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ABSTRACT 
 
Aim: This study assessed the impact of dietary modification on cardiometabolic, 
inflammatory and oxidative stress indices in Nigerians with metabolic syndrome (MS). 
Subjects and Methods: Sixty participants with MS were selected using the International 
Diabetes Federation criteria from a cohort participating in “Risk Assessment of Type 2 
diabetes mellitus and Dementia in Nigerians with Metabolic Syndrome” study. The 
subjects were seen by a Dietitian and the approximate percentages of total calories from 
total protein, total fat, polyunsaturated fat, and carbohydrate were calculated from dietary 
history and pegged at 20%, 30%, 14% and 50% respectively. To ensure compliance, each 
participant was seen monthly (for 6 months) by the Dietitian. Glucose and lipid profile 
were determined using enzymatic methods. Serum activities of superoxide dismutase 
(SOD), catalase (CAT), Myeloperoxidase (MPO) and levels of nitric oxide (NO), 
malondialdehyde (MDA), hydrogen peroxide (H2O2), total protein and albumin were 
determined using spectrophotometric methods while high sensitivity C-reactive protein 
(hsCRP) and tumuor necrosis factor-alpha (TNF-α) were determined using ELISA. 
Student’s t-test (paired) and Wilcoxon signed-rank test were used for statistical analysis 
as appropriate. P-value <0.05 was considered significant.  
Results: The mean blood pressure (BP), body mass index (BMI), waist circumference 
(WC), hip circumference (HC), body fat, NO, hsCRP, H2O2, total protein and globulin were 
significantly reduced while the mean HDL, MDA, albumin and activities of CAT and MPO 
were significantly increased post-dietary modification compared with baseline.  
Conclusion: Short-term dietary intervention improved cardiovascular risk, inflammation 
and oxidative stress indices in Nigerians with MS.  
  

 
Keywords: Cardiometabolic risk factors, dietary modification; high sensitivity C-reactive 

protein; inflammation; metabolic syndrome; oxidative stress. 
 
1. INTRODUCTION 

Metabolic syndrome (MS) is a collection of cardiometabolic risk factors (CMF) that includes 
abdominal obesity, insulin resistance, hypertension and dyslipidaemia [1] associated with 
increased risk for developing type 2 diabetes mellitus (T2DM) and cardiovascular disease 
[2,3]. It has become one of the major public health challenges worldwide [4] and affects 
individual in industrialized [5,6] as well as developing countries [7] where poverty is prevalent 
[8].  
 
More than 25% of the US population is classified as having MS and the prevalence is 
increasing with age [9,10,11]. In Sub-Saharan Africa, the prevalence of MS was thought to 
be low as there are few available data. However, emerging data showed that many African 
countries have a high prevalence of MS. A prevalence of 5.9% was reported in Cameroon 
[12] while Ghazali and Sanusi [13] and Charles-Davies et al. [7] working among different 
populations in Nigeria reported prevalence rates of 36.7% and 16.3% respectively. This was 
attributed to the rapidly growing number of sedentary population, worldwide increase in 
urbanization, industrialization and mechanization [14]. 
 
Visceral obesity and insulin resistance are considered the main features determining the 
negative cardiovascular profile in MS [3]. Among Nigerians, MS was described as a 
prediabetic phase marked by aberrant cardiovascular risk factors [15]. Adverse CMF were 
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also observed in individuals with MS and T2DM with none specifically identifying MS [8]. 
Overweight and obesity progress to MS through largely unclear pathophysiologic 
mechanisms. Female gender, hypercholesterolaemia, hypertension, increasing age, general 
and abdominal obesity appear to be important metabolic risk factors of CVD and not T2DM 
among apparently healthy traders [3,7]. Urgent need for health care strategies for effective 
modulation of diet, lifestyle and exercise was therefore suggested [7,15]. 
 
Cellular mechanisms that link the metabolic abnormalities of MS with the pathophysiological 
effects that later generate clinical disease are not yet understood. MS is often characterized 
by oxidative stress and proinflammatory cytokines [1,3]. Oxidative stress (OS) is thought to 
play a major role in aging process as well as the pathogenesis of a variety of human 
diseases, including atherosclerosis, diabetes and hypertension. It is a condition in which an 
imbalance results between the production and inactivation of reactive oxygen species. 
Reactive oxygen species are essential in multiple physiological systems but contribute to 
cellular dysfunction under conditions of oxidative stress [1]. 
 
Proinflammatory cytokines are over-expressed in obesity with progressive adipocyte 
enlargement, thus reducing blood supply to the adipocytes with consequent hypoxia. 
Hypoxia is hypothesized as the inciting aetiology of necrosis and macrophage infiltration into 
adipose tissue that leads to the overproduction of proinflammatory cytokines. The resultant 
localized inflammation in adipose tissue propagates overall systemic inflammation that is 
associated with the development of obesity-related co-morbidities [1]. Oxidative stress in 
adipocyte seems to be responsible for the sub-clinical proinflammatory state often observed 
in visceral obesity [16,17]. The mechanisms involved in elevation of oxidative stress and 
inflammation include increased production of superoxide anion via the NAD(P)H oxidase 
pathway which causes deregulated production of adipocytokines [18]. 
 
Appropriate diet, life style changes, weight reduction, and increased physical activity have 
been considered as effective lifestyle strategies to reduce the cardio-metabolic risk factors 
associated with MS in some populations in DR Congo [19,20]. Pharmacological and surgical 
interventions have also been recommended especially, in obese MS patients. The 
pharmacologic approach has limitation because each drug only attends to a fraction of MS 
without consideration for others [21]. Matfin [21] therefore, suggested a “poly-pill” therapeutic 
approach for MS. Studies on increased physical activity have also been hindered by the 
need for a stress test in order to prescribe appropriate exercise which corresponds with 
individual fitness. As Nigerians age with sedentary lifestyle, western diet, limited access to 
drugs and poverty, dietary modification may be appropriate in managing MS. To provide 
information in a defined population of African traders whose habitual staple foods are mainly 
starchy foods and vegetable based diets, this study assessed the effect of short term dietary 
modification on indices of inflammation and oxidative stress in individuals with metabolic 
syndrome. 
 
2. MATERIALS AND METHODS 
 
2.1 Study Design 
 
A total of 60 apparently healthy participants aged 18-80 years without medication were 
purposely selected from the cohort of traders earlier reported [7]. Briefly, a total of 534 (170 
males and 364 females) apparently healthy traders from a local market in Bodija, Ibadan 
aged 18–105 were recruited into a cohort study titled “Risk Assessment of Type 2 diabetes 
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mellitus and Dementia in Nigerians with Metabolic Syndrome” after written informed consent 
and an approval from the University of Ibadan/University College Hospital (UI/UCH) Joint 
Ethics Committee. Eighty seven (87) of the subjects had MS while 447 had no MS. For this 
pilot study, 60 (15 males, 45 females) subjects with MS were selected from the group. All the 
subjects were non-diabetic, had no history of cardiovascular events and were not on any 
type of medication. 
 
Diagnosis of metabolic syndrome (MS) was made using the International Diabetes 
Federation diagnostic criteria [22]. The criteria include central obesity; measured as waist 
circumference (male: ≥94 cm, female: ≥80 cm) and any two of raised triglycerides:                
≥150 mg/dL (1.7 mmol/L) (or on treatment for dyslipidaemia), reduced HDL cholesterol 
(males: <40 mg/dL, females: <50 mg/dL (or on treatment for dyslipidaemia), raised blood 
pressure (≥130/≥85 mmHg) or on treatment for hypertension or raised fasting plasma 
glucose (FPG) (≥100 mg/dL) or previously diagnosed with type 2 diabetes mellitus. All 
participants with hsCRP values >10 mg/L were excluded from the study. 
 
All the participants were seen by the Dietitian in the study at recruitment (Pre-dietary 
modification). Each of them was given food recipe and seen monthly to ensure compliance.  
The participants with MS were advised to: 
 

a. Avoid food high in saturated and/or cholesterol (fat, meat, butter, cream), take an 
egg yolk per week, or equivalent in manufactured products. 

b. Substitute with foods high in poly unsaturated fatty acids (e.g. sunflower seed oil, 
fish). 

c. Eat only moderate amounts of foods containing appreciable quantities of saturated 
and mono unsaturated fatty acids (e.g. lean meat, palm oil). 

d. Use foods containing little or no fat (skimmed milk, cereals, fruit, vegetable, sugars 
as desired). 

 
The approximate percentages of total calories obtained from protein, total fat, 
polyunsaturated fat, and carbohydrate were calculated from dietary history and pegged at 
20%, 30%, 14% and 50% respectively.  
 
2.2 Sample Collection 
 
10 ml of venous blood sample was asceptically obtained by venepuncture from the 
participants after an overnight fast (10-14 h). 4 ml was dispensed into potassium ethylene 
diamine tetra acetic acid (K3EDTA) tube for the determination of lipid profile (total 
cholesterol, triglyceride and high density lipoprotein-cholesterol). 2 ml was dispensed into 
fluoride oxalate tube for FPG estimation, while 4 ml was dispensed into plain tubes for the 
estimation of markers of inflammation and oxidative stress. All samples were centrifuged at 
500 g for 5 min after which plasma/serum were aspirated in small aliquots into clean vials 
and stored at -20ºC until analyses were done. 
 
2.3 Cardiometabolic Risk Factors 
 
2.3.1 Anthropometric and blood pressure measurements 
 
Body weight, height, BMI, WC and hip circumferences (HC), WHR, WHT, PBF and BP 
(systolic and diastolic) were obtained from the participants by standard methods as 
described elsewhere [7,15]. 
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2.3.2 Lipid and fasting plasma glucose 
 
Plasma TG, TC, HDL and FPG were estimated by enzymatic methods while LDL was 
calculated using Friedwald et al. [23] formula. Ratios of LDL to HDL, TC to HDL, TG to HDL 
were also calculated. 
 
2.4 Inflammatory Factors 
 
Serum levels of highly sensitive C-reactive protein (hsCRP) and tumor necrosis factor-alpha 
(TNF-α) were determined using ELISA (MP Biomedicals, Ohio and Boster Biological 
Technology, USA respectively). Serum level of albumin was estimated using the 
Bromocresol Green (BCG) method as described by Doumas et al. [24]. The total protein 
level was estimated using Biuret’s method as described by Gornal et al. [25] while globulin 
was calculated as the difference between total protein and albumin. 
 
2.5 Oxidative Stress Factors 
 
Myeloperoxidase (MPO) activity was determined using the method of Bergmeyer [26]. Nitric 
oxide (NO) estimation was done using Griess reagent as described by Green et al. [27]. 
Serum level of malondialdehyde (MDA) was determined using the method of Adam-Vizi and 
Seregi [28], while serum hydrogen peroxide (H2O2) level was estimated using Wolff’s method 
[29]. Catalase (CAT) activity was determined using the method of Sinha [30] and serum 
superoxide dismutase (SOD) activity was determined using the method of Misra and 
Fridovich [31].  
 
2.6 Statistical Analysis 
 
Differences between pre-dietary modification and post-dietary modification values were 
determined using paired Student’s t-test or Wilcoxon signed-rank test as appropriate. P 
value less than 0.05 was considered as significant.  
 
3. RESULTS 
 
Table 1 shows the levels of CMF, inflammatory and oxidative stress indices in all the 
participants before dietary modification. Table 2 shows comparison of mean levels of CMF, 
inflammatory and oxidative stress indices and their percentage changes in participants with 
MS, pre and post dietary modification. Only 49 MS subjects were seen after the 6-month of 
dietary modification as 11 subjects did not report exactly at 6-month. The mean baseline 
values for all parameters for the 49 MS subjects seen after six months were not significantly 
different from the corresponding values in the 60 subjects who were seen at the first visit 
(data not shown). Significant reductions were observed in all the CMF levels except glucose, 
TC, LDL and TG while a significant increase was observed in HDL only (p<0.05) post dietary 
modification. Amongst these, HDL had the most extensive change of 34.3%, while ratios of 
TG to HDL, LDL to HDL and TC to HDL had percentage changes of 28, 33.3 and 20.0 
respectively. All inflammatory indices changed significantly after post dietary modification 
except TNF-α (p<0.05). The percentage reductions in globulin, hsCRP and total protein were 
33.3, 33.3 and 7.8 respectively; while the percentage increase in albumin was 7.5. Although 
the difference between pre- and post -dietary modification level of TNF-α was not significant 
(p>0.05), its percentage reduction after dietary modification was 49.92. All oxidative stress 
factors except catalase were significantly different between pre- and post- dietary 
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modification. Increases were observed in MPO, SOD, and MDA with percentage changes of 
16.7, 20 and 33.3 respectively. Reductions were observed in NO and H2O2 with percentage 
changes of 19.3 and 10.0 respectively.  
 

Table 1.  Cardiometabolic, oxidative stress and inflammatory factors before dietary 
modification in participants with metabolic syndrome 

 
 MS (n = 60) 
Cardiometabolic Factors  
Age (years) 54±11                     
Height (m) 2±0                        
Body Weight (kg) 76±15                    
BMI (kg/m2) 29±4                      
Waist circumference (cm) 102±10                  
Hip circumference (cm) 106±9                    
Waist-Hip ratio 1±0                        
Waist-Height ratio 63±6                     
Body fat (%) 38±8                     
Systolic BP (mmHg) 152±28                 
Diastolic BP (mmHg) 93±14                   
FPG (mg/dL) 94±35                  
TC (mg/dL)  143±42                
TG (mg/dL)  77±32                  
HDL (mg/dL)  35±11                  
LDL (mg/dL) 92±40                  
LDL-HDL ratio  3±1                      
TG-HDL ratio    2±2                      
TC-HDL ratio  4±2                      
Inflammatory Factors  
TNF-α (pg/mL)  625 (313-728)     
hsCRP (mg/L) 3 (2-5)                
Protein (g/L) 64±6                      
Albumin (g/L) 40±7                      
Globulin (g/L) 24±10                    
Oxidative Stress Factors    
NO (µmole) 115±40                   
MPO (U/mL)  1±0                         
SOD (%inhibition) -20±7                    
CAT (µmole/mg protein) 6±1                         
MDA (x10-6U/mg protein) 1±0                         
H2O2 (µmole)  4±1                        

values are in mean ± standard deviation or median (interquartile range), BP=blood pressure, 
BMI=body mass index, FPG = fasting plasma glucose, TC=total cholesterol, TG=triglyceride, 

HDL=high density lipoprotein cholesterol, LDL=low density lipoprotein cholesterol, TNF- α=tumour 
necrosis factor-alpha, hsCRP=high sensitivity C reactive protein, NO=nitric oxide, 

MPO=myeloproxidase, SOD=superoxide dismutase, CAT=catalase, MDA=malondialdehyde, 
H2O2=hydrogen peroxide, n=number of participants, MS=metabolic Syndrome 
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Table 2. Changes in metabolic, oxidative stress and inflammatory indices in 
participants with metabolic syndrome after 6 months of dietary modification 

 
Index Pre- Dietary 

Modification 
(n=49)                        

Post-Dietary 
Modificaton 
(n=49)        

p-value     Absolute  
change (%) 

Cardiometabolic Risk Factors   
Body Weight (kg) 73±12 70±11 *0.000 3 (4.1)a 
BMI (kg/m2) 28±4 27±4 *0.017 1 (3.57)a 
WC (cm) 100±9 96±7 *0.000 4 (4.0)a 
HC (cm) 106±10 103±7 *0.011 3 (2.8)a 
Waist-Hip ratio 1±0 0.9±0 *0.028 0.1 (10)a 
Waist-Height ratio 62±5 60±4 *0.000 2 (3.2)a 
Body fat (%) 39±7 37±8 *0.046 2 (5.1)a 
SBP (mmHg) 153±27 143±23 *0.001 10 (6.5)a 
DBP (mmHg) 93±2 87±13 *0.006 6 (6.5)a 
FPG (mg/dL) 94±37 89±15 0.343 5 (5.3) 
TC (mg/dL) 147±42 158±41 0.140 11 (7.5) 
TG (mg/dL) 78±34 75±36 0.754 3 (3.8) 
HDL (mg/dL) 35±12 47±16 *0.000 12 (34.3)b 
LDL (mg/dL) 97±40 98±40 0.854 1 (1.0) 
LDL-HDL ratio 3±2 2±2 *0.033 1 (33.3)a 
TC-HDL ratio 5±2 4±2 *0.013 1 (20.0) a 
TG-HDL ratio 2.5±2 1.8±1 *0.018 0.7 (28)a 
Inflammatory Factors 
TNF-α (pg/mL) 625 (313-864) 313 (313-625) 0.063 312 (49.92) 
hsCRP (mg/L) 3 (1-6) 2 (1-4) *0.049 1 (33.3)a 
Total Protein (g/L) 64±6 59±3 *0.000 5 (7.8)a 
Albumin (g/L) 40±7 43±5 *0.023 3 (7.5)b   
Globulin (g/L) 24±9 16±5 *0.000 8 (33.3)a  
Oxidative Stress Factors 
NO (µmole) 119±43 96±13 *0.001 23 (19.3)a  
MPO (U/mL) 0.6±0 0.7±0 *0.009 0.1 (16.7)b  
SOD (%inhibition) -20±7 -24±10 *0.018 4 (20.0)b 
CAT (µmole/mg pr) 6.3±1 6.4±1 0.549 0.1 (1.6) 
MDA (x10-6U/mg pr) 0.6±0 0.8±0 *0.008 0.2 (33.3)b 
H2O2 (µmole) 4.0±1 3.6±1 *0.001 0.4 (10.0)a 
values are in mean ± standard deviation or median (interquartile range),*significant at p < 0.05 (2-

tailed), BP=blood pressure, BMI=body mass index, WC=waist circumference, HC=Hip circumference, 
SBP=systolic blood pressure, DBP=diastolic blood pressure, FPG = fasting plasma glucose, TC=total 

cholesterol, TG=triglyceride, HDL=high density lipoprotein cholesterol, LDL=low density lipoprotein 
cholesterol, TNF- α=tumour necrosis factor-alpha, hsCRP=high sensitivity C reactive protein, NO=nitric 

oxide, MPO=myeloproxidase, SOD=superoxide dismutase, CAT=catalase, MDA=malondialdehyde, 
H2O2=hydrogen peroxide, n=number of participants, a = reduced change, b= increased change,  

pr = protein 
 
4. DISCUSSION 
 
Low grade inflammation has been implicated in obesity and in the development of co-
morbidities such as the metabolic syndrome, T2DM and cardiovascular disease [32].  
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Significant improvement six months post dietary modification were observed in the 
cardiometabolic risk factors (p<0.05) except FPG with mild percentage reduction of 5.3. 
Lifestyle change and weight loss are considered the most important initial steps in treating 
metabolic syndrome [33]. The Whitehall II prospective cohort study reported that dietary 
modification for 5 years reversed the risks associated with MS [34]. Similar observations 
were made in our study as HDL had the most positive change of 34.3% while TG to HDL, 
LDL to HDL, TC to HDL ratios had the percentage changes of 28, 33.3 and 20.0 
respectively. 
 
Increased concentration of TNF-α is associated with insulin resistance, which is associated 
with and probably in part caused by inflammation as insulin itself has acute anti-inflammatory 
properties [32]. A 12-week dietary carbohydrate diet of high postprandial insulin response 
exacerbated inflammation compared with low postprandial insulin response as assessed by 
cytokine concentrations in serum and gene expression in subcutaneous abdominal fat in 
individuals with the metabolic syndrome [32]. In our study, all inflammatory indices changed 
significantly 6 months post dietary modification except TNF-α (p<0.05). The percentage 
reductions in globulin, hsCRP and total protein were 33.3, 33.3 and 7.8 respectively; while 
the percentage increase in albumin was 7.5. Although the difference between pre- and post -
dietary modification level of TNF-α was not significant (p>0.05), its percentage reduction 
after dietary modification was 49.92. Decreased circulating level of TNF-α is associated with 
decreased weight loss. It has been suggested that TNF-α induces adipocytes apoptosis and 
promotes insulin resistance by the inhibition of the insulin receptor substrate 1 signaling 
pathway [3]. Reduction of adiposity measures were observed in this present study post 
dietary modification. However, further investigation is still required to understand the role of 
disturbed protein homeostasis in the pathogenesis of MS. 
 
Significant reduction in hsCRP level observed in MS subjects post dietary modification in our 
study is similar to reports in MS subjects placed on dietary modification in other studies 
[35,36,37]. This observation could be attributed to a host of factors including increased 
receptor mediated CRP uptake, reduced pro-inflammatory markers and decreased 
glycaemic load [38]. Increased albumin and reduced globulin production may be sequel to 
reduced inflammation. 
 
In several studies, oxidative stress occurred more frequently in people with metabolic 
syndrome than among those without MS [18,39,40,41]. Matsuzawa-Nagata et al. [42] 
showed that reactive oxygen species (ROS) overproduction in the adipose tissue and liver 
preceded the onset of insulin resistance induced by a high-fat diet. Furukawa et al. [18] 
observed good correlation between obesity and systemic oxidative stress. Additionally, they 
observed a higher expression of reduced nicotine adenyl dinucleotide phosphate (NADPH) 
oxidase that is accompanied by a decrease of antioxidant enzymes. Leptin, a hormone 
produced by adipocytes acts on hypothalamic centre to regulate food intake and energy 
expenditure and contributes to the OS of MS. It stimulates ROS production such as H2O2 

and hydroxyl radical directly. Leptin also reduces the activity of paraoxonase-1 (PON-1), an 
enzyme that protects against LDL oxidation [43]. An earlier study by our group observed that 
increased leptin levels in both MS and T2DM groups, reflected adiposity and might be a 
compensatory mechanism for maintenance of weight/fat loss and blood pressure [8]. In this 
study, all measured oxidative stress factors except catalase were significantly different 
between pre and post dietary modification. Increases were observed in MPO, SOD and MDA 
with percentage changes of 16.7, 20.0 and 33.3 respectively. Reductions were observed in 
NO and H2O2 with percentage changes of 19.3 and 10.0 respectively. Glucose and fatty acid 
independent sources of oxidative stress such as NADPH oxidase and xanthine oxidase 
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convert molecular oxygen into superoxide anion which is dismutated by SOD to yield 
hydrogen peroxide. The hydrogen peroxide is detoxified by catalase or glutathione 
peroxidase to form water. Therefore, increased NADPH activity, or reduced SOD or 
glutathione activity, culminate in increased ROS production. The activities of these enzymes 
have been reported to be low in obese individual [18,44]. Catalase deficiency has been 
associated with oxidative DNA damage and development of type 2 diabetes [45,46,47].  
 
In our present study, SOD activities increased significantly with a percentage change of 20.0 
post dietary modification in participants with MS (p<0.05). Isogawa et al. [48] reported a 
negative correlation between SOD activity and TG concentration as well as BMI, FPG and 
both systolic and diastolic blood pressure. 
 
The reduced H2O2 level post dietary intervention indicates reduced production of oxidants 
resulting in decreased oxidative stress and confirms earlier findings in other studies [37,49]. 
Elevated MPO activity might indicate continuous destruction of already hypertrophied and 
necrotic adipocytes in other to restore the adipose tissue to pre-MS stage. MPO has been 
associated with direct utilization of NO [50,51]. This could be responsible for our observed 
decreased level of NO post-dietary modification. The observed elevated level of MDA could 
be a reflection of increased release of lipid peroxides from the adipocytes and foam cells 
which could be induced by elevated MPO activity as observed in this study. This on-going 
restructuring of the adipose tissue might be responsible for the observed elevated activity of 
SOD which might be required to dismutate ROS released during the destruction of necrotic 
adipocytes. Metabolic overload evokes several stress reactions, such as oxidative, 
inflammatory, organelle and cell hypertrophy stresses, generating vicious cycles that amplify 
each other leading to dysfunction. Adipocyte hypertrophy facilitates cell rupture and evokes 
an inflammatory reaction. Inability of adipose tissue development to engulf all incoming fat 
leads to fat deposition in other organs, mainly in the liver, with marked consequences on 
insulin resistance. The accompanying oxidative stress due to excessive ingestion of fat 
and/or other macronutrients without concomitant ingestion of antioxidant-rich 
foods/beverages, may contribute to the inflammatory markers attributed to obesity [52]. Our 
observations suggest that inflammatory and oxidative stress mechanisms are important in 
the pathogenesis of MS and relate to some components of the metabolic syndrome. Short 
term dietary intervention of six months resulted in significant loss of adiposity and greatly 
improved cardiovascular risk, inflammatory and oxidative stress factors without significant 
reduction in FPG levels.  
 
5. CONCLUSION 
 
Cardio-metabolic risk factors, inflammatory and oxidative mechanisms underlie metabolic 
syndrome. Improvement in most of the factors as a result of short dietary intervention of 6 
months was observed. Monitored dietary modification could be a viable therapeutic regime 
against the chronic inflammation and oxidative stress associated with metabolic syndrome. 
Screening of communities for cardiometabolic, inflammatory and oxidative stress indices as 
well as modulation of diet of affected individuals to prevent diseases associated with MS is 
advocated especially in Nigeria, with poor economy. Since fasting plasma glucose was not 
markedly affected by 6 months post dietary intervention, studies for longer periods will shed 
more light on the mechanism involved. 
 
 
 

IB
ADAN U

NIV
ERSITY

 LI
BRARY



 
 

 
European Journal of Nutrition & Food Safety, 4(2): 137-149, 2014 

 
 

146 
 

 
ETHICAL CONSIDERATION AND INFORMED CONSENT 
 
This study was approved by the University of Ibadan/University College Hospital (UI/UCH) 
Joint Ethics Review Committee. Also, written informed consent was obtained from each 
subject. 
 
ACKNOWLEDGEMENT 
 
This study was partly funded by the University of Ibadan MacArthur Foundation Grant. The 
authors also appreciate the contribution of Mr. Ayo Kosoko of the Institute of Medical 
Research and Training, College of Medicine, University of Ibadan for his kind donation of 
some of the reagents and for his technical assistance. 
 
COMPETING INTEREST 
 
Authors have declared that no competing interests exist. 
 
REFERENCES 
 
1. Roberts CK, Sindhu KK. Oxidative stress and metabolic syndrome. Life Sci.          

2009;84(21-22):705-12. 
2. Trøseid M, Seljeflot I, Arnesen H. The role of interleukin-18 in the metabolic syndrome. 

Cardiovascular Diabetology. 2010;9:11. 
3. Emmanuela F, Grazia M, Marco D, Paola LM, Giorgio F, Marco B. Inflammation as a 

Link between Obesity andMetabolic Syndrome. Journal of  Nutrition and Metabolism; 
2012. Article ID 476380. 

4. Alberti KG, Zimmet P, Shaw J. The metabolic syndrome–a new worldwide definition. 
Lancet. 2005;366:1059-1062. 

5. Lorenzo C, Williams K, Hunt KJ, Haffner SM. The National Cholesterol Education 
Program-Adult Treatment Panel III, International Diabetes Federation and World 
Health Organization definitions of the metabolic syndrome as predictors of incident 
cardiovascular disease and diabetes. Diabetes Care. 2007;30:8–13. 

6. Mannucci E, Monami M, Rotella CM. How many components for the metabolic 
syndrome? Results of exploratory factor analysis in the FIBAR study. Nutrition, 
Metabolism and Cardiovascular Diseases. 2007;17(10):719–726. 

7. Charles-Davies MA, Arinola OG, Fasanmade AA, Olaniyi JA, Oyewole OO, Owolabi 
MO, et al. Indices of metabolic syndrome in 534 apparently healthy traders in a local 
market in Ibadan, Nigeria. Journal of US-China Medical Science. 2012;9(2):91-100. 

8. Fabian UA, Charles-Davies MA, Adebusuyi JR, Ebesunun MO, Ajobo BM, Hassan 
OO, Adigun K, Owolabi MO, Oyewole OE, Olaniyi JA, Fasanmade AA, Akinlade KS, 
Arinola OG, Agbedana EO. Leptin Concentrations in African Blacks with Metabolic 
Syndrome and Type 2 diabetes Mellitus. Journal of the US-China Medical Science. 
2011;8:493-500. 

9. Ford ES, Giles WH, Dietz WH. Prevalence of the metabolic syndrome among US 
adults: findings from the third National Health and Nutrition Examination Survey. 
JAMA. 2002;287:356-359. 

10. Ford ES, Giles WH, Mokdad AH. Increasing prevalence of the metabolic syndrome 
among US Adults. Diabetes Care. 2004;27:2444-2449. 

IB
ADAN U

NIV
ERSITY

 LI
BRARY



 
 

 
European Journal of Nutrition & Food Safety, 4(2): 137-149, 2014 

 
 

147 
 

11. Li C, Ford ES, McGuire LC, Mokdad AH. Increasing trends in waist circumference and 
abdominal obesity among US adults. Obesity (Silver Spring). 2007;15:216-224. 

12. Fezeu L, Balkau B, Kengne A, Sobngwi E, Mbanya JC. Metabolic syndrome in a Sub-
Saharan African setting: Central obesity may be the key determinant. Atherosclerosis. 
2007;193:70–76. 

13. Ghazali SM, Sanusi RA. Waist circumference, waist to hip ratio, and body mass index 
in the diagnosis of metabolic syndrome in Nigerian subjects. Nig J Physiol Sci.      
2010;25(2):187-195. 

14. Gaziano TA, Galea G, Reddy KS. Scaling up interventions for chronic disease 
prevention: the evidence. Lancet. 2007;370:1939–1946. 

15. Umoh U, Charles-Davies MA, Adeleye J. Serum testosterone and lipids in relation to 
sexual dysfunction in males with metabolic syndrome and type 2 diabetes mellitus. 
International Journal of Medicine and Medical Sciences. 2010;2:402–412. 

16. Bastard JP, Maachi M, Lagathu C, Kim MJ, Caron M, Vidal H, Capeau J, Feve B. 
Recent advances in the relationship between obesity, inflammation and insulin 
resistance. Eur Cytokine Netw. 2006;17:4–12. 

17. De Ferranti S, Mozaffarian D. The perfect storm: obesity, adipocyte dysfunction and 
metabolic consequences. Clin Chem. 2008;54:945–955. 

18. Furukawa S, Fujita T, Shimabukuro M, Iwaki M, Yamada Y, Nakajima Y, et al. 
Increased oxidative stress in obesity and its impact on metabolic syndrome. J Clin 
Invest. 2004;114:1752–1761. 

19. Longo-Mbenza B, Nkondi NJ, Ngoma DV. Prevention of the metabolic syndrome, 
insulin resistance and the atherosclerotic diseases in Africans infected by Helicobacter 
pylori infection and treated by antibiotics. Int J Cardol. 2007;121:229-238. 

20. Longo-Mbenza B, Mvindu HN, On’kin JBK, Bikuku N, Phanzu BK, Okwe AN, Kabangu 
N. The deleterious effects of physical inactivity on elements of insulin resistance and 
metabolic syndrome in Central Africans at high cardiovascular risk. Diabetes and 
Metabolic syndrome: Clinical Research and Reviews. 2011;5:1-6. 

21. Matfin G. Challenges in developing therapies for the metabolic syndrome.  Curr Diab 
Rep. 2008;8(1):31-36. 

22. International Diabetes Federation. The IDF consensus worldwide definition of the 
metabolic syndrome. Brussels; 2005.  
Available at: http://www.idf.org/ webdata/docs/IDF_ Metasyndrome definition.pdf 

23. Frieldwald WT, Levy RI, Fredricson DS. Estimation of the concentration of low density 
lipoprotein cholesterol in plasma without use of pre-preparation ultra centrifuge. Clin 
Chem. 1972;18:499-502. 

24. Doumas BT, Watson WA, Biggs HG. Albumin standards and the measurement of 
serum albumin with bromocresol Green. Clin Chem. 1971;31:87. 

25. Gornal AG, Bardawill CJ, David MM. Determination of serum protein by means of 
Biuret reaction. J Biol Chem. 1949;177:571-576. 

26. Bergmeyer HU. Methods of Enzymatic Analysis, second ed. Academic Press, London. 
1974;574-582:856-869. 

27. Green LC, Wagner DA, Glogowski J, Skipper PL, Wishnok JS, Tannenbaum SR. 
Analysis of nitrate, nitrite and (15N) nitrate in biological fluids. Anal Biochem.        
1982;126:131-138. 

28. Adam-Vizi V, Seregi M. Receptor dependent stimulatory effect of noradrenalin on 
Na+/K+–ATPase in rat brain homogenate. Role of lipid peroxidation. Biochem 
Pharmacol.  1982;31:2231–2236. 

29. Wolff SP. Ferrous ion oxidation in presence of ferric ion indicator xylenol orange for 
measurement of hydroperoxides. Methods Enzymol. 1994;233:182-189. 

IB
ADAN U

NIV
ERSITY

 LI
BRARY



 
 

 
European Journal of Nutrition & Food Safety, 4(2): 137-149, 2014 

 
 

148 
 

30. Sinha KA. Colorimetric assay of catalase. Analytical Biochemistry.                        
1971;47:389–394. 

31. Misra HP, Fridovich I. The role of superoxide anion in the autooxidation of epinephrine 
and a simple assay for superoxide dismutase. Journal of Biological Chemistry.     
1972;247(10):3170–3175. 

32. Kallio P, Kolehmainen M, Laaksonen DE, Pulkkinen L, Atalay M, Mykka¨nen H, 
Uusitupa M, Poutanen K, Niskanen L. Inflammation markers are modulated by 
responses to diets differing in postprandial insulin responses in individuals with the 
metabolic syndrome. Am J Clin Nutr. 2008;87:1497-1503. 

33. Yoneda M, Yamane K, Jitsuiki K, Nakanishi S, Kamei N, Watanabe H, Kohno N. 
Prevalence of metabolic syndrome compared between native Japanese and 
Japanese-Americans. Diabetes Res Clin Pract. 2008;79(3):518-522. 

34. Akbaraly TN, Singh-Manoux A, Tabak AG, Jokela M, Virtanen M, Ferrie JE, Marmot 
MG, Shipley MJ, Kivimaki M. Overall diet history and reversibility of the metabolic 
syndrome over 5 years: the Whitehall II prospective cohort study. Diabetes Care. 
2010;33(11):2339-2341. 

35. Esposito K, Marfella R, Ciotola M, Di Palo C, Giugliano F, Giugliano G, D'Armiento M,  
D'Andrea F, Giugliano D. Effect of a mediterranean-style diet on endothelial 
dysfunction and markers of vascular inflammation in the metabolic syndrome: a 
randomized trial. JAMA. 2004;292(12):1440-1446. 

36. Giugliano D, Ceriello A, Esposito K. The effects of diet on inflammation: emphasis on 
the metabolic syndrome. J Am Coll Cardiol. 2006;48(4):677-685. 

37. Roberts CK, Won D, Pruthi S, Kurtovic S, Sindhu RK, Vaziri ND, Barnard RJ. Effect of 
diet and exercise intervention on oxidative stress, inflammation, MMP-9 and monocyte 
chemotactic activity in men with metabolic syndrome. J Appl Physiol.                     
2006;100:1657-1665. 

38. Liu S, Manson JE, Buring JE, Stampfer MJ, Willett WC, Ridker PM. Relation between 
a diet with a high glycemic load and plasma concentrations of high-sensitivity C-
reactive protein in middle-aged women. Am J Clin Nutr. 2002;75:492–498. 

39. Ford ES. Intake and circulating concentrations of antioxidants in metabolic syndrome. 
Curr Atheroscler Rep. 2006;8:448–452. 

40. Cardona F, T´unez I, Tasset I, Murri M, Tinahones FJ. Similar increase in oxidative 
stress after fat overload in persons with baseline hypertriglyceridemia with or without 
the metabolic syndrome. Clin Biochem. 2008;41:701–705. 

41. Skalicky J, Muzakova V, Kandar R, Meloun M, Rousar T, Palicka V. Evaluation of 
oxidative stress and inflammation in obese adults with metabolic syndrome. Clin Chem 
Lab Med. 2008;46:499–505. 

42. Matsuzawa-Nagata N, Takamura T, Ando H, Nakamura S, Kurita S, Misu H, Ota T, 
Yokoyama M, Honda M, Miyamoto K, Kaneko S. Increased oxidative stress precedes 
the onset of high-fat diet-induced insulin resistance and obesity. Metabolism.        
2008;57(8):1071–1077. 

43. Vincent HK, Taylor AG. Biomarkers and potential mechanisms of obesity-induced   
oxidant stress in humans. Int J Obes (Lond). 2006;30:400–418. 

44. Bełtowski J, W´ojcicka G, G´orny D, Marciniak A. The effect of dietary-induced obesity 
on lipid peroxidation, antioxidant enzymes and total plasma antioxidant capacity. J 
Physiol Pharmacol. 2000;51:883–96. 

45. Góth L, Lenkey A, Bigler WN. Blood catalase deficiency and diabetes in Hungary. 
Diabetes Care. 2001;24(10):1839-1840. 

46. Góth L. Catalase deficiency and type 2 diabetes. Diabetes Care. 2008;31(12):93. 
47. Khan MA, Tania M, Zhang D, Chen H. Antioxidant enzymes and cancer. Chin J 

Cancer Res. 2010;22(2):87–92. 

IB
ADAN U

NIV
ERSITY

 LI
BRARY



 
 

 
European Journal of Nutrition & Food Safety, 4(2): 137-149, 2014 

 
 

149 
 

48. Isogawa A, Yamakado M, Yano M, Shiba T. Serum superoxide dismutase activity 
correlates with the components of metabolic syndrome or carotid artery intima-media 
thickness. Diabetes Res Clin Pract. 2009;86(3):213-218. 

49. Dandona P, Aljada A, Mohanty P. Insulin inhibits intranuclear nuclear factor kappa-B 
and stimulates I-kappa-B in mononuclear cells in obese subjects: evidence for an anti-
inflammatory effect? J Clin Endocrinol Metab. 2001;86:3257. 

50. Eiserich JP, Hristova M, Cross CE, Jones AD, Freeman BA, Halliwell B, Van Der Vliet 
A. Formation of nitric oxide-derived inflammatory oxidants by myeloperoxidase in 
neutrophils. Nature. 1998;391:393–397. 

51. Baldus S, Heitzer T, Eiserich JP, Lau D, Mollnau H, Ortak M, Petri S, Goldmann B, 
Duchstein HJ, Berger J. Myeloperoxidase enhances nitric oxide catabolism during 
myocardial ischemia and reperfusion. Free Radic Biol Med. 2004;37:902–911. 

52. Monteiro R, Azevedo I. Chronic Inflammation in Obesity and the Metabolic   
Syndrome, Mediators of Inflammation; 2010. Article ID 289645. 

_________________________________________________________________________ 
© 2014 Rahamon et al.; This is an Open Access article distributed under the terms of the Creative Commons 
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, and 
reproduction in any medium, provided the original work is properly cited. 
 
 
 Peer-review history: 

The peer review history for this paper can be accessed here: 
http://www.sciencedomain.org/review-history.php?iid=420&id=30&aid=3730 

 

IB
ADAN U

NIV
ERSITY

 LI
BRARY


