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The prevalence of the metabolic syndrome (MetS) continues to increase. There is therefore the need for early detection to avert
possible adverse outcomes. Several anthropometric methods have been suggested to predict MetS, but no consensus has been
reached on which is best. The aim of the study was to explore the comparative abilities of conicity index, body adiposity index,
abdominal volume index, body mass index, and waist circumference in predicting cardiometabolic risk among apparently healthy
adults in the Tamale metropolis. This study was a cross sectional study conducted from September 2017 to January 2018, among
one hundred sixty (160) apparently healthy normoglycemic normotensive adults. A self-designed questionnaire was administered
to gather sociodemographic data. Anthropometric and haemodynamic measurements were also taken. Blood samples were
collected for fasting blood glucose (FBG) and lipid proﬁle. MetS was classiﬁed using the harmonised criteria as indicated by the
joint interim statement (JIS). Of 160 participants, 42.5% were male and 57.5% were female. Body mass index (BMI) and waist
circumference (WC) associated better with MetS and other cardiovascular risk factors. Generally, BMI and WC showed largest
area under curves (AUCs) than abdominal volume index (AVI), body adiposity index (BAI), and conicity index (CI) in predicting
MetS and its components. Upon gender stratiﬁcation, AVI and CI had the larger AUCs in females whiles BMI remained the
superior index in males. Whiles BMI and WC remained useful parameters, they were not useful in predicting MetS and its
components in the female population in this study.

1. Introduction
Obesity has been well known as a potential cardiometabolic
risk factor for some years. It is foreseen that by 2030 up to
57.8% of adults worldwide would become overweight or
obese [1]. Body mass index (BMI) is a method that is broadly
used to categorise general body weight [2]. BMI is very useful
but notwithstanding its widespread use; it is just a substitute
measurement of body fat, does not oﬀer a true indication of
body composition [3], and is sometimes aﬀected by age,
gender, and ethnic diﬀerences [4]. To measure central

obesity, a variety of indices have been proposed with the
most common being waist circumference (WC) and waistto-hip ratio (WHR). Body adiposity index (BAI), abdominal
volume index (AVI), and conicity index (CI) have also been
proposed [5–7]. The body adiposity index (BAI) was proposed as an index to assess adiposity, to cater for the
shortcomings of BMI. It can be computed from the height
and hip circumference, and it can be useful in indicating
body fat percentage (BF%) in grown-ups [6]. Another index
of abdominal adiposity is the conicity index (CI). This has a
hypothetical range, includes an integral modiﬁcation of

2
waist circumferences for weight and height, and excludes the
hip circumference to measure fat distribution [6]. The abdominal volume index (AVI) is an anthropometric tool for
measuring general volume. It is seen to have a very close link
with the impairment of glucose metabolism [8].
There are propositions that the cardiometabolic problems of obesity are less associated with overall adiposity than
visceral adiposity [9]. Therefore, alternative measures of
adiposity that reﬂect body fat distribution, such as waist-tohip ratio (WHR) and waist circumference (WC), were developed. Waist circumference was suggested to be the most
preferred within these measures because it has exceptional
connection with superior techniques like abdominal fat
imaging and greater linkage with CVD, particularly diabetes
[5, 9, 10]. WC does not, however, include the variations in
height, hence, possibly underassessing and overassessing
risk for short and tall individuals, respectively [11]. Subsequently, some scientists proposed other measures like
AVI, BAI, and CI [6, 8].
A complete agreement has not been reached about the
best indices for assessing the status and risk of MetS. The best
obesity measure to use as a predictor of cardiometabolic risk
remains elusive in sub-Saharan Africa, particularly in a
Ghanaian population of apparently healthy adults. Thus,
additional research is necessary in populations and ethnic
groups where the varieties of anthropometric measures
especially the newly proposed AVI, BAI, and CI have not
been expansively analysed and studied. The aim of this study
was therefore to assess the comparative abilities of anthropometric indices of adiposity and obesity (body adiposity index (BAI), abdominal volume index (AVI), and
conicity index (CI)) in predicting metabolic syndrome
(Metabolic score) among apparently healthy adults.

2. Methods
2.1. Study Population. This study was a cross-sectional study
conducted among apparently healthy adults (20–80 years)
with no history of diabetes or hypertension within the Tamale metropolis, from September 2017 to January 2018.
2.1.1. Exclusion Criteria. Diabetics, hypertensives, persons
undergoing treatment for diabetes or hypertension, persons
with a fasting blood glucose >7.0 mmol/l or HbA1c ≥ 6.5% at
the time of the study, pregnant women, persons showing
signs of any acute illnesses and persons with other chronic
diseases, i.e., cancer, were excluded from this study. Subjects
were excluded based on their responses to questions regarding the exclusion criteria, physical assessment, blood
glucose, glycated haemoglobin results, and blood pressure
readings.
2.1.2. Sample Size. The minimum sample size for the study
was calculated to be 105 adults, based on the assumption that
7.4% of the normal adult population has metabolic syndrome [12], with an expected diﬀerence of 5% between the
sample and the general population and a type I error (α) of
0.05.
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In this study, which was limited to only apparently
healthy adults who answered at least 75% of the questions in
the questionnaire and did not have an FBG of >7.0 mmol/l
or an HbA1c of >6.5, the sample size was recalculated to
adjust for any possible loss of respondents. Assuming a
response rate of 90%, the sample size is recalculated as 105/
0.90. Using the preceding formula, the calculated sample size
was approximately 117. One hundred twenty (120) participants were therefore targeted for this study.
2.2. Data Collection
2.2.1. Sociodemographic and Anthropometric Data. A selfdesigned semistructured questionnaire was administered to
consented study participant for sociodemographic data. The
questionnaire was used to capture sociodemographic variables such as age and gender, among others. Weight, to the
nearest 0.1 kg in light clothing, was measured using a digital
ﬂat ﬂoor weighing scale (with weighing capacity of 250 kg)
manufactured by SECA (Hamburg, Germany), and height to
the nearest 1 cm was measured using a portable microtoise
(measuring range: 0 cm to 220 cm) manufactured by SECA.
Waist circumference (to the nearest centimetre) was measured with a Gulick II spring-loaded measuring tape (Gay
Mill, WI) midway between the inferior angle of the ribs and
the suprailiac crest. Hip circumference was measured as the
maximal circumference over the buttocks in centimetre.
2.2.2. Anthropometric Calculations. BMI was calculated as
body weight in kg/height in m2; WHR was calculated as
waist circumference (cm) divided by hip circumference
(cm); BAI was calculated as proposed by Bergman et al., [6]:
AVI �

2 cm ×(waist(cm))2 + 0.7 cm ×(waist (cm) − hip(cm))2 
,
1000

BAI �

hip circumference(cm)
− 18,
height(m)1.5

CI �

waist circumference(m)
������������������� .
0.109 weight(kg)/height(m)

(1)
2.2.3. Blood Pressure. Blood pressure was measured in sitting position at the level of the heart, with a sphygmomanometer cuﬀ and a stethoscope. Measurements were taken
from the left brachial artery after subjects had been sitting
for at least ﬁve (5) minutes in accordance with the recommendation of the American Heart Association [13]. The
ﬁfth Korotkoﬀ sound, phase V (absence of sound) instead of
phase IV Korotkoﬀ sound (muﬄing), was used for the
determination of the diastolic value. Triplicate measurements were taken with a ﬁve- (5-) minute rest interval
between measurements, and the mean value was recorded to
the nearest 2.0 mm·Hg.
2.2.4. Sample Collection, Preparation, and Analysis. Ten
milliliters (10 ml) of venous blood sample was collected
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under strict aseptic conditions from each participant in the
morning between 07.00 to 09.00 GMT into ﬂuoride oxalate
tube, serum separator tubes (SSTs), and ethylenediamine
tetraacetic acid (EDTA) anticoagulated tube (Becton
Dickinson, Rutherford, NJ), after an overnight fast. Samples
in the ﬂuoride oxalate tubes were used for fasting blood
glucose measurement whilst samples in the evacuated gel
tubes were centrifuged at 3000 g for 5 minutes and the serum
was aliquoted and stored in cryovials at a temperature of
− 80°C until time for biochemical assays. Lipid proﬁle and
fasting blood glucose levels were determined using the
Mindray BS-240 Chemistry Analyser (Mindray, China);
MedSource Diagnostics reagents were used in all of these
assays.
2.3. Deﬁnitions of Terms
2.3.1. Metabolic Syndrome: Harmonised Criteria in the Joint
Interim Statement (JIS). Metabolic syndrome is deﬁned
according to the criteria Joint Interim Statement (JIS) to
include individuals with any three or more of the following
ﬁve components: (1) abdominal obesity (waist circumference, male ≥ 94, female ≥ 80); (2) high TG ≥ 1.7 mmol/L
(150 mg/dl); (3) low HDL-C: male < 1.0, female < 1.3 mmol/
L (4) high BP (systolic BP ≥ 130 mm·Hg or diastolic
BP ≥ 85 mm·Hg or treatment of hypertension); (5) high
fasting glucose ≥ 5.6 mmol/l [14].
2.4. Statistical Analysis. All analyses were performed using
MedCalc version 10.2.0.0 (http://www.medcalc.be) for
windows and GraphPad version 6.0, San Diego California,
USA. MetS stratiﬁcations, associations, and receiver operator characteristics (ROCs) were assessed using the
Harmonised (JIS) criteria. The data were presented as
mean ± SD or percentages. The unpaired T-test was used to
compare continuous variables. Association between variables was assessed with linear regression analysis. Receiver
operator characteristics (ROC) was used to compare the
relative abilities of various parameters to predict MetS and
other cardiovascular risk factors. In all cases, a p value < 0.05
was considered signiﬁcant.
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3. Results
3.1. Anthropometry of Studied Population. Out of the 160
subjects studied, 68 (42.5%) were males and 92 (57.5%)
females. The average age of the studied population was
42.8 ± 14.5 years. Respondents with MetS were signiﬁcantly
older (48.2 ± 12.9 years; p � 0.030) than their counterparts
without MetS (41.6 ± 14.6 years). The average BMI, WC, CI,
AVI, and BAI were 25.2 ± 5.1 kg/m2, 84.4 ± 15.3 cm,
1.2 ± 0.16 m3/2·kg− 1/2, 15 ± 6.9, and 28.1 ± 7.1%, respectively,
with respondents of MetS recording signiﬁcantly higher
BMI (p < 0.001), WC (p < 0.001), AVI (p � 0.002), and BAI
(p < 0.001) than their counterparts (Table 1).
3.2. Association between CI, AVI, BAI, WC, BMI, and Cardiometabolic Risk Factors. Linear regression analysis was
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used to assess the association between various anthropometric parameters and selected cardiometabolic risk factors.
As shown in Table 2, CI, AVI, BAI, WC, and BMI signiﬁcantly associated with total cholesterol and LDL-c. AVI,
WC, and BMI were signiﬁcantly associated with triglyceride
and VLDL-c. BAI and BMI had a direct relation with HDL-c
and SBP, whiles BAI, WC, and BMI related directly with
DBP. Only BMI however was associated with FBG. All
parameters showed signiﬁcant associations with MetS score;
however, BMI and WC showed stronger associations than
AVI, BAI, and CI as shown in Table 2.
WC (abdominal obesity) and BMI (overall obesity)
generally showed more associations with the cardiometabolic risk factors, with slight variations in the
strengths and number of associations between the two as
shown in Table 2.
3.3. Receiver Operator Characteristics (ROC) for CI, AVI, BAI,
WC, and BMI in the Studied Population. The ROC curves
and the area under curve (AUC) comparing the predictive
abilities of CI, AVI, BAI, WC, and BMI for MetS and its
individual components are shown in Figure 1 and Table 3.
BMI had the largest AUC for MetS (0.85 (0.79–0.91)); both
BMI and WC showed similar AUCs in predicting the
presence of a cluster of 2 or more non-WC components for
MetS, with both recording similar AUCs and AVI being the
second largest in both cases. The ability to predict the
presence of an elevated BP and elevated FBG was better done
by both AVI and WC, with both showing similar AUCs in all
situations while BMI had a larger AUC for the prediction of
the presence of elevated triglyceride and reduced HDL-c
with AVI and WC being the second largest in both situations, with similar AUCs as shown in Table 3.
3.4. Receiver Operator Characteristics (ROC) for CI, AVI, BAI,
WC, and BMI among Male Respondents. The ROC curves
and the area under curve (AUC) comparing the predictive
abilities of CI, AVI, BAI, WC, and BMI for MetS and its
individual components in male respondents are shown in
Figure 2 and Table 4. BMI had the largest AUC for MetS
(0.93 (0.84–0.98)), a cluster of 2 or more non-WC components for MetS (0.68 (0.55–0.79)), elevated triglyceride
(0.64 (0.52–0.75)), and reduced HDL-c (0.78 (0.66–0.87)),
with AVI and WC being the second largest in all situations,
with similar AUCs. The ability to predict the presence of an
elevated BP and elevated FBG were better done by both AVI
and WC, with both showing similar AUCs in both situations
as shown in Table 4.
3.5. Receiver Operator Characteristics (ROC) for CI, AVI, BAI,
WC, and BMI among Female Respondents. The ROC curves
and the area under curve (AUC) comparing the predictive
abilities of CI, AVI, BAI, WC, and BMI for MetS and its
individual components in female respondents are shown in
Figure 3 and Table 5. AVI and WC had the largest AUCs for
MetS (0.81 (0.72–0.89) for both); CI showed the largest AUC
in predicting the presence of a cluster of 2 or more non-WC
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Table 1: Anthropometric characteristics of studied population stratiﬁed by MetS.

Variables
Age (years)
Weight (kg)
Height (m)
BMI (kg/m2)
WC (cm)
HC (cm)
WHR (cm)
CI (m3/2·kg− 1/2)
AVI
BAI (%)

Total (n � 160)
42.8 ± 14.5
68.7 ± 13.6
1.7 ± 0.1
25.2 ± 5.1
84.4 ± 15.3
97.4 ± 12.1
0.87 ± 0.17
1.20 ± 0.16
15.0 ± 6.9
28.1 ± 7.1

No MetS (n � 132)
41.6 ± 14.6
66.2 ± 12.0
1.7 ± 0.1
24.1 ± 4.4
82.1 ± 14.9
95.7 ± 10.9
0.87 ± 0.18
1.19 ± 0.17
14.2 ± 7.1
27.1 ± 6.5

MetS (n � 28)
48.2 ± 12.9
80.6 ± 14.2
1.6 ± 0.1
30.3 ± 5.1
95.5 ± 11.9
105.4 ± 14.1
0.91 ± 0.10
1.25 ± 0.11
18.7 ± 4.4
32.9 ± 8.0

p value
0.030
<0.001
0.126
<0.001
<0.001
<0.001
0.168
0.106
0.002
<0.001

BMI: body mass index, WC: waist circumference, HC: hip circumference, WHR: waist to hip ratio, CI: conicity index, AVI: abdominal volume index, BAI:
body adiposity index. Continuous data are presented as mean ± SD and compared using T-test.

Table 2: Linear regression analysis selected anthropometric parameters and indicators of cardiometabolic risk.
Variable
SBP (mmHg)
DBP (mmHg)
FBG (mmol/L)
Total cholesterol (mmol/L)
Triglyceride (mmol/L)
HDL-c (mmol/L)
LDL-c (mmol/L)
VLDL-c (mmol/L)
MetS score
∗

CI
β
− 0.57
11.45
0.25
1.95∗
0.76
0.80
0.80∗
0.35
1.95∗∗

Regression is signiﬁcant at the 0.05 level.

∗∗

r2
0.00
0.02
0.00
0.05
0.02
0.02
0.03
0.02
0.08

AVI
β
− 0.05
0.23
0.01
0.06∗∗∗
0.02∗
0.02
0.03∗
0.01∗
0.07∗∗∗

r2
0.00
0.02
0.00
0.08
0.04
0.01
0.06
0.04
0.15

BAI
β
0.55∗∗
0.40∗∗
0.00
0.04∗∗
− 0.01
0.02∗
0.02∗∗
− 0.01
0.06∗∗∗

Regression is signiﬁcant at the 0.01 level.

components for MetS. The ability to predict the presence of
an elevated BP and elevated FBG was better done by WC and
CI, respectively. CI had a larger AUC for the prediction of
the presence of elevated triglyceride whilst reduced HDL-c
was better predicted by BMI as shown in Table 5.

4. Discussion
New methods including the AVI, BAI, and CI have been
proposed to make up for the observed shortcomings of the
older methods. This study therefore assessed the comparative abilities of these methods in predicting MetS among
apparently healthy adults.
In the present study, the older methods WC and BMI
were found to be more strongly associated with the risk
factors than the newer methods. BMI and WC showed more
associations with the cardiovascular risk factors, and in cases
where AVI, BAI, and CI also showed associations, the association was stronger in BMI and WC. Similar results have
also been reported by Lam et al. [15], Shidfar et al. [16], and
Bennasar-Veny et al. [17]. Furthermore, BMI and WC
showed better predictability for the MetS and its components in the general population. Similar ﬁndings have also
been reported by several studies [18–21].
Upon stratiﬁcation, however, a better performance of CI
and AVI among a female population as seen in this study has
also been reported by Motamed et al. [22] and Wang et al.
[23]. These ﬁndings further highlight the eﬀect of the waist
and hip measures on the variations in the comparative

∗∗∗

r2
0.06
0.05
0.00
0.04
0.01
0.03
0.04
0.01
0.11

WC
β
0.08
0.16∗
0.01
0.03∗∗∗
0.01∗∗
0.01
0.01∗∗
0.01∗∗
0.04∗∗∗

r2
0.01
0.04
0.02
0.10
0.05
0.02
0.07
0.05
0.23

BMI
β
0.51∗
0.38∗
0.03∗
0.09∗∗∗
0.03∗
0.03
0.04∗∗
0.01∗
0.12∗∗∗

r2
0.03
0.02
0.03
0.11
0.04
0.03
0.07
0.04
0.29

Regression is signiﬁcant at the 0.001 level.

abilities of the indices to predict MetS and its components.
The diﬀerences in the relative performances of these indices
between the male and female population are attributable to
the diﬀerences in waist and hip circumferences and the
resultant eﬀect of the diﬀerences in the general body fat
distribution. Furthermore, though height is applied in the CI
formula, the inﬂuence of a higher height of men will be
reduced by a higher weight; hence, its inability to properly
predict cardiometabolic outcomes in men. Also, in the AVI
formula when WC < HC an increase in HC leads to an
increase in AVI [22]. Since females have a larger HC than
WC, increase in HC values commonly leads to increase in
AVI values, hence the variations in the predictive abilities in
the two genders.
The arguments about whether abdominal or overall
obesity better associates with the cardiometabolic risk
continue with no consensus. This study also sought to assess
the comparative associations of abdominal obesity indices
and overall obesity indices with cardiometabolic risk. From
this study, there was no clear superior parameter for the
prediction of MetS as far as abdominal and overall obesity
are concerned. The two main measures of abdominal and
overall obesity, i.e., WC and BMI, showed similar associations with cardiometabolic risk factors and the MetS score.
This is in agreement with ﬁndings by Vazquez et al. [24]. The
ﬁnding in this study is perhaps due to the fact that not only
visceral adiposity as measured by WC but also subcutaneous
adiposity as measured by BMI is associated with the release
of inﬂammatory markers [25]. Subcutaneous adipose tissues
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Figure 1: ROC curves for MetS. The relative abilities of AVI, BAI, CI, BMI, and WC are compared to identify respondents with MetS and its
components.
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Table 3: AUC for AVI, BAI, CI, BMI, and WC to identify respondents with MetS and its components.

Variable
MetS
2 or more non-obesity criteria
Elevated BP
Elevated FBG
Elevated triglyceride
Reduced HDL-c

AVI
0.83 (0.76–0.89)
0.68 (0.61–0.76)
0.70 (0.62–0.77)
0.63 (0.55–0.70)
0.61 (0.53–0.69)
0.51 (0.43–0.59)

0.74
0.57
0.57
0.53
0.53
0.65

BAI
(0.66–0.80)
(0.49–0.64)
(0.49–0.65)
(0.45–0.61)
(0.45–0.61)
(0.57–0.72)

CI
0.70 (0.63–0.77)
0.64 (0.56–0.71)
0.67 (0.59–0.74)
0.62 (0.54–0.70)
0.60 (0.52–0.68)
0.61 (0.53–0.68)

0.85
0.69
0.66
0.60
0.62
0.67

BMI
(0.79–0.91)
(0.61–0.76)
(0.58–0.73)
(0.52–0.67)
(0.54–0.69)
(0.59–0.74)

WC
0.83 (0.76–0.89)
0.69 (0.61–0.76)
0.70 (0.63–0.77)
0.63 (0.55–0.70)
0.61 (0.53–0.69)
0.50 (0.42–0.58)

Results are expressed as the area under curve (conﬁdence interval).
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Figure 2: Continued.
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Figure 2: ROC curves for MetS in male participants. The relative abilities of AVI, BAI, CI, BMI, and WC are compared to identify
respondents with MetS and its components.

Table 4: AUC for AVI, BAI, CI, BMI, and WC to identify male respondents with MetS and its components.
Variable
MetS
2 or more non-obesity criteria
Elevated BP
Elevated FBG
Elevated triglyceride
Reduced HDL-c

0.85
0.60
0.70
0.57
0.51
0.53

AVI
(0.75–0.93)
(0.48–0.72)
(0.57–0.80)
(0.45–0.69)
(0.39–0.64)
(0.40–0.65)

0.69
0.54
0.58
0.52
0.54
0.65

BAI
(0.57–0.80)
(0.41–0.66)
(0.45–0.70)
(0.39–0.64)
(0.41–0.66)
(0.52–0.76)

CI
0.58 (0.46–0.70)
0.55 (0.42–0.67)
0.65 (0.53–0.77)
0.56 (0.43–0.68)
0.55 (0.42–0.67)
0.6 (0.47–0.71)

0.93
0.68
0.66
0.56
0.64
0.78

BMI
(0.84–0.98)
(0.55–0.79)
(0.53–0.77)
(0.44–0.68)
(0.52–0.75)
(0.66–0.87)

WC
0.85 (0.74–0.93)
0.61 (0.48–0.72)
0.70 (0.58–0.81)
0.57 (0.45–0.69)
0.51 (0.39–0.64)
0.52 (0.39–0.64)

Results are expressed as area under curve (conﬁdence interval).

as well as visceral adipose tissues have been shown to be
positively and similarly correlated with circulating inﬂammatory adipokines, CRP, ﬁbrinogen, and IL-6 [25]. In
the study by Pou et al. [25], subcutaneous adipose tissue was
found to be more strongly associated with ﬁbrinogen and
visceral adipose tissue was found to be more strongly associated with CRP and IL-6, all of which have been implicated in the pathogenesis of the MetS and its adverse
outcomes.
Furthermore, the misclassiﬁcation error of anthropometric measurements in characterising the body fat stores
could also be the reason for the unclear superiority of any of
the two measures. WC is considered to be a surrogate
marker of visceral adiposity [26], and because visceral fat is
believed to be more metabolically active than other fat
depots such as subcutaneous fat [27], abdominal adiposity
measures such as WC are expected to be more strongly
associated with metabolic abnormalities and cardiovascular disease risk than is BMI since BMI is a measure of
general adiposity. However, in the larger context of visceral
and subcutaneous adipose tissue, WC actually estimates
both VAT and abdominal SAT, with studies ﬁnding WC to
actually be more highly correlated to SAT than to VAT
[28].

It is worth noting that, in the female population however,
abdominal obesity as indicated by WC and its derivative CI
showed superior abilities in predicting MetS and its
components than the overall obesity as indicated by the
BMI. In the normal distribution of adipose tissues in men
and women, women tend to build up excess fat in the lower
body gluteal area (i.e., thighs and buttocks), while in future,
they tend to accrue excess fat in the upper body area (i.e.,
central obesity) [29]. Furthermore, women naturally store
fat subcutaneously, and men store fat viscerally. A justiﬁcation for the higher cutoﬀ of ≥94 cm for abdominal
obesity in men as compared to the ≥80 cm for females is as
shown in the deﬁnitions for MetS. This means that in a
population of normal adults where male and female are
showing similar average measures for WC, WC and its
derivatives, i.e., CI will be more correlated to adverse
cardiovascular outcomes in females than in males.
The generalisability of the current ﬁndings may be
problematic due to the relatively smaller sample size. The
cross-sectional design does not allow for assessment of the
direction of risk factors and health outcomes. From this
design, it is indeterminable if obesity or elevated fasting
blood glucose occurred before or after risk factors
developed.
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Figure 3: ROC curves for MetS in female participants. The relative abilities of AVI, BAI, CI, BMI, and WC are compared to identify
respondents with MetS and its components.
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Table 5: AUC for AVI, BAI, CI, BMI, and WC to identify female respondents with MetS and its components.
Variable
MetS
2 or more non-obesity criteria
Elevated BP
Elevated FBG
Elevated triglyceride
Reduced HDL-c

0.81
0.74
0.71
0.65
0.67
0.51

AVI
(0.72–0.89)
(0.64–0.83)
(0.61–0.80)
(0.55–0.75)
(0.57–0.77)
(0.57–0.77)

0.75
0.67
0.66
0.58
0.55
0.58

BAI
(0.65–0.83)
(0.57–0.77)
(0.56–0.76)
(0.48–0.69)
(0.44–0.65)
(0.44–0.65)

0.77
0.76
0.71
0.68
0.69
0.59

CI
(0.67–0.85)
(0.65–0.84)
(0.61–0.80)
(0.57–0.77)
(0.59–0.79)
(0.59–0.79)

0.80
0.70
0.70
0.63
0.60
0.61

BMI
(0.70–0.88)
(0.60–0.80)
(0.59–0.79)
(0.52–0.73)
(0.49–0.70)
(0.49–0.70)

WC
0.81 (0.72–0.89)
0.74 (0.64–0.83)
0.72 (0.62–0.81)
0.66 (0.55–0.76)
0.67 (0.56–0.76)
0.51 (0.56–0.76)

Results are expressed as area under curve (conﬁdence interval).

5. Conclusion
This study highlights the usefulness of WC and BMI
compared to newer methods, i.e., AVI, BAI, and CI, but BMI
may not be useful in a female population as this study shows
better performance by AVI and CI in the prediction of MetS
and its components in females. Furthermore, in the general
population, both abdominal obesities as measured by WC
and overall obesity as measured by BMI show similar associations with the cardiometabolic risk factors, whiles their
performances diﬀer in females.

Data Availability
The data are part of bigger composite data from a project.
The data will however be extracted and provided if required.

Ethical Approval
Ethical clearance was sought from the Ethical Review Board
of the School of Allied Health Sciences and the Tamale
Teaching Hospital, Tamale.

Consent
Consent was sought from each participant before being
included in the study. Subjects who did not give their
consent were excluded from the study. Subject conﬁdentiality was ensured, and hence consent to publish ﬁndings
from data was obtained.

Conflicts of Interest
The authors declare that they have no conﬂicts of interest.

Authors’ Contributions
This work was carried out in collaboration with all authors.
The authors NA, WKBAO, LQ, PPMD, and YA designed the
study, performed the statistical analysis, wrote the protocol,
and wrote the ﬁrst draft of the manuscript. The authors NA,
PPMD, and YA managed the analyses of the study. Author
WKBAO and LQ managed the literature searches. All authors read and approved the ﬁnal manuscript.

Acknowledgments
The authors acknowledge the contribution of all research
assistants who helped in the collection of data. The authors

express their profound gratitude to all participants of the in
the study.

References
[1] H. Esmaili, M. Bahreynian, M. Qorbani et al., “Prevalence of
general and abdominal obesity in a nationally representative
sample of Iranian children and adolescents: the CASPIAN-IV
study,” Iranian Journal of Pediatrics, vol. 25, no. 3, 2015.
[2] T. T. Su, M. Amiri, F. Mohd Hairi, N. Thangiah, M. Dahlui,
and H. A. Majid, “Body composition indices and predicted
cardiovascular disease risk proﬁle among urban dwellers in
Malaysia,” BioMed Research International, vol. 2015, Article
ID 174821, 7 pages, 2015.
[3] M. Rahman and A. B. Berenson, “Accuracy of current body
mass index obesity classiﬁcation for white, black, and hispanic
reproductive-age women,” Obstetrics & Gynecology, vol. 115,
no. 5, pp. 982–988, 2010.
[4] A. M. Nevill, A. D. Stewart, T. Olds, and R. Holder, “Relationship between adiposity and body size reveals limitations
of BMI,” American Journal of Physical Anthropology, vol. 129,
no. 1, pp. 151–156, 2006.
[5] The Decoda Study Group and R Nyamdorj, “BMI compared
with central obesity indicators in relation to diabetes and
hypertension in Asians,” Obesity, vol. 16, no. 7, pp. 1622–1635,
2008.
[6] R. N. Bergman, D. Stefanovski, T. A. Buchanan et al., “A better
index of body adiposity,” Obesity, vol. 19, no. 5, pp. 1083–
1089, 2011.
[7] M. Vuga, Conceptual Review of Issues with Practical Abdominal Obesity Measures, Section on Statistics in Epidemiology-JSM, Washington, DC, USA, 2009.
[8] F. Guerrero-Romero and M. Rodrı́guez-Morán, “Abdominal
volume index: an anthropometry-based index for estimation
of obesity is strongly related to impaired glucose tolerance and
type 2 diabetes mellitus,” Archives of Medical Research, vol. 34,
no. 5, pp. 428–432, 2003.
[9] M.-A. Cornier, J.-P. Després, N. Davis et al., “Assessing adiposity: a scientiﬁc statement from the American Heart Association,” Circulation, vol. 124, no. 18, pp. 1996–2019, 2011.
[10] The InterAct Consortium, “Long-term risk of incident type
2 diabetes and measures of overall and regional obesity: the
EPIC-InterAct case-cohort study,” PLoS Medicine, vol. 9,
no. 6, Article ID e1001230, 2012.
[11] L. M. Browning, S. D. Hsieh, and M. Ashwell, “A systematic
review of waist-to-height ratio as a screening tool for the
prediction of cardiovascular disease and diabetes: 0·5 could be
a suitable global boundary value,” Nutrition Research Reviews,
vol. 23, no. 2, pp. 247–269, 2010.
[12] W. K. B. A. Owiredu, N. Amidu, E. Gockah-Adapoe, and
R. K. D. Ephraim, “The prevalence of metabolic syndrome
among active sportsmen/sportswomen and sedentary workers

10

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Journal of Obesity
in the Kumasi metropolis,” Journal of Science and Technology
(Ghana), vol. 31, no. 1, 2011.
A. M. Kirkendall, W. E. Connor, F. Abboud, S. P. Rastogi,
T. A. Anderson, and M. Fry, “The eﬀect of dietary sodium
chloride on blood pressure, body ﬂuids, electrolytes, renal
function, and serum lipids of normotensive man,” The Journal
of Laboratory and Clinical Medicine, vol. 87, no. 3, pp. 418–
434, 1976.
K. G. M. M. Alberti, R. H. Eckel, S. M. Grundy et al.,
“Harmonizing the metabolic syndrome: a joint interim
statement of the International Diabetes Federation Task Force
on Epidemiology and Prevention; National Heart, Lung, and
Blood Institute; American Heart Association; World Heart
Federation; International Atherosclerosis Society; and International Association for the Study of Obesity,” Circulation,
vol. 120, no. 16, pp. 1640–1645, 2009.
J. C. M. Lam, J. C. W. Mak, and M. S. M. Ip, “Obesity, obstructive sleep apnoea and metabolic syndrome,” Respirology,
vol. 17, no. 2, pp. 223–236, 2012.
F. Shidfar, F. Alborzi, M. Salehi, and M. Nojomi, “Association
of waist circumference, body mass index and conicity index
with cardiovascular risk factors in postmenopausal women:
cardiovascular topic,” Cardiovascular Journal of Africa,
vol. 23, no. 8, pp. 442–445, 2012.
M. Bennasar-Veny, A. A. Lopez-Gonzalez, P. Tauler et al.,
“Body adiposity index and cardiovascular health risk factors
in Caucasians: a comparison with the body mass index and
others,” PLoS One, vol. 8, no. 5, Article ID e63999, 2013.
Y.-A. Sung, J.-Y. Oh, and H. Lee, “Comparison of the body
adiposity index to body mass index in Korean women,” Yonsei
Medical Journal, vol. 55, no. 4, pp. 1028–1035, 2014.
V. Gowda and K. Philip, “Abdominal volume index and
conicity index in predicting metabolic abnormalities in young
women of diﬀerent socioeconomic class,” International
Journal of Medical Science and Public Health, vol. 5, no. 7,
pp. 1452–1456, 2016.
A. Geliebter, D. Atalayer, L. Flancbaum, and C. D. Gibson,
“Comparison of body adiposity index (BAI) and BMI with
estimations of % body fat in clinically severe obese women,”
Obesity, vol. 21, no. 3, pp. 493–498, 2012.
C. T. Lichtash, J. Cui, X. Guo et al., “Body adiposity index
versus body mass index and other anthropometric traits as
correlates of cardiometabolic risk factors,” PLoS One, vol. 8,
no. 6, Article ID e65954, 2013.
N. Motamed, M. Sohrabi, H. Poustchi et al., “The six obesity
indices, which one is more compatible with metabolic syndrome? A population based study,” Diabetes & Metabolic
Syndrome: Clinical Research & Reviews, vol. 11, no. 3,
pp. 173–177, 2017.
H. Wang, A. Liu, T. Zhao et al., “Comparison of anthropometric indices for predicting the risk of metabolic syndrome
and its components in Chinese adults: a prospective, longitudinal study,” BMJ Open, vol. 7, no. 9, article e016062, 2017.
G. Vazquez, S. Duval, D. R. Jacobs Jr., and K. Silventoinen,
“Comparison of body mass index, waist circumference, and
waist/hip ratio in predicting incident diabetes: a meta-analysis,” Epidemiologic Reviews, vol. 29, no. 1, pp. 115–128, 2007.
K. M. Pou, J. M. Massaro, U. Hoﬀmann et al., “Visceral and
subcutaneous adipose tissue volumes are cross-sectionally
related to markers of inﬂammation and oxidative stress: the
framingham heart study,” Circulation, vol. 116, no. 11,
pp. 1234–1241, 2007.
L. A. Sargeant, F. I. Bennett, T. E. Forrester, R. S. Cooper, and
R. J. Wilks, “Predicting incident diabetes in Jamaica: the role

of anthropometry,” Obesity Research, vol. 10, no. 8,
pp. 792–798, 2002.
[27] D. A. Lawlor, G. D. Smith, S. Ebrahim, C. Thompson, and
N. Sattar, “Plasma adiponectin levels are associated with
insulin resistance, but do not predict future risk of coronary
heart disease in women,” The Journal of Clinical Endocrinology & Metabolism, vol. 90, no. 10, pp. 5677–5683, 2005.
[28] J. O. Hill, S. Sidney, C. E. Lewis, K. Tolan, A. L. Scherzinger,
and E. R. Stamm, “Racial diﬀerences in amounts of visceral
adipose tissue in young adults: the CARDIA (coronary artery
risk development in young adults) study,” The American
Journal of Clinical Nutrition, vol. 69, no. 3, pp. 381–387, 1999.
[29] C. M. Williams, “Lipid metabolism in women,” Proceedings of
the Nutrition Society, vol. 63, no. 1, pp. 153–160, 2004.

MEDIATORS
of

INFLAMMATION

The Scientific
World Journal
Hindawi Publishing Corporation
http://www.hindawi.com
www.hindawi.com

Volume 2018
2013

Gastroenterology
Research and Practice
Hindawi
www.hindawi.com

Volume 2018

Journal of

Hindawi
www.hindawi.com

Diabetes Research
Volume 2018

Hindawi
www.hindawi.com

Volume 2018

Hindawi
www.hindawi.com

Volume 2018

International Journal of

Journal of

Endocrinology

Immunology Research
Hindawi
www.hindawi.com

Disease Markers

Hindawi
www.hindawi.com

Volume 2018

Volume 2018

Submit your manuscripts at
www.hindawi.com
BioMed
Research International

PPAR Research
Hindawi
www.hindawi.com

Hindawi
www.hindawi.com

Volume 2018

Volume 2018

Journal of

Obesity

Journal of

Ophthalmology
Hindawi
www.hindawi.com

Volume 2018

Evidence-Based
Complementary and
Alternative Medicine

Stem Cells
International
Hindawi
www.hindawi.com

Volume 2018

Hindawi
www.hindawi.com

Volume 2018

Journal of

Oncology
Hindawi
www.hindawi.com

Volume 2018

Hindawi
www.hindawi.com

Volume 2013

Parkinson’s
Disease

Computational and
Mathematical Methods
in Medicine
Hindawi
www.hindawi.com

Volume 2018

AIDS

Behavioural
Neurology
Hindawi
www.hindawi.com

Research and Treatment
Volume 2018

Hindawi
www.hindawi.com

Volume 2018

Hindawi
www.hindawi.com

Volume 2018

Oxidative Medicine and
Cellular Longevity
Hindawi
www.hindawi.com

Volume 2018

