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Waist circumference centiles for UK South Asian children

Abstract

Objectives: To develop waist circumference (WC) centile curves for UK South Asian children.
To make comparisons with published centiles for British, indigenous Indian and Pakistani

children, as well as to make anthropometric comparisons with their UK white peers.

Design: Cross-sectional study

Setting: School-aged children from London boroughs (main measures: 2004-2007).

Participants: 1562 (652 boys, 910 girls) UK South Asian, and 1,120 (588 boys, 532 girls) UK

white children aged 4.0 — 13.9y.

Interventions: WC, height, weight and BMI

Main outcome measures: Smoothed WC centile curves, constructed using the LMS method.
Standard deviation scores (SDS) were generated using UK90 and British (WC) growth

references.

Results: WC increased with age for both sexes, rising more steeply at the upper centiles after
age 6y. Overall, UK South Asian children, similar to indigenous South Asian populations, had
higher WC values than the British WC references. However, compared to their UK white peers,
UK South Asian children had significantly (p < 0.001) lower mean WC (UK white SDS = 0.74

and 0.64 vs UK South Asian 0.32 and 0.21 for boys and girls respectively).



Obesity prevalence was greater using WC than BMI for both ethnicities. At the 90" centile,
for UK South Asian children, prevalence was 21.5% vs 24.4% for boys and 17% vs 24.5% for

girls based on BMI and WC respectively.

Conclusions: These curves represent the first WC centiles for UK South Asian children up to
age 14y. With a continued rise in childhood obesity, they provide a useful historical control

for future comparisons.



Introduction

Waist circumference (WC) is a simple, predictive measure of abdominal adiposity (1). Over
the last 20y within the UK, WC has increased more steeply than body mass index (BMI) among
children and adolescents (2). BMI cannot differentiate between lean tissue and body fat, or
provide an indication of body fat distribution, whereas an excess accumulation of abdominal
fatis associated with an increased metabolic risk (3-7) . In children and adolescents, compared
to BMI, WC is more strongly associated with components of metabolic disease, including an
adverse atherogenic lipoprotein profile (3), raised fasting insulin concentration (5), elevated

blood pressure (6) and non-alcoholic fatty liver disease(7).

South Asians have a greater risk of type 2 diabetes mellitus (T2DM) and cardiovascular disease
(CVD) than white Europeans (8). This increased risk is linked, in part, to South Asians having a
genetic propensity to insulin resistance, attributed to greater total body fatness, increased
abdominal obesity (9), and less skeletal muscle mass (SMM) (10,11) than white Europeans, at
any given BMI (12,13). These ethnic differences are present from birth (14), and throughout
childhood and adolescence (11,15,16), with South Asian children <16y almost 14 times at
greater risk of developing symptoms of metabolic disease than their white European peers
(17). Consequently, a downward revision of overweight and obese BMI cut-offs referred to as
‘public health action points’ for South Asian adults has been proposed by the World Health
Organisation (WHO) (12). In addition, the International Diabetes Federation (IDF) has

recommended a lower WC cut-off to define abdominal obesity for South Asians (18).

Across childhood and adolescence, centile charts are used to classify overweight and obesity,

with the 85™ and 95" centiles for BMI representing overweight and obese cut-offs



respectively (19) for population monitoring (20), and 91t centile and 98" centiles for clinical
assessment (21). Lowered BMI cut-offs that pass through the South Asian adult cut-offs for
overweight (BMI 23 kg/m?) and obesity (BMI 27.5 kg/m?) at age 18y (12) have also been
proposed for Indian children (22). More recently, ethnic-specific adjustment of BMI for UK
South Asian children across all ages has been proposed, to account for the underestimation

of body fat by BMI in this population (23).

The IDF recommends use of >90t™ centile WC cut-off for determining central obesity in
children aged 6 - <10y (24). In children and adolescents aged 10 - <16y, in addition to two or
more clinical measures (e.g. blood pressure or fasting lipids), the IDF recommends this WC
cut-off (or the adult cut-off if lower), ideally using ethnic-specific WC centile charts where
available, for diagnosing metabolic disease. Several ethnic-specific WC centile charts have
been developed worldwide, including Great Britain (25), USA (26), India (27) and Pakistan (28).
The British WC centile curves (25), were based predominantly on a sample of white children
and adolescents aged 5.0-16.9y. However, equivalent centile curves for UK South Asian
children are currently unavailable. Therefore, the aims of this study were to: i) develop WC
centiles for UK South Asian children aged 4-13.9y; ii) compare these with the British WC
centile reference curves, and those developed for indigenous Indian and Pakistani
populations; iii) make comparisons with their UK white peers from similar socioeconomic

backgrounds, for WC and other anthropometric measures.



Methods

Participants

Data from a previous school-based study collected between 2004-2007 were used (29). This
dataset contained anthropometric measures of a large South Asian cohort of 1,459 UK
children (584 boys, 875 girls) and 1,120 UK white children (588 boys, 532 girls) aged 4.00-
13.9y, recruited from primary and secondary schools from inner-city and Greater London
boroughs, reflecting the variation in the socioeconomic background of the participants. As
the number of children of a Pakistani origin was lower than children from Indian and
Bangladeshi backgrounds, an additional cross-sectional sample of 103 children (68 boys, 35
girls) aged 4.00-13.9y, were recruited from mosques and Muslim community centres from

Greater London, between 2010 and 2012.

Ethical approval was obtained from London Metropolitan University’s Ethics Committee.
Consent forms, letters of invitation, and information packs were distributed to interested
participants, with signed parental consent, together with child assent, required for
participation in this study. Gender, date of birth and ethnicity were provided by the schools,
with ethnicity defined using the Department for Children, Schools and Family classification

system (30).

Measures

Trained observers took all measures of WC and height respectively to the nearest 0.1cm
following standard procedures (31). WC was measured using a Seca flexible non-elastic,
retractable tape measure, over a single layer of clothing, approximately midway between the

top of the iliac crest and lower border of the bottom rib; 0.5cm was deducted from the



measurement to account for clothing (2). Height was measured using a portable stadiometer
(Leicester Height Measure (LHM)), in bare feet with head adjusted to the Frankfort plane
position (31). Body weight was measured to the nearest 0.1kg, in light indoor clothing with
bare feet (with 0.5kg subtracted to account for clothing), using a Tanita BC418-MA (Tokyo,
Japan) Bioelectrical Impedance Analyser (BIA), which incorporates an electronic digital scale.

BMI was calculated as weight (kg)/height (m?).

Statistical analyses

Data were analysed using Microsoft Excel (2011) and SPSS version 22 (SPSS Inc. Chicago IL,
USA). Decimal age was calculated by the formula: (date of measurement — date of

birth)/365.25. Data are presented as means (SD).

Gender and age-specific standard deviation scores (SDS) were generated in Excel, for all
anthropometric variables using the Microsoft Excel add-on LMSgrowth, which contains the
UK90 (19) and the British WC (25) growth reference data. Gender and age-specific smoothed
waist circumference centiles were constructed using the Cole and Green method, employed

in the software LMSchartmaker Light (http://www.healthforallchildren.com/Ims-chartmaker-

light-download/) (32). For BMI, children were classified as overweight or obese at the 85t

(SDS 1.04) and 95" (SDS 1.64) centile cut-offs respectively, using the UK90 BMI reference data

(19).

WC comparisons between the UK South Asian sample and British references (25) at the 50t
and 90t centiles were performed. Detailed between group comparisons were made between
the UK South Asians and their UK white peers for all anthropometric measures (SDS format),

using independent samples t-tests. Statistical significance was set at P < 0.05. Comparisons


http://www.healthforallchildren.com/lms-chartmaker-light-download/
http://www.healthforallchildren.com/lms-chartmaker-light-download/

of obesity prevalence between BMI (19) and WC (25) were made at the 95™ (BMI obesity cut-

off) and 90™ (IDF WC cut-off) centiles for both UK South Asian and UK white children.

Results

The final sample size comprised 1562 (41.7% boys and 58.3% girls) UK South Asian children
aged 4.0 — 13.9y. The mean and sd values of all measured variables for the Pakistani sub-
sample were very similar to the main data-set (data not shown). Table 1 shows sex-specific
descriptive characteristics (absolute and SDS) for weight, height, BMI and WC by age. Table 2

shows the sample size and selected WC centile values by age and sex.

Figure 1 shows the smoothed WC centile curves for UK South Asian boys and girls respectively,
equivalent to the format of the UK90 BMI reference curves, which employs the convention of
9 centiles with a two-thirds SD score spacing (19). For both sexes, WC increased with age and
extreme skewness was observed, with the lower centiles much closer together than the upper
centiles, and the L-values were more extreme than UK90 (19), ranging from -3 to -1, and -4 to
-2 for girls and boys respectively. Sex-specific comparisons at the 50" and 90" WC centiles
with the equivalent British (25), indigenous Indian (27), and Pakistani (28) centiles, are shown
in Figure 2a and 2b. At the 50" centile, for both sexes, the curves were similar for UK South
Asian and British children, up to age 8y, after which UK South Asian centiles were consistently
higher. For boys, the indigenous Indian and Pakistani curves were very similar to the UK South
Asian curves at the 50™ centile, particularly from age 8y onwards, where the curves
overlapped. For UK South Asian girls, the greatest differences between the British girls

appeared from age 11- 12y onwards.

At the 90th centile, from age 6y onwards, higher WC values were apparent in both sexes for

UK South Asian and indigenous South Asian groups compared with British centiles. From age



8y Indian boys had consistently lower WC values compared with the other groups. For girls,

UK South Asian WC values were consistently lower than Indian and Pakistani groups.

Table 3 shows anthropometric SDS for the UK South Asian and UK white children. Compared
to the references (19,25), UK South Asians were very similar to the mean for height and
weight, with a slightly lower BMI, but higher WC. However, compared with their UK white
peers, UK South Asians were significantly shorter, lighter, with a lower BMI and WC (P<0.001).
At the 95™ (obese BMI) and 90" centile (raised WC) cut-offs, prevalence of obesity (Table 3)
was lower in UK South Asians than in the UK white cohort for both sexes. However, compared
to BM, a greater proportion of both UK white and UK South Asian children were identified at

or above the 95t and 90" centiles for WC.



Discussion

This study presents the first set of sex-specific WC centiles for UK South Asian children aged 4-13.9y.
WC increased with age, with the median value consistently higher in boys, as found in other studies
using similar measurement techniques (25,27,28). This highlights the importance of standardised

measurement procedures, necessary for making reliable comparisons.

Similar to indigenous South Asian children (27,28), UK South Asian children had a higher WC than
the British children (25), this being more marked at the 90™ centile, with greater differences
observed in older children (7-8y). The extreme skewness of the centiles (Figure 1), with a much
steeper increase in the upper centiles (>75™ centile), particularly for boys, from age 6y upwards,
suggests increasing abdominal adiposity among school-aged children. This pattern reflects the more
current obesity prevalence data, with higher levels of obesity reported in children aged 10-11y than
younger children (33), together with the rise in obesity over the last few decades (34). This trend in
obesity is evident in the comparisons between the UK South Asians and the UK white sample, where
UK South Asian children had significantly lower BMI and WC as well as other anthropometric
measures than their UK white peers. This finding has also been observed in other studies comparing
contemporary white European and South Asian children (4,11). A lower WC may suggest a lower
level of abdominal obesity among South Asian children. However, it is important to note that
compared to the UK90 reference data (19), UK South Asian children on average, had similar BMI but
higher WC measures. In another study, despite BMI and WC measures being lower among the South
Asian children compared to the white European cohort, overall levels of adiposity were higher as

judged by higher trunk skinfold measures (11).

Higher levels of obesity prevalence were identified based on WC than BMI centile cut-offs for both
UK white and UK South Asian children, which has been observed elsewhere (27). This demonstrates

that using only BMI for determining obesity among South Asian children, may underestimate the
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proportion at risk of obesity-related morbidity. This could be identified by using an appropriate WC

cut-off, such as the IDF 90" centile cut-off or lower (18).

Lowering the WC thresholds for abdominal obesity for South Asian children is supported by evidence
of a ‘thin-fat’ phenotype present from birth (14) , with greater cardiometabolic risk factors present
at lower WC and BMI centiles than white European and other populations (10,11,13). The difficulty
with prescribing specific centile values for determining overweight and obese thresholds, is that
unlike adult cut-offs which are fixed values, rising levels of obesity over the past few decades has
resulted in an upward shift in WC at any given centile value. Hence, the use of lower South Asian
adult-cut offs to extrapolate appropriate centile values, as has been proposed for BMI centiles for
Indian children (22), or an adjustment in BMI to account for the higher BF to BMI relationship
proposed for South Asian children (23), would seem prudent options to follow for South Asian WC
centiles. Moreover, due to the secular increase in obesity, the 75" centile has been proposed as an
‘action point’ for identifying obesity in Indian children aged 3-16y (27). Although, for UK South Asian
children, the 75% centile might be considered inappropriate. One way forward may be to develop
WC centile cut-offs which pass through the adult South Asian WC cut-offs at age 18y, similar to the
International Obesity Task Force BMI curves (35). However, further research is required to
supplement this data set for children 14-18y, to enable extrapolation to adult values. Additionally,
it would be important to follow the IDF (24) recommendation that WC cut-offs for abdominal obesity
and diagnosing metabolic syndrome for children aged 10-<16y, should also include clinical

measures.

Limitations

The South Asian dataset contained considerably more girls than boys, due to one of the schools

being an all-girls school. However, most age groups contained over 50 participants, apart from boys
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aged 12-12.9y (n=49), and under 30 participants aged 4-4.9y, for both sexes. Additionally, the age

range only extended to 14y, due to participating schools limiting access to older year groups.

Conclusion

In conclusion, this study provides the first set of WC centile curves for UK South Asian children. WC
better predicts adiposity-associated health risks than BMI, particularly for South Asian populations
with greater abdominal fat from early childhood. Lower WC cut-offs could be adopted for UK South
Asian children in line with adult cut-offs, for determining abdominal obesity. These charts could be
used clinically and in population surveys, for tracking changes in abdominal adiposity to promote

preventative action.
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What is already known on this topic

1.

South Asians are a high-risk population for cardiometabolic disease which tracks from
childhood into adulthood, attributed in part, to the South Asian thin-fat phenotype.
Lower BMI and waist circumference (WC) cut-offs for overweight and obesity are
recommended for South Asian adults in recognition of this risk.

WC is accepted as an indicator of abdominal obesity, and ethnic-specific WC centiles have
been developed for children in many countries worldwide.

What this study adds

N

The first WC centile charts for UK South Asian children aged 4-13.9 y.

Confirmation that more children are identified as obese when based on WC than BMI.
These charts can be used clinically and in epidemiological settings, as a marker of
abdominal adiposity in UK South Asian children, which together with other clinical markers
could be used in lifestyle interventions as a means of preventing adiposity related diseases.
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Table 1 Mean (SD) absolute and SDS for Weight, Height, BMI, and waist circumference data of UK SA children aged 4.0-13.9y (n = 1562)

Age (years) n Weight (kg) Height (cm) BMI (kg/m?) Waist Weight SDS Height SDS BMI SDS Waist
circumference circumference
(cm) SDS

Boys (n = 652)

4+ 22 17.8(0.2) 107.2 (4.9) 15.3 (2.4) 50.3 (5.5) -0.4 (1.5) -0.1(1.1) -0.5 (1.5) -0.6 (1.4)
5+ 74 18.7 (2.5) 111.6 (4.3) 14.9 (1.4) 51.7 (3.9) -0.5(1.1) -0.2 (0.9) -0.7 (1.2) 0.2 (1.1)
6+ 89 21.6 (4.1) 118.5 (5.3) 15.2 (2.1) 53.4(5.0) -0.4 (1.4) -0.1(1.0) -0.5 (1.5) 0.0 (1.3)
7+ 82 24.5(5.2) 124.2 (6.2) 15.8 (2.3) 55.6 (6.0) -0.2 (1.4) -0.1(0.9) -0.2 (1.5) 0.2 (1.3)
8+ 69 27.9(6.9) 129.6 (6.9) 16.4 (2.8) 58.4 (7.4) -0.2 (1.6) -0.1(1.2) -0.1(1.6) 0.4 (1.4)
9+ 67 31.4(9.0) 134.3 (6.4) 17.2 (3.7) 61.4 (9.5) -0.0(1.3) 0.2 (1.1) 0.1(1.5) 0.6 (1.3)
10+ 81 37.8(11.3) 140.9 (6.4) 18.7 (4.4) 66.3 (11.5) 0.4 (1.5) 0.1(0.9) 0.4 (1.7) 0.8 (1.5)
11+ 65 39.2 (9.4) 145.1 (6.0) 18.5 (3.8) 66.9 (10.2) 0.2(1.2) -0.1(0.9) 0.2 (1.6) 0.6 (1.3)
12+ 49 45.7 (11.9) 154.0 (9.6) 18.8 (3.4) 67.7 (8.7) 0.3(1.3) 0.4 (1.1) 0.1(1.4) 0.5(1.1)
13+ 54 48.9 (12.1) 160.2 (8.1) 18.9 (3.7) 68.0 (10.2) 0.2 (1.3) 0.3(1.0) -0.1(1.5) 0.2 (1.3)
Girls (n = 910)

4+ 27 16.1(3.8) 104.9 (4.9) 14.4 (2.3) 48.2 (4.9) -1.0(1.6) -0.3(1.0) -1.2 (2.4) -0.9 (1.5)
5+ 66 18.0 (2.4) 110.7 (4.8) 14.6 (1.4) 50.3 (3.6) 0.7 (1.0) -0.3(1.0) -0.7 (1.0) -0.4 (1.0)
6+ 69 20.8 (4.5) 117.6 (6.0) 15.0 (2.4) 52.6 (5.9) -0.5(1.3) -0.2(1.2) -0.6 (1.5) -0.1(1.4)
7+ 87 24.2(5.3) 123.1(6.2) 15.7 (2.3) 54.7 (5.7) -0.2(1.3) -0.1(1.1) -0.3(1.2) 0.1(1.2)
8+ 73 27.0(6.1) 128.1 (5.4) 16.2 (2.8) 56.4 (6.4) 0.3 (1.3) -0.3(1.0) 0.3 (1.3) 0.1(1.3)
9+ 68 31.1(7.3) 135.9 (8.0) 16.6 (2.8) 58.7 (7.4) 0.2 (1.3) 0.1(1.3) -0.3(1.2) 0.3(1.3)
10+ 63 33.0(7.3) 139.4 (6.0) 16.8 (2.9) 59.3 (8.0) 0.4 (1.2) -0.2 (1.0) -0.5(1.4) 0.1(1.5)
11+ 206 41.3 (11.8) 147.2 (7.7) 18.8 (4.2) 63.4 (10.2) 0.1(1.4) 0.1(1.0) 0.0 (1.5) 0.4 (1.6)
12+ 190 46.6 (10.5) 152.5 (6.5) 19.8 (4.0) 66.1(9.7) 0.2 (1.3) 0.0 (0.9) 0.2 (1.5) 0.6 (1.6)
13+ 61 45.5(7.9) 155.6 (5.6) 18.8 (3.2) 63.6 (7.0) -0.3(1.0) -0.2(0.9) -0.3(1.3) 0.0 (1.4)

SDS = standard deviation scores (generated from UK90 LMSgrowth (19) and British WC (25) reference data); UK SA = South Asian (of Indian, Pakistani, and Bangladeshi descent); BMI = body mass index
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Table 2 Smoothed waist circumference (cm) centiles by age and sex for UK South Asian

children
Centiles

Sex Age n 2nd 9th 25th 50th 75th 90th 91st 98th 99.6th
(years)

Boys 4 22 443 45.6 47.0 48.6 50.7 53.1 533 57.3 62.4
5 74 45.0 46.4 48.0 50.0 52.5 55.4 55.7 60.7 67.6
6 89 45.7 47.4 49.4 51.8 54.9 58.6 59.0 65.6 75.6
7 82 46.5 48.5 50.8 53.7 57.4 62.0 62.5 71.0 84.3
8 69 47.5 49.8 52.5 55.9 60.4 65.9 66.5 77.0 94.1
9 67 48.7 51.4 54.5 58.4 63.6 70.1 70.8 83.5 104.9
10 81 50.1 53.1 56.5 60.9 66.8 74.2 75.1 89.7 115.1
11 65 51.4 54.6 58.4 63.2 69.6 77.8 78.7 94.8 122.2
12 49 52.6 56.1 60.1 65.3 72.2 80.8 81.8 98.8 126.9
13 54 53.8 57.5 61.8 67.2 74.5 83.5 84.6 102.1 130.4

2nd 9th 25th 50th 75th 90th 91st 98th 99.6th

Girls 4 27 41.6 43.1 44.8 46.8 48.8 52.0 52.3 56.7 62.1
5 66 42.7 44.4 46.3 48.5 50.8 54.5 54.8 60.1 66.6
6 69 44.1 46.0 48.1 50.7 53.3 57.7 58.1 64.4 72.6
7 87 45.3 47.4 49.8 52.8 55.7 60.8 61.3 68.9 79.0
8 73 46.3 48.6 51.3 54.6 58.0 63.8 64.4 73.1 84.9
9 68 47.0 49.6 52.6 56.3 60.1 66.6 67.2 77.0 90.2
10 63 47.7 50.6 53.9 58.0 62.2 69.5 70.2 80.8 94.9
11 206 48.6 51.9 55.5 60.1 64.7 72.7 73.3 84.7 99.2
12 190 499 53.5 57.5 62.0 67.4 76.0 76.7 88.5 103.1
13 61 50.9 54.8 59.1 64.4 69.7 78.5 79.3 91.2 105.1

Age presented as exact ages; UK South Asian (of Indian, Pakistani, and Bangladeshi descent)
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Figure 1 Sex-specific smoothed waist circumference centile curves with 9 centiles spaced two thirds of an SD
score apart (19), for UK children of South Asian (Indian, Pakistani, and Bangladeshi) descent aged 4.0-13.9y

Figure 2 Sex-specific comparisons of smoothed centiles for waist circumference between UK SA, British (25),
Pakistani (28) and Indian (27) children aged 5-13.9y (where available). WC = Waist circumference; UK SA = UK
South Asian (of Indian, Pakistani, and Bangladeshi descent).
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Table 3 Mean SDS (SD) sex-specific comparisons of UK South Asian and UK white cohorts for
height, weight, BMI, waist circumference, with prevalence comparisons (n (%)) of obese BMI
& WC SDS at the 95t & 90th centiles

Boys Girls

UK SA UK white UK SA UK white

(n=652) (n=588) (n=910) (n=532)
Age (y) 9.2(2.8) 8.8(2.5) 10.1 (2.6) 8.8 (2.4)
Height SDS -0.0" (1.0) 0.30(1.0) -0.1" (1.0) 0.2 (1.0)
Weight SDS -0.17 (1.4) 0.4 (1.3) -0.2" (1.3) 0.2(1.2)
BMI SDS -0.17 (1.51) 0.4 (1.3) -0.2" (1.4) 0.2 (1.3)
WC SDS 0.3"(1.4) 0.7 (1.2) 2" (1.5) 0.6 (1.2)
BMI 2 95th centile n (%) 106 (16.3) 108 (18.0) 104 (11.4) 78 (14.7)
WC 2 95th centile n (%) 124 (19.0) 122 (20.7) 153 (16.8) 109 (20.5)
BMI 2 90th centile n (%) 140 (21.5) 140 (23.8) 155 (17.0) 112 (21.1)
WC 290" centile n (%) 159 (24.4) 170 (29) 223 (24.5) 143 (26.9)

SDS = standard deviation scores (generated from UK90 LMSgrowth (19) British WC (25) reference data); UK South Asian &
UK white boys and girls significantly different at "P<0.001 level.
UK South Asian (of Indian, Pakistani, and Bangladeshi descent) and UK white data set collected in 2004-2007 (29); BMI =

body mass index; WC = waist circumference; 95t percentile = SDS > 1.64; 90" percentile = SDS > 1.29
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