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Abstract
Background  Morbidity associated with obesity is related
to the fat mass (FM) of the body. The direct estimation of
FM is difficult. Skin fold thickness (SFT) is a simple and
cheap alternative for accurate assessment of FM, and
population specific equations are necessary for accurate
assessment of FM using SFT.

Objective  To develop a SFT prediction equation to
estimate FM of Sri Lankan children.

Design, setting and method     A cross-sectional descriptive
study was done at the University Paediatric Unit of Lady
Ridgeway Hospital, Colombo. Data were collected from
5 to 15 year old healthy children. Triceps, biceps,
supra-iliac and subscapular SFT were measured using
Harpendens skin fold caliper. Total body water was
assessed using an isotope dilution method (D2O), and
fat free mass calculated. FM was assessed based on 2
compartment body composition model. Multiple
regression analysis was used to develop prediction
equation and validated using PRESS (prediction of sum
of squares) statistical technique. Independent variables
were age, triceps SFT, subscapular SFT and sex.

Results   Prediction equation for FM [(0.68×age) +
(0.246×triceps SFT) + (0.383×subscapular SFT) -
(1.61×sex code) -3.45] was able to predict 76.4% of
variance with a root mean squared error (RMSE) of 3.4
kg. PRESS statistics was 3.4 kg with press residuals of
1.56 kg. Bland-Altman technique showed that the majority
of the residuals were within mean bias ±1.96 SD.

Conclusion   Results of this study provide an SFT equation
for the prediction of FM in Sri Lankan children.

Introduction
Assessment of body fat mass (FM) and fat free mass

(FFM) is important in the management of many illnesses
like obesity, cardiovascular diseases and type 2 diabetes
mellitus. However, sophisticated methods are expensive,
need trained staff and could be cumbersome to individuals
especially children. Simple anthropometric procedures
would be more useful. SFT is a method that would be
useful in body composition assessment in low income
countries [1].

Assessment of body composition in Sri Lankan children: validation
of a skin fold thickness equation
V P Wickramasinghe1, S P Lamabadusuriya1, G J Cleghorn2 and P S W Davies2

1Department of Paediatrics, Faculty of Medicine, University of Colombo, Kynsey Road, Colombo 08, 2Children's
Nutrition Research Centre, Department of Paediatrics and Child Health, University of Queensland, Brisbane, Australia.
Correspondence: VPW, e-mail <pujithaw@yahoo.com>. Received 25 January and revised version accepted 7 August
2008. Competing interests: none declared.

SFT is superior to mid-arm circumference for health
screening as it will avoid errors due to soft tissue
compression. SFT measurements can be done with better
accuracy [1]. There are many regression equations
developed to assess body composition. However, there
are no prediction equations that are validated on
populations of south Asian origin. Some of these
prediction equations had been cross validated on other
populations with mixed results [2,3]. Several published
SFT equations were cross-validated on a group of Sri
Lankans and a group of Sri Lankan migrant children living
in Australia, and results showed poor agreement with
reference values [4,5]. Absence of a validated SFT
equation on Sri Lankans or south Asians has limited its
use. We have validated an SFT equation to be used on Sri
Lankan children.

Materials and methods
Five to 15-year old healthy Sri Lankan children were

recruited from 3 schools in Colombo with a fair
representation of all socio-economic groups. The study
was conducted at the clinical laboratory of the University
Paediatric Unit of Lady Ridgeway Hospital for Children,
Colombo, Sri Lanka from September 2004 to April 2005.
Informed written consent from parents and assent from
children were obtained. The Ethical Review Committees
of the University of Colombo and the Lady Ridgeway
Hospital for Children approved the study.

Height was measured with a wall-mounted stadiometer
to the last completed 0.1 cm (Surgical and Medical
Products, Australia) and weight was measured to the
closest 100 g using an electronic weighing scale (Soehnle,
Soehnle-Waagen GmbH & Co, Germany). SFT was
measured using a Harpenden Skinfold Caliper (John Bull,
British Indicators Ltd, UK) to the closest 1mm on the left
side of the body. Triceps, biceps, subscapular (SS) and
suprailiac (SI) SFT were measured using standard protocol
[6].

Total body water (TBW) was measured by an isotope
dilution method using deuterium in the form of water
(D2O). Initially a sample (10 ml) of urine was collected
in a screw cap bottle. This was used to determine the
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basal deuterium level in the body. A dose of 0.5 g/kg body
weight of a 10% D2O solution, was given orally and the
dose was measured to 0.01g [7]. A second sample of urine
was collected 4-6 hours after giving deuterium, allowing it
to equilibrate with body water. The urine samples were
stored in tight screw cap containers, at 4°C and air freighted
to Children's Nutrition Research Centre, University of
Queensland, Brisbane, Australia in batches for the
assessment of D2O levels using isotope ratio mass
spectrometry. The technique of calculating TBW is
described elsewhere [8]. From TBW the FFM was
calculated using age and gender specific water content of
FFM [9].

             TBW
Percent water in FFM

The absolute FM was calculated by subtracting FFM
from weight based on the two-compartment body
composition model. Percent FM refers to FM expressed
as a fraction of body weight.

Three hundred and nineteen children were recruited
and 282 data sets were used in the final analysis. They
were randomly assigned to a validation group (188; M/F:
105/83) and a  cross-validation group (94;  M/F:53/41).

Prediction equations were constructed using the
backward elimination method of stepwise multiple
regression analysis. Prediction equations were constructed
separately, taking FM and %FM as the dependent
variable, and age, sex code using binary dummy variables
(male=1 and female=0) and each SFT as the possible
independent variables. Statistical methods including
calculation of sample size are described elsewhere [10].
Based on these statistical methods, separate preliminary
equations were formulated to estimate FM and %FM.
Predictability of the equations was evaluated using the
cross validation group. Pure error was used to evaluate
the predictability of the derived equation when applied to
the cross validation group [10]. Final prediction equation
was derived after combining both groups together based
on the independent variables determined by preliminary
equations. Final gender combined SFT equations were
statistically validated using PRESS (prediction of sum of
squares) statistical method. Based on the method
described by Bland and Altman, agreement between
prediction equation and criterion method was evaluated
[11].

Statistical analyses were done using NCSS 2000
(Hintze JL, Kayswille, Utah, USA) statistical computer
packages. Parameters were compared between gender
groups using unpaired t-test. P<0.05 was considered as
significant based on two tailed t-test.

Results
There were 105 boys and 83 girls in the validation

group and 53 boys and 41 girls in the cross-validation

group. Table 1 shows the demographic characteristics of
the two groups. There were no statistically significant
differences between the groups when compared across
gender. Multiple regression was performed using FM and
%FM as dependant variables, and age, sex code and SFT
as independent variables. Age, sex code, triceps and
subscapular SFT were shown as the most reliable
independent variables for the prediction of both FM and
%FM.

Two separate sets of preliminary equations were
constructed for the prediction of FM and %FM (table 2).
In each set there was a gender nonspecific and gender
specific equation. Gender nonspecific equation had a
higher coefficient of determination in the prediction of
both FM and %FM than gender specific equations. But
RMSE did not differ significantly in any of these
equations.

Cross-validation results of the preliminary equations
are shown in table 3 along with the values obtained by
criterion method (D2O). Mean FM and %FM assessed by
all equations, in both males and females did not differ
significantly from each other. However, the gender
nonspecific equation gave minimum bias and minimum
pure error than gender specific equations for the
assessment of FM in both groups. For the assessment of
%FM, gender nonspecific equation gave low bias but high
pure error when compared with gender specific equation.
Gender nonspecific equation for the assessment of FM
either under or over predicted by amounts less than 1000 g.
Similarly gender nonspecific equation for the prediction
of %FM also had prediction accuracy within 1.1% units.
A statistically significant (p<0.001) association existed
between criterion method and the predicted values of FM
and %FM assessed by each of the new prediction
equations (table 3).

Table 4 shows the final prediction equation derived
using the entire group of 282 individuals (male 158 and
female 124). The coefficient of determination and RMSE
showed a good agreement between independent variables
(age, sex code, triceps and subscapular SFT) and the
dependent variables (FM and %FM). Although
statistically significant, the strength of R2 for %FM (46.9%)
was low compared to the prediction of FM (76.4%). PRESS
statistics were similar to pure error in the cross validation
of preliminary equations. However, PRESS residuals were
slightly higher than mean bias of cross validation group
for the prediction of both FM and %FM.

FM and %FM predicted by each final prediction
equation was plotted against the FM and %FM assessed
by the criterion method (figure 1a and 1c). A high
association was seen between FM assessed by the
equation and criterion method. Figure 1b shows the Bland
and Altman plot for mean FM assessed by the criterion
method and final prediction equation and bias between
criterion method and final prediction equation. Most of
the bias was close to zero. Figure 1d shows the Bland and
Altman plot for the assessment of %FM. In contrast to
FM assessment, bias was more dispersed.

FFM   =
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Male Validation group Mean (SD) Cross validation group Mean (SD)
N 105 53
Age (years) 9.5 (2.7) 9.6 (2.7)
Weight (kg) 31.1 (11.7) 31.3 (14.0)
Height (cm) 134.5 (14.9) 134.6 (16.8)
BMI (kgm-2) 16.7 (3.6) 16.5 (4.1)
FM (kg) 8.7 (5.9) 9.3 (7.8)
Percentage FM (%) 26.0 (9.8) 26.2 (12.0)
Triceps SFT 12.4 (6.2) 12.2 (7.6)
Subscapular  SFT 11.4 (8.7) 11.6 (9.9)
Supra-iliac  SFT 15.8 (10.8) 15.6 (12.6)
Biceps  SFT 7.8 (8.7) 7.8 (5.6)

Female

N 83 41
Age (years) 10.1 (2.8) 10.1 (2.8)
Weight (kg) 34.7 (12.6) 35.5 (13.0)
Height (cm) 138.4 (15.5) 138.7 (15.0)
BMI (kgm-2) 17.5 (3.8) 17.9 (3.8)
FM (kg) 13.2 (6.8) 13.2 (6.9)
Percentage FM (%) 37.5 (10.4) 36.0 (10.2)
Triceps  SFT 15.9 (6.5) 15.3 (6.0)
Subscapular  SFT 15.3 (9.4) 15.7 (9.4)
Supra-iliac  SFT 19.4 (9.5) 19.7 (10.8)
Biceps  SFT 10.1 (5.0) 9.8 (4.8)

p<0.05  comparison between groups with in each gender

Table 1. Demographic characteristics of validation and cross-validation groups by gender

Table 2. Preliminary SFT, gender combined and gender specific equations for the prediction of FM
and %FM derived from validation group

Equation R2 RMSEa

FM prediction equations
Gender nonspecific

FM (0.6 × age) + (0.198 × SFT-Tricep) + (0.353 × SFTSS) -
(2.28  × Sex Code) - 1.43 70.2 3.7

Gender specific
FM male (0.63 × age) + (0.433 × SFT-Tricep) + (0.162 × SFTSS) - 4.74 67.7 3.4
FM female (0.579 × age) + (0.039 × SFT-Tricep) + (0.55 × SFTSS) - 0.52 68.5 3.9

Percentage FM prediction equations

Gender nonspecific
Per FM 30.93 - (0.402 × age) + (0.409 × SFT-Tricep) +

(0.254 × SFTSS) - (9.238 × Sex Code) 40.8 8.97

Gender specific
Per FM male 14.789 - (0.201 × age) + (1.26 × SFT-Tricep) - (0.23 × SFTSS) 38.2 7.8
Per FM female 38.75 - (0.533 × age) - (0.455 × SFT-Triep) + (0.731 × SFTSS) 19.5 9.5
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Table 3. FM and %FM assessed by criterion method and each of the preliminary SFT prediction
equations from cross validation

Method of assessment Mean Correlationa Mean bias Pure error
(SD) (r) (SD)

Fat Mass (kg)
Male (n=53)
Criterion method  (D2O) 9.3 (7.8)
FM common  equation 8.6 (5.8) 0.946* -0.78 (2.9) 3.0
FM male equation 8.4 (5.8) 0.946* -0.86 (3.0) 3.1

Female (n=41)
Criterion method  (D2O) 13.2 (6.9)
FM common  equation 13.2 (4.9) 0.822* 0.03 (4.0) 3.9
FM female equation 14.5 (5.9) 0.799* 1.38 (4.2) 4.3

Percentage FM
Male
Criterion method  (D2O) 26.2 (12.0)
%FM common equation 25.8 (5.2) 0.884* -0.4 (8.3) 8.3
%FM male equation 25.5 (7.3) 0.881* -0.7 (7.5) 7.6

Female
Criterion method  (D2O) 36.0 (10.2)
%FM common equation 37.1 (4.5) 0.608* 1.1 (9.7) 9.7
%FM female equation 37.8 (5.0) 0.407** 1.8 (9.8) 9.5

* p<0.001 ** <0.01 a Correlation between criterion method and assessments made using each of the prediction
equations

Table 4. Final SFT, gender combined prediction equation for FM and %FM

Equation Goodness of fit PRESS procedure

R2 RMSE PRESS statistic PRESS R2

(PRESS residuals)

FM = (0.68 × Age) + (0.246 × SFT-Tricep) +
(0.383 × SFTSS) - (1.61 × Sex Code) - 3.45 76.4 3.4 3.4 (1.5) 75.6

% FM = (-0.28 × Age) + (0.49 × SFT-Tricep) +
(0.34 × SFTSS) - (7.94 × Sex Code) - 26.8 46.9 8.6   8.7 (2.6) 44.8
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a) b)

c) d)

Discussion
Prevalence of obesity is on the rise. Morbidity

associated with obesity is related to the fat content of the
body [12]. Therefore follow up of obese patients should
be based on changes of %FM. To improve the diagnosis
and treatment of obesity a set of body fat percentile charts
have been developed for British children [13]. Most
methods used for the assessment of body fat content are
not practical in epidemiological or busy clinic settings.
SFT is a method that could be used in such situations.
The equation derived to estimate FM has shown good
agreement more than the equation derived to estimate
%FM.

Body composition assessment with SFT is based on
validated prediction equations derived using statistical
methods rather than biological properties of human
physiology. Hence it is important to choose the
appropriate equation to convert the SFT measurement to
a body composition parameter. The prediction equations

derived from populations which are closely linked to the
population under study is the best. As most of the existing
equations are validated on white Caucasian populations,
it is important to either derive a set of equations or cross
validate the existing equations on the target population
prior to its clinical use. Sex specific equation did not show
any improvement in the prediction of FM and %FM.  We
believe that having a gender combined single equation
would be more practical in day to day practice. As there
are no validated equations on south Asian populations,
which would be the closest to Sri Lankan children, we did
not have any data to compare our results.

Multi-component body composition assessment is
considered the best technique for assessment of body
composition. However, it needs more sophisticated
equipment and sometimes errors could summate giving a
greater error than 2-compartment body composition model.
Isotope dilution technique is shown to be a reliable
method in the assessment of TBW and hence body
composition based on 2-compartment technique.

Figure 1. Predicted versus criterion method assessed, a) regression line for FM; b) Bland and Altman plot for
FM; c) regression line for %FM and d) Bland and Altman plot for %FM.

FM assessed by criterion method Mean FM [(Predicted + Actual)/2]

%FM assessed by criterion method Mean % FM [(Predicted + Actual)/2]

FM
 p

re
di

ct
ed

 b
y 

SF
T 

eq
ua

tio
n

B
ia

s 
FM

 (P
re

di
ct

ed
 - 

A
ct

ua
l)

%
FM

 p
re

di
ct

ed
 b

y 
SF

T 
eq

ua
tio

n

B
ia

s 
%

FM
 (P

re
di

ct
ed

 - 
A

ct
ua

l)



88 Ceylon Medical Journal

Papers

Conclusion
SFT has paved the way for rapid assessment of body

composition to satisfy epidemiological and clinical needs.
Body composition shows significant differences between
races, so that body composition assessment techniques
should be validated to suit populations. We were able to
validate two separate gender combined SFT equations to
assess FM and %FM of 5-15 year old Sri Lankan children.
To our knowledge there are no SFT data for south Asian
populations in the published literature. Lack of data from
similar populations in the south Asian region has made it
impossible to compare the results of this study. Results of
this study need to be affirmed by more studies using multi-
component body composition assessments.
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The Cottage Hospital

Say in what Cottage Hospital
whose pale green walls resound

With the tap upon polished parquet
of inflexible nurses’ feet

Shall I myself be lying
when they range the screens around?

And say shall I groan in dying,
as I twist the sweaty sheet?

Or gasp for breath uncrying,
as I feel my senses drown’d

While the air is swimming with insects
and children play in the street?

From The Cottage Hospital by Sir John Betjeman, English Poet Laureate from 1972 (1906-1978)


