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Abstract
Context: Obesity may be defined based on percentage body fat. Because of the difficulty in
measuring body fat in routine clinical practice, a number of surrogates such as body mass
index (BMI), waist circumference (WC), waist-to-hip ratio (WHR), and waist-to-height ratio
(WHtR) have been proposed. Aims: To determine the correlation between obesity indices and
body fat, and the predictive ability of these indices to identify percentage body fat among
women. Settings and Design: Cross-sectional. Methods and Material: Seventy nine women
who participated in health screening were included in the study. BMI, WC, and WHtR of the
participants were determined by standard protocols. Percentage body fat and visceral fat
were measured by bioelectrical impedance analysis. Statistical analysis: Pearson correlation
between percentage body fat and the obesity indices was determined. The area under curve
(AUC) on the ROC was used to determine the best anthropometric index which identifies
individuals with obesity. Results: The participant’s mean age was 42.4±9.1 years. There was
a significant correlation between body fat and the anthropometric indices (p<0.001), but the
correlation was best with BMI. The AUC on the ROC for BMI, WC, and WHtR, respectively
were 0.831 (95% CI 0.669-0.993, p<0.001), 0.780 (95% CI 0.627-0.933, p=0.002), and 0.725 (95%
CI 0.571-0.880, p=0.013). Conclusions: There is positive correlation between percentage body
fat and anthropometric indices. Body mass index is as good as waist circumference, but better
than waist to height ratio in predicting body fat. BMI should not be abandoned in the clinical
evaluation of people with obesity.
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Introduction

Subjects and Methods

Obesity may be defined based on percentage body fat. [1]. The
prevalence of obesity is rising globally with its attendant
complications. [2]. Studies in Nigeria have shown that the burden
of obesity is greater among women. [3,4]. We earlier reported that
in south-west Nigeria, 11 women had obesity for every man
who was obese. [5].

The data of women who participated in health screening for noncommunicable diseases that was conducted at some secondary
schools during the 2013/2014 World Diabetes Day celebration
was used for the study. The school authority approved the
screening exercise. Approval was also obtained from the Ethic
and Research committee of our institution. The participants
were screened for obesity, hypertension and diabetes mellitus.

Because of the difficulty in measuring body fat in routine
clinical practice, a number of surrogates have been proposed.
These include body mass index (BMI), waist circumference
(WC), waist-to-hip ratio (WHR), and waist-to-height ratio
(WHtR). These surrogates have been shown to correlate with
body fat among women by authors from other countries. [6,7]. A
study among men revealed similar association. [8].
Some researchers [9,10]. have suggested that measures of central
obesity are superior to BMI, and most criteria for the diagnosis
of metabolic syndrome did not include BMI. [11,12]. Reports from
Nigeria are scanty. Furthermore, the predictive ability of these
indices with respect to body fat in our environment is unknown.
This study aimed at determining the correlation between obesity
indices and body fat, and the predictive ability of these indices
to identify obesity defined as percentage total body fat among
women.
32

Clinical measurements
The body mass index (BMI), waist circumference (WC),
waist-to-height ratio (WHtR), and blood pressure (BP) of
the participants were determined by standard protocols.
Summarily, the height was determined to the nearest 0.1m with a
stadiometer while the participants were barefooted. The weight
was measured with a digital weighing scale to the nearest 0.1kg.
The participants were barefooted and wore light clothing before
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Percentage total body fat (%BF) and visceral fat (%VF) were
measured by bioelectrical impedance analysis (BIA) using a
body composition monitor (OMRON 511, OMRON healthcare
Co., Ltd. Japan) in the fasting state. The monitor utilizes
8-sensor-measurement technology using both hands and feet
for an accurate entire body measurement and classification of
body fat percentage, visceral fat, skeletal muscle fat, and body
mass index. The age, gender and height of the participants
were entered into the device and confirmed. The participants
then stood with the knees and back straight and looked straight
ahead. The arms were horizontally raised and extended at a
90° angle to the body and the elbows were extended straight.
The participants stood with weight evenly distributed on the
measurement platform. The palms were pressed firmly on the
grip electrodes, the middle fingers in the dent at the back of
the grip electrodes, the inner grip electrodes held firmly with
the thumb and index finger, and the outer grip electrodes held
with the ring and small fingers. The measurement results on
the display area of the device were then recorded. Obesity was
defined as body fat>33%. [13].
Blood pressure was determined electronically with Omron or
manually with mercury sphygmomanometer. Blood glucose
was determined with a glucose meter (Accucheck active, Roche
diagnostics)
Statistical analysis
Data were analysed with the statistical package for social sciences
(SPSS) version 20.0 (Chicago, Illinois, USA). Continuous and
categorical data were expressed as means and percentages
respectively. Pearson correlation between percentage body fat
and the obesity indices was determined. MedCalc Statistical
Software version 14.8.1 (MedCalc Software, Ostend, Belgium,
2014) was used to generate Receiver Operative Characteristics
(ROC) Curve, in order to determine and compare the ability
of the anthropometric indices to identify obesity. The area
under curve (AUC) on the ROC was used to determine the
best anthropometric index which identifies individuals with
obesity, defined as %body fat. The level of significance was set
at p<0.05.

Results
A total of 99 women were screened, but 20 women who had
insufficient information were not included in the data analysis.
Data on seventy nine (79) women was finally analysed.
Sixty seven (84.8%) participants were obese. Their clinical
characteristics are shown in Table 1.
Table 2 shows that there was a significant correlation between
body fat and the anthropometric indices (p<0.001). The
correlation was best with body mass index.
Figure 1 shows the predictive ability of the anthropometric
indices. BMI has the greatest Area under Curve (AUC). The
AUC on the ROC for BMI, WC, and WHtR, respectively were

0.831 (95% CI 0.669-0.993, p<0.001), 0.780 (95% CI 0.6270.933, p=0.002), and 0.725 (95% CI 0.571-0.880, p=0.013).
Table 3 compares the AUC for detecting body fat. It showed that
BMI was better than WHtR at detecting the presence of body
fat (difference in areas = 0.106 p=0.0245). The AUC of BMI
versus WC and WC versus WHtR on the ROC for identifying
body fat were not significantly different.
Table 1: Clinical characteristics of the study participants.
Clinical characteristics
Mean (SD)
Age (years)
42(9.1)
Weight (kg)
73.8 (16.3)
BMI (kg/m²)
30.49 (6.12)
WC (cm)
88.2 (13.8)
WHtR
0.57(0.08)
% body fat
43.59(10.73)
% visceral fat (n=69)
9.88 (5.55)
FBS (n=59)
94.09(11.22)
SBP (n=77)
129.16(29.51)
DBP (n=77)
73.83(13.12)
BMI: Body Mass Index; WC: Waist Circumference; WHtR: Waist
To Height Ratio; FBS: Fasting Blood Glucose; SBP: Systolic Blood
Pressure; DBP: Diastolic Blood Pressure
Table 2: Correlation matrix between anthropometric indices and
body fat.
Obesity
Weight
BMI
WC
WHtR %BF
%VF
indices
Weight
1
BMI
0.884**
1
WC
0.761**
0.718** 1
WHtR
0.667**
0.729** 0.964** 1
% BF
0.561**
0.601** 0.411** 0.403** 1
% VF
0.444**
0.481** 0.410** 0.432** 0.295* 1
BMI: Body Mass Index; WC: Waist Circumference; WHtR, Waist To
Height Ratio; SBP, Systolic Blood Pressure; DBP, Diastolic Blood
Pressure **Correlation is significant at the 0.01 Level (2-Tailed);
*Correlation is significant at the 0.05 level (2-tailed).
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Figure 1: ROC comparing the ability of obesity indices in identifying
body fat.

Discussion
Correlation between body fat and anthropometric indices
This study examines the correlation between percentage body
fat and anthropometric indices as well as percentage visceral
fat and anthropometric indices among women. Since obesity
describes excess fat in the body, estimate of the body fat content
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should be used to define it. However, direct measurement of
body fat is not routinely done in clinical and epidemiological
surveys because this is expensive. Furthermore, the facilities
such as CT scan, MRI and Dual energy X-ray absorptiometry are
not readily available especially in our environment. Moreover,
some of these diagnostic methods are associated with radiation
exposure. Therefore, surrogates such as BMI, WC, WHtR, and
WHR are used to determine adiposity. Bioelectrical impedance
analysis (BIA) offers a cheaper, hazard-free and accessible way
of estimating body fat, and it has been shown by several authors
to compare well or correlate with the gold standards. [14-17].
Table 3: Pairwise comparison of AUC on the ROC of obesity indices
in identifying body fat.
BMI ~ WC
Difference between areas
0.0516
95% CI
-0.0278 to 0.131
z statistic
1.274
Significance level
p=0.2028
BMI ~ WHtR
Difference between areas
95% CI
z statistic
Significance level

0.106
0.0137 to 0.199
2.249
p=0.0245

WC ~ WHtR
Difference between areas
95% CI
z statistic
Significance level

0.0547
-0.00154 to 0.111
1.906
p=0.0566

The three indices of obesity studied were positively correlated
with body and visceral fat. The correlation between % BF was
best with BMI when compared with WC and WHtR. Similarly,
although the correlation between the anthropometric indices
and %VF was weak, it was best with BMI compared to WC
and WHtR. Previous authors also found positive correlation
between anthropometric indices and body fat as well as visceral
fat. [7,18,19]. Percentage body fat describes the total body fat, and
since body mass index is a measure of total adiposity, it is not
surprising that the two entities correlated with each other. Waist
circumference on the other hand is a measure of abdominal
adiposity and may therefore be less correlated to percentage
body fat than the BMI. Similar to our findings, the two studies
[18,19].
above also found that BMI correlated with fat mass better
than WC, whereas another study [20]. also revealed a better
correlation between BMI and %BF compared to WC.
Abdominal fat is composed of subcutaneous fat and visceral fat,
and in women subcutaneous fat is greater or more than visceral
fat. [21]. WC is expected to correlate with both %body fat (which
includes subcutaneous adipose tissue) and %VF.
In our study, whereas the correlation between BMI and %BF
was stronger than the correlation between BMI and %VF, WC
had similar correlation with both %BF and %VF. Further, we
found that BMI had a stronger correlation with %VF than WC
similar to the report by other workers, [7,22]. but in contrast to
the findings of Kuk et al. [23]. and Jia et al. [24]. Similar to our
findings, the report by Weerarathna et al. [7]. revealed that BMI

had stronger correlation with both total and regional fat than all
the other anthropometric indices. Interestingly, their study was
also conducted only among women.
Since WC is a measure of abdominal obesity, the reason for
the stronger correlation between BMI versus VF compared to
WC versus VF in is not clear. Even though there are gender
differences in the association between WC and body fat, Barreira
et al. [19]. Kuk, and Janiszewski et al. [23]. Jia et al. [24]. and Kuk
et al. [25]. found that WC correlated better with VF than BMI
in both men and women. Previous studies on the relationship
between anthropometric indices and body fat have yielded
conflicting or inconsistent results. Both BMI and WC were
previously found to correlate with fat mass better than VF. [18].
But, while some authors [23] found that the relationship between
BMI and measures of body fat is dependent on WC, others
[26].
reported that both BMI and WC were associated with VF,
subcutaneous abdominal and total body fat independent of each
other. Our study also revealed that when compared with WC,
WHtR correlated better with %VF. Not many studies reported
the correlation of WHtR and body fat. One study found that
WSR (another name for WHtR) correlated with %body fat than
WC among women. [22]. A study conducted among men also
revealed that WHtR had stronger correlation with adipose tissue
than other anthropometric indices [8]., whereas among women,
another study [7]. found that both BMI and WC correlated with
total and visceral fat than WHtR. As mentioned earlier, gender
differences exist in the association of anthropometry and body
fat. WHtR is WC corrected for height, and as such a measure of
abdominal adiposity. It has been shown to be a good predictor of
cardiovascular disease in both original research and systematic
review. [26-29].
Prediction of obesity defined as body fat by anthropometric indices
The ability of anthropometric indices to predict body fat is very
important in clinical settings, since they are surrogate measures
of excess body fat. This will enable clinicians to confidently
diagnose obesity.
A study revealed that WC predicted visceral fat better than
other anthropometric indices when analysed by ROC. [24]. In
contrast to the above, some workers concluded that in view
of the comparable association of BMI and WC with total and
visceral adipose tissue, the two indices of obesity give similar
information about body fat [29,30]. Our study showed that BMI
did not only correlate best with body fat, it also had the highest
AUC on the ROC. The difference in the AUC between BMI
and WHtR was significant, but when compared with WC, the
difference was not significant.
Taken together, the above suggest that BMI is a good index of
adiposity among the people studied. Therefore, BMI should not
be abandoned in the clinical evaluation of people with obesity.
This is important because most criteria for the diagnosis of
metabolic syndrome did not include BMI. [11,12].
Limitation
This study is limited by the small sample size. A larger study is
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necessary to confirm the findings in this study. Determination
of body fat with DEXA, computed tomography, and magnetic
resonance imaging give more accurate result than the BIA used
in this study. The body temperature and menstrual history of
the participants were not taken. Ambient temperature and
menstruation are known to influence BIA.

14. Roubenoff R. Applications of bioelectrical impedance analysis for
body composition to epidemiologic studies. Am J Clin Nutr. 1996;
64:459s-62s.

Conclusion

16. Deurenberg P, Smit HE, Kusters CS. Is the bioelectrical impedance
method suitable for epidemiological field studies? Eur J Clin Nutr.
1989; 43:647-654.

There is correlation between percentage body / visceral fat and
anthropometric indices. Body mass index is as good as waist
circumference, but better than waist to height ratio in predicting
body fat. BMI should not be abandoned in the clinical evaluation
of people with obesity.
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