City, Kwale and Asaba, all in the south-south zone of Nigeria.  
Study Design This study is a cross-sectional study 

involving simple random sampling and cohort sampling for 
subjects recruitment.  

Ethical Consideration Ethical approval was sought and 
given by the research and Ethic Committee of AAU, Ekpoma. The 
intervention and control community gave their permission after the 
aims and objectives of the study were explained to them. Also, 
informed consent was sought and obtained from the respondents 
before enrollment into the study. At the end of the study the control 
group was also given the same intervention, for ethical reasons. 
Written informed consent/ questionnaire were administered to all  
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subjects. 
 

Sampling Method and Sample Size A simple random 
sampling was done to recruit subjects for the study. The sample 
size was determined as follows:  

Pq 
N= 2  

éù 
êú  
ëû1.96 

Where: N = sample size, P = Population or Prevalence rate 
(50% or 0.5), q = 1-0.2, Error margin = 0.05  

Subjects and Grouping Subjects were classified into the 
following five (5) groups to meet the set goals of this research. 
Group 1: Obese Diabetic (OD); Group 2: Obese Hypertensive 
(OH); Group 3: Obese Diabetic/Hypertensive (ODH); Group 4: 
Obese Non Diabetic/Hypertensive (ONDH) and Group 5: Non 
Obese Non Diabetic/Hypertensive (NONDH) [normal 

control©]. They were classified as non-obese using BMI ≤24.5  
kg/m2, diabetic using fasting plasma glucose (FBG) ≥7 mmol  
/l (126mg/dl), hypertensive using blood pressure of ≥  
140/90mmHg and A total of about two hundred and sixty-four 
subjects were recruited and was distributed as follow; OD=59; 
OH=59; ODH=41; ONDH=45; and NONDH=60 
 

Inclusion Criteria All Subjects with BMI ≤24.5kg/m2  
(control group) and ≥30kg/m2 (obese groups) and not on any 

form of medication were recruited. 
 

Exclusion Criteria All Subjects who are obese (BMI 
≥ 30kg/m2) and non obese already diagnosed as been 
hypertensive and/or diabetic who are on medications were 
excluded from this study.  

Blood Pressure Measurement Resting blood 
pressure was taken in a sitting position after a 5-10 minutes rest 
using a mercury sphygmomanometer according to standard 
procedures at least four different times and the mean recorded.  

BMI Measurement Heights were measured in standing 
position, with shoulder and buttocks against the wall, the subject 
looking straight ahead with joined feet, and arms hanging on both 
sides with a graduated tape. In addition, body weights were 
measured with a calibrated beam scale. These were used to 
calculate the BMI which is weight (kg)/height (m2).  

Fasting Blood Glucose (FBG) Measurement  
Preliminary measurement of FBG in all the subjects was done 
using Glucometer at least two different times with the mean 
value recorded. Subjects were asked to fast overnight (no food, 
drink, alcohol or smoking).  

Sample Collection and analysis About 12.5mls of 
fasting blood was collected from each subject with 0.5ml 
immediately used for preliminary FBG estimation and 2.0mls 
immediately placed in fluoride oxalate container for FBG 
estimation spectrophotometrically as these served as basis for 
comparing FBG levels. Four (4.0) mls was placed in EDTA 
container for vitamin A and E and NO, TPP, and MDA 
estimation using standard laboratory procedures.Vitamin A and 
E were analyzed using the vitamin A and E high pressure liquid 
chromatography kits from America laboratory company 
(Alpco) diagnostics, USA . MDA was analysed using the 
Spectrophotometry method.  

Duration of Study The study was conducted within a 
thirty months period (from July, 2009 to June, 2012). The first 0- 
 

 
6mths was selection of subjects and baseline measurements of 
BP and FBG, 7-12mths was repeat measurements of BP and 
FBG, 13-18mths was repeat measurements of BP and FBG, 19-
24mths was final measurements of BP and FBG and collection 
of sample for analysis and 25-30mths was analysis, collation 
and processing of data  

Statistical analysis Data were presented as mean±S.D 
(standard deviation) and then analyzed using Statistical Package 
for Social Sciences (SPSS) at a P value of 0.05 and 95% level 
of confidence and results presented in suitable tables.  
RESULTS 
 

Table 1 is a representation of some bio-parameters of the 
subjects used for this study. Of the 264 subjects examined, those in 
the NONDH (control) were youngest. However, the age differences 
between the groups were statistically not significant. In relation to 
BMI, the obese groups (OD, OH, ODH and ONDH) were having a 
higher BMI and were statistically significant compared to the 
control (NONDH; 23.62±0.26 Kg/m2). Although the BMI 
differences among the obese was not statistically significant (P > 
0.05), it was highest among the OD (36.09±0.69 Kg/m2) follows 
by the ODH (34.73±0.79 Kg/m2), ONDH (33.69±0.57 Kg/m2) and 
then the OH (33.28±0.62 Kg/m2). In terms of blood pressure, the 
obese hypertensive presented the highest (163.1±13.90/94.39±4.53 
mmHg) and this was follows by t h e O D H ( 1 5 7 . 7 ± 7 . 0 7 / 9 
2 . 3 9 ± 6 . 8 9 m m H g ) , O D ( 1 3 8 . 9 ± 7 . 0 1 / 7 9 . 8 1 ± 8 . 
1 5 m m H g ) , O N D H (127.8±11.47/70.09±9.20 mmHg) and 
then the control (125.5±10.14/70.77±11.29 mmHg). Statistically, 
the mean blood pressure for the NONDH was significant lower 
(p<0.05) than those of the OH, ODH and OD groups but not 
significantly different (p>0.05) with that of ONDH group. To 
check for diabetes, the fasting blood glucose was investigated and 
this was  
observed to be significantly higher amongst the ODH 
(12.50±6.41) and OD (10.91±4.65) compared to the OH 
(4.97±1.37), ONDH (4.09±0.93) and NONDH (3.93±0.85) 
groups.  

Table 2 showed the biomarkers of oxidative stress (MDA) 
and antioxidant status (vit. A. vit. E and NO) of the diabetes and 
hypertensive subjects compared with control. Although the mean 
MDA level was lowest in the NONDH group (5.32 1.85) it was not 
significantly different (p>0.05) from those of the obese groups. 
However, the ODH (5.87±1.06) showed the highest level follows 
by OD (5.83±1.24), OH (5.63±1.05) and then the ONDH 
(5.58±1.00). Vitamin A was observed to be highest significantly 
(p<0.05) in the ODH (4.54±11.12) group and higher in the OD 
(2.78±8.49) and OH (2.14±7.43) groups compared to the ONDH 
(0.40±0.30) and NONDH (0.45±0.23) groups. On the other hand, 
vitamin E was observed to be lowest in the ODH (8.95±1.86) but 
highest in the ONDH (12.96±2.99) group. However, the vitamin E 
level for the NONDH (11.66±4.27) was not significantly different 
from those of ONDH (12.96±2.99) and OD (10.39±6.17) but 
significantly different from those of the OH (9.44±2.42) and ODH 
(8.95±1.86) groups. Although there were variability in the level of 
nitric oxide among the groups, the variations were not statistically 
significant (p>0.05). However, the OH (31.27±4.39) group showed 
the lowest nitric oxide value compared to others while the control 
group (NONDH; 32.37±2.53) showed the highest value 

 
DISCUSSION 
 

Oxidative stress has been reported to plays critical roles 
in the pathogenesis of many diseases.[11] It implication in 
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Table 1: Some bio-parameters in mean ± SD of the obese diabetes and hypertensive subjects compared with the control 
(NONDH)   

    ONDH NONDH 
Parameter OD (n=59) OH (n=59) ODH (n=41) (n=45) (n=60) 
AGE (years) 42.86±15.78 51.32±15.09 49.29±15.92 43.73±14.78 42.33±14.64 
BMI (Kg/m 2) 36.09±0.69a 33.28±0.62a 34.73±0.79a 33.69±0.57a 23.62±0.26 
BP systolic 

138.9±7.01a 163.1±13.90a 157.7±7.07a 
  

mmHg) 127.8±11.47 125.5±10.14 
BP diastolic 

79.81±8.15a 94.39±4.53a 92.39±6.89a 
70.09±9.20 70.77±11.29 (mmHg) 

FBG(mmol/l) 10.91±4.65abc 4.97±1.37b 12.50±6.41abc 4.09±0.93c 3.93±0.85   
a: significantly different from NONDH (control), b:  significantly different from OH c: significantly d ifferent from ONDH 

 
Table 1: Biomarkers of Oxidative stress (MDA) and antioxidants status (vit. A, vit. E and NO) in mean ± SD of the obese 
diabetes and hypertensive subjects compared with the control (NONDH) 
 

    ODH ONDH NONDH 
 Parameter OD (n=59) OH (n=59) (n=41) (n=45) (n=60) 
 MDA 5.83±1.24 5.63±1.05 5.87±1.06 5.58±1.00 5.32±1.85 
 Vit . A 2.78±8.49ab 2.14±7.43ab 4.54±11.12ab 0.40±0.30b 0.45±0 .23a 

 Vit . E 10.39±6.17 9.44±2.42a 8.95±1.86a 12.96±2.99 11.66±4.27a 

 NO 32.10±3.50 31.27±4.39 32.05±3.77 32.07±1.81 32.37±2.53   
a: significantly different from NONDH (control), b:  significantly different from ONDH 

 
hypertension and diabetic conditions has also been reported. 
However,[12-15] the underlying mechanisms for the association of 
obesity with diabetes and/or hypertension are still not fully 
known.[3,4] In the present study, it was shown that oxidative stress 
assessed by MDA worsens when obesity is complicated with 
diabetes and or hypertension but milder in obesity only. This 
finding is in agreement with previous studies which suggested that 
systemic oxidative stress correlates with BMI.[16,17,18] Also, the 
addition of hypertension and diabetes aggravated the MDA level 
as observed in the present study. Indeed, it is a known fact that the 
co-existence of the two conditions is a powerful promoter of CVD, 
accelerating microvascular and macrovascular complications and 
greatly increasing cardiovascular stroke and end stage renal 
disease risk. Hence, oxidative stress may be increased in patients 
with diabetes and or hypertension since persistent hyperglycemia 
causes increased production of oxygen free radicals through auto-
oxidation of glucose and non-enzymatic glycation of proteins.  

The pathological role of oxidative stress in vascular 
diseases is well recognized.[19] The present findings showed 
that diabetes have a more worsen potential on MDA compared 
to hypertension. However, hypertensive condition has been 
found to produce increased blood lipid peroxidation values and 
lower total antioxidant capacity (TAC) levels.[20, 21] a fact that 
was supported by the present study. Series of clinical and 
experimental studies have also shown that oxidative stress, 
through free radical generation, plays a major role in the onset 
of diabetes and hypertension.[22,23] The deleterious effect of 
which can be prevented by antioxidants.[24,25] But the 
effectiveness of antioxidants enzymes in scavenging free 
radicals depends on their antioxidant cofactors.  

Recall that in healthy individuals, oxidative damage to 
tissues is prevented by a system of defenses which includes 
antioxidant enzymes and vitamins.[26] Also, decreased antioxidant 
activity and reduced levels of reactive oxygen species (ROS) 
scavengers (vitamins E and C and glutathione) contribute 

 
to oxidative stress. These reports are justified in the present 
study when one takes a clue from the result on nitric oxide and 
vitamin C. However, the observation in terms of Vitamin A 
may be that the worsen MDA in the ODH may have stimulated 
the production of Vitamin A from other mechanism to combat 
the increased oxidative stress.  

Considering the fact that increased oxidative stress in 
vascular walls is involved in the pathogenesis of 
hypertension,[27] atherosclerosis and hepatic steatosis,[28] the 
reduce vitamins E and the increase in MDA in obese diabetes 
and hypertensive subject may make them prone to CVD. It 
become more scary considering that oxidative stress impair 
insulin secretion by pancreatic â cells,[15] glucose transport in 
muscle and in obesity, adipose tissue.[13,14] By implication, as 
the diseases progress, there is tendency for the oxidative 
damages to deepen via way of positive feedback mechanism.  

Interesting, accompanying changes in diet and lifestyle are 
leading to growing epidemic of overweight/obesity, type 2 diabetes 
mellitus and other related cardiovascular disease (CVD).[29] 
 
Hence, dietary supplements with antioxidant and related anti-
inflammatory effects may present a novel strategy of 
controlling and reducing complication of obesity at the 
population level.[30,31] 
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