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ABSTRACT 
 

Background: The indices of obesity (measured by Body Mass Index, waist circumference, and 
weight-to-height ratio) have been observed to be strongly associated with cardiovascular risk. Body 
mass index (BMI) is a measure of general obesity while waist circumference (WC) and waist-to-
height ratio (WHtR) are used to measure central obesity, with the latter suggested to be the indicator 
for the prediction of cardiovascular risks. This study aimed to determine the advantage of WHtR for 
cardiovascular risk over the use of other indices of obesity. 
Methods: The study was a cross-sectional descriptive design carried out among 441 participants at 
the Metabolic Research Laboratory LTH Ogbomoso excluding pregnant or breastfeeding mothers, 
thyroid disease, those diagnosed with hypertension, diabetes, or hyperlipidemia, those on blood-
pressure, blood-glucose or lipid-lowering medications; those on weight-control medications or 
supplements. A structured self-administer questionnaire was distributed to obtain socio-

Original Research Article 



 
 
 
 

Salawu et al.; Int. J. Biochem. Res. Rev., vol. 33, no. 5, pp. 11-17, 2024; Article no.IJBCRR.113944 
 
 

 
12 

 

demographic data of participants. Physical examination was done with anthropometry 
measurements. Fasting blood samples were obtained for blood glucose and lipid profiles. Data 
analysis was done using SPSS version 21. 
Results: The study included 441 subjects with male to female ratio of 1:1.47 mean age of 
37.92±11.80 and 34.72±12.16 respectively. Blood pressure, pulse rate, height and other obesity 
indices except waist circumference were all statistically significantly higher in the males than in the 
females p <0.05. There was a statistically significant difference in the BMI between the sexes for all 
categories with the majority of female subjects having abnormal BMI and waist circumference. 
There was a statistically significant relationship between all the obesity indices (BMI, WHtR &            
WC) and the cardiovascular risk factors excluding TG and HDLC P <0.05. 
Conclusion: It was observed that all indices of obesity measured in this study were               
sensitive and significant in determining cardiovascular risk. It could be concluded that WHtR does 
not have a special or greater advantage over BMI and WC as all indices showed a significant 
association with cardiovascular risks. Also, the level of statistical significance suggested                            
that either of these obesity indices could be used independently as a predictor of cardiovascular 
risk. 
 

 
Keywords: Waist to height ratio (WHtR); obesity indices; cardiovascular risk; Nigeria. 
 

1. INTRODUCTION 
 
Cardiovascular diseases have been a major 
health problem in the developed world and more 
people die from cardiovascular diseases than 
from other non-communicable diseases globally 
[1]. Although it was thought to be a disease of 
the developed world alone, however, data has 
shown that over 80% of all deaths due to 
cardiovascular diseases are from low- and 
middle-income countries [1]. The influential 
lifestyles of the developed countries are now 
being imbibed in the developing countries and 
with it the trend of cardiovascular diseases [2,3]. 
Some risk factors have been identified to 
predispose to developing cardiovascular 
diseases. While some of them are non-
modifiable such as age, gender, and heredity, 
others are modifiable like obesity, hypertension, 
cigarette and alcohol intake, lipid profile, and diet 
[4]. 
 
The indices of obesity (measured by Body                
Mass Index, waist circumference, and weight-to-
height ratio) have been observed to be strongly 
associated with cardiovascular risk [5–9] as 
reported by studies across the world [7,9–11]. 
Therefore, as attempts to reduce the burden of 
cardiovascular diseases are being made, obesity 
as a modifiable risk factor can be targeted. Body 
mass index (BMI) is a measure of general 
obesity while waist circumference (WC) and 
waist-to-height ratio (WHtR) are used to measure 
central obesity, with the latter suggested to be 
the indicator for the prediction of cardiovascular 
risks [12–16].  

 

While past studies have shown the association 
between obesity indices and cardiovascular 
risks, it is still not established; the indices with 
the strongest association with cardiovascular 
risk. Hence, this study assessed the obesity 
indices with the strongest association with 
cardiovascular risk factors in a sample adult 
Nigerian population. 
 

2. METHODOLOGY 
 
2.1 Study Design 
 
The study was a cross-sectional descriptive 
design carried out in the Ogbomoso community, 
Oyo State, Nigeria.  
 

2.2 Criteria 
 
Pregnant subjects and/or breastfeeding mothers, 
those with clinical thyroid disease, those 
diagnosed with hypertension, diabetes, or 
hyperlipidemia before the commencement of the 
study; those on blood-pressure or blood-glucose 
or lipid-lowering medications; those on weight-
control medications or supplements; and those 
who declined to participate in the study were all 
excluded. 
 

2.3 Study Procedure 
 
The subjects who met the study criteria were 
instructed to fast overnight (8-12 hours) and then 
reported at the Metabolic Research Laboratory of 
the LAUTECH Teaching Hospital Ogbomoso, to 
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complete a structured questionnaire and blood 
sample collection. 
 
The weight (kg) and height were obtained using 
the stadiometer (Heightiometer and weighing 
scale Lincoln Mark Medical, England). The body 
mass index was calculated (kg/m2 classified 
according to WHO classification [17]. Waist 
circumference (WC) was measured midway 
between iliac crest and lowest rib using a non-
stretchable tape measure. The waist-to-height 
ratio was calculated by dividing the WC by the Ht 
(i.e. WC/Ht). The blood pressure (BP) and pulse 
rate (PR) of the participants were obtained using 
A&D UA767 digital monometer which has been 
validated by the British Hypertension Society 
[18]. Blood pressure was taken using an 
appropriate cuff after ensuring that the participant 
had rested. 
 

2.4 Blood Sample Collection 
 
Ten (10) ml of venous blood specimens were 
obtained into lithium heparinized bottles for lipid 
profiles and fluoride oxalate bottles for fasting 
blood glucose. Blood samples were centrifuged 
at 3000rpm for 5 minutes and the extracted 
plasma was stored at -200C until analysis. 
Fasting plasma glucose was analyzed using the 
glucose oxidase method. The concentration of 
total cholesterol (TC), its fractions and 
triglycerides (TG) were assessed enzymatically 
using commercially available reagents (Randox 
Laboratories Ltd, UK). The HDL-C was 
determined from the supernatant after other 
fractions were separated by precipitation 
techniques using sodium phosphotungstate and 
magnesium chloride [19]. The concentration of 
low-density lipoprotein cholesterol (LDL-C) was 
calculated using the Friedewald equation for 
participants with TG levels <4.5 mmol/L [20]. 
Accuracy was ensured using commercial quality 
control sera. Participants with abnormal BP 
readings, lipid profile and FPG were re-checked. 
Participants with any persistent abnormal 
findings were counseled and referred to the 
health facility of their choice. 
 

2.5 Data Analysis 
 
All statistical analyses were done using the 
Statistical Package for Social Sciences (SPSS) 
software, version 21. Categorical variables were 
expressed as proportions and continuous 
variables as means±, standard deviation. 
Comparisons between continuous variables were 
analyzed using the student t-test and                 

analysis of variance (ANOVA) respectively. The 
chi-squared test was used to determine the 
degree of association of categorical variables 
with the Fisher’s test applied when appropriate.  

 
3. RESULTS AND DISCUSSION 
 
A total of 441 subjects were recruited for the 
study including 178 males and 263 females. The 
mean age of the males was statistically higher 
than the females (37.92±11.80 vs 34.72±12.16, 
p=0.006). Blood pressure, pulse rate, height and 
other obesity indices except waist circumference 
were all statistically significantly higher in the 
males than in the females p <0.05 (Table 1). 
 
There is a statistically significant difference in the 
BMI between the sexes for all categories, more 
than half (55.5%) of the female subjects have 
abnormal BMI as opposed to 42.1% of the males 
using the 2023 NICE guideline: Healthy weight: 
BMI 18.5 kg/m2 to 24.9 kg/m2, overweight: BMI 
25 kg/m2 to 29.9 kg/m2, obesity class 1: BMI 30 
kg/m2 to 34.9 kg/m2, obesity class 2: BMI 35 
kg/m2 to 39.9 kg/m2, obesity class 3: BMI 40 
kg/m2 or more. Also, the female subjects with 
abnormal waist circumference are more than 
their male counterparts (41.8% vs 16.3%, p= < 
0.001). 
 
There was a statistically significant relationship 
between all the indices of obesity (BMI, WHtR & 
WC) and the cardiovascular risk factors except 
TG and HDLC. P <0.05. (Table 3). 
 
This study assessed the most reliable predictor 
of cardiovascular diseases amidst the various 
indices of obesity as a form of first-hand pointer 
while waiting for laboratory results of the full 
cardiovascular risk markers such as lipid profile.  
It is however important to note that in low-
resource countries like Nigeria where old or 
manual techniques are still been utilized for most 
laboratory assays with long turnaround times, 
seeking a quick or alternate predictor of 
cardiovascular disease is justified in clinics and 
for prompt decision making in the line of patient 
management. 
 
The female subjects in this study were     more 
than their male counterpart and this is as 
observed in other studies within the country 
[21,22] which could be because there are more 
females in the Nigerian population than               
males and also due to the willingness of the 
females to be questioned and follow up than the 
males [23]. 
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The distribution of the age of the subjects shows 
that almost all were less than 55 years old as 
would be expected in a university community of 
students and civil servants. The mean blood 
pressure of the male subjects is also higher.  

This is in agreement with other findings by 
Adeoye et al in a study of 352 health workers in 
Ibadan, Nigeria [24] and by Wokoma and         
Alasia in Barako, a rural community in River’s 
state [25].  

 
Table 1. Gender distribution of cardiovascular risk factors among the subjects 

 

Variable Total n=441 Male  n=178 Female  n=263 p – value 

Age 36.01±12.10 37.92±11.80 34.72±12.16 0.006* 

Weight 70.14±17.00 70.74±16.36 69.74±17.43 0.546 

Height 1.63±0.08 1.67±0.08 1.60±0.06 < 0.001* 

BMI 26.60±6.83 25.30±6.01 27.48±7.22 0.001* 

WC 86.46±15.73 86.07±14.83 86.72±16.33 0.668 

SBP 125.86±23.01 131.44±22.24 122.09±22.79 < 0.001* 

DBP 78.46±13.99 80.33±14.09 77.19±13.80 0.021* 

PR 77.08±13.32 75.14±14.47 78.39±12.33 0.012* 

WHtR 53.27±10.33 51.53±9.40 54.45±10.77 0.004* 

FPG 5.26±1.68 5.40±1.81 5.16±1.58 0.128 

TC 4.52±1.46 4.64±1.48 4.44±1.44 0.143 

TG 0.97±0.30 1.18±0.35 0.82±0.50 0.215 

HDL – C  1.52±0.58 1.25±0.50 1.70±0.46 0.432 

LDL – C  3.11±1.58 3.25±1.64 3.02±1.54 0.123 
BMI = Body Mass Index, WC = Waist circumference, SBP = Systolic Blood Pressure, DBP = Diastolic Blood 

Pressure, TC = Total Cholesterol, HDL–C = High density lipoprotein–Cholesterol, LDL–C = Low density 
lipoprotein–Cholesterol, TG = Triglycerides, PR =Pulse Rate, FPG = Fasting Plasma Glucose                  

*Statistically Significant 
 

Table 2. Sociodemographic and family history of the subjects 
 

Variable Male n(%) Female p–value  

Age    

18-34 years 

35-54 years 

55-74 years 

74 (41.6) 

87 (48.9) 

17 (9.6) 

139 (52.9) 

112 (42.6) 

12 (4.6) 

0.021* 

 

 

Occupation    

Civil servant 

Student 

115 (64.6) 

63 (35.4) 

156 (59.3) 

107 (40.7) 

0.154 

BMI    

Underweight 

Normal 

Overweight 

Obesity 

7 (3.9) 

103 (57.9) 

37 (20.8) 

31 (17.4) 

8 (3.0) 

117 (44.5) 

53 (20.2) 

85 (32.3) 

0.005* 

Abnormal WC 29 (16.3) 110 (41.8) < 0.001* 

Abnormal TC 52 (29.2) 66 (25.1) 0.198 

Abnormal TG 13 (7.3) 15 (5.7) 0.314 

Abnormal HDL – C 31 (17.4) 52 (19.8) 0.311 

Abnormal LDL – C 73 (41.0) 95 (36.1) 0.174 

Family history of HTN 43 (24.2) 43 (16.3) 0.125 

Family history of DM 18 (10.1) 24 (9.1) 0.858 
TC = Total Cholesterol, HDL–C = High density lipoprotein–Cholesterol, LDL–C = Low density lipoprotein–
Cholesterol, TG = Triglycerides, HTN = Hypertension, DM = Diabetes Mellitus, BMI = Body Mass Index 

*Statistically Significant 
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Table 3. Regression analysis for risk factor levels on WC, WHtR and BMI 
 

Variables  BMI Waist/Height Ratio Waist circumference 
 Regression 

coefficient (p-value)  
Regression coefficient  
(p-value)  

Regression coefficient 
(p-value)  

FPG 0.13 (0.006*) 0.17 (<0.0001*) 0.18 (<0.0001*) 
TC 0.32 (<0.0001*) 0.35 (<0.0001*) 0.34 (<0.0001*) 
TG 0.007 (0.872) -0.0007 (0.987) -0.006 (0.903) 
HDLC 0.03 (0.571) -0.02 (0.652) 0.03 (0.491) 
LDLC 0.33 (<0.0001*) 0.37 (<0.0001*) 0.36 (<0.0001*) 
SBP 0.33 (<0.0001*) 0.32 (<0.0001*) 0.36 (<0.0001*) 
DBP 0.39 (<0.0001*) 0.40 (<0.0001*) 0.42 (<0.0001*) 
FPG = Fasting Plasma Glucose, TC = Total Cholesterol, HDL–C = High-density lipoprotein–Cholesterol, LDL–C 

= Low-density lipoprotein–Cholesterol, TG = Triglycerides, SBP = Systolic Blood Pressure, DBP = Diastolic Blood 
Pressure; *Statistically Significant 

 
This present study observed the waist-to-height 
ratio to be higher among males than females, 
this is in contrast to a study by Ajani et al. [17] 
and Pam et al. [18] where it was reported to be 
more among female subjects. There is a 
statistically significant difference in the BMI 
between the sexes for all categories, more than 
half of the female subjects have abnormal BMI.  
Also, the female subjects with abnormal waist 
circumference are more than their male 
counterparts. Therefore, using BMI as a measure 
of central obesity, the females were more at risk 
of cardiovascular disease which was in tandem 
with another report from a similar study [18]. 
 
Blood pressure, pulse rate, height and other 
obesity indices except waist circumference were 
all statistically significantly higher in the males 
than in the females. There was a significant 
relationship between all the indices of obesity 
(BMI, WHtR & WC) and the cardiovascular risk 
factors except TG and HDLC. However, using 
waist-hip ratio and waist circumference to predict 
the risk of cardiovascular diseases was slightly 
more significant than using BMI according to our 
study; this suggests that central obesity predicts 
the risk of cardiovascular disease more than 
generalized obesity and when considering 
cardiovascular risk in a patient, instead of 
measuring weight, checking the waist 
circumference could be more beneficial. 
However, waist-to-hip ratio has been reported to 
predict more efficiently the risk for other diseases 
[19,20].  
 

4. CONCLUSION 
 

It was observed that all indices of obesity 
measured in this study were sensitive and 
significant in determining cardiovascular risk. It 
could be concluded from this study that WHtR 

does not have a special advantage over BMI and 
WC as all indices showed a significant 
association with cardiovascular risks. Also, the 
level of statistical significance suggested that 
either of these obesity indices could be used 
independently as a predictor of cardiovascular 
risk. 
 

CONSENT 
 
It is not applicable. 

 
ETHICAL APPROVAL 
 
As per international standards or university 
standards written ethical approval has been 
collected and preserved by the author(s). 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. Global Status Report on Non-

Communicable Diseases 2010. Geneva: 
World Health Organization; 2011. 

2. WHO Investigators. Obesity: Preventing 
and managing the global epidemic. Report 
of a WHO consultation. World            
Health Organ Tech Rep Ser 2000;894:i-
xii:1-253. 

3. Kamadjeu RM, Edwards R, Atanga JS, 
Kiawi EC, Unwin N, Mbanya JC. 
Anthropometry measures and prevalence 
of obesity in the urban adult population of 
Cameroon: an update from the Cameroon 
Burden of Diabetes Baseline Survey. BMC 
Public Health. 2006;6:228.      



 
 
 
 

Salawu et al.; Int. J. Biochem. Res. Rev., vol. 33, no. 5, pp. 11-17, 2024; Article no.IJBCRR.113944 
 
 

 
16 

 

4. Yusuf S, Reddy S, Ounpun S, Anand S. 
Global burden of cardiovascular disease. 
Part 1: General considerations the 
epidemiologic transition, risk factors, and 
impact of urbanization. Circulation. 2001; 
104:2746–53. 

5. Kopelman. Obesity as a medical problem. 
Nature. 2000;404:635-643.  

6. Pi-Sunyer X. Health implications of obesity. 
Am J Clin Nutr 1991;53:1595s-1603s. 

7. Hubert HB, Feinleib M, McNamara PM, 
Castelli WP. Obesity as an independent 
risk factor for cardiovascular disease: a 26-
year follow-up of participants in the 
Framingham Heart Study. Circulation. 
1983;67:968-977. 

8. William BK, Ralph BD, Janet LC. Effect of 
weight on cardiovascular disease. Am J 
Clin Nutr. 1996;63:419s-422s. 

9. Seidell JC, Verschu Ren WM, Van Leer 
EM, Kromhout D. Overweight, 
underweight, and mortality. A prospective 
study of 48,187 men and women. Arch 
Intern Med. 1996;156:958-963. 

10. Ojo IA, Mohammed J. Anthropometry and 
cardiovascular disease risk factors among 
retirees and non-retirees in Ile-Ife, Nigeria: 
A comparative study. Niger Med J. 2013; 
54(3):160–164.  
DOI:  10.4103/0300-1652.114568  
PMCID: PMC3719241. 

11. Mellati AA, Mousavinasab SN, Sokhanvar 
S, Kazemi SA, Esmailli MH, Dinmohamadi 
H. Correlation of anthropometric indices 
with common cardiovascular risk factors in 
an urban adult population of Iran: data 
from Zanjan Healthy Heart Study. Asia Pac 
J Clin Nutr. 2009;18(2):217-25. 

12. Mueller WH, Wear ML, Hanis CL, Emerson 
JB, Barton SA, Hewett-Emmett D, et al. 
Which measure of body fat distribution is 
best for epidemiologic research? Am J 
Epidemiol. 1991;133(9):858-69. 

13. Pouliot MC, Després JP, Lemieux S, 
Moorjani S, Bouchard C, Tremblay A, et al. 
Waist circumference and abdominal 
sagittal diameter: best simple 
anthropometric indexes of abdominal 
visceral adipose tissue accumulation and 
related cardiovascular risk in men and 
women. Am J Cardiol. 1994;73(7):460-8. 

14. Lemieux S, Prud'homme D, Bouchard C, 
Tremblay A, Després JP. A single 
threshold value of waist girth identifies 
normal-weight and overweight subjects 
with excess visceral adipose tissue. Am J 
Clin Nutr. 1996;64(5):685-93. 

15. Dobbelsteyn CJ, Joffres MR, MacLean DR, 
Flowerdew G. A comparative evaluation of 
waist circumference, waist-to-hip ratio and 
body mass index as indicators of 
cardiovascular risk factors. The Canadian 
Heart Health Surveys. Int J Obes Relat 
Metab Disord. 2001;25(5):652-61. 

16. Olinto MT, Nacul LC, Gigante DP, Costa 
JS, Menezes AM, Macedo S. Waist 
circumference as a determinant of 
hypertension and diabetes in Brazilian 
women: a population-based study. Public 
Health Nutr. 2004;7(5):629-35.  

17. Ogunmola OJ, Olaifa AO, Oladapo OO, 
Babatunde OA. Prevalence of 
cardiovascular risk factors among adults 
without obvious cardiovascular disease in 
a rural community in Ekiti State. Southwest 
Nigeria. BMC Cardiovasc Disord 2013;13: 
89. 
Available:http://dx.doi.org/10.1186/1471-
2261-13-89 

18. Ejim EC, Okafor CI, Emehel A, Mbah AU, 
Onyia U, Egwuonwu T, et al. Prevalence of 
cardiovascular risk factors in the                 
middle-aged and elderly population of a 
Nigerian rural community. J Trop Med; 
2011. 

19. Nigerias Demographic profile; 2013. 
Available:<http://www.indexmundi.com/nig
eria/demographics_profile.html> 

20. Adeoye AM, Adebiyi A, Owolabi MO, 
Lackland DT, Ogedegbe G, Tayo BO. 
Gender disparity in blood pressure levels 
among nigerian health workers. J Clin 
Hypertens (Greenwich). 2016;18(7):685–
689. 
PMCID: PMC4873467 

21. Wokoma FS, Alasia DD. Blood Pressure 
Pattern in Barako - A Rural community in 
rivers State, Nigeria. Nigerian Health 
Journal. 2011;11(1) 

22. Ajani SR, Abba Susan HJ, Oluwaseun A. 
Gender differences in factors associated 
with overweight and obesity among civil 
servants in Lagos, Nigeria. 2015;7(6):66-
73, September 2015  
DOI: 10.5897/IJNAM2015.0187 

23. Pam SD, Dakok KK, Chagok NMD, 
Sirisena UAI, Taddy EN, Gadong EP. Body 
Mass Index (BMI) and Waist to Height 
Ratio (WHTR) for prediction of 
cardiovascular diseases: Women at higher 
risk than men in jos. Advances in life 
science and technology.  
ISSN 2224-7181 (Paper)  
ISSN 2225-062X (Online) 



 
 
 
 

Salawu et al.; Int. J. Biochem. Res. Rev., vol. 33, no. 5, pp. 11-17, 2024; Article no.IJBCRR.113944 
 
 

 
17 

 

24. Mi SQ, Yin P, Hu N, Li JH, Chen XR, Chen 
B, Yan LX, Zhao WH. BMI, WC, WHtR, 
VFI and BFI: which indictor is the most 
efficient screening index on type 2 
diabetes in Chinese community population. 
Biomed Environ Sci. 2013;26(6):485-91. 
DOI: 10.3967/0895-3988.2013.06.009 

25. Yang XY, Zhang M, Luo XP, Wang JJ, Yin 
L, Pang C, Wang GA, Shen YX, Wu DT, 
Zhang L, Ren YC, Wang BY, Zhang HY, 

Zhou JM, Han CY, Zhao Y, Feng TP,                  
Hu DS, Zhao JZ. [Body mass index,                 
waist circumference and waist-to-                 
height ratio associated with the                   
incidence of type 2 diabetes                         
mellitus: A cohort study]. 25. Zhonghua               
Yu Fang Yi Xue Za Zhi. 2016;50(4):328-
33.  
DOI: 10.3760/cma.j.issn.02539624.2016.0 
4.009

_________________________________________________________________________________ 
© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), 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: 

https://www.sdiarticle5.com/review-history/113944 


