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Abstract
Background: Body mass index, waist circumference, waist-hip ratio and waist-height ratio are simple clinical tools for determining obesity. Type 2 diabetes mellitus
is often associated with multiple cardiovascular risk factors and increased cardiovascular death. The study was aimed at determining the relationship between these
anthropometric indices and 10-year cardiovascular risk among sub-saharan Africans with type 2 diabetes mellitus.
Methods: It was a cross-sectional study involving 67 adults (with 50.7% females) managed for type 2 diabetes mellitus in a referral hospital in Nigeria. Ethical approval
was obtained at the institution review board and the participants also gave written consent. Anthropometric indices were determined using standard protocols. Fasting
lipid profile, fasting plasma glucose, glycated haemoglobin and plasma creatinine were assayed using standard laboratory techniques. Atherogenic index of plasma,
estimated glomerular filtration rate and the WHO-ISH cardiovascular risk score were also determined. Data was analyzed with SPSS version 22. Pearson correlation
coeﬃcient, Students’ t test, Chi square test, ROC curve analysis were performed as appropriate.
Results: The mean age was 54.12±9.03 years. Obesity was found in 37.3%, 66.5%, 70.1% and 95.5% of the participants using BMI, WHR, WC and WHtR respectively.
Intermediate/high cardiovascular risk was found in 38.2% and 24.2% of the males and females respectively. BMI and WC significantly correlated with blood pressure. There
was no significant correlation between anthropometric indices and other cardiovascular risk factors studied. Using ROC curve analysis, BMI and WHtR had the highest
AUC of 0.613 and 0.577 respectively.
Conclusion: Among sub-sahara Africans with type 2 diabetes mellitus, there is a significant association between WC and BMI with the blood pressure. BMI and WHtR
have the highest 10-year cardiovascular risk predictability among the anthropometric indices in this cohort of individuals. Larger and prospective studies are needed to
validate these findings.

Abbreviations
ADA: American Diabetes Association; AIP: Atherogenic

Estimated Glomerular Filtration Rate; FPG: Fasting Plasma
Glucose; HbA1c: Glycated Haemoglobin; HDL-C: High Density
Lipoprotein-Cholesterol; LDL-C: Low Density Lipoprotein-

Index of Plasma; AUC: Area Under Curve; BMI: Body Mass Index;

Cholesterol; MDRD: Modification of Diet in Renal Disease;

Cr: Plasma Creatinine; DBP: Diastolic Blood Pressure; eGFR:

ROC: Receiver Operating Characteristics; SBP: Systolic Blood
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Pressure; TC: Total Cholesterol; TG: Fasting Triglyceride; WC:
Waist Circumference; WHO-ISH: World Health OrganizationInternational Society of Hypertension; WHR: Waist-Hip Ratio;
WHtR: Weight-Height Ratio

Introduction
Anthropometric measurements and indices are clinically
useful in estimating the distribution of fat in the body [1]. They
are simple, practical and widely researched clinical tools. The
distribution of fat in the body determines the predisposition
of an individual to type 2 diabetes mellitus, hypertension,
dyslipidaemia and cardiovascular disease [2]. Intra-abdominal
fat has the highest cardiometabolic risk [3].
Due to genetic and environmental factors, the body fat
architecture of the sub-sahara African population contrasts
that of the Western world and Asians [4]. The implication of
this inter-racial variance is that the clinical performance of
anthropometric measurements in predicting cardiovascular
disease might be different in the sub-sahara African
populations compared with other parts of the world [3]. This
becomes even more relevant as the prevalence of cardiovascular
disease in sub-Saharan Africa is unprecedentedly high and
continues to rise [5]. The commonly referenced anthropometric
measurements and indices include body mass index (BMI),
wait circumference (WC), waist-hip-ratio (WHR) and waistheight ratio (WHtR).
Body mass index, otherwise known as Quetelet index,
was fist described by Dr. Lambert Adolph Quetelet in the 19th
century [6]. The World Health Organization divided BMI into
4 categories – underweight, normal, overweight and obese [7].
So, BMI is widely used in the diagnosis of obesity [8]. Previous
studies done among Caucasians and Asians have reported
that BMI could predict the occurrence of cardiovascular
disease [9,10]. However, there is paucity of such studies in
sub-sahara Africa, especially among individuals with type
2 diabetes mellitus. Although BMI is the most commonly
used anthropometric measurement to indicate obesity in
epidemiological studies, available evidence is however pointing
towards the better performance of other measures of adiposity
such as waist circumference and waist-height-ratio in
predicting cardiovascular disease [11,12].
Waist circumference is a perimetric measurement of the
body girth at the abdominal level [13]. Studies have shown
that waist circumference (WC) is better correlated with intraperitoneal adiposity assessed with magnetic resonance imaging
when compared with waist-to-hip ratio and BMI [14,15]. Other
advantages that waist circumference has include simplicity
of measurement, reduced error tendency and absence of
additional calculations following measurement [16]. WC also
has high reproducibility [13]. Despite all these advantages,
it has been observed that WC is not commonly measured in
clinical practice [17]. Researches involving populations outside
of Africa have also shown that waist circumference could
predict cardiovascular disease [8,13,18].
Waist-hip ratio (WHR) inculcates hip circumference as
well as waist circumference to its formula and this makes it

superior to other measures of adiposity [19]. This is because
waist circumference measures central adiposity while hip
circumference measures peripheral adiposity and this makes
the WHR a complete indicator of an individual’s adipose
tissue distribution. In fact, a landmark multicentric study,
INTERHEART study, reported that among the common
anthropometric indices, WHR was the best predictor of
myocardial infarction [20]. In a large prospective study
involving patients with type 2 diabetes, Czernichow, et al.
concluded that WHR was superior to WC and BMI in predicting
cardiovascular events and mortality in patients with type 2
diabetes mellitus [21].
Waist-to-height ratio (WHtR) is a simplified anthropometric
index that has been associated with metabolic risk factors
such as glucose intolerance [22]. It is an alternative indicator
of abdominal adiposity. A study has suggested that WHtR is
better than WC, WHR and BMI because its cut-off value is
independent of ethnicity (unlike BMI) or gender (unlike WC
and WHR) [23]. On this basis, it has been posited that WHtR
could be more useful clinically as a screening tool irrespective
of location. Studies done outside sub-sahara Africa have shown
that WHtR is a reliable indicator of cardiovascular risk [11,24].
Cardiovascular disease is now the top-ranking cause
of deaths worldwide [25]. This is probably due to the rising
prevalence of traditional risk factors for cardiovascular disease
such as hypertension, diabetes, dyslipidaemia, sedentary
lifestyle and obesity [26,27]. Interestingly, in individuals living
with type 2 diabetes, it is rather common to see a clustering of
these traditional risk factors in the same person, a condition
referred to as the metabolic syndrome [28]. Apart from these
traditional risk factors, atherogenic index of plasma (AIP) is a
composite index that has been richly validated and associated
with 10-year cardiovascular risk among sub-sahara Africans
living with type 2 diabetes mellitus [29]. Similarly, plasma
creatinine has been associated with increased risk of coronary
heart disease and cardiovascular death [30].
There are several documented cardiovascular risk calculators.
However, most of these cardiovascular risk calculators have
not been validated among sub-sahara Africans. Nevertheless,
the World Health Organization- International Society of
Hypertension (WHO-ISH) cardiovascular risk prediction charts
for fatal and non-fatal cardiovascular disease stand out in this
regards because some of the charts are specifically designed for
sub-sahara Africans, with or without diabetes mellitus [31,32].
Some published works from the sub-region have actually used
the WHO-ISH risk chart to predict the risk of having fatal and
non-fatal cardiovascular disease [31,33,34].

Objectives of the study
The study was aimed at determining the association between
anthropometric indices and cardiovascular risk factors as well
as AIP. Also, it was done to demonstrate if anthropometric
indices could predict the 10-year cardiovascular risk among
sub-saran Africans with type 2 diabetes mellitus.

Methods
The study was a cross-sectional design involving 67 adults
who were 40 years and above. The sample size was based on
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the availability of participants and limitation of resources. They
were all previously diagnosed with type 2 diabetes mellitus. They
were all attending a specialist diabetes clinic of a major referral
hospital in southern Nigeria. Systematic random sampling was
adopted in recruiting eligible participants. Inclusion criterion
was adults (40 years and above) previously diagnosed with
type 2 diabetes mellitus. Type 1 diabetes mellitus, previous
diagnosis of cardiovascular disease (stroke, transient ischaemic
attack, coronary heart disease and peripheral vascular disease),
pregnancy, recent (within the preceding 3 months) hospital
admission and metabolic decompensation were exclusion
criteria. Ethical approval was obtained from the institution
review board. The reference number of the review board was
NHREC/05/01/2008a. The approval number was UI/EC/17/0284.
Only individuals who gave a written consent for participation
and publication were recruited into the study.

appropriate enzymatic methods. Automated glycohaemoglobin
analyzer (Bio-Rad 220-0212, Hercules, California, USA) was
employed in assaying HbA1c by using the high performance
liquid chromatography method. Atherogenic index of plasma
was determined by the formula below.

After instructing the participants to empty their pockets
and remove their shoes (and soxes) as well as caps (or head
gears), weight and height were measured using a D-339
Detecto Eye-level Physician Beam Scale (made in the USA)
and a stadiometer respectively. Waist circumference was
measured using a standard technique, as described by the
WHO in the technical report on obesity, with a flexible inelastic
tape measure [35]. It was measured across the abdomen at
the midpoint between the inferior margin of the last rib and
the iliac crest. WC greater than 94 cm in men or greater than
80 cm in women was considered as truncal obesity [36]. Hip
circumference was also measured with a flexible inelastic tape
measure. BMI, WHR and WHtR were determined using the
formulae below.

The 10-year risk of cardiovascular diseases (fatal or
nonfatal stroke and myocardial infarction) was estimated
with the World Health Organization-International Society of
Hypertension (WHO-ISH) cardiovascular risk charts designed
to be used in Africa, sub-region D (AFR D) [40]. Risk score
below 10 was considered low while risk score greater than or
equal to 10 was considered intermediate/high [31].

Body mass index (BMI) = Weight (Kg)/Height (m2)
Waist-hip ratio (WHR) = Waist circumference (cm)/hip
circumference (cm)
Waist-to-height ratio (WHtR) = waist circumference (cm)/
height (cm)
WHR >0.9 in men and >0.85 in women were taken as
truncal or abdominal obesity [37]. BMI greater than or eqaal to
30.0 kg/m2 was considered as obesity [18]. WHtR greater than
0.5 was regarded as abnormal [37].
Blood pressure was measured using a mercury
sphygmomanometer (Accoson brand, made in England). This
was done after the patient had sit for about 5 minutes and a
standard technique, as described by the European Society of
Hypertension, was strictly adhered to [38]. Blood pressure
consisted of systolic blood pressure (SBP) and diastolic blood
pressure (DBP).
The participants were instructed to fast overnight for 8 –
12 hours and present the following morning. Blood sample for
fasting plasma glucose (FPG), fasting lipid profile, glycated
haemoglobin (HbA1c) and plasma creatinine were obtained.
Landwind C100plus AutoChemistry Analyzer (Accurex
Biomedical, Mumbai, India) was employed in assaying
FPG, FLP parameters and plasma creatinine (Cr) using the

Atherogenic index of plasma (AIP) = Log

 TG(mmol/L 
 LDL-C(mmol/L) 



Estimated glomerular filtration rate (eGFR) was obtained
by using the Modification of Diet in Renal Disease (MDRD)
formula [39]. The formula is given below.
eGFR = 175 X (Cr)-1.154 X (Age)-0.203 X 0.742 (if female) X 1.212
(if black)

Data was checked for completeness and accuracy before
analysis was done. Statistical Package for Social Sciences (SPSS)
version 22 was used in performing the statistical analysis.
Continuous variables were expressed as mean ± standard
deviation. Nominal variables were expressed as frequencies
and percentages. The difference in means of anthropometric
indices across the gender was determined with the independent
sample Student’s t test. Association between continuous
variables was determined with Pearson’s correlation. The
association between WHO-ISH risk category and gender was
determined using Pearson’s chi square test. Receiver operating
characteristics (ROC) curve for each anthropometric index was
plotted using WHO-ISH risk score dichotomous categories
of low and intermediate/high. The area under curve (AUC) of
each index was also determined. p value of less than 0.05 was
considered to be statistically significant.

Table 1: Anthropometric and clinical characteristics of the participants.
Parameter

Mean

Standard deviation

Duration of diabetes (years)

6.29

2.82

Body mass index (Kg/m2)
Male
Female

24.67
23.92
25.40

2.33
2.10
2.35

Waist circumference (cm)
Male
Female

92.88
94.97
90.85

6.36
4.77
7.09

Waist-hip ratio
Male
Female

0.96
0.99
0.94

0.08
0.08
0.08

Waist-height ratio
Male
Female

0.57
0.57
0.57

0.04
0.03
0.04

Systolic blood pressure (mmHg)

126.97

19.25

Diastolic blood pressure (mmHg)

80.63

12.36

T

p

2.72

0.008**

2.78

0.007**

2.46

0.016**

0.005

0.996

** - statistically significant.
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Results
The study involved 67 adults. The mean age was 54.12±9.03
years. Females constituted 50.7% of the participants. Table 1
shows the anthropometric and clinical characteristics of the
participants. The BMI was significantly higher in females while
WC and WHR were significantly higher in males. Interestingly,
there was no significant difference in the WHtR of males and
females. Table 2 shows the laboratory characteristics of the
participants. Figure 1 shows the WHO-ISH cardiovascular risk
of the participants by compaing that of males with females.
The proportion of participants with intermediate/high 10year cardiovascular risk score was higher among males but
the difference did not attain statistical significance (p=0.217).
Figure 2 shows the frequency of overweight/obesity using the
various anthropometric indices. Table 3 shows the correlation
between anthropometric indices and cardiovascular risk factors.
Among the cardiovascular risk factors studied, it was only the
blood pressure that significantly correlated with some of the
indices. There was a statistically significant positive correlation
between BMI and SBP (r=0.441;p<0.0001), BMI and DBP
(r=0.314; p=0.010) as well as WC and DBP (r=0.246;p=0.044).
Figure 3 shows the ROC curve to determine the ability of the
anthropometric indices to predict 10 year cardiovascular risk of
people living with type 2 diabetes mellitus. Table 4 shows the
area under curve (AUC) of each index. BMI has the highest AUC,
followed by WHtR.

Table 2: Biochemical characteristics of the participants.
Parameter

Mean

Standard deviation

Fasting plasma glucose (mmol/L)

6.35

0.88

Glycated haemoglobin (%)

7.00

0.73

Plasma creatinine (mg/dl)

1.11

0.22

eGFR (mL/min/1.73m )

94.66

3.26

HDL-Cholesterol (mmol/L)

1.29

0.32

2

Non-HDL-Cholesterol (mmol/L)

3.75

1.05

LDL-Cholesterol (mmol/L)

3.32

0.73

Total cholesterol (mmol/L)

5.05

1.11

Fasting triglyceride (mmol/L)

1.15

0.20

Atherogenic index of plasma

-0.04

1.50

95.5

Truncal obesity (WHtR)

70.1

Truncal obesity (WC)

65.7

Truncal obesity (WHR)

37.3

Overweight/Obesity (BMI)

0

20

40

60

80

100

Frequency (%)
Figure 2: Frequency of overweight/obesity using the various anthropometric
indices.
Table 3: Correlation between anthropometric indices and cardiovascular risk factors.
BMI

WC

WHR

WHtR

r

p

r

p

r

p

r

p

0.441

0.000**

0.153

0.217

0.192

0.119

0.189

0.126

DBP

0.314

0.010**

0.246

0.044**

0.202

0.102

0.168

0.173

HbA1c

-0.121

0.330

-0.177

0.177

-0.159

0.119

-0.225

0.067

SBP

FPG

-0.002

0.985

0.096

0.440

0.052

0.677

0.099

0.427

Cr

-0.133

0.233

0.124

0.319

0.102

0.410

-0.045

0.715
0.711

eGFR

0.107

0.391

0.039

0.755

0.117

0.347

0.046

HDL-C

0.206

0.095

-0.225

0.067

-0.213

0.084

-0.081

0.515

Non-HDL

0.062

0.619

-0.017

0.893

-0.133

0.284

0.136

0.274

LDL-C

0.163

0.189

-0.033

0.792

-0.095

0.442

0.115

0.352

TC

0.118

0.340

-0.081

0.514

-0.187

0.129

-0.004

0.976

TG

-0.002

0.984

0.055

0.659

0.091

0.465

-0.045

0.717

AIP

-0.184

0.136

0.158

0.201

0.179

0.146

0.088

0.478

** - statistically significant
r – Pearson’s correlation coeﬃcient

75.8

80
70

Obesity (using various indices)
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p=0.217

61.8

Frequency (%)

60
50

38.2

Low

40
30

24.2

Intermediate/high

Figure 3: ROC Curves depicting the predictability of cardiovascular risk by
anthropometric indices.

20

Table 4: Area under curves of the indices.

10
0

Male
Female
WHO-ISH risk categories per gender

Figure 1: WHO-ISH Cardiovascular risk score of the participants.

Anthropometric index

AUC

BMI

95% Confidence interval
Lower limit

Upper limit

0.613

0.467

0.758

WHtR

0.577

0.416

0.738

WC

0.550

0.395

0.705

WHR

0.469

0.316

0.622
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Discussion
The average age of the participants was 54 years which
suggests that they were mostly middle-aged. The average
duration of diabetes was 6 years. This is consistent with
the observation that diabetes mellitus is being increasingly
diagnosed at middle age or even earlier in developing nations
[41,42]. This implies that these individuals have a longer period
of their lives potentially exposed to the adverse cardiometabolic
milieu peculiar to type 2 diabetes mellitus. Therefore, an
opportunity to be able to predict the risk of developing
cardiovascular disease in these individuals with type 2 diabetes
should be of clinical priority.
The mean FPG (6.35±0.88 mmol/L) and HbA1c (7.00±0.73%)
of the participants are within acceptable limits, going by the ADA
targets of care in type 2 diabetes mellitus [43]. In addition, their
eGFR and average lipid profiles are largely within normal limit.
These participants were attending a major referral hospital
where they had the opportunity of seeing Endocrinologists,
professional dieticians, licensed diabetes care educators and
other supportive care providers. It may therefore be explained
that the degree of expertise care they are exposed to have made
a remarkable impact in their care. Previous studies have also
reported that glucose control is remarkably improved when
patients are exposed to multidisciplinary care [44,45]. This
may however not reflect the glucose control patterns of the
vast majority of type 2 diabetes patients who do not receive
care at a specialist health facility therefore biasing the findings
of this study.
BMI (Kg/m2) was significantly higher among females
(25.40±2.35 vs 23.92±2.10; p=0.008). Previous studies have also
documented a higher BMI among females [46,47]. Studies have
shown that women have more body fat than men and oestrogen
has been suggested to be the driver of efficient fat storage in
women [48,49]. However, in terms of fat distribution, men
had significantly higher truncal obesity which was reflected in
their higher WC (94.97±4.77 cm Vs 90.85±7.09 cm; p=0.007)
and WHR (0.99±0.008 Vs 0.94±0.008; p=0.016). This suggests
that truncal distribution of adiposity was higher among
males. This is unsurprising because previous studies have also
corroborated this observation by reporting a higher prevalence
of abdominal obesity (giving a centripetal or apple-shaped
distribution) among males [49,50]. Interestingly, the WHtR
was not remarkably different across the genders (p=0.996).
WHtR has been documented to be similar in males and females
such that a singular cut-off value is often applied to both
genders in diagnosing truncal obesity [51].
The indices of truncal obesity (WHR, WC and WHtR)
identified more participants with obesity (66.5%, 70.1% and
95.5% respectively) than BMI could identify. Type 2 diabetes is
more associated with truncal obesity and this may explain the
higher prevalence of truncal obesity in these participants. It was
observed that while the frequency of truncal obesity identified
with WC and WHR were comparable (66.5% vs 70.1%), that of
WHtR was significantly more (95.5%). Some earlier studies had
suggested that using a cut-off point of 0.5 for WHtR may not
be suitable for African blacks and the one-size fits all approach
needs to be reviewed [52,53].

This study also showed a higher proportion of males with
intermediate-to-high cardiovascular risk compared with
females (38.2% vs 24.2%). This is not unsurprising because
previous studies have also alluded to the fact that men tend
to have a higher cardiovascular risk compared to women.
The female sex hormones and lower prevalence of harmful
lifestyles have been proposed to be responsible for the gender
differences in cardiovascular risk [54,55].
Among the cardiovascular risk factors studied, only blood
pressure had significant correlation with BMI and WC. BMI had a
statistically significant correlation with DBP (r=0.314; p=0.010)
and SBP (r=0.441; p<0.0001). Also, WC had a statistically
significant correlation with DBP (r=0.246; p=0.044). It must
however be stated that for each of the significant correlation,
the strength of the association was not strong. Several studies
have also reported a significant association between blood
pressure and BMI [56–58]. This observation has informed the
principle of losing weight as a lifestyle approach to lowering
blood pressure [59]. Insulin resistance, altered reninangiotensin-aldosterone system and increased sympathetic
tone are some of the proposed mechanisms linking BMI with
blood pressure [57]. In the same vein, waist circumference has
been associated with blood pressure in a previous study [60].
In the ROC curve analysis, BMI had the highest AUC, WHR
had the lowest AUC and WC as well as WHtR AUCs were in
the middle. This suggests that BMI has the highest ability to
predict 10 year cardiovascular risk among sub-sahara Africans
with type 2 diabetes mellitus when compared with other
anthropometric indices of obesity. This is closely followed by
WHtR and WC. However, WHR may not be a preferred predictor
of 10 year cardiovascular risk in type 2 diabetes, going by the
results of the study. Although Czernichow, et al. had suggested
that the indices of abdominal obesity (WC, WHR and WHtR)
were better predictors of cardiovascular disease among
the British compaed with the BMI, Huxler et al, who did an
extensive review across ethnic groups, concluded that the
results of studies comparing BMI with WC, WHR and WHtR as
a predictor of cardiovascular disease were inconsistent.
Moreover, previous studies have suggested that the cutoff points for these indices of abdominal obesity may not be
appropriate for African blacks and this may affect their clinical
performance in such clinical scenarios [52,53,61]. Most of the
studies through which the cut-off values of WC, WHR and
WHtR were fixed, got carried out among Caucasians and the
results may not be directly applicable to African blacks [61].

Limitations
A bigger sample size might yield a clearer outcome.
Similarly, a prospective, community-based study might give a
more reliable result.

Recommendations on future study
A case-control study with a higher sample size would be
a better approach. It would also be more interesting and to
analyze exclusively the association of anthropometrics and
diabetes by different methods (ROC curves, DE etc.) after
removing bias.
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Conclusion
BMI and WC significantly correlate with blood pressure
among sub-saharan Africans with type 2 diabetes mellitus.
BMI, WHtR and WC could be used as predictors of 10-year
cardiovascular risk among sub-sahara Africans with type 2
diabetes but a larger and prospectively designed study would
be needed to support this observation.
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