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Comparison of the performance of two
measures of central adiposity among apparently
healthy Nigerians using the receiver operating
characteristic analysis
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Objective: To compare the performance of waist circumference (WC) and waist-to-hip ratio (WHR) in predicting the
presence of cardiovascular risk factors (hypertension and generalized obesity) in an apparently healthy population.
Materials and Methods: We recruited 898 apparently healthy subjects (318 males and 580 females) of the Igbo ethnic group resident in
Enugu (urban), Southeast Nigeria. Data collection was done using the World Health Organization Stepwise approach to Surveillance of
risk factors (STEPS) instrument. Subjects had their weight, height, waist and hip circumferences, systolic and diastolic blood pressures
measured according to the guidelines in the step 2 of STEPS instrument. Generalized obesity and hypertension were defined using
body mass index (BMI) and JNC 7 classifications, respectively. Quantitative and qualitative variables were analyzed using t-test and
Chi-square analysis, respectively, while the performance of WC and WHR was compared using the Receiver Operating Characteristic
(ROC) analysis. Pvalue was set at <0.05. Results: The mean age of the subjects was 48.7 (12.9) years. Central obesity was found in
76.9% and 66.5% of subjects using WHR and WC, respectively. WC had a significantly higher area under the curve (AUC) than WHR
in all the cardiovascular risk groups, namely, generalized obesity (AUC = 0.88 vs. 0.62), hypertension alone (AUC = 0.60 vs. 0.53),
and both generalized obesity and hypertension (AUC = 0.86 vs. 0.57). Conclusion: WC performed better than WHR in predicting
the presence of cardiovascular risk factors. Being a simple index, it can easily be measured in routine clinic settings without the need
for calculations or use of cumbersome techniques.
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INTRODUCTION

Obesity is a worldwide epidemic characterized by excess
adipose tissue. The prevalence of obesity is on the increase
globally, both in developed and developing nations. In the
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United States, it is estimated that approximately 64.5% of
adults can be classified as overweight or obese individuals."
In addition to the morbidity associated with obesity,
approximately 325,000 deaths in the United States each
year among nonsmokers are attributable to obesity.” Bakari
et alP! evaluated obesity rates using body mass index (BMI)
and waist-to-hip ratio (WHR) among type 2 diabetic Hausa-
Fulanis. Among this group, 35% and 5% were overweight
and obese, respectively, whereas 95% had central obesity
when gender-specific WHR was used. Similarly, Ofoegbu
et al.!l in a study on type 2 diabetic patients in Enugu,
Southeast Nigeria, reported central obesity [determined
by waist circumference (WC)] in 22.8% of the subjects
studied. The use of different indices to determine or
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measure obesity clearly explains why the prevalence rates of
obesity differ globally. Among 6208 type 2 diabetic subjects
seen in India, over 50% were found to be overweight or
obese when BMI of >25 kg/m?was used, whereas 59.66%
and 95.57% of men and women, respectively, had central
obesity when gender-specific WHR cut-off points of >0.95
and >0.85, respectively, were used."

Insulin resistance with compensatory hyperinsulinemia has
been suggested to underlie the clustering of cardiovascular
risk factors, including glucose intolerance, hypertension,
elevated serum triglycerides, low serum high density
lipoprotein cholesterol and central obesity.”! Central obesity
has been shown to worsen the degree of insulin resistance.
In the EarlyBird Study,” WC correlated significantly
with HOMA-IR in both genders, while BMI correlated
significantly with HOMA-IR in girls only. Similarly, WC
seems to be particularly associated with the risk for
non-communicable diseases as shown by many other
studies.® " Recently, the International Diabetes Federation
(IDF) proposed the use of ethnic-specific cut-off values for
WC, having made it a compulsory criterion in its definition
of the metabolic syndrome."!

Several indices such as WC, WHR, waist to height ratio
(WHtR) and sagittal abdominal diameter (SAD) have been
used as clinical measures of central obesity.'>"”! Magnetic
resonance imaging (MRI) and computed tomography
(CT) are however considered the gold standard methods
for determining the quantity of subcutaneous abdominal
adipose tissue (SAAT) and intra-abdominal adipose tissue
(TAAT).'"'This gold standard, however, cannot be routinely
used in a clinic setting to measure these indices. This
therefore highlights the need for developing surrogate
clinical measures like WC and WHR. WC is a simple
and valid measure that may be used independently as an
estimate of abdominal fat and it has been found to be more
strongly associated with cardiovascular health risk.>"l

In this study, we compared the performances of two
measures of central obesity, namely, WC and WHR, in
predicting the presence of cardiovascular risk markers in
an apparently healthy Nigerian population.

MATERIALS AND METHODS

This study was a cross-sectional descriptive survey of the
inhabitants of Enugu (urban). Enugu has been a capital city
for long; It was formerly the capital of the former eastern
Nigeria and is currently the capital city of Enugu State.. The
state is one of the five states in the southeast geopolitical
zone of Nigeria. It is geographically located between
longitude 7°26" E and 7°30" E and latitude 6°25" N and

6°28" N. Enugu city is predominantly an urban Christian
community with a population of 722,664 people out of
the total population of 3,257,298 for the whole state (2006
population census figure)."” It is located within the tropical
rain forest region of Nigeria. Its work force consists mainly
of civil servants, business men, industrialists, farmers and
students. The town is richly endowed with large deposits
of coal which served as a major revenue source for Nigeria
before the era of oil boom.

Ethical clearance for the study was obtained from the
Ethics Committee of the University of Nigeria Teaching
Hospital (UNTH), and consent was obtained from all the
participants.

Materials

The subjects comprised apparently healthy individuals
(not known hypertensive or diabetic patients) who were
residents of Enugu (urban). A total of 1000 subjects aged
18-70 years and who were of the Igbo tribe were recruited
through a multi-stage sampling procedure. Subjects who
were physically challenged (either wheelchair bound or
unable to stand) and female subjects who were pregnant,
based on their date of last menstrual period, were excluded.

In stage one, five areas of the town, namely, Emene,
Abakpa, Trans-Ekulu, Asata and Ogui layout, were selected
by simple random sampling (using the balloting technique).
In the second stage, 200 participants were selected from
among those who reported and got registered on the day of
recruitment in each of the five areas. This was also done by
simple random sampling using a table of random numbers.
These subjects were invited for registration following health
awareness campaigns executed in some of the churches
within the five selected areas. All the subjects selected
were then interviewed by trained medical personnel. Those
who were not selected were not interviewed but had their
anthropometric indices measured and medical advice given
based on the individual’s cardiovascular risk status. A total
of 898 subjects (318 males and 580 females) were used for
analysis after cleaning up of the data.

Data collection and physical measurements were
based on World Health Organization (WHO)s STEPS
instrument."? STEPS is an acronym for the WHO Stepwise
approach to Surveillance of risk factors. It is a simple,
standardized method for collecting and analyzing data for
chronic disease risk factors in WHO member countries. It
involves a sequential process which starts with gathering
information on key behavioural risk factors (Step 1) and
then moving to simple physical measurements (Step 2).
The physical measurements undertaken included height
(measured to the nearest 0.1 cm), weight (recorded to the
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nearest 0.1 kg), WC and hip circumference (recorded to
the nearest 0.1 cm) using non-stretching flexible linear
tapes, and blood pressure (recorded to the nearest whole
number in mmHg) using mercury sphygmomanometers
(Accosons, Essex, England).

The landmark for the measurement of WC was the
midpoint between the lowest rib and the iliac crest, as
recommended by WHO.!" Measurement was done at the
end of expiration, with the arms by the side and patient
standing with the feet together. Hip circumference was
measured at the maximum circumference of the buttocks.
Both WC and hip circumference were measured in privacy
with the subject in light clothing. Subject’s height and
weight were measured without headgears and footwears.
Blood pressure was measured with the subject in the sitting
position. The 1* and 5" korotkoff sounds were used to
mark the systolic blood pressure (SBP) and diastolic blood
pressure (DBP) respectively. Average of two readings of
SBP and DBP was used.

Definition of risk factors

Generalized obesity was defined as BMI =30 kg/m?!"
while central obesity was defined according to the
International Diabetes Federation (IDF) ethnic-specific
criteria™ as WC 294 cm and =80 cm for males and females,
respectively. Blood pressure was classified using the JNC
7 classification."”! Risk category was defined using the
hypertensive category (SBP = 140 mmHg and/or DBP
290 mmHg). Hypertension and generalized obesity were
predicted as cardiovascular risk factors.

Statistical analyses

Comparison of means between two groups was done
using the independent #test while test of association/
independence between categorical variables was performed
using Chi-square test of independence. The Receiver
Operating Characteristic (ROC) analysis was used to
compare the performance of WC and WHR (measures of
central obesity) as determined by the area under the curve
(AUC).PY Data analysis was conducted using Statistical
Package for Social Sciences for windows (SPSS) version
10 (Chicago, 1L, USA).

REsuLTS

The general characteristics of the 898 subjects are shown
in Table 1. Males were older than females and had higher
WHR and DBP, whereas females had higher WC, BMI and
SBP. The gender differences observed in all the variables
except for SBP and DBP were significant [Table 1].

Table 1: General characteristics of the subjects

Characteristics Males Females Total
(n=318) (n=580) (n =898)
Age (years)* 50.6 (13.7) 47.8 (12.4) 48.7 (12.9)
WC (cm)t 90.0 (10.7) 91.8 (12.0) 91.1 (11.6)
HC (cm)* 96.0 (8.9) 100.3 (10.1) 98.8 (9.9)
WHR* 0.94 (0.07) 0.91(0.08) 0.92 (0.07)
BMI (kg/m?)* 25.5(3.9) 26.8 (4.4) 26.3 (4.3)
SBP (mmHg) 133.4 (24.0) 135.1 (23.4) 134.5 (23.6)
DBP (mmHg) 83.2 (13.8) 81.8 (13.6) 82.3(13.7)

Data are mean (SD), *P<0.01, TP <0.05 between males and females

Central obesity was more prevalent when WHR (76.9%)
was used than when WC (66.5%) was used. Chi-square
analysis showed that central obesity determined using both
WHR (y* (1) = 5.15; P < 0.05) and WC (y* (1) = 185.6;
P < 0.01) was associated with gender, with obesity being
commoner in the females. Generalized obesity was found
in 190 (21.2%) subjects, while 339 (37.8%) were overweight
[Figure 1]. Six (0.7%) persons were undernourished (BMI
< 18.5 kg/m?). The rest comprising 363 subjects had
normal BMI.

Using the JNC 7 classification, 430 (47.9%), 324 (36.1%) and
144 (16%) subjects were classified as having hypertension,
pre-hypertension and normal blood pressure, respectively.
Greater proportion (42.7%) of individuals had hypertension
when SBP was used alone compared to 30.8% when DBP
was used (x* (1) = 9.2; P = 0.0024).

Performance of the indices of central obesity

The AUC showing the performances of WC and WHR in
predicting the presence of cardiovascular risk (generalized
obesity, hypertension and both obesity and hypertension)
is shown in Figures 2-4, respectively. The AUC were
significant compared to null hypothesis true area of 0.5.

The values of the AUC for each of the indices for
generalized obesity, hypertension and hypertension/obesity
are summarized in Table 2. Based on its higher AUC, WC
performed better than WHR in predicting all the various
cardiovascular risk factors.

DiscussioN

In this study, the performances of WC and WHR were
compared using ROC analysis. ROC curves are frequently
used in several medical disciplines such as biomedical
informatics, clinical chemistry and radiology.” The ROC
curve plots sensitivity versus (1 — specificity) of a test as
the threshold varies over its entire range. Each data point
on the plot represents a particular setting of the threshold,
and each threshold setting defines a particular set of
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Figure 1: Weight categorization among the subjects according to body
mass index

Figure 2: Receiver Operating Characteristic curve for waist circumference
and waist-to-hip ratio for generalized obesity
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Figure 3: Receiver Operating Characteristic curve for waist circumference
and waist-to-hip ratio for hypertension

Table 2: Areas under the curve for predicting the
presence of obesity, hypertension, and obesity/
hypertension

Indices Generalized Hypertension Obesity and
of central obesity (n =430) hypertension
obesity (n =190) (n=109)
AUC 95%ClI AUC 95%ClI AUC 95%ClI
wC 0.88* 0.85-0.91 0.60* 0.56-0.63 0.86* 0.83-0.89
WHR 0.62* 0.58-0.66 0.58* 0.53-0.61 0.57t 0.52-0.62

*P<0.01,TP<0.05, AUC: Area under the curve, Cl: Confidence Interval

true-positive (TP), false-positive (FP), true-negative (TIN)
and false-negative (FN) frequencies, and consequently a
patticular pair of sensitivity and (1 — specificity) values.*
It was originally developed for radar applications in the
1940s, but ROC analysis became widely used in medical
diagnostics, where complex and weak signals needed to
be distinguished from a noisy background.”” The area
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Figure 4: Receiver Operating Characteristic curve for waist circumference
and waist-to-hip ratio for obesity and hypertension

under an ROC curve is equal to the probability that a
randomly selected positive case will receive a higher score
than a randomly selected negative case. ROC curves
can be interpreted either graphically or numerically. The
ROC curve area is a good summary measure of test
accuracy because it does not depend on the prevalence
of disease or the cut points used to derive the curve.
It is however suggested that once a test has been able
to classify patients as either having a disease or not, the
performance of the test for particular uses such as diagnosis
or screening needs to be evaluated. As regards its use when
comparing the accuracies of two tests as in this study,
caution should be exercised as the ROC curve area may
be misleading if the curves cross each other.***! In such
a case, some considerations are required before arriving
at any conclusion.

This study revealed that WC had higher AUCs compared to
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WHR in subjects who were classified as having generalized
obesity alone, hypertension alone or both. The higher
AUCs therefore suggest that WC may be more useful
and reliable than WHR in predicting the presence of
generalized obesity and hypertension or cardiovascular
risk. In a similar study by Pouliot ¢# a/.,"*! sagittal abdominal
diameter (SAD) was identified to be better than other
clinical measures or determinants of abdominal obesity.
However, SAD is technically more difficult and more time
consuming to measure. WC among the various measures
of central adiposity is very easy to measure and perhaps
more time saving in a routine clinic setting; It is neither
cumbersome at all compared to the gold standards (CT,
MRI) nor labourious requiring further measurements
and calculations. The simplicity of its measurement and
its relation to both body weight and fat distribution as a
major advantage over BMI and waist-to-hip circumference
ratio was highlighted by Lean ¢ a/!" Studies have shown
that anthropometric measures, such as BMI, WHR, and
WC cut-off levels, are not comparable across different
racial populations."* Apart from the fact that WC is
a good indicator of both the degree of obesity and the
accumulation of visceral adipose tissue, the threshold
values of WC corresponding to critical amounts of visceral
adipose tissue do not appear to be influenced by sex or
by the degtree of obesity.!"*?" Taylor ez a/.,”® in a screening
for regional fat distribution among adult women, found
that WC significantly classified the subjects better than
WHR. Al-Sendi ez al®" also reported that WC is useful
in identifying children (12—17 years of age) at risk of
developing hypertension. Among 768 middle-aged men
from the Olivetti Heart Study, WC was the strongest
predictor of blood pressure, and also was related to heart
rate, insulin concentrations, and insulin sensitivity.”" In this
study, the AUCs for both WC and WHR for the subjects
who had only hypertension were smaller when compared
to those represented by obesity alone and by both obesity
and hypertension. This can be explained by the fact that
BMI is better related to body fat than hypertension though
they can cluster in a single individual. This association is
evidenced by the degree of relationships shown by the
correlation coefficients (not shown in the results). Though
the AUCs were smaller in the hypertension group, WC still
performed better than WHR in this group.

With respect to gender comparisons, females had a higher
mean WC and BMI values, whereas the reverse was the
case for WHR. The presence of larger hip circumference
in females is a likely explanation for this. This pattern
had earlier been observed among diabetic patients in
the same ethnic region of Nigeria and in Cuban female
scholars.*”!l Hormonal differences particulatly involving
the adrenal and sex steroids have also been noted to

influence body fat distribution.’**" These gender patterns

also appear to be established in childhood, especially with
pubertal development.” Though the role of obesity as
a health hazard in adults has been well recognized, its
presence in adolescence has been associated with obesity
in adulthood, thus emphasizing the importance of early
detection and intervention directed at its treatment to avert
the long-term consequences of obesity and development
of cardiovascular diseases.

Adipose tissue is mostly distributed as subcutaneous fat
(=85% of total adipose tissue mass) and then a smaller
amount as intra-abdominal fat (=15%) in lean and obese
persons.””! The relative contribution of intra-abdominal
fat mass to total body fat is influenced by sex, age,
race-ethnicity, physical activity, and total adiposity. The
term ¢
abdominal fat, and intra-abdominal fat is made up of both
intraperitoneal fat (mesenteric and omental fat), directly
draining into the portal circulation, and retroperitoneal
fat, draining into the systemic circulation. Currently,
there is no universally accepted site for measuring intra-
abdominal (IAAT) and subcutanecous adipose (SAAT)
tissue distributions. This remains a source of variation
in data obtained from different studies and needs to be
harmonized for effective comparison of data. Abdominal
circumference as measured by WC, actually measures the
fat contributed by subcutaneous tissue which is under the
skin of the abdomen and that deposited intra-abdominally.
Both SAAT and IAAT have been found to correlate with
insulin resistance.P

‘visceral fat” is commonly used to describe intra-

Despite the obvious strengths of WC over WHR and
BMI, it is to be noted that adoption of different landmarks
for its measurement may pose some limitations on the
compatrison of WC data generated from different studies.?
Though some studies on WC involving subjects of African
descent have been reported, characterization of WC among
African populations still appears to be deficient, especially

as it relates to diagnostic indices and threshold values.!'*)

CONCLUSION

WC provides a unique indicator of body fat distribution,
which can identify patients who are at increased risk of
central obesity-related cardiometabolic disease, above and
beyond the measurement of BMI. From this study, WC
is more useful than WHR in predicting the presence of
cardiovascular risk factors. Being a simpler index to measure,
less time consuming and devoid of any calculations, we
propose that clinicians will find WC a reliable means of
assessing individuals’ cardiovascular risk status especially
in a busy routine clinic setting.
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