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ABSTRACT

>1.05 male).

Despite the extensive use of anthropometric indices in the risk prediction of hypertension, there is
lack of consensus on the type and the optimal threshold to be used. This current work evaluates
the optimal threshold points, discriminative power and comparative performance as discriminators
of hypertension for ten (10) anthropometric indices. Standard methods were used to measure
weight, height, waist circumference, hip circumference for calculating BMI, PI, WHR, WhtR, ClI,
AVI, and BAI. Gender specific predictive performance of anthropometric indices were assessed
using the area under the curve (AUC) of the receiver operator characteristic curves (ROC). In this
Ghanaian cohort, body mass index, waist-to-hip ratio and ponderal index were poor predictors of
hypertension. Among the commonly used anthropometric measures, waist circumference at a
lower threshold (>75 cm and 80 cm for females and males respectively) than the currently
recommended cutoffs was the index of choice for the prediction of hypertension, however
significant improvement in prediction was achieved with the use of conicity index (>1.08 female,

Keywords: Hypertension; anthropometry; obesity; optimal threshold; predictive performance.

1. INTRODUCTION

The rapidly increasing worldwide burden of
obesity has been termed Globesity [1]. Many
anthropometric indices have been developed and
used as non-invasive, easy to determine,
economical and effective proxies for the
assessment of body adiposity [2,3]. Evidence of
the link between obesity, measured by
anthropometric indices and hypertension among
different populations abound in literature [4-8].
However, consensus on the utility of which
anthropometric variable(s) that best predict
hypertension at defined optimal threshold points
remain largely elusive among scholars [7,9]. Both
genetic and environmental factors have been
adduced for the varying performance of
anthropometric parameters and their standard
cutoff scales in different populations [1,3].
Among African populations, it has been
suggested that the current definitive threshold
cutoff may not be appropriate due to the
difference in the genetic makeup, environment,
body composition and architecture of Africans
compared to Western populations [1,10].
However adequate evidence on the appropriate
cutoffs to be used is lacking [11].

In affirmation of the advocacy for ethnic specific
definition cutoff points of anthropometric
variables for the prediction of health and disease
[12-14], we, Owusu et al. [15] earlier reported
different cutoff points for three commonly used
anthropometric variables (BMI,WC and WHR) for
the prediction of hypertension among a cohort of
Ghanaian adult population in Kumasi. The
current work is an expanded analysis evaluating

the optimal threshold points, discriminative power
and comparative performance as discriminators
of hypertension of six (6) commonly used and
four (4) candidate anthropometric indices.

2. MATERIALS AND METHODS
2.1 Study Population

The study population for this research work
included one hundred and eighty (180) known
non-diabetic hypertensive patients, attending the
hypertension clinics at the Komfo Anokye
Teaching Hospital (KATH) and the Precise
Specialist Clinic all in Kumasi, Ghana and sixty
one (61) age matched normotensive controls

from the Kumasi metropolis. Among the
hypertensive group, 140 were on
antihypertensive  therapy and 40 were

antihypertensive therapy naive hypertensive
patients. The study participants were recruited
purposively from a population of adult Ghanaian
individuals between the ages of 22-87 years.
Criteria for cases group were patients diagnosed
with hypertension who were not presenting with
diabetes and were of consenting age. The
control group were normotensive age matched
healthy individuals with no past history of
diabetes, cardiac, renal, hepatic dysfunction or
dyslipidaemia, living in the Kumasi metropolis
and consented to participate in this study. This
study was carried out between November 2012
and September 2013.

2.2 Blood Pressure (BP) Measurement

Blood pressure (BP) and pulse rate
measurements were done using the Omron M5-|
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digital fully automatic blood pressures monitor
(OMRON  Healthcare Europe B.V., The
Netherlands). After participants had sat quietly
for at least ten minutes, three measurements
were taken at one minute interval on the
mid upper part of the right arm in a seated
position, with arm supported at heart level
and feet flat on the floor wusing an
appropriate sized cuff. Hypertension was
diagnosed when the mean of the second and
third blood pressure (BP) measurements was
equal or above 140/90 mmHg at more than one
visit [16,17].

2.3 Anthropometric Variables

Anthropometric measurements including height
to the nearest centimeter without shoes and
weight to the nearest 0.1 kg in light clothing were
taken. Subjects were weighed on a bathroom
scale (Zhongshan Camry Electronic Co. Ltd,
Guangdong, China) and their height measured
with a Secastadiometer (Seca Gmbh & Co. Kg,
Germany), with the participant standing erect
with back straight, heels together, and toes
slightly apart at a 60 degree angle. Waist
circumference (to the nearest centimeter) was
measured with a Gulick Il spring-loaded
measuring tape (Country Technology, Inc., USA)
midway between the inferior angle of the ribs and
the suprailiac crest. The hip circumference was
measured as the maximal circumference over
the hip circumference (HC) at the level of the
widest diameter around the gluteal protuberance
in centimetres. Body mass index (BMI) was
calculated by dividing weight (kg) by height
squared (m?). The ponderal index (PI) was
calculated by dividing weight (kg) by height cube
(m®. The waist to hip ratio (WHR) was
calculated by dividing the waist circumference
(cm) by the hip circumference (cm). Waist-to-
Height Ratio was calculated by dividing the
waist circumference (cm) by the height (cm).
Other calculated adiposity indices were as
follows

1. Conicity Index (CI) [18],

Cl = Waist Circumference (m)
a fWeight (Kg)

2. Abdominal Volume Index (AVI) [19],

2(Waist C (cm))? +
_ L0.7(Waist C (cm) — Hip C (cm))?

AVl 1000

3. BAI-Body Adiposity Index [20],

Hip Circumference(cm)
BAI = - - 18
[Height (m)]*S

2.4 Statistical Analysis

After testing of normality, continuous parametric
variables were expressed as mean and standard
deviation of the mean. Comparison of two means
was evaluated with an independent t test. The

Youden Index was computed to identify
population-specific cut-off points of
anthropometric parameters for the optimal

differentiation between cases and controls. The
Youden Index was derived from (sensitivity +
specificity) - 1 and ranged from 0 to 1. Using the
receiver operator characteristic curves (ROC),
area under the curve (AUC), the discriminative
power of the population gender specific cut-off
points for identifying hypertension cases was
estimated [14]. Gender specific comparative
performance of individual anthropometric indices
was evaluated using the difference between the
AUC. A level of P <.05 was considered as
statistically significant for all analysis. MedCalc
version 12.3.2 for windows was used for
statistical analysis (MedCalc software bvba,
Acacialaan 22, B-8400 Ostend, Belgium,
www.medcalc.org).

2.5 Ethical Consideration

The patrticipation of the respondents who are all
indigenes of Ghana was voluntary and
informed consent was obtained from each of
them after thorough explanation of what the
study entailed. This study was approved by the
School of Medical Sciences and KATH
Committee on Human Research Publications
and Ethics (CHRPE/08/11).

3. RESULTS

In general, significantly higher anthropometric
indices were recorded among the hypertension
groups compared to the normotensives (height,
weight, waist circumference, hip circumference,
waist-to-height ratio, conicity index, abdominal
volume index and body adiposity index).
However, in the case of body mass index (BMI),
waist-to-hip ratio (WHR) and ponderal index (PI)
the difference between the two groups was not
statistically significant (Table 1).

Using the receiver operator characteristic curve
analysis, a population and gender specific
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diagnostic criterion for the prediction of
hypertension and the discriminating power was
determined for the commonly used
anthropometric measures. With the exception of
BMI, for both sexes and waist-to-hip ratio
(WHRy) for male subjects, all the commonly
used anthropometric indices evaluated for this
study demonstrated significant ability of
differentiating  between hypertensives and
normotensives at various optimal thresholds
among the study population. Among the
commonly used indices of obesity, waist
circumference (WCy) at a cut-off point of >75 cm
and Hip circumference (HCg) at a cut-off point of
>79 cm, were the best predictors of hypertension
for the female population based on their

discriminatory power (Area under the curve -
AUC), Youden J index, sensitivity and specificity.
For the male population, hip circumference (HPy)
at a cutoff of >90 cm and waist circumference
(WCy) at cutoff of >80 cm were the
anthropometric variables of choice (Table 2).

With the exception of ponderal index (PI), all
candidate anthropometric measures evaluated in
this study demonstrated significant ability of
differentiation  between hypertensives and
normotensives at various optimal thresholds
irrespective of gender. The leading candidate
anthropometric index was conicity index at a
gender specific optimal threshold of >1.08 for
females and >1.05 for males (Table 3).

Table 1. Commonly used and candidate anthropometric variables of a cohort of Ghanaian
adult population in Kumasi stratified by Hypertension status

Parameter Total Normotensive Hypertensive P-value
(n-241) (n-61) (n-180)
Ht(cm) 160.96+12.28 155.24+14.1 162.90+10.98 .0002
Wi(Kg) 78.46+15.54 71.90+12.8 80.68+15.78 .0001
WC(cm) 89.29+20.72 69.10+12.23 96.13+18.43 <.0001
HC(cm) 94.06+25.23 71.82+12.17 101.59424.04 <.0001
BMI(Kg/m?) 29.52+4.7 29.3615.08 29.58+4.58 .75
WHR 0.96+0.06 0.96+0.05 0.97+0.06 72
WHtR 0.56+0.13 0.45+0.08 0.5940.12 <.0001
Cl 1.18+0.25 0.93+0.11 1.26+0.23 <.0001
AVI 16.86+8.02 9.86+3.51 19.24+7.73 <.0001
BAI 28.34+12.91 19.49+7.02 31.34+13.09 <.0001
PI(Kg/m®) 19.28+5.68 19.9245.5 19.0745.74 31

Data is presented as mean + standard deviation of the mean. Wt-Weight, Ht-Height, WC- Waist Circumference,
HC- Hip Circumference, BMI-Body Mass Index, WHR- Waist-to-Hip Ratio, WHtR- Waist-to-Height Ratio,
ClI-Conicity Index, AVI-Abdominal Volume Index, BAI-Body Adiposity Index, PI-Ponderal Index.P is significant at
0.05

Table 2. Receiver operating characteristic curve threshold Cut-off values of selected variables

and their ability to predict hypertension

Parameter Cutoff Sensitivity Specificity (AUC) P-value YoudenlJ
Wit: >77 64.1(54.3-73.2) 66.7(51.0-80.0) 0.662 .0007 0.3082
Wiy >80 50.0(38.1-61.9) 81.3(54.4-96.0) 0.675 .015 0.3125
HC: >79 90.6(83.3-95.4) 80.0(65.4-90.4) 0.909 <.0001 0.7057
HCw >90 70.3(58.5-80.3) 93.8(69.8-99.8) 0.889  <.0001 0.6402
WCr >75 90.6(83.3-95.4) 77.8(62.9-88.8) 0911 <.0001 0.6834
WCy >80 81.1(70.3-89.3) 81.3(54.4-96.0) 0.885 <.0001 0.6233
BMIe >28.3 67.0(57.2-75.8) 48.9(33.7-64.2) 0546 .38 0.1587
BMly 231.02 64.9(52.9-75.6) 62.5(35.4-84.8) 0.561 495 0.2736
WHRE >0.97 45.3(35.6-55.2) 77.8(62.9-88.8) 0.616 .02 0.2306
WHRy, >0.91 85.1(75.0-92.3)  0.00(0.0 - 20.6) 0.523 .76 0.1486
WHItRe >0.49 83.0(74.5-89.6) 75.6(60.5-87.1) 0.870 <.0001 0.5857
WHIRy >0.53 70.3(58.5-80.3) 75.0(47.6-92.7) 0.833 <.0001 0.5541

WC- Waist Circumference, BMI-Body Mass Index, WHR- Waist-to-Hip Ratio, WHtR- Waist-to-Height Ratio,
C.I-Conicity Index, AVI-Abdominal Volume Index, BAI-Body Adiposity Index,e-Female and v-Male. AUC-Area
under the Receiver operative characteristics curve.Pis significant at 0.05
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Table 3. Receiver operating characteristic curve threshold cutoff of selected less commonly
used candidate anthropometric variables and their ability to predict hypertension

Parameter  Cutoff Sensitivity Specificity (AUC) P -value YoudenJ
Cle >1.08 80.2(71.3 - 87.3) 95.6(84.9-99.5) 0.944 <.0001 0.7574
Cly >1.05 87.8(78.2 - 94.3) 87.5(61.7-98.4) 0.937 <.0001 0.7534
AVI ¢ >11.25  91.5(84.5-96.0) 77.8(62.9-88.8) 0.910 <.0001 0.6929
AVI y >12.83  81.1(70.3 - 89.3) 81.3(54.4-96.0) 0.885 <.0001 0.6233
BAI: >22.85  84.0(75.6 - 90.4) 71.1(55.7-83.6) 0.827 <.0001  0.5507
BAly >16.96  91.9(83.2 - 97.0) 50.0(24.7- 75.3) 0.764 .0001 0.4189
Ple <18.95  55.7(45.7-65.3) 57.8(42.2-72.3) 0.527 0.62 0.1344
Ply <19.99  77.0(65.8-86.0) 56.3(29.9-80.2) 0.623 0.19 0.3328

WC- Waist Circumference, BMI-Body Mass Index, WHR- Waist-to-Hip Ratio, WHtR- Waist-to-Height Ratio,
C.I-Conicity Index, AVI-Abdominal Volume Index, BAI-Body Adiposity Index, PI- Ponderal Index, -Female and w-
Male, AUC - Area under the Receiver operative characteristics curve. P is significant at 0.05

On the comparative performance  of
anthropometric  indices as predictors  of
hypertension, Conicity index (Cl), irrespective of
gender outperformed all other anthropometric
measures evaluated in this study by presenting a
significantly higher discriminatory power (Area
under the curve - AUC) compared to every other
index of body adiposity assessed. The use of Cly
among the male population improved the
prediction of hypertension by 5.62% against its
closest competitor (HCy,) and 78.39% against the
least (WHRy,). Among the females, Clr improved
the prediction by 3.29% against the closest
competitor (WCr) and 79.70% against ponderal
index (Pl) the least performing anthropometric
index. In comparison to BMI, Cl improved
hypertension prediction by 67.74% and 71.43%
among male and female populations
respectively. In both the female and male
populations, the performance of HC, WC and AVI
were statistically comparable. Though the
predictive differences between HC,, WCy and
AVly against WHtR,, were statistically
comparable among the males, the predictive
performance of WHtRg significantly reduced by
4.60% in the females compared to either HC,
WCEk or AVI. The performances of BMI, WHtR
and Pl among the study population irrespective
of gender were near to a worthless test (AUC =
0.5) (Table 4).

4. DISCUSSION

Obesity is noted as a risk factor of hypertension
with a 2 to 6 folds preponderancy over
normotensives [21]. Anthropometric indices
provide an effective, simple, inexpensive, and
non-invasive means for a first-level screening
for hypertension [22,23]. Among different
populations, varied predictive performances of
different anthropometric indices for health and

disease with varied threshold cutoff values have
been reported [20,22,24-31].

In the current study, higher averages of
anthropometric indices were observed among
the hypertensive group compared to the
normotensive group (Table 1). With the
exception of BMI, PI for both sexes and waist-to-
hip ratio (WHR,) for male subjects, the
anthropometric indices in the current study were
able to predict hypertension among the study
population (Tables 2 & 3).

Among the commonly used indices irrespective
of gender, waist circumference (WCg) and Hip
circumference (HCg) were the anthropometric
measures of choice for prediction of
hypertension. The performance of WC as a good
predictor of hypertension among other
populations in the sub-Saharan Africa region has
been reported [32-34].

In agreement with Désilets et al. [35] and Haregu
et al. [1], who suggested that standard
anthropometric indices of obesity may not be as
effective in populations of African descent
compared with whites, unless appropriate cut-off
values are defined, a lower optimal threshold of
waist circumference of >80 cm and >75 cm for
men and women respectively was found to be
the most significant predictors of hypertension.
Compared to currently recommended cutoff point
of a waist circumference of 294 cm for men and
280 cm for women for sub-Sahara African
populations proposed by the IDF (Europid) and
2102 cm for men and 293 cm for women
proposed by the National cholesterol education
programme adult treatment panel IIl (NCEP ATP
) [13,36,37], this study buttresses the earlier
finding that lower cutoff of obesity indices are
needed for association with increased health
risks among the Ghanaian population [38].
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Table 4. Comparison of the ROC AUC for discriminating performance of anthropometric variables for the prediction of hypertension. upper right
sided of diagonal (male population), lower lift sided of diagonal (female population)

Parameter AUC vale) Wit HC WwC WHR WhtR BMI Cl AVI BAI PI
AUC remale) 0.675 0.889 0.885 0.523 0.833 0.561 0.937 0.885 0.764 0.623
Wt 0.662 0.21%+* 0.21%+* 0.15 0.16** 0.11 0.26*** 0.21%+* 0.09 0.05
HC 0.909 0.25%** 0.004 0.37*** 0.06* 0.33** 0.05* 0.004 0.13* 0.27*
wcC 0.911 0.25%** 0.002 0.36*** 0.05 0.32** 0.05* 0.00 0.12* 0.26*
WHR 0.616 0.05 0.29%** 0.30%** 0.31%+* 0.04 0.41%+* 0.36*** 0.24* 0.10
WhtR 0.870 0.21%** 0.04* 0.04** 0.25%+* 0.27* 0.10** 0.05 0.07* 0.21
BMI 0.546 0.12** 0.36*** 0.37*** 0.07 0.32%+* 0.38*** 0.32** 0.20 0.06**
Cl 0.944 0.28*** 0.04* 0.03* 0.33%** 0.07** 0.39%** 0.05* 0.17* 0.31*
AVI 0.910 0.25%** 0.001 0.001 0.29%** 0.04** 0.36*** 0.04* 0.12* 0.26*
BAI 0.827 0.16%** 0.08** 0.08** 0.21** 0.04* 0.28*** 0.12%+* 0.08** 0.14
Pl 0.527 0.14 0.38*** 0.38*** 0.09 0.34%+* 0.02 0.42%+* 0.38*** 0.30***

Data is presented as difference in AUCtStandard error of the difference in AUC. WC- Waist Circumference, BMI-Body Mass Index, WHR- Waist-to-Hip Ratio, WHtR- Waist-to-
Height Ratio, C. I-Conicity Index, AVI-Abdominal Volume Index, BAI-Body Adiposity Index. *P is significant at .05, **P is significant at .01 and ***P is significant at .001
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The candidate parameter, conicity index
outperformed all other anthropometric variables
as the anthropometric marker of choice for the
prediction of hypertension. Among the male
study participants, the use of conicity index
improved the prediction of hypertension by 5.7%
against its closest anthropometric competitors
(WC and AVI) and 79.2% against the worst
(WHR). For the female study population, conicity
index predicts hypertension 3.6% and 72.9%
better than waist circumference and body mass
index, the closest and poorest competitors
respectively (Table 4). This findings contradicts
the reports of Ononamadu et al. [33], who
reported a very poor discriminatory power for the
use of Cl as a predictor of hypertension and
rather listed BMI and PI, markers which recorded
poor predictive performance in the current study
as the best predictor indices among a Nigerian
population. According to Valdez, et al. [39], the
advantages of conicity index includes a built-in
adjustment of waist circumference for height and
weight, allowing direct comparisons of abdominal
adiposity between individuals or even between
populations.

The findings of this study confirmed the limited
role of waist to hip ratio (WHR) and body mass
index (BMI) in predicting hypertension in general
and especially in African populations [19,40,41].
The limitation associated with waist to hip ratio is
that it co-varies with hip circumference which
makes it have a high preponderancy of
underestimating the risk of abdominal obesity in
those with high hip circumference [41]. Thus,
WHR is said to be a poor estimator of abdominal
region expansion [19]. Body mass index (BMI)
and Pl measures total body mass which includes
both fat and lean mass [41], body adiposity index
(BAI) reflect percentage body adiposity [42],
whereas the rest of the anthropometric
parameters considered in this study are used as
proxy measures for abdominal fat distribution
[40,43]. Different fat depots (abdominal visceral,
abdominal subcutaneous, total subcutaneous
and total body fat) are not equivalent from a
functional point of view, with visceral adipose
tissue (VAT) composed of adipocytes of smaller
size and less storage capacity, more vascular
with increased sympathetic innervation and a
large number of B3-adrenergic receptors, which
facilitates a higher metabolic activity compared
with subcutaneous peripheral adipose tissue
(SAT) [44]. This makes VAT a more important
factor in the patho-etiology of hypertension than
SAT. As visceral obesity cannot be identified by
the body mass index [45], its functional

significance in predicting its risk on hypertension
is poor [46].

5. CONCLUSION

In this Ghanaian cohort, body mass index, waist-
to-hip ratio and ponderal index were poor
predictors of hypertension. Among the commonly
used anthropometric measures, waist
circumference at a lower threshold (>75 cm
female, >80 cm male) than currently
recommended cutoffs was the index of choice for
the prediction of hypertension, however
significant improvement in prediction was
achieved with the use of conicity index (>1.08
female, >1.05 male). Though the extrapolation of
the current findings among the general Ghanaian
population may not be plausible, due to the
limited sample size, the value of the findings
provides a starting point for further large scale
studies which may also take into consideration
other cofounding factors such as diet and
physical activity.
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