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Evaluation of the Discriminatory Abilities
of Anthropometric Indices of Obesity in
Prediction of Important Body Composition

Parameters of Central Obesity

ABSTRACT

Introduction: Prevalence of obesity and its complications are
reaching to epidemic proportions. For its early detection, various
anthropometric indices like Waist Circumference (WC), Waist-To-
Height Ratio (WHtR) and Conicity Index (Cl) have been utilised.

Aim: To determine the discriminative abilities among
anthropometric indices (WC, WHtR, CI) in predicting excess
fatness.

Materials and Methods: Eighty seven (87) healthy adolescents
of age between 17 to 25 years were enrolled for the study. Using
standard protocol all the anthropometric and body composition
parameters was recorded. Body Mass Index (BMI) was
calculated by; Weight (kg)/Height (m?), WHtR by dividing the
WC by the height and Cl from mathematical equation CI=WC
(m)/0.109VWeight (kg)/Height (m). Body composition parameters
were determined using bio-impedance analysis technique.

Mean, Standard Deviation (SD) and correlation coefficient (r)
was calculated. Receiver operating characteristic curve analysis
was used to determine predictive abilities of the anthropometric
indices of obesity.
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Results: Body composition parameters have shown very
strong correlation (p<0.0001) with all the indices of obesity.
WHtR correlated maximally with total body fat (r=0.860)
whereas WC with body fat percent (r=0.867). Cl has correlated
maximally with body fat percent (r=0.503) followed by total
body fat (r=0.464). BMI did not correlate with any of them. On
comparison of AUC, WHtR and WC has the highest percentage
under curve for all the body composition parameters. Most
accurate cut-off points of ROC curve revealed that WHtR,
WC and CI at the cut-off value of 0.52, 87 cm and 1.3 (m?3/
kg'?) respectively are better discriminators for all the body
composition parameters.

Conclusion: Strong correlation exists between body
composition parameters and anthropometric indices of obesity
except BMI. WHtR, WC and Cl emerged as most sensitive and
specific indices to predict body composition, comparable to
the values obtained from BIA analysis. However, BMI should be
used with caution in assessment of central obesity.
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INTRODUCTION

Incidence of overweight and obesity are increasing worldwide [1].
India is also facing the same problem due to rapid economic growth,
industrialization, urbanisation and life style changes [2]. Obesity,
once most neglected is now considered as disease in its own due
to its associated morbidity and mortality resulting from metabolic,
endocrine, cerebro-vascular and cardiovascular complications.

There are plentiful evidences to suggest that visceral fat in central
obesity is the most important risk factor for metabolic syndrome
and its complications [3,4]. Such individuals are prone for early
death due to myocardial infarction, cerebrovascular accidents and
insulin resistance [5,6].

To prevent the menace of obesity, current emphasis is on
early detection of excess fat. This has led to quest for simple,
cost- effective, non-invasive and sophisticated techniques and
markers with potential discriminatory ability for visceral fat.

Various anthropometric derived indices have been utilised for this
purpose since long and their effectiveness has been ascertained in
the past studies [7,8]. Despite of limitations in assessing visceral fat,
BMl is still most widely used tool. Other indices like WC, WHtR, BMI
and CI [9-11] have emerged out as the proxy markers in assessing
and managing health outcomes of central obesity [3]. They gained
importance because they are simple in calculation, inexpensive, and
can be used over large population [10].
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Studies on the western population have analysed the abilities of the
anthropometric indices of obesity in prediction of excess body fat
[12,13]. Such type of studies in Indian context is lacking.

In this context, present study aimed to determine discriminative
abilities of four commonly used obesity indices WC, WHtR, BMI
and Cl in predicting important body composition parameters viz.,
total body fat, body fat percent, muscle mass percent and body
water percent.

MATERIALS AND METHODS

A cross-sectional observational study was conducted on eighty-
seven (87) healthy medical students of age between 17 to 25 years
admitted to 1%t professional MBBS during academic session 2016-
17. Out of the total one hundred (100) students admitted, eighty
seven (87) students fulfiling the inclusion criteria were retained in
the study. After obtaining ethical clearance (No: EC/SAIMS/Dec16)
and informed written consent from the participants, the data were
collected by the investigator of the project.

Standard protocol was adopted throughout the study for recording
of anthropometric and body composition parameters [14]. Weight
was measured in standing position in light clothing without shoes
to the nearest 0.1 kg on a calibrated weighing scale. Wall mounted
stadiometer was used to measure height in erect posture to the
nearest 0.1 cm. WC was measured horizontally by non elastic
measuring tape at the midpoint between the lowest costal ridge
and the upper border of the iliac crest to the nearest 0.5 cm.
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Anthropometric indices of obesity were derived by applying
mathematical formulas. BMI was calculated by the formula,
Weight (kg)/Height (m?). WHtR was calculated by dividing the WC
by the height.

To calculate Cl the following mathematical equation was used [7].
CI=WGC (m)/0.109VWeight (kg)/Height (m).

Body composition parameters like total body fat, body fat percent,
muscle mass percent and body water percent were determined
using BIA (Bio-Impedance Analysis) technique (Tanita-MC 180 MA-
Japan). BIA test protocol was explained to the participants prior to
recording [14].

Since BIA measurements are affected by various individual and
environmental factors such as body position, hydration status,
skin temperature, recent physical activity, drugs etc. Therefore to
keep the standardisation of measurement conditions, subjects with
dehydration, acute and chronic illness, and menstruating females
were excluded from the study [15].

STATISTICAL ANALYSIS

Normality of the data was assessed by the Kolmogorov-Smirnov
test. Mean, standard deviation and Pearson’s correlation coefficient
() were calculated for the test variables. Receiver Operating
Characteristic (ROC) curve analysis was used to determine Area
Under Curves (AUC) to evaluate the predictive abilities of the
anthropometric indices of obesity [16]. All the calculations were done
on MedCalc V.18.10.2, statistical software. Statistical significance
was fixed at p<0.05 for all the tests performed.

RESULTS

The base line characteristics of the study participants are presented
in [Table/Fig-1]. Pearson’s correlation coefficient of the measured
anthropometric indices of obesity with body composition parameters
is shown in [Table/Fig-2].

Body composition parameters have shown strong positive
correlation (p<0.0001) with all the indices of obesity except total
body water and muscle mass percent which showed strong
negative correlation. Total body fat has maximally correlated with
WC (r=0.867) and waist to height ratio (r=0.860) respectively.
Similarly body fat percent depicted maximum correlation with WHtR
(r=0.810) followed by WC (r=0.712). Furthermore, muscle mass
percent has shown maximum negative correlation with WHtR (r=-
0.666) followed by WC (r=-0.554) [Table/Fig-2].

Result showed that Cl has correlated maximally with body fat percent
(r=0.503) followed by Total body fat (r=0.464) whereas BMI did not
correlated with any of the measured body composition parameters
(p>0.05). ROC curves for each anthropometric indicators of
obesity according to sensitivity and specificity in prediction of body
composition parameters are presented in [Table/Fig-3,4].

Entire Series (n=87)
Parameter
Meanz=Standard Deviation

Age (yrs) 18.96+1.63
Weight (kg) 62.67+15.69
Height (cm) 166.20+9.05
Waist Circumference (cm) 87.17+13.56
Waist to height ratio 0.524+0.079
BMI (kg/m?) 22.53+4.60
Conicity Index (m?3/kg'?) 1.30+0.10

Total body Fat (kg) 18.49+9.54
Total body Fat percent (%) 28.32+9.47
Total Body water percent (%) 48.02+6.34
Muscle Mass percent (%) 67.48+9.38

[Table/Fig-1]: Characteristics of study population.
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Obesity Correlation Total Body Fat | Body Water | Muscle Mass
marker coefficient | Body Fat Percent Percent Percent
0.867 0.712 -0.615 -0.554
Waist r©5%cl) | (0.803to | (0.590to (-0.731to0 (-0.685 to
Gircumference 0.911) 0.802) -0.465) -0.389)
p <0.0001*** | <0.0001*** | <0.0001*** <0.0001***
0.860 0.833 -0.675 -0.666
Waist to r(95% Cl) (0.793 to (0.755 to (-0.775 to (-0.769 to
Height Ratio 0.906) 0.888) -0.541) -0.530)
P <0.0001** | <0.0001*** | <0.0001*** <0.0001***
0.205 0.2021 -0.097 -0.267
Body Mass r(©5%Cl) | (-0.005t0 | (-0.008to | (-0.301to (-0.452 to
Index 0.398) 0.395) 0.115) -0.060)
p 0.0568" 0.060" 0.369" 0.012*
0.464 0.5033 -0.380 -0.459
N r@5%cCl) | (0.281to | (0.327to (-0.547 to (-0.611 to
Conicity Index 0.615) 0.645) -0.185) -0.275)
P <0.0001*** | <0.0001*** 0.0001*** <0.0001***

[Table/Fig-2]: Correlation of obesity markers with body composition parameters.

* Insignificant p-value (two tailed), **Highly significant p-value (two tailed).
r-Pearson’s correlation coefficient, 95% C 1-95% confidence interval.

Total Body Body Fat Muscle Mass | Body Water

Obesity Fat Percent percent Percent

marker AUC (95% CI) | AUC (95% CI) | AUC (95% CI) | AUC (95% ClI)

p-value p-value p-value p-value

) 0.934 (0.859 | 0.827 (0.731 0.874 (0.751 0.844 (0.751
Waist t0 0.976) t0 0.899) t0 0.913) t0 0.913)
Circumference

<0.0001*** <0.0001*** <0.0001*** <0.0001***

) 0.938 (0.865 | 0.944 (0.873 | 0.882(0.795 | 0.882 (0.795
Waist to t0 0.979) t0 0.982) to 0.941) to 0.941)
Height Ratio

<0.0001*** <0.0001** <0.0001*** <0.0001**
0.527 (0.417 | 0.544 (0.434 | 0.620" (0.509 | 0.531* (0.421
Body Mass to 0.635) to 0.651) 10 0.722) to 0.639)
Index
0.712* 0.554* 0.971* 0.671*
0.720 (0.615 | 0.747 (0.643 | 0.722 (0.616 | 0.717 (0.612
Conicity Index t0 0.811) to 0.833) t0 0.812) to 0.801)
<0.0001*** <0.0001** <0.0001*** <0.0001**

[Table/Fig-3]: Comparison of Area Under Curves (AUC) of obesity markers.
*Insignificant p-value (two tailed), ***Highly significant p-value (two tailed).

[Comparision o WE Compansion of WHIR
2 T eF 2 e TBF
— BFP — BFP
—BWP —BWP
—. P : —- MMP
L 1 1 T 0 1 1 T T
0 ) [} C1 E] 00 0 pJ ) @ o 00

100-Specficity

100-Speciicity

Sensitivity

2 ; Comparision of C1 2 [Copanision of W
— T8
—BFP
v
L 1 1 T L L
0 2 0 C] E] 100 0 0 0 0 El ]

100-Specficity 100-Specificity

[Table/Fig-4]: Comparison of ROC Curves of obesity markers.

Youden index; J<0.5 (Less diagnostic effectiveness)

On comparison AUC with 95% confidence interval, WHtR followed
by WC has the highest percentage under curve for all the body
composition parameters. Among the other adiposity indices AUC
of Cl is greater than BMI. For discriminating body composition
parameters all differences were strongly significant (p<0.0001).
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The evaluation of the most accurate cut-off points of ROC
curve revealed that Cl, WHtR and WC at the cut-off value of 1.3
(m??/kg'”?), 0.52 and 87 cm respectively are better discriminators
for all the body composition parameters. Their sensitivity,
specificity and Youden index are highest and very close to the
optimal cut-off limits. However, lowest efficacy in predicting body
composition is recorded for BMI [Table/Fig-4,5].

Obesity Optimal Total B::ty Muscle Mass
marker Cut-off Body Fat Percent
Percent
Sensitivity % 90.48 76.19 80.95
Waist 87cm | Specificity % 86.67 7778 86.67
Circumference
Youden index (J) 0.771 0.539 0.676
Sensitivity % 84.44 84.44 80.00
Waist to I
Height Ratio 0.52 Specificity % 95.24 90.48 90.48
Youden index (J) 0.796 0.749 0.704
Sensitivity % 76.92 46.15 50.00
E‘(’j‘g Mass 25kg/m? | Specificity % 8.20 75.41 65.57
Youden index (J) 0.148 0.215 0.155
Sensitivity % 47.62 85.71 80.95
Conicity Index 1.3 Specificity % 86.96 50.00 55.56
Youden index (J) 0.345 0.357 0.367

[Table/Fig-5]: Sensitivity, specificity of obesity markers in prediction of body

composition parameters.

DISCUSSION
In the present study body composition parameters has shown a
strong positive correlation (p<0.0001) with all the indices of obesity
except total body water and muscle mass percent which showed
negative correlation.

Total body fat maximally correlated with WC (r=0.867) followed by
WHtR (r=0.860). Similarly, Body Fat Percent (BFP) has maximum
correlation with WHIR (r=0.810) followed by WC (r=0.712). However,
muscle mass percent and total body water showed maximum
negative correlation with WHtR followed by WC in decreasing order
[Table/Fig-2]. These findings are similar to the various recent studies
in which WHIR found to be better predictor of visceral fat [17,18]
this might be due to incorporation of height which in turn influences
the distribution of body fat [19].

Cl which is a novel indicator of central obesity has correlated
maximally with body fat percent (r=0.503) followed by total body fat
(r=0.464). These findings are similar to the findings of Mueller WH
et al., [Table/Fig-2] [20]. However, in another study Cl was reported
intermediary between WC and WHIR for its association with body
composition parameters [21].

Studies of the past have yielded conflicting results regarding BMI in
predicting central obesity. In some of the studies BMI was correlated
better than WC and WHIR in predicting visceral fat [22,23]. Majority
of recent studies agreed that for visceral fatness, BMI is not a better
indicator compared to WC, WHtR and CI [24,25]. In the present
study, BMI did not correlate (p>0.05) with any of the measured
body composition parameters. These findings are in consonance
with the findings of past studies [24,25]. Moreover, it was further
noted in some studies [26,27] that BMI differs considerably across
gender, age, and race, thus it gives inconsistent results and does
not necessarily reflect true body fatness [28].

To evaluate and discriminate the diagnostic performance of the
anthropometric indicator of obesity, area under the ROC curve
(AUC) was calculated, which reveals that WC, WHtR and CI are
equally and significantly (p<0.0001) strong in discriminating body
composition parameters of obesity [Table/Fig-3,5]. WHtR and ClI
has the highest percentage under curve for all the body composition
parameters followed by WC. BMI has the least discriminating abilities
among the adiposity indices. Similar trends were seen in most of the
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past studies, however in quite a few studies varying results been
reported [24,25,29-31]. In some of the studies [29-31] no difference
was observed, whereas most of the other studies agreed that WC,
WHTtR and Cl measures central obesity better than BMI [24,25]. The
differences may be due to the confounding effect of ethnic and racial
variations. Since, Asians could accumulate more total body fat and
visceral fat with an increase in body weight as compared to other
races [32]. Moreover, BMI has limitations in distinguishing between
body fat and muscle mass. Hence, labelled as crude screening tool
of fatness [11,28].

Evaluation of the most accurate cut-off points of ROC curve revealed
that WHtR and CI at the cut-off value of 0.52, and 1.3 (m??/kg'?)
respectively showed highest sensitivity, specificity and Youden
index (j). Therefore are better discriminators for body composition
parameters. However, Youden index recorded for muscle mass
percent does not reach to optimal cut-off level [Table/Fig-4].

For predicting body composition parameters suggested cut-off
values in our study for WHtR, WC and Cl are 0.52, 87 (cm) and
1.3 (m?3/kg"?) respectively. Similar cut-off values were reported
in literature pertaining to the Asians population [33]. Conversely,
European and American values are higher than the values of the
present study [34]. Warranting their use on our population else, they
yield false negative results in diagnosis of central obesity.

LIMITATION

Sample size is small, representing urban healthy adolescents,
missing obese population who had different body composition.
That group requires further examination. Further studies on larger
population base should be done.

CONCLUSION

Present study emphasises clinical relevance of anthropometric
indices of obesity in screening visceral fat and risks of central
obesity. WHtR, WC and Cl emerged as most sensitive and specific
indices to predict body composition, comparable to the values
obtained from BIA analysis. Findings of present study indicate that,
BMI should be used with caution for assessment of central obesity.
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