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Background: Visceral Fat (VF) is the underlying culprit for cardiovascular diseases, type 2

diabetes, breast cancer, etc. VF can be estimated at present only by using expensive

instruments as Bio Impedance Analyzer (BIA), DEXA scanner, etc. Measurement of

Waist-Hip Ratio (WHR) can be used as a proxy for VF. Hence, the present study was done

to assess the role of WHR as appropriate technology for assessment of VF. The aim of this

study was to find correlation of Visceral Fat Area (VFA) with (WHR), Waist Circumference

(WC) and Body Mass Index (BMI) in young healthy adults.

Methods: It was a descriptive cross-sectional study conducted on 215 healthy adults over one

year in Western Maharashtra. Biospace 720 was used to assess VF. Data was analyzed by

using software SPSS version 20.0. In body 720 was used to assess VF of subjects.

Results: Majority 155 (73%) weremales and 57 (27%) were females. Nearly half (42% of males,

49% of females) had VFA above cut off value (i.e. 100 cm2) and 42% of males had WHR >0.9

and 56% of females had WHR >0.8. We found a very strong correlation between VFA and

WHR (r = 0.936, p < 0.05) among males and females (r = 0.920, p < 0.05) and correlation

betweenWC and BMI with VFA (r = 0.739, r = 0.758) for males, (r = 0.774, r = 0.605) for females

was modest.

Conclusion: There is a strong correlation between VF and WHR. Measurement of WHR is

simple, handy, and inexpensive tool which can be used as a surrogate to measure VF.
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Introduction
Urbanization,unhealthydietarypracticesandsedentary life style
has lead toan increase inprevalenceof lifestylediseases inSouth
EastAsiaRegion(SEAR).1Theepidemicofobesityisspreadingfrom
urban to peri-urban and to rural population.2 Obesity represents
excessive subcutaneous and intra-abdominal fat and is a known
risk factor for many Non Communicable Diseases (NCDs).3,4

Human body is composed of (a) active mass (muscle, liver,
heart, etc.), (b) Fatty mass (fat), (c) extracellular fluid (blood,
lymph,etc.),(d)connectivetissue(skin,bones,connectivetissue).
Out of this total body fattymass consist of subcutaneous fat and
intra-abdominal fat.Abdominal fatcanbedivided into intraperi-
tonealandretroperitoneal fat. Intraperitoneal fat isalsocalledas
visceral fat (VF) which surrounds themesenteries and omental
fat masses.5 Metabolic obesity (visceral obesity with normal
weight) represents fat levels that are higher than normal limits,
evenifaperson'sweight iswithinorbelowthestandard for their
height.6 Such people are thin outside but fat inside.

Increased VF is associated with the increased release of free
fatty acids (FFA) into portal circulation which results in insulin
resistanceandothermetabolicsyndromes.5,7VF isalsooneof the
mainculprits fordevelopmentof cardiovasculardiseases,Type2
diabetes, breast cancer, colorectal cancer, Alzheimer's disease,
etc.4,8–13Thesediseasesaccount for38million (68%)worldwide.14

Measurement of VF is not easy. It can only be measured
using expensive instruments like bio impedance analyzer
(BIA), magnetic resonance analyzer and dual energy X-ray
absorptiometry (DEXA) scanner, etc. BIA is a commonmethod
used to assess body composition in healthy adults. It offers the
advantages of being non-invasive and relatively easy to
perform.11,15 However, its high cost and design restricts its
use in field conditions and at community level.16,17

Indians are known to have high central adiposity despite
having lean body mass.18 Review of literature suggests that
waist circumference (WC) and waist to height ratio (WHtR) are
better measure for central and visceral adiposity over WHR
and BMI. However, these findings have not yet been confirmed
among Indians and in Asians.10,19,20

BMI though recommended as index of obesity and disease
risks has its limitations as it doesn't represent the correct
measure of subcutaneous and visceral fat and hence obesity.
Hence, it cannot predict the risks associatedwith highVF.21 The
Y-Y paradox or the thin-fat Indian phenotype states that not all
adults who have a BMI within the acceptable range of being
healthy have healthy weight; rather they may have lots of fat
but very little muscle and hence are at cardiovascular risk.22

There is an immense need to have simple, easy, cheap and
handy to use tool in community settings which can be used as
surrogate for VF measurement. This study was conducted to
assess correlation of visceral fat area (VFA) with waist–hip
ratio (WHR), waist circumference (WC), and BMI, to find out the
best surrogate of VF.
Material and methods

This was a descriptive cross-sectional study, conducted on
adults age > 18 years and apparently healthy individuals
working in medical college of western Maharashtra during
period from 01 Sept 2015 to 31 Aug 2016. Sample size was
calculated as per mean and standard deviation for various
parameters under study viz. body fat % and visceral fat area
(VFA) (cm2) from previous studies. Sample size was also
calculated as per correlation coefficient through review of
literature between VFA and WHR. Sample size for the
highest parameter was taken (i.e. 212). A Sampling frame of
approx 800 was prepared after obtaining details from the
administrative office of the college. Subjects were selected
by simple random sampling using random number table.
Subjects having any chronic illness such as metabolic
disorders, hypertension and on any medication were
excluded from study. Ethical clearance was taken from
Institute Ethical Committee and informed consent from all
participants.

Anthropometric measurements

Anthropometric parameters of subjects were measured by
trained staff, maintaining the privacy. Weight (kg) was
measured using electronic weighing machine, height (cm)
measured near to 0.1 cm using stadiometer, waist circumfer-
ence (WC) (cm) was measured at midpoint between lower rib
and iliac crest using measuring tape near to 0.1 cm, hip
circumference (HC) (cm) was measured at widest part around
hip near to 0.1 cm using non-stretchable measuring tape at
end of expiration. Visceral fat area (VFA) (cm2), skeletal
muscle mass (SMM) (kg), body fat %, and fitness score (out of
100) were recorded from database of bio impedance analyzer
(BIA) (Biospace In Body 720 made in South Korea), in which
parameters get recorded automatically.23 Body composition
parameters of apparently healthy subjects were measured
and using BIA after 20 min of rest prior to study and current of
50 Hz was used. Subjects were required to adhere to certain
prerequisites before undergoing actual measurements of
various parameters like; subjects should be empty stomach
for 2 h, to empty bladder, remove all metallic ornamentals,
should not have any active or chronic illness, etc. so that
results were accurate. Subjects were explained about instruc-
tions to follow during measurements as per manual of BIA.
The study participants were asked to stand bare footed.
Minimal clothing was kept on. The participant was asked to
stand on the machine such that both heel and the ball of feet
would touch the foot electrode. The participant was
instructed to take the hand electrode in their hand and
stand still for 2–3 min. Once the test was underway, the
patient was asked to keep the same posture until the end of
the test.

The modified classification of BMI for Asian populations
was used in this study to define overweight (23–24.99 kg/m2)
and obesity (>25 kg/m2) (based on the World Health Organiza-
tion Asia Pacific Guidelines). Cutoff points used to define
central obesity were WC ≥ 90 cm for men and ≥80 cm for
women.WHR > 0.90 inmen and>0.80 in womenwas taken as
high.21,24 Cut off for VFA in males and females was taken as
100 cm2 (based on manual of BIA).

Awareness about the prevention and control of Non-
Communicable Diseases (NCDs) was provided to all partici-
pants and those with abnormal parameters were advised to



med i c a l j o u r n a l a rm e d f o r c e s i n d i a 7 6 ( 2 0 2 0 ) 4 1 – 4 6 43
keep check of same at regular intervals through diet and
exercise.

Data was analyzed by SPSS version 20.0. Mean, SD and
percentages were calculated. Correlation coefficient (Pearson
product-moment correlation coefficient, a measure of the
strength and direction of the linear relationship between two
variables) was used. A value of correlation coefficient r = 0
signifies no linear relationship, +0.30 weak, +0.50 moderate
and +0.70 strong positive linear relationship. Receiver Operat-
ing Characteristic curve (ROC curve) was drawn by plotting
sensitivity, and 1 � specificity on X and Y axis respectively.
Area under the curve (AUC) was calculated. An area of 1
represents a perfect test; .90–1 excellent, .80–.90 good, .70–.80
fair, .60–.70 poor, .50–.60 = fail (F). AUC for different variables
was used to compare and find the best surrogate for VFA.

Results
Data was analyzed for 212 subjects. Majority 155 (73%) were
males and 57 (23%) were females. Mean and SD for age was
29.4 � 7.82 years and 30.63 � 7.82 years for males and females
respectively. Mean values for various anthropological param-
eters are given in Table 1.

We found 65 (42%) ofmales and 28 (49%) of females hadVFA
above cut off value (Table 2). Nearly 42% of males had
Table 1 – Anthropological parameters of study subjects.

Variables Males (n = 155) Females
(n = 57)

Mean SD Mean SD

Age (years) 29.4 7.82 30.63 7.82
Weight (kg) 73.16 8.84 60.80 6.05
Height (m) 1.73 0.54 1.58 0.05
BMI (kg/m2) 24.42 2.815 24.46 2.72
WC (cm) 83.06 7.91 78.19 8.67
HC (cm) 95.64 16.37 93.18 6.97
WHR 0.88 0.04 0.84 0.07
VFA (cm2) 87.41 29.18 93.16 18.72
SMM (kg) 33.88 26.19 21.04 2.84
Body fat (%) 16.91 6.57 25.91 6.63
Fitness score (out of 100) 72.48 6.18 68.37 6.50

Table 2 – Percentage distribution of study subjects for
variables.

Variable Male (n = 155) Female (n = 57)

VFA > 100 cm2 65 (42%) 28 (49%)
WHR (> 0.9, > 0.8)a 66 (42.5%) 32 (56%)
WC (>90, >80)b 32 (21%) 26 (45%)
BMI > 25c 66 (42.5%) 21 (37%)
Fitness score (>70)d 98 (63%) 26 (45%)
a WHR > 0.9 & >0.8 cut off value for males and females respec-
tively.
b WC > 90 cm & >80 cm are cut off values for male and females
respectively.
c BMI > 25 kg/m2 cut off for both genders for over weight.
d Fitness score of > 70(out of 100) was good fitness score for both
genders.
WHR > 0.9 and more than half; 32(56%) of females had
WHR > 0.8. Twenty one percent males and 45% females had
WC above the cut value, i.e. >90 cm and >80 cm respectively.
Fitness score was good for 63% males and 45% females. 42.5%
males and 37% femaleswere overweight.We found 27 subjects
(14 males and 13 females) fulfilling the Y-Y paradox, i.e.
BMI < 25 kg/m2 but VFA > 100 cm2 (Table 3).

There was a very strong correlation between VFA andWHR
(r = 0.936, R2 = 0.8761, CI (0.92, 0.95), p < 0.05) amongmales and
females (r = 0.920, R2 = 0.8464, CI (0.90, 0.94), p < 0.05) Scatter
plot drawn to see linear correlation between WHR, WC, BMI
and VFA for both males and females (Figs. 1 and 2).

There was moderate linear Correction between VFA and
WC for males (r = 0.739), but strong for females (r = 0.774).
There was modest linear correlation for BMI and VFA in males
(r = 0.758) and weak correlation in females (r = 0.605).

For all variables, coefficient of determination (R2) was
calculated using correlation coefficient values (Table 4). R2 for
WHR (independent variable) can explains variation in VFA
values (dependent variable) by 93.60% for males and around
92.00% for females. R2 for other variables (WC, BMI and fitness
score) explains variation of VFA.

Regression equation (Y = a + bX) £ was calculated to predict
values of dependent variable (VFA) from Independent variable
(WHR) using regression analysis.

Regression equation was calculated for VFA and WHR as
there was strong correlation

ForMaleY ¼ 260 ð�Þ 400x; For FemaleY ¼ 103:33 ð�Þ 233:33x
£ = a is known as a Y-intercept, b is known as slope of the
regression line, it measures the amount of increase or change
in y (dependent variable) for each unit change in x (indepen-
dent variable). Y is the predicted value of y for a given value of
x.

When Cohen kappa coefficient was calculated for VFA and
WHR, WC and BMI, there was almost prefect agreement
between VFA andWHR as k value was 0.858 and significant as
p-valuewas 0.000. However, k value for VFAwithWC (k = 0.483)
& BMI (k = 0.473), showedmoderate agreementwith significant
p. ROC curve between WHR and VF for males and females is
given in Fig. 3(a) and (b) respectively. Area under curves along
with 95% CI for various parameters is given in Table 5.
Sensitivity and Specificity ofWHR,WC and BMIwith respect to
VFA are given in Table 6.
Table 3 – Distribution of subjects based on BMI and VFA
(YY Paradox).

Gender BMI Visceral fat area Total

<100 cm2 >100 cm2

Males BMI < 25 kg/m2 75 14 89
BMI > 25 kg/m2 14 52 66

Total 89 66 155

Females BMI < 25 kg/m2 23 13 36
BMI > 25 kg/m2 6 15 21

Total 29 28 57
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Fig. 2 – Scatter plot showing correlation between VFA and WHR, WC, BMI in females.

[(Fig._1)TD$FIG]

Fig. 1 – Scatter plot showing correlation between VFA and WHR, WC, BMI in males.

Table 4 – Statistical values for VFA and various parameters.

Variables Male (n = 155) Female (n = 57)

ra R2b p value CI ra R2b p value CI

WHR 0.936 0.8761 0.000 (0.92,0.95) 0.920 0.8464 0.000 (0.90,0.94)
WC 0.739 0.5461 0.000 (0.67,0.79) 0.774 0.5990 0.000 (0.71,0.82)
BMI 0.758 0.5745 0.000 (0.69,0.81) 0.605 0.3660 0.000 (0.51,0.68)

a r = Pearson correlation coefficient value.
b R2 = Coefficient of determination is square of correlation coefficient (r).
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Discussion
World Health Organisation (WHO) and UN (United Nations)
have been targeting a reduction in overallmortality fromNCDs
(cardiovascular disease, cancer, diabetes or chronic respiratory
disease, etc.) of 25% by 2025.1 To achieve this, there is need to
screen people at risk for developing NCDs. There are various
screening tools and anthropometric measurements available
at community level, but there are limitations in its application
across the world, because of difference in geographic regions
and ethnicity of people.9,17 In present study also we tried to
assess the VFA and its correlation with WHR, WC and BMI
using BIA, so that we can have a screening tool in community
to identify individuals at risk because of highVFAusing correct
anthropometricmeasurement.8,25 The anthropological profile/
measurements of our subjects was quite similar to study
conducted by Verma et al. in Kurushetra.21

We found strong correlation between theWHR and VFA for
male and female (r = 0.936, r = 0.920) respectively, modest
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Fig. 3 – ROC curve for WHR and VF% in males and females.

Table 6 – Sensitivity and specificity for WHR, WC and BMI
at respective cut offs in assessing body fat as compared to
VFA.

Variable Sensitivity% Specificity%

WHR (males) 90.9 98.9
WHR (females) 96.4 79.3
WC (males) 40.9 97.8
WC (females) 71.4 79.3
BMI (males) 78.8 85.4
BMI (females) 57.1 79.3

Table 5 – Area under ROC curve forWHR,WC and BMI and
VF%.

Variable Area
under
curve
(AUC)

95%CI
of AUC

Sensitivity
at respective

cut off
value

1-Specificity
at respective
cut off value

WHR (males) 0.988 0.973–1.0 0.909 0.011
WHR (females) 0.960 0.913–1.0 0.964 0.207
WC (males) 0.940 0.905–0.975 0.409 0.022
WC (females) 0.874 0.787–0.961 0.714 0.207
BMI (males) 0.924 0.883–0.964 0.788 0.155
BMI (females) 0.812 0.700–0.925 0.571 0.207
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linear correlationbetween theWCandVFA formale and females
(r = 0.739, r = 0.774) respectively, which is better than BMI for
both genders. It suggests that WHR can be used as surrogate
marker to predict risk associated for NCDs. Similar results found
in a study conducted by Kumar et al. which documented that
WHR can be taken as measure of central obesity.18 Hip
measurements provide an additional valuable information
about gluteofemoral muscle mass and bone structure. WHR
hence can be a useful measure, as it also includes the
accumulation of fat on the hips which may be beneficial for
health.15 Different studies4,12 have documented that there is an
association between WHR and cardiovascular diseases. Our
study has focused to establish its correlation with VF.

Vissers et al. in a systematic review and meta-analysis
concluded thatWC is superior toWHR because of its simplicity
of measurement in the field area and WHR is a more robust
measure of abdominal obesity and visceral adiposity.26

A case control study conducted by Anand et al. showed that
high WHR is associated with cardiovascular diseases (CVDs)
and it is better measure for central obesity.27 In a similar
attempt as ours Rajput et al. found thatWHtR is superior toWC
and WHR.28 Many other studies have also focused on finding
correlation of WHtR and VFA.29

We found negative linear correlation between the VFA and
the fitness score; suggesting that individuals having lesser VFA
are more fit. Mean body fat percentage was higher among
females (25.91%).

We also found that WC for males at the given cut off has
Sensitivity of 40% (False Negativity rate 60%), and for females
71% (False Negativity rate 30%) and the chance ofmissing out a
large number of obese/overweight people if WC is used as a
surrogate for VFA. Similarly BMI also has a false negativity of
22% and 47% in males and females. However, sensitivity in
respect of WHR is 90.9% and 96.4% for males and females
respectively which implies that WHR has much less percent-
age of false negatives and a better surrogate of VFA as
compared to WC.

Individuals found to have high WHR in community can be
counseled and encouraged for behavioral change, regular
aerobic exercises and healthy dietary habits. Various studies
have also documented decreased visceral fat after such
interventions.29
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Findings of present study suggest that WHR is better
anthropometric measurement compared to WC and BMI,
which can predict visceral fat. WHR is simple, easy to handle,
cheap and appropriate, hence may be used by health workers
(MPW, FHW or ASHA workers) at community setting for
screening of individuals having greater risk for developing
NCDs. WHR can be component, as screening tool under the
NPCDCS (National programme for prevention and control of
cancer, diabetes, cardiovascular disease and stroke). However,
the limitation of the present study is that our subjects were
from a single institution only.

Conclusion
There is a high correlation betweenWHR and VF. WHR can be
labeled as appropriate technology to be used as a surrogate in
community setting for identifying people having higher VF
and hence high risk of diseases.
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