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Conclusion
The overall rates of risk-related pregnancies or
antenatal morbidities were high in the Vavuniya District
and the health care services have not met the actual need.
It is necessary to plan and implement health services in
the district focusing on the leading antenatal issues.
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Validity of currently used cutoff values of body mass index as a measure
of obesity in Sri Lankan children
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Abstract
Objective The aim of the study was to determine the
reliability of body mass index based (BMI) cutoff values
in diagnosing obesity among Sri Lankan children.
Methods Height, weight, waist circumference (WC) and
hip circumference (HC) in 282 children were measured.
Total body water was determined by deuterium dilution
and fat mass (FM) derived using age and gender specific
constants. A percentage FM of 30% for girls and 25% for
boys were considered as cutoff levels for obesity.
Results Two hundred and eighty two children (M/F:
158/124) were studied and 99 (80%) girls and 72 (45.5%)

boys were obese based on % body fat. Eight (6.4%) girls
and nine (5.7%) boys were obese based on International
Obesity Task Force (IOTF) cutoff values. Percentage FM
and WC centile charts were able to diagnose a significant
proportion of children as true obese children. The FM
and BMI were closely associated in both girls (r=0.82,
p<0.001) and boys (r=0.87, p<0.001). Percentage FM and
BMI had a very low but significant association; girls
(r=0.32, p<0.001) and boys (r=0.68, p<0.001). FM had a
significant association with WC and HC. BMI based cutoff
values had a specificity of 100% but a very low sensitivity,
varying between 8% and 23.6%.
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Conclusions BMI is a poor indicator of the percentage fat
and the commonly used cutoff values were not sensitive
to detect cases of childhood obesity in Sri Lankan
children.

Introduction
Worldwide incidence of non-communicable diseases
is increasing. This is attributed to the increase in
prevalence of obesity. Worldwide incidence of childhood
obesity is estimated to be about 10% and in the AsiaPacific region is about 5% [1]. In Sri Lanka the prevalence
of overweight/obesity has increased and shows regional
variation. A survey showed that the overall prevalence of
overweight was about 2.2% with a sector variation [2].
Among urban school children overweight prevalence was
3-5% and among rural students it was 1.7% (p<0.05).
Among 8-12 year old school children in Colombo
metropolitan area the prevalence of overweight/ obesity
was between 14-15% [3].
There is a relationship between body mass index
(BMI) and morbidity as well as mortality due to various
obesity related diseases. However, it was shown that % FM
was more closely related to these metabolic derangements.
Therefore obesity is being defined as the presence of
excess body fat associated with morbidity [4]. However,
the amount of body fat associated with morbidity in
children is debatable and few studies have shown it to be
20-25% in boys and 30% in girls [5,6].
In children, BMI changes with age and therefore a
single cutoff value cannot be used. A BMI above 95th
centile was considered as a cutoff limit for obesity [7].
The Centre for Disease Control /National Centre for Health
Statistics (CDC/NCHS) and British Child Growth
Foundation have developed population based gender
specific BMI centile charts as well as BMI-Z scores. The
International Obesity Task Force (IOTF), has developed a
set of cutoff values [8]. These obesity cutoff values are
based on population distribution of an anthropometric
parameter rather than on a biological end point. Because
of this the ability of BMI to diagnose obesity accurately
has been questioned. IOTF cutoff values had a very low
sensitivity in detecting obesity among Australian children
of white Caucasian and Sri Lankan origin [9]. Diagnosis of
childhood obesity, using a single definition, in a multiethnic
community had been unsuccessful as the relationship
between BMI and body fatness is influenced by
ethnicity [10]. This resulted in a debate on whether to use
population specific [11] BMI cutoff values or ethnicity
specific [12] BMI cutoff values to diagnose obesity. This
study was carried out to study the reliability of use of
different BMI cutoff values in diagnosing obesity in a
group of Sri Lankan children, whose south Asian origin
is known to have a high body fat content with a low
BMI [13].
Vol. 54, No. 4, December 2009

Methods
Five to 15-year old healthy Sri Lankan children were
recruited from schools in Colombo which had a fair
representation of all socio-economic groups. Stratified
random sampling based on age and gender was used to
recruit subjects. A class from each grade from each school
was randomly selected and students were invited to
participate and they were given an appointment to come
to the clinical laboratory of the University Paediatric Unit
of the Lady Ridgeway Hospital for Children, Colombo for
the examination. The study was carried out from September
2004 to April 2005 in which body composition of Sri Lankan
children were assessed and some of the results had been
published previously [14]. Both parents and children were
informed about the procedure. Informed written consent
from parents and assent from children were obtained. The
Ethical Review Committees of University of Colombo and
Lady Ridgeway Hospital for Children approved the study.
The height and weight were measured using standard
protocols and described elsewhere [14]. BMI was
calculated by weight/height2 (kgm-2). Waist circumference
(WC) was measured in the horizontal plane at the level of
mid point between lower costal margin and upper margin
of iliac crest in the mid axillary line [15]. Hip circumference
(HC) was measured while the subject stood erect with
arms at the sides of the body and feet together at the level
of maximum extension of the buttocks that can be seen.
Waist-hip ratio (WHR) was calculated by WC/HC.
The total body water (TBW) was measured by
isotope dilution method using deuterium in the form of
water (D2O). The complete technique is described
elsewhere [14]. The absolute fat mass (FM) was calculated
subtracting FFM from weight based on two-compartment
body composition model. Percentage FM is when FM was
expressed as a fraction of body weight. Percentage FM
associated with morbidity was considered to be 25% for
boys and 30% for girls and was considered as criterion
diagnosis of obesity. Apart from this, obesity was
diagnosed based on BMI cutoffs described by IOTF, CDC/
NCHS and British Growth Standards BMI-Z scores. BMI
changes with growth from infancy through childhood to
adolescents. Therefore BMI-Z score is considered as a
better tool for follow up [16]. A BMI above 95th centile for
age and gender on CDC/NCHS BMI centile or a BMI-Z
above +2 in British Standards was considered to be obese.
Obesity was also diagnosed based on percentage FM
centile charts (% FM >98th centile) [17] and WC centile
charts (WC >98th centile) [15].
Validity and accuracy of BMI indicators in the
diagnosis of obesity were evaluated by calculating
sensitivity, specificity, positive predictive value and
efficiency, relative to true obesity diagnosed by absolute
%FM (using D2O), using a 22 table and method is
described elsewhere [9].
Pearson product moment correlation was calculated
between anthropometric measures and FM, % FM to
115

Papers
determine the association between them as the most
suitable measure. Significance was considered at p<0.05.
Data were analysed using NCSS computer package for
Windows.

Results
Data of 282 children (158 boys and 124 girls) were
used for the final analysis. Table 1 shows some
characteristics of the participants. The correlation
coefficients (r) for BMI, BMI-Z and FM, %FM and FMI
were calculated. Similarly correlation coefficients for FMI,
WC, HC, WHR and FM, % FM for each sex group as well
as for whole group were calculated (Table 2). The
relationship between BMI and FM and BMI and FMI were
high compared to the relationship between BMI and % FM.
Similar association was seen between BMI-Z and FM,
% FM and FMI. The relationship between WC, with FM
was higher than with % FM. All these associations were
statistically significant (p<0.001). Association between
WHR and FM as well as % FM was poor. Anthropometric
measures had a stronger association with FM than with
% FM.
Table 3 shows the number of individuals diagnosed
as obese based on 5 different criteria. Absolute fat

percentage calculated by isotope dilution method based
on 2-compartment model was used as the reference. A
high proportion of girls (80%) had % FM that would be
associated with adverse health outcomes (obese),
compared to boys (45.5%). The IOTF BMI based cutoff
detected 8 (6.4%) girls and 9 (5.7%) boys as obese. Number
of obese cases detected by CDC centile cutoff as well as
BMI-Z score was little higher than the number detected
by IOTF cutoff values (Table 3). However, using % FM
centile charts, a higher number was diagnosed as obese
(142) and was quite close to the number (171) detected by
criterion method. WC measures were able to diagnose
more cases of obesity than BMI based cutoff values in
this group of children.
Table 4 shows the results of validation of each method
used in the diagnosis of obesity in Sri Lankan children. In
both boys and girls, the BMI based cutoff had a very low
sensitivity ranging from 8-23.6%, but high specificity
(100%). The positive predictive value was 100% in both
groups but efficiency was 60-65.2% in boys and 26.6-33%
in girls. Diagnosis of obesity based on percentage FM
had a high sensitivity (77.8% in boys and 81.8% in girls)
and specificity (94.2% in boys and 100% in girls). The
positive predictive value as well as efficiency was also
high.

Table 1. Physical characteristics of the study population
Male
N

158

124

9.6 2.7

10.12.8

Height (cm)

134.4 15.4

138.515.3*

Weight (kg)

31.2 12.5

35.012.7*

BMI (kg/m )

16.6 3.7

17.73.9*

FFM (kg)

22.3 7.4

21.77.9

FM (kg)

8.9 6.6

13.26.9*

%FM

26.2 10.6

37.010.3*

WC (cm)

64.110.5

60.511.4*

HC (cm)

74.2 11.9

68.711.4*

WHR

0.870.07

0.880.05

WC Z score

0.101.7

0.931.6

BMI Z score

-0.51.8

-0.161.6

Age (yrs)

2

*
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p<0.05 between Caucasians and Sri Lankans within the gender.
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Table 2. Correlation coefficient (r)
Female

Male

Whole group

r

p

r

p

r

p

BMI versus FM
BMI versus %FM
BMI versus FMI

0.82
0.32
0.78

<0.001
<0.001
<0.001

0.87
0.68
0.88

<0.001
<0.001
<0.001

0.84
0.52
0.83

<0.001
<0.001
<0.001

BMI-Z versus FM
BMI-Z versus %FM
BMI-Z versus FMI

0.60
0.32
0.70

<0.001
<0.001
<0.001

0.72
0.66
0.80

<0.001
<0.001
<0.001

0.66
0.51
0.74

<0.001
<0.001
<0.001

FMI versus FM
FMI versus %FM

0.92
0.83

<0.001
<0.001

0.95
0.93

<0.001
<0.001

0.94
0.90

<0.001
<0.001

WC versus FM
WC versus %FM

0.80
0.31

<0.001
<0.001

0.89
0.66

<0.001
<0.001

0.85
0.52

<0.001
<0.001

WC-Z versus FM
WC-Z versus %FM

0.58
0.29

<0.001
<0.001

0.72
0.66

<0.001
<0.001

0.68
0.54

<0.001
<0.001

HC versus FM
HC versus %FM

0.79
0.21

<0.001
<0.001

0.87
0.61

<0.001
<0.001

0.84
0.47

<0.001
<0.001

WHR versus FM
WHR versus %FM

0.04
0.21

0.660
0.020

0.34
0.36

<0.001
<0.001

0.14
0.20

0.017
<0.001

Table 3. Cases of obesity and overweight diagnosed by different parameters
Female

Male

(124)

(158)

n (%)

n (%)

%FM

99 (80.0)

72 (45.5)

IOTF

8 (6.4)

9 (5.7)

CDC

16 (13.0)

BMI-Z>2SD

16 (13.0)

17 (10.7)

%FM centile

81 (65.0)

61 (38.6)

WC

38 (30.6)

26 (16.4)

Obesity by
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Table 4. Validity of BMI as an indicator of obesity (%)
IOTF
(%)

CDC
(%)

BMI%FM >98th WC >98th
Z>2SD (%) Centile (%) Centile (%)

Male

Se
Sp
Pv
Ef

12.5
100.0
100.0
60.0

19.5
100.0
100.0
65.2

23.6
100.0
100.0
65.2

77.8
94.2
91.8
86.7

34.7
98.8
96.0
69.6

Female

Se
Sp
Pv
Ef

8.0
100.0
100.0
26.6

16.2
100.0
100.0
33.0

16.2
100.0
100.0
33.0

81.8
100.0
100.0
85.5

38.4
100.0
100.0
50.8

Se – Sensitivity, Sp – Specificity, Pv – Predictive value, Ef – Efficiency

Discussion
Many changes in the body that occur during
childhood in relation to non communicable disease persist
into adulthood. Fatness in childhood and adolescence
persists into adulthood and it strengthens with increase
in age. Although the risk is less in younger age groups,
obesity diagnosed at 7 years will have an elevated relative
risk, of about 3, of becoming obese in adulthood [18].
Although exact amount is not known, the fat content
of the body is the main risk factor for the development of
obesity related morbidity. Therefore the best method to
diagnose obesity would be to measure the FM directly.
However, as this is not easy and practical in a busy clinic
setting or epidemiological studies BMI was used as a
surrogate measure. BMI, which is a ratio between weight
and height, does not always reflect the percentage body
fat accurately. In this study we saw a weak association
between BMI and %FM. Therefore its clinical relevance
is doubtful. However, its simplicity and reproducibility
has made it the most popular diagnostic tool of obesity.
IOTF cutoff values underestimate the prevalence of
obesity [9,19]. A drawback of IOTF definition is that
although it has a large data set from six countries, it did
not have a fair representation from Asia. Therefore whether
IOTF cutoff values are truly international and could be
applied universally is of doubt.
WHO technical report [4] acknowledged that BMI
cutoff values for overweight and obesity may not
correspond to the same degree of fat content across
different populations. Therefore population specific rather
than universal BMI cutoff values should be used [20]. It
appears that the population distribution of BMI and %FM
does not run parallel to each other in this study group as
seen among white Caucasians. This shows that ethnicity
influences body composition and south Asian children
have a high fat content at a low BMI. BMI is an easy tool
to use to diagnose obesity in community. However, in
118

view of its low sensitivity in diagnosing obesity, best would
be either to revise BMI cutoff values to suit a population/
ethnic group or make a definitive assessment of fat content
of body and diagnose obesity based on that.
In this study the diagnosis of obesity was based on
%FM cutoff values defined on western populations.
These %FM associated with morbidity may not be
accurate for Sri Lankan children. The body fat content
that would be associated with morbidity in Sri Lankan
children needs to be defined. As ethnicity has an influence
in body composition, ideal would be to define local
standards for screening and diagnosis of obesity.
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Alcohol and tobacco use among males in two districts in Sri Lanka
V de Silva1, D Samarasinghe1 and N Gunawardena2
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Abstract
Objectives To investigate the prevalence and
consumption of tobacco and alcohol among males in
the Colombo and Polonnaruwa districts.
Design A cross-sectional study based on multistage
cluster sampling was carried out in four Medical Officer
of Health (MOH) areas in the Colombo (urban) and
Polonnaruwa (rural) districts to assess the prevalence
of tobacco and alcohol use. The Public Health Midwife
areas were considered as primary clusters. The sample
consisted of males over 18 years. There were 1318 from
the Colombo District and 1366 from the Polonnaruwa

District. The quantity frequency method was used to
assess consumption.
Results Abstinence was significantly higher in the rural
areas (75.2%) compared to urban areas (56.6%)
(p<0.001). Prevalence of current drinking in the urban
areas (32.9%) was significantly higher than in rural areas
(20.8%) (p<0.001). Alcohol consumption in the urban
areas (33.1 units/week) was significantly higher than in
rural areas (20.9) (p<0.004). 51.6/1000 males in the
urban areas and 14.6/1000 males in rural areas
consumed daily. The prevalence of current smoking was
also higher in the urban areas (29.9%) than (p=0.052) in
rural areas (24.4%).
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