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Abstract
Skin fold thickness prediction equations are widely used for estimating body fat percentage and thereby obesity. Equations to estimate
body fat percentage for the Asian Indian population do not yet exist. The main purpose of this study was to develop and validate a new
prediction equation for the estimation of body fat percentage in Asian Indian adults using anthropometric measurements (skin folds,
circumference, bone breadth) and DEXA using hydro static under water weighing (hydrodensitometry) as a gold standard.
Method: 137 healthy people (77 males and 60 females), in the age group of 30-60 years were included in the study. With
hydrodensitometry, anthropometric measurements such as height, weight, 10 skin folds thickness sites, 5 sites of circumference, 5 sites
of bone breadths and DEXA scans were taken as variables. A linear regression model was then created for both males and females, with
body fat % calculated by hydrodensitometry used as a dependent variable and other anthropometric measurements and DEXA results
used as independent variables.
Results: 4 new body fat estimation models, 2 for males and 2 for females were obtained for Asian Indians with R2 of 0.90 and 0.71
for males and 0.90 and 0.72 for females respectively. Conclusion: The new prediction equations for body fat % estimation, which were
derived and internally validated in an adult Indian population revealing a lower error difference than previously developed models.
Keywords: Obesity; Asian Indians; New predicted equation; Hydrodensitometry; DEXA

Background
There is increasing evidence that the associations between body mass index (BMI), body fat percentage (body fat %) and body fat
distribution differ across populations [1]. Particularly in the Asian population, a specific BMI reflects a higher percentage of body
fat than in white or European populations [1]. Obesity is defined as an excessive amount of adipose tissue with body fat % ≥ 25% in
males, ≥32% in females [2]. BMI which is essentially weight (kg)/ height2 (m2), is a measure of relative weight and is an acceptable
proxy for thinness and fatness and has been directly related to health risks and death rates in many populations [1]. Thus BMI
is often used as a surrogate measure of obesity, because of the difficulties in accurately estimating body fat %, though BMI fails
to distinguish between body fat and lean mass. Considering the relation of BMI cut offs with health risks, the cut off values for
obesity using BMI were established as BMI ≥ 25 kg/m2 (WHO) [1] and for Asians was recently revised from 25 kg/m2 to 23 kg/m2
in adults [3]. A meta-analysis of 32 different samples comprising a total of 31,968 patients revealed that the commonly used BMI
cut off values to diagnose obesity failed to identify half of the people with excess PBF [4,5]. Recently a study by Zeng et al. 2012
[5] demonstrated that percent body fat was a better predictor of cardiovascular risk factors than BMI in a Chinese population.
Considering the global burden of obesity and its co morbidities, emphasis is now shifting towards a preventive approach as
well as risk stratification for the identification of high risk individuals and lifestyle changes [6,7]. Because obesity is a common
denominator in the development of lifestyle disorders, accurately calculating body fat % using field methods has now become a
necessity. Several models such as Durnin and Womersley 4 sites, Jackson and Pollock 3 sites and 4 sites equation, BMI body fat %,
Garcia equation are widely used for the estimation of body fat %, as convenient methods. Several studies have shown that these
models sometimes underestimate [8,9] or overestimate body fat [10] in different populations and these models have not been
validated for use in the Indian population. Considering the above factors, we derived a new prediction equation for the estimation
of body fat % using skinfold measurement, as well as common kinanthropometric measurements using hydrodensitometry as a
gold standard [11,12]. We also explored the use of DEXA in the evaluation of body fat, as well bone mineral density (BMD) for
evaluation of significance and possible inclusion in the equation.
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Methodology
137 healthy subjects 77 males and 60 females were included in the study within the age group of 30-60 years. The study was
conducted in the months of May-November 2012. The procedure was explained and an informed consent letter was obtained from
the patients before performing the test. The study was approved by the Institutional Ethics Committee. Body weight was measured
by a weighing machine in kilograms (kgs). Height was measured by stadiometer without foot wear and BMI was calculated by
weight (kg)/height2 (m2). Skinfolds measurements were taken from the right side using Harpenden skinfold caliper (Harpenden
Ltd, England, United Kingdom) and sites involved biceps, triceps, subscapularis, chest, abdominal, suprailliac, thigh, knee, calf
and chin. Circumference of waist, hip, thigh, calf and arm were measured with a soft tape measure to the nearest 0.1cm. Breadths
(chest, elbow, knee, ankle and wrist) were measured using widespread vernier caliper (Holtain Ltd, Croswell, Crymch, United
Kingdom). Each anthropometric site was measured using the techniques described in the Anthropometric Standardization
Reference Manual [13].
Durnin and Womersley 1973 [14], explains why the Logarithm of each skinfold thickness equation was taken rather than actual
measurement reasons are as follows:
Firstly, frequency distribution of most of skin fold measurement in general population is skewed, with a long tail of high readings
(although this may well represent a pathological state of common obesity).
Secondly, the relationship of body density to skin folds may not be rectilinear because of a larger portion of body fat which is
deposited subcutaneously with increasing obesity [14].

Hydrostatic under-water weighing
Body fat percentage was assessed using the hydrostatic underwater weighing machine” Vacumed Turbo fit 5.10” (www.vacumed.
com) as described in a previous study from this laboratory [2]. Procedure was explained and participants practiced before taking
the final readings. An average of three readings was taken as the final reading. The software estimated the residual lung volume
using the following equations:
Male residual lung volume = Vital Capacity × 0.24
Female residual lung volume = Vital Capacity × 0.28
The % BODY FAT was then estimated by the equation of Brozek et al. [15].

DEXA
DEXA Hologic Discovery Wi was used as a non-invasive technique for whole body and segmental fat-, bone- and lean- mass
and bone density [16]. The Hologic Discovery Wi with fan beam features (Hologic) and array mode was used for all DXA scans.
The characteristics and physical concepts of DXA measurements have been described previously elsewhere [17]. The scans
were analyzed with the most recent software APEX version 4.0. The scan measurements and analyses were conducted following
standard 9 analysis protocol as described in the Hologic User Manual. All scans were subsequently analyzed by a single trained
investigator [18].

Statistical analysis
The whole data set consisted of 137 subjects with 77 males and 60 females. The data set was then randomly divided into a prediction
and validation set in a ratio of 75:25 (i.e. data of randomly selected 55 males and 49 females were used to predict the model and
remaining 33 subjects i.e. 22 males and 11 females were used to validate the model). The descriptive statistics of both males and
females along with its significance status by one-way sample t test were used to summarize the continuous variables. Apart from
descriptive statistics, ANOVA, Pearson correlation and multiple linear regression was done to create a model.

Results
137 healthy subjects of age group of 30-60 years, both male and female were included in the study. Descriptive statistics
summarizing the continuous variables along with its significance are shown in (Table 1 and 2). All the variables which were found
to be significant by the application of one way sample t test were then put into the multiple linear regression in SPSS version 20.0
which showed all the variables in our models, it also showed the sets of variables for several models at once, by step wise and
backward methods of linear regression. We found 2 best models for both males and females by these methods. Model summary
are described in table 3 for both males and females. Table 3 shows that the R Square for males is 0.90 (model 1) and 0.71 (model
2); and for female R Square is 0.90 (model 1) and 0.717 (model 2). The error of estimate for body fat calculation for males is 2.85
(model 1) and 3.24 (model 2) and for females it is 2.24 (model 1) and 2.74 (model 2). A Table 4 indicates the results of analysis
of variance (ANOVA). In these tables considering the two sums of squares introduced in class – the regression and residual (or
error) sums of squares indicates that the variance of the residuals (or errors) is the value of the mean square error (MSE) which
is 8.26 and 10.47 for model 1 and 2 respectively in males and 5.84 and 7.5 for model 1and 2 respectively for females. These values
show that the error rate is less in model 1 in both males and females. This table also summarizes results of the F test. This tests the
hypothesis that the predictor (here our only predictor) shows no relationship to Y scores. The value of the test for our data is F is
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6.39 and 63.21 for model 1 and 2 respectively for males and 6.4 and 27.87 for model 1 and 2 respectively for female ’s. The table
shows us this is significant (p < .001). As the value of F is both large and small, we determine that our predictor of body fat %
outcome is related to body fat % in our population.
VARIABLES

MALES (N = 77)

FEMALES (N = 60)

Age

42.74 ± 9.15(30,60)*

43.37 ± 8.21 (30, 60)*

Height (In Mts)

1.69 ± 0.008 (1.53,1.88)*

1.55 ± 0.05 (1.45, 1.69)*

Weight (In Kg)

75.65 ± 12.8(45, 108)*

65 ± 9.84 (46, 88)*

Skf Chin (In Mm)

9.94 ± 2.71(3.8,17.6) *

10.7 ± 2.66(5.2, 19) *

Skf Biceps (In Mm)

9.36 ± 4.17(2.4,22) *

12.5 ± 3.8(3.2, 23.8)*

Skf Triceps (In Mm)

14.86 ± 4.91(4.1,27.2) *

20.19 ± 5.5(7.2,35.6)*

Skf Subscapular (In Mm)

21.59 ± 7.45(5.4,39.8) *

25.08 ± 6.74(6.2, 48.2) *

Skf Chest (In Mm)

18.31 ± 8.4(3.5,38) *

25.76 ± 12.27(3.6, 56) *

Skf Abdominal (In Mm)

27.04 ± 11.26(5.4,61.8) *

30.48 ± 9.56(11, 54) *

SkfSuprailiac (In Mm)

19.48 ± 10.23(3.8,55.2) *

29.3 ± 9.43(5, 50) *

Skf Thigh(In Mm)

22.33 ± 9.21(4.5,43) *

27.04 ± 9.01(8, 44) *

Skf Knee (In Mm)

11.36 ± 5.66(4,33) *

12.7 ± 6.13(1.08, 30) *

Skf Calf (In Mm)

17.45 ± 6.65(4,35) *

22.02 ± 7.16(2.2, 37) *

Log Chin

0.98 ± 0.124 (0.57,1.24)*

1.02 ± 0.1 (0.72 , 1.28)*

Log Biceps

0.93 ± 0.197 (0.38,1.34)*

1.08 ± 0.15(0.5, 1.38)*

Log Triceps

1.14 ± 0.16 (0.61,1.43)*

1.29 ± 0.13 (0.86, 1.6)*

Log Subscapular

1.30 ± 0.17 (0.73,1.6)*

1.38 ± 0.13 (0.8, 1.68)*

Log Chest

1.20 ± 0.24 (0.54,1.57)*

1.35 ± 0.25 (0.55, 1.74)*

Log Abdominal

1.39 ± 0.20 (0.73, 1.79)*

1.46 ± 0.14 (1.041, 1.732)*

Log Suprailiac

1.23 ± 0.24(0.58,1.74)*

1.44 ± 0.165 (0.7, 1.7)*

Log Thigh

1.307 ± 0.2 (0.65, 1.6)*

1.40 ± 0.174 (0.90, 1.64)*

Log Knee

1.01 ± 0.182 (0.60, 1.52)*

1.04 ± 0.25 (0.33,1.48)*

Log Calf

1.20 ± 0.195 (0.94,0.60)*

1.31 ± 0.19 (0.34, 1.6)*

Arm Circumference (In Cm)

29.65 ± 2.9(21.2,37.5)*

28.45 ± 2.94 (20 ,55)*

Waist Circumference (In Cm)

94.09 ± 10.37(62.5, 117.5)*

91 ± 9.81 (70, 115)*

Hip Circumference (In Cm)

96.04 ±7.37 (75, 112.5 )*

98.9 ± 11.51 (40, 121.25)*

Thigh Circumference (In Cm)

48.58 ± 5.62 (37.5, 60)*

45.63 ± 7.12 (15, 57.5)*

Calf Circumference (In Cm)

34.25 ± 3.58 (25, 42.5)*

33.26 ± 4.13 (10, 39)*

Bone Breadth Elbow (In Cm)

13.81 ± 1.78 (7.5, 17.5)*

12.09 ± 2.5 (6.25, 20 )*

Bone Breadth Wrist (In Cm)

8.25 ± 1.27 (6.3, 12.5)*

6.97 ± 1.40 (5, 11.25)*

Bone Breadth Chest (In Cm)

50 ± 5.2 (37.5, 63.8)*

49.24 ± 5.96 (40, 71.75)*

Bone Breadth Knee (In Cm)

18.8 ± 3.08 (6, 23.8)*

16.75 ± 2.3 (12.5, 21.25)*

Bone Beadth Ankle (In Cm)
12.036 ± 1.44(8.8, 15)*
‘*’ Shows that P value is <0.001 which is highly significant for all the variables.
Table 1: Descriptive statistics for both males and females
VARIABLE

MALE
PREDICTION SET

Age

10.8 ± 1.26 (7.5, 13.75)*

FEMALE
VALIDATION SET

PREDICTION SET

VALIDATION SET

N = 55

N = 22

N = 49

N = 11

42.02 ± 8.39*

44.55 ± 10.83*

43.06 ± 7.64*

44.64 ± 10.75*
153.91 ± 4.57*

Height (M)

1.698 ± 0.08*

1.68 ± 0.077*

1.56 ± 0.55*

Weight (Kg)

76.86 ± 13.19*

72.64 ± 11.36*

64.1 ± 10.34*

69 ± 6.12*

Chin Skf

9.95 ± 2.63*

9.9 ± 2.97*

10.81 ± 2.53*

10.2 ± 3.27*

Biceps Skf

9.32 ± 4.01*

9.4 ± 4.64*

12.40 ± 4.04*

13.32 ± 2.54*

Triceps Skf

14.51 ± 5.23*

15.71 ± 3.98*

20.40 ± 5.5*

19.21 ± 5.52*

Subscapular Skf

21.5 ± 7.77*

21.76 ± 6.78*

24.86 ± 7.13*

26.04 ± 4.74*
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VARIABLE

MALE
PREDICTION SET

FEMALE
VALIDATION SET

PREDICTION SET

VALIDATION SET

N = 55

N = 22

N = 49

N = 11

Chest Skf

18.57 ± 8.38*

17.65 ± 8.59*

26.42 ± 11.79*

22.79 ± 14.44*

Abdominal Skf

28.51 ± 11.81*

23.39 ± 8.99*

30.95 ± 9.52*

28.35 ± 9.92*

Suprailiac Skf

21.02 ± 10.86*

15.62 ± 7.31*

30.08 ± 9.84*

25.87 ± 6.68*

Thigh Skf

22.22 ± 9.20*

22.61 ± 9.44*

28 ± 8.33*

22.71 ± 11*

Knee Skf

11.14 ± 5.8*

11.89 ± 5.37*

12.87 ± 5.91*

11.95 ± 7.23*

Calf Skf

17.76 ± 6.82*

16.67 ± 6.29*

22.07 ± 7.03*

21.81 ± 8.13*

Arm Circumference

29.93 ± 2.9*

28.97 ± 2.89*

28.33 ± 3.03*

28.98 ± 2.61*

Waist Circumference

95.17 ± 10.41*

91.4 ± 10.01*

91.19 ± 10.31*

93.3 ± 7.8*

Hip Circumference

96.8 ± 7.5*

94.15 ± 6.95*

97.76 ± 12.28*

103.86 ± 4.92*

Thigh Circumference

48.81 ± 5.5*

48 ± 6.03*

44.96 ± 7.21*

48.61 ± 6.14*

Calf Circumference

34.51 ± 3.68*

33.61 ± 3.3*

33.10 ± 4.26*

33.95 ± 3.59*

Elbow Bone Breadth

13.6 ± 1.84*

14.35 ± 1.53*

11.79 ± 2.38*

13.41 ± 2.69*

Wrist Bone Breadth

8.09 ± 1.33*

8.66 ± 0.99*

6.94 ± 1.51*

7.07 ± 0.8*

Chest Breadth

50.18 ± 5.23*

49.55 ± 5.34*

49.22 ± 6.23*

49.32 ± 4.8*

Knee Bone Breadth

18.55 ± 3.44*

19.46 ± 1.85*

16.63 ± 2.36*

17.27 ± 2*

Ankle Bone Breadth

11.88 ± 1.44*

12.42 ± 1.43*

10.73 ± 1.32*

11.01 ± 0.96*

Log Chin

0.982 ± 0.12*

0.98 ± 0.14*

1.022 ± 0.104*

0.99 ± 0.12*

Log Biceps

0.93 ± 0.20*

0.93 ± 0.196*

1.07 ± 0.16*

1.11 ± 0.11*

Log Triceps

1.13 ± 0.18*

1.18 ± 0.107*

1.24 ± 0.13*

1.26 ± 0.15*

Log Subscapular

1.30 ± 0.19*

1.32 ± 0.13*

1.38 ± 0.14*

1.41 ± 0.8*

Log Chest

1.21 ± 0.24*

1.18 ± 0.26*

1.38 ± 0.21*

1.23 ± 0.4*

Log Abdominal

1.41 ± 0.21*

1.33 ± 0.19*

1.47 ± 0.14*

1.43 ± 0.15*

Log Suprailiac

1.25 ± 0.25*

1.15 ± 0.19*

1.45 ± 0.18*

1.4 ± 0.11*

Log Thigh

1.30 ± 0.205*

1.32 ± 0.19*

1.42 ± 0.155*

1.3 ± 0.23*

Log Knee

1.00 ± 0.19*

1.04 ± 0.17*

1.06 ± 0.22*

0.97 ± 0.37*

Log Calf

1.21 ± 0.21*

1.19 ± 0.18*

1.31 ± 0.19*

1.31 ± 0.16*

‘*’ Shows that P value is <0.001 which is highly significant for all the variables.The comparison is within a gender i.e. between
males of the prediction and validation set and females of the prediction and validation set
Table 2: Descriptive data of prediction set and validation set for both males and females
MALES
Model

R

R Square

Std. Error of the Estimate

1

0.95

0.90

2.85

2

0.84

0.71

3.24

FEMALES
1

0.95

0.90

2.42

2

0.85

0.72

2.74

Table 3: Model summary for both males and females using correlation between Model 1 and Model 2
MALES

1

2

MODEL

SUM OF SQUARES

Df

MEAN OF SQUARES

F

SIGNIFICANCE

Regression

1682.992

32

52.75

6.39

.000

Residual

181.629

22

8.26

Total

1869.542

54

Regression

1325.082

2

662.54

63.218

.000

Residual

544.460

52

10.47

Total

1869.542

54
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MALES
MODEL

SUM OF SQUARES

Df

MEAN OF SQUARES

F

SIGNIFICANCE

Regression

1054.192

28

37.65

6.442

.000

Residual
Total

116.894

20

5.845

1171.087

48

Regression

839.63

4

209

27.865

.000

Residual

331.456

44

7.533

Total

1171.087

48

FEMALES
1

2

Table 4: Analysis of variance for predicted models with hydrodensitometry as a dependent variable for both males and females

Models for males are
MODEL 1: BODY FAT % = - 71.28 - 0.25 (AGE) - 29.40 (HEIGHT) + 0.35 (WEIGHT) + 4.15 (SKF SUBSCAPULAR) - 0.67
(CHEST SKF) + 0.306 (THIGH SKF) + 5.13 (KNEE SKF) - 1.01 ( CALF SKF) - 1.01 (ARM CIRCUMFERENCE) + 0.38 (HIP
CIRCUMFERENCE) - 0.39 (CALF CIRCUMFERENCE) - 28.05 (LOG TRICEPS) - 145.87 (LOG SUBSCAPULAR) - 45.58 (LOG
ABDOMINAL) - 24.86 (LOGSUPRAILIAC) – 25.29 (LOGTHIGH) - 92.325 (LOG KNEE) + 0.032 (CHIN SKF)2 - 0.118 (BICEPS
SKF)2 - 0.174 (TRICEPS SKF)2 - 0.101 (SUBSCAPULAR SKF)2 + 0.01 (CHEST SKF)2 + 0.005 (ABDOMINAL SKF)2 - 0.015
(SUPRAILIAC SKF)2 - 0.074 (KNEE SKF)2 + 0.020 (CALF SKF)2 - 0.01 (W*H) + 154.64 (LOG7) + 104.37 (LOG4) + 0.127
(BI*TRI) + 0.162 (TRI*SS).
Where skf is skin folds, (W*H) is a product of waist circumference and hip circumference in cm, (log 4) includes sum of skin folds
of biceps, triceps, subscapular, suprailiac in mm with log base 10, (log 7) includes sum of skin folds of biceps, triceps, subscapular,
abdominal, suprailiac, thigh, calf in mm with log base 10, (TRI *SS) is a product of skin fold of triceps and subscapular in mm. (SI
* SS) is a product of subscapular and suprailiac in mm.
MODEL 2: BODY FAT % = -27.245 + 32.43 (LOG 5), where LOG 5 is a sum of skin folds of biceps, triceps, subscapular, suprailiac
and calf in mm with log base 10. Unstandardized coefficient for (suprailiac skf)3 was very low i.e. -4.94E-005 and was therefore
not included in the model.

Models for females are
MODEL 1: BODY FAT % = 1.844 + 0.18 (AGE) + 33.59 (HEIGHT) - 0.14 (WEIGHT) + 1.476 (CHEST SKF) – 2.22 (THIGHSKF) +
0.144 (KNEESKF) - 0.411 (ARM CIRCUMFERENCE) + 0.48 (WAIST CIRCUMFERENCE) + 1.448 (CALFCIRCUMFERENCE) +
124.48 (LOGCHIN) + 42.6 (LOG TRICEPS) + 60.78 (LOG SUBSCAPULAR) - 63.54 (LOG CHEST) + 44.08 (LOG ABDOMINAL)
+ 64.6 (LOG SUPRAILIAC) - 0.185 (CHIN SKF)2 - 0.025 (BICEPS SKF)2 – 0.006 (TRICEPS SKF)2 - 0.008 (CHEST)2 - 0.008
(ABDOMINAL SKF)2 - 0.016 (SUPRAILIAC SKF)2 + 0.036 (THIGH SKF)2 - .003 (W*H) + 0.027 (BI*TRI) + 0.029 (SI*SS) - 0.016
(SS*AB) + 0.018 (AB*SI) - 209.839 (LOG3). Where LOG 3 is the sum of triceps, subscapular and suprailiac skinfolds in mm with
the log base 10. (SS*AB) is a product of subscapular skf and abdominal skf in mm, (AB*SI) is a product of abdominal skf and
suprailiac Skinfolds.
MODEL 2: BODY FAT % = -13.71 + 1.26 (ARM) -0.014 (BI*TRI) + 10.58 (LOG ABDOMINAL SKF) + 0.002 (CHEST SKF)2
where (BI * TRI) is a product of skin fold of biceps and triceps in mm.

Comparison of new predicted equations with hydrodensitometry, DEXA and other existing skin fold
equations
The results of body fat % calculated from hydro densitometry, DEXA, existing equations and new predicted equations are shown
in Table 5A. In the new predicted equations both model 1 (males 33.24 ± 6.8 and females 36.11 ± 7) and model 2 (males 34.13 ±
5.09 and females 35.57 ± 3.7) are closely related to hydrodensitometry (males 33.21 ± 5.85 and females 35.99 ± 4.9), which is the
gold standard for body fat % estimation. The error differences in model 1 (for males -0.039 ± 5.14 and for females -0.42 ± 4.03)
and in model 2 (for males -0.93 ± 3.88 and females -0.121 ± 7.05) are also comparatively lower for both males and females shown
in Table 5B. Based on our results, we found that model 1 and 2 are most closely related to hydro densitometry followed by DEXA,
DWW, JP 3, JP 4, Garcia, and BMI bf % in males and DWW, BMI bf %, DEXA, JP 4, JP 3 and Garcia in females.
Tables 6A and 6B show the mean values and standard deviations of BMI, BMD, WHR and % BF derived from selected models
classified according to BMI categories in males and females respectively. They clearly show that the newly developed models give
a higher value of percent body fat than previously used equations. Further in females as percent body fat increases the BMD tends
to increase.
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BF %

MALES (N = 77)
Mean ± SD (CI at 95%)

FEMALES (N = 60)
Mean ± SD (CI at 95%)

Hydrodensiometry

33.21 ± 5.85 (17.14, 41.36)

35.99 ± 4.9 (21.13, 44.45)

DEXA

30.31 ± 5.87 (13.10,42.10)

41.25 ± 5.85 (19.1,53.5)

DWW

26.74 ± 5.47 (9.55,37.40)

36.67 ± 4.30 (20.7, 43.1)

JP3

21.33 ± 7.33 (4.94, 37.10)

29.89 ± 5.25 (11.97, 39.7)

JP4

21.60 ± 6.35 (5.43, 35.80)

30.32 ± 5.04 (12.4,38.36)

BMI Body fat %

58.38 ± 10.34 (38.71, 77.16)

36.46 ± 6.87 (3.34,47.15)

Garcia Equation

21.82 ± 6.8 (-1.81, 36.22)

55.38 ± 119.65
(-5.15,963.15)

Model 1

33.24 ± 6.8 (5.94,54.24)

36.11 ± 7 (21.4, 57.6)

Model 2
34.13 ± 5.09 (14.73,44.15)
35.57 ± 3.7 (22.28, 43.78)
Table5A: BF % Estimation by Hydrodensitometery, DEXA, existing equations and new
predicted equations
Error Differences

MALES
Mean ± SD (CI at 95%)

FEMALES
Mean ± SD (CI at 95%)

Hydrodensitometry-DEXA

2.8 ± 4.22 (-9.73, 9.92)

-3.94 ± 9.45 (-21.27, 37.23)

Hydrodensitometry-DWW

6.47 ± 4.71 (-6.86, 16.99)

-0.68 ± 4.77 (-18.47, 8.88)

Hydrodensitometry-JP 3

11.88 ± 6.14 (-4.10,28.66)

6.11 ± 5.43 (-4.87, 19.32)

Hydrodensitometry-JP 4

11.6 ± 5.25 (-2.22,24.9)

5.67 ± 5.18 (-5.84,17.55)

Hydrodensitometry-BMI body fat %

-25.18 ± 10.44 (-51.30,-7.21)

-0.47 ± 5.8 (-16.11, 23.14)
-19.32 ± 118.9 (-922.62, 27.19)

Hydrodensitometry-Garcia

11.39 ± 4.98 (1.53,21.39)

Hydrodensitometry-Model1

-0.039 ± 5.14 (-14.56, 26.54)

0.42 ± 4.03 (-11.79, 11.40)

Hydrodensitometry-Model2

-0.93 ± 3.88 (-12.55,6.42)

-0.121 ± 7.05 (-21.46, 17.41)

Table 5B: Standard Error Differences between Hydrodensitometry, DEXA, Existing Equations and New
Predicted Equations
VARIABLES
BMI<23
N=13
BMI 23-27.9
N = 43
BMI >28
N = 21

BMI

BMD
g/cm2

WHR

UWW
% BF

DWW
% BF

JP3
% BF

JP4
% BF

DEXA
% BF

MODEL1
% BF

MODEL 2
% BF

21.14±
2.06

1.12 ±
0.07

0.94 ±
0.07

27.03 ±
6.62

21.27 ±
5.14

13.80 ±
4.63

15.18 ±
4.21

23.95 ±
5.20

27.89 ±
5.59

28.69 ±
5.48

25.95 ±
1.38

1.14 ±
0.11

0.97 ±
0.06

33.33 ±
5.30

26.98 ±
5.18

21.13 ±
6.89

21.14 ±
5.72

29.95±
4.95

32.46 ±
6.64

33.79 ±
4.14

30.37 ±
1.90

1.13 ±
0.06

1.01 ±
0.06

36.77 ±
2.58

29.62 ±
3.65

26.39 ±
5.28

26.53 ±
4.60

34.95 ±
35.81

38.18 ±
4.47

38.20 ±
2.79

Table 6A: Mean values and standard deviations of BMI, BMD, WHR and % BF derived from selected models
classified according to BMI categories in males
VARIABLES
BMI<23
N=10
BMI 23-27.9
N = 27
BMI >28
N = 23

BMI

BMD
g/cm2

WHR

UWW
% BF

DWW
% BF

JP3
% BF

JP4
% BF

DEXA
% BF

MODEL1
% BF

MODEL 2
% BF

21.42 ±
1.83

1.06 ±
0.08

0.89 ±
0.04

30.80 ±
4.30

32.06 ±
5.31

25.18 ±
6.79

26.18 ±
6.91

35.88 ±
6.28

31.78 ±
6.72

31.57 ±
4.29

25.62 ±
1.46

1.08 ±
0.14

0.93 ±
0.06

36.01 ±
4.40

36.90 ±
3.33

30.38 ±
3.97

31.22 ±
4.08

40.11 ±
5.12

36.70 ±
6.29

35.27 ±
2.78

30.87 ±
2.08

1.09 ±
0.08

0.92 ±
0.05

38.24 ±
4.05

38.41 ±
3.47

31.36 ±
4.89

31.07 ±
4.42

45.21 ±
3.84

37.31 ±
7.47

37.67 ±
2.85

Table 6B: Mean values and standard deviations of BMI, BMD, WHR and % BF derived from selected models
classified according to BMI categories in females
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Discussion
The assessment of body composition to mark obesity becomes very important to rule out diseases related to body fatness [19].
All popular skinfold thickness equation models currently in use, were derived and validated using data obtained from diverse
populations, but did not use data primarily of Asian Indians. In this study we evaluated data from several sources including DEXA
and kinanthropometric parameters using hydrodensitometry as the gold standard.
The anthropometric parameters used to assess body fat included, skinfold thickness, BMI and waist to hip ratio, an indicator of
intra-abdominal obesity [19]. The sites of skin folds we used to calculate body fat, included biceps, triceps, subscapular, chest,
abdominal, suprailiac, thigh, knee and calf. Circumferences (arm, waist, hip, thigh and calf), bone breadth (elbow, wrist, chest, knee
and ankle) ,body density using hydrodensitometry was calculated by mass/volume which is a function of additive densities of four
components including fat and those of fat free body consisting of water, mineral and residual components (which consist mostly
of protein). Using key variables, which were shown to be significantly associated with body fat % derived from hydrodensitometry,
with the help of linear regression models, we developed a prediction equation in a wide age group of Asian Indians i.e. from 30-60
years of age.
The newly developed skin fold equation is important for 2 reasons: firstly, it was validated and cross validated using hydrodensitometry
as a gold standard and secondly, no previous studies have been conducted in a wide age group of Asian Indians. It is clear from our
results that model 1 is very accurate and is best for deriving a very close estimation of body fat %. If investigators desire a highly
precise body fat estimation with its R2 of 0.90 and 0.917 for males and females respectively, they can use model 1. However this
clearly entails measurements from 20 physical characteristics. Considering economy of time and convenience, model 2, which
entails the use of only 3 and 5 physical characteristics, in males and females respectively, is recommended. This model 2, with an
accuracy of R2 of 0.71 and R2 of 0.84 for males and females respectively, in fact is greater than the R2 values we obtained for our
population using DEXA and other existing skin fold equations. After cross validating model 2, we compared the values of body
fat % obtained using this equation, with popular skin fold prediction equations, the Durnin and Womersley equation, Jackson and
Pollock 3 site and 4 site equations, Garcia equation, BMI body fat % equations , body fat % calculated by DEXA. We found that the
R value of our model 2 with hydrodensitometry was more than all existing skin fold equation and DEXA.
Though it was not our primary aim to evaluate BMD, we observed a positive relation between BMI and BMD in women. We also
found that the BMD of our subjects for comparable age group in Caucasians were much lower [20]. Earlier studies have indicated
that there was a positive relationship; i.e. as body fat % increased, BMD also increased [21-27] and in females this observation held
true. This was attributed to the fact that with an increase in body weight, the mechanical loading on bones would increase [20].
A limitation of this study was that this study was a single centered trial and its validation in other geographical areas needs to be
studied. This could not be accomplished because to date there is no other center in India, which utilizes hydrodensitometry for the
estimation of body fat. Another limitation is that we did not take into account menopausal status of women, which would affect
body fat accumulation. However, we desired to formulate an equation, which would suit a broad age group of women. Future work
in this area could take into account menopausal status, which could be incorporated into the equation. Further it is important to
mention here that in our study we had great difficulty in getting volunteers to participate in the process of underwater weighing for
cultural as well as other reasons, which included a phobia of staying underwater without breathing, restriction in range of motion
at hip and knee. Almost 40 % of those who initially volunteered had to be finally excluded because they were unable to perform
complete exhalation and then stay underwater for the required time.
Given the difficulties associated with hydrodensitometry many investigators now use DEXA, which is based on the 4-compartment
model for the calculation of body fat percentage and bone mineral density, given its non-invasive nature as well as convenience.
However in DEXA [28-32] body fat is calculated on the constancy assumption that ≈ 73 % of lean body mass (lean + BMC) is water
[29-32]. However the tissue water content in adipose tissue is highly variable e.g. ranging from ± 17 % to 50 % in humans [30-32],
which can thus affect the accuracy of the result. Despite these limitations, the relatively better accuracy of the equation developed
by us demonstrates the need for the development of population specific equations for the assessment of body composition.

Conclusion
We developed a new prediction equation for assessing the total body fat by using hydrodensitometry as the gold standard method
to assess body composition with anthropometric measurements. Further validation and cross validation revealed that the new
model was more significant, as its error difference is less as compare to the existing models. Further validation of this equation is
recommended.
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