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ABSTRACT

Background: The prevalence of obesity in pediatric age
group has been increasing globally. Body mass index (BMI),
waist circumference (WC) and waist-to-height ratio (WHtR)
are commonly used to define obesity. The cut-off references
for these parameters vary between racial and ethnic groups.
We aimed to measure the secular changes and update the
reference standards for these three parameters for Thai children
in this study.

Materials and Methods: We completed a cross-sectional
survey of 3,885 school children 6.0-12.99 y of age in Ongkharak
district of central Thailand during May to June 2013. Weight,
height and WC were recorded by trained staff using sensitive
and calibrated instruments. BMI and WHtR were calculated by
standard formulae. The summary estimates were described by
gender and whole year age groups. Age and gender specific
smoothened percentile curves were created by using least

mean squares method. The data was compared with that from
a 2008 cohort from the same area.

Results: Age and gender specific percentile data and curves of
WC, WHtR and BMI have been provided for Thai children. BMI
and WC increased but WHtR changed relatively little with age
in both genders. In comparison to 2008, WC and WHtR have
increased consistently across all age groups and both genders.
The 75th percentile for WHtR corresponded closely to 0.50 in
both genders which has been the suggested cut-off.

Conclusion: Since 2008, there have been significant increase in
WC and WHtR across all age groups and in both genders in Thai
children. These indicate increasing prevalence of central obesity
and upcoming cardio-metabolic health problems. This needs to
be tackled urgently by creating awareness and promotion of
healthy diets and physical activities in school children. WC and
WHtR should be routinely measured in paediatric examination
for early diagnosis of central obesity.
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INTRODUCTION

Childhood obesity is a global public health problem which
involves children in low and middle income countries as well and
is increasing at a rapid rate, especially in developing economies
[1,2]. Body mass index (BMI) has been the commonly used index
to characterize obesity. World Health Organization (WHO) released
the reference standards of BMI for age and recommended their
use for assessment of children everywhere regardless of ethnicity,
socio-economic status and type of feeding [3,4]. However, there is
evidence that the WHO BMI for age reference may not suitable for
all ethnicities [5] and several countries have generated their own
BMI references for children [6-13]. Secular changes in BMI have
also been reported in children [14-19].

Central obesity, a stage of excessive abdominal and visceral fat, is
an important predictor of the metabolic disorders and cardiovascular
disease [20, 21]. Waist circumference (WC) and waist-to-height ratio
(WHtR) are simple measurement methods for assessment of central
obesity. In fact, they may perform better than BMI for prediction
of cardio-metabolic risks [22]. Like BMI, the cut-off references of
WC and WHtR vary among reports from diverse racial and ethnic
backgrounds [23-27]. Secular increasing trends of WC and WHtR
have also been observed among children from the high income
countries such as UK, Spain, Australia and USA [28-32].

To date, there is no comprehensive report of any national reference
data of BMI, waist circumference and WHtR for Thai children and
there has been no study looking at the trends of anthropometric
changes in these children. Our group had previously reported the
percentile sets of waist circumference and WHIR of Thai school
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children from a cohort of limited number of subjects [23]. Therefore,
the present study was conducted to measure the secular changes
and update the reference data of BMI, waist circumference and
waist-to-height ratio of Thai school children from a large cohort.

MATERIALS AND METHODS
We conducted a cross-sectional study of anthropometric
assessment of school children studying in grades 1 to 6 of public

Age* n Weight (kg) | Height (cm) | Body mass Waist Waist-to-
(years) index (kg/ | circumference | height ratio
sq.m.) (cm)
Boys | 6 | 117 | 22.6(6.9) | 116.1 (6.5) | 16.6 (3.7) 54.3(7.2) | 0.47 (0.05)
7 | 360 | 25.3(8.1) | 120.7 (6.4) | 17.1 (4.0) 57.4(9.6) | 0.47 (0.06)
8 | 303 | 27.8(8.4) | 126.3(6.2) | 17.2(4.1) | 59.1(10.0) | 0.47 (0.07)
9 | 308 | 31.0(9.5) | 131.5(6.3) | 17.7 (4.0) | 60.5(10.2) | 0.46 (0.06)
10| 290 | 34.3(10.6) | 136.9 (7.4) | 18.0(4.0) | 62.5(10.5) | 0.46 (0.06)
11| 318 | 39.6(13.5) | 142.4(8.2) | 19.2(5.1) | 66.5(13.2) | 0.47 (0.08)
12| 257 | 43.0(15.0) | 147.8(9.5) | 19.3 (4.9) | 68.6(13.6) | 0.46 (0.08)
Girls | 6 | 139 | 21.3(4.9) | 1156.9(6.4) | 15.7 (2.6) 54.0(6.7) | 0.47 (0.05)
7 | 310 | 23.8(6.3) | 120.1 (6.1) | 16.3 (3.4) 55.7 (7.9) | 0.46 (0.06)
8 | 326 | 26.8(8.0) | 125.5(7.2) | 16.8 (4.0) 58.3(8.7) |0.46 (0.06)
9 | 298 [31.8(10.2) | 132.5(6.9) | 17.9(4.4) | 62.2(10.8) | 0.47 (0.07)
10| 298 [ 35.0(11.6) | 138.3(8.6) | 18.0 (4.6) | 63.0(10.6) | 0.46 (0.07)
11| 330 [ 39.6 (10.9) | 145.1 (8.4) | 18.7 (4.6) | 66.7 (10.2) | 0.46 (0.07)
12| 231 [ 46.0(13.0) | 150.0(6.9) | 20.2 (4.7) | 71.5(11.0) | 0.48(0.06)

[Table/Fig-1]: Characteristics of population by age and gender
*Age: a whole year age, e.g. 6 years = 6.0-6.99 years
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Boys Girls
Age* 50 15 254 501 758 85th 95t & 154 254 50 758 85t 95t
(years)
Body mass index (kg/sq.m.)
Age* 5 150 250 501 750 85Mh 95t 5 150 25M 501 750 85Mh 95t
(years)
6 13.43 14.23 14.75 15.58 17.31 18.40 23.99 12.75 13.55 13.96 16.27 16.93 17.67 21.25
7 13.23 13.95 14.45 15.91 18.53 21.62 26.00 12.94 13.60 14.15 15.38 17.46 19.28 23.81
8 13.22 14.03 14.65 15.84 18.71 21.06 25.61 13.06 13.89 14.50 15.66 17.83 20.10 25.72
9 13.56 14.32 14.90 16.39 19.60 21.78 25.84 13.03 14.11 14.72 16.32 19.83 22.99 27.00
10 13.62 14.47 15.09 16.91 19.57 22.42 26.19 13.58 14.44 15.00 16.87 19.61 21.83 26.08
" 14.00 14.92 15.55 17.40 21.72 2512 29.27 13.88 15.16 15.84 17.58 20.57 22.46 26.84
12 14.19 15.42 16.21 17.76 20.86 24.02 29.68 14.76 15.80 16.81 19.04 23.14 25.38 29.97
Age* G g 258 50" 7/ 90" 95" 5 g 258 50" 7/ 90" 95t
(years)
Waist circumference (cm)
6 46.4 48.3 50.0 52.8 56.3 61.9 72.0 46.0 48.5 49.4 52.5 56.8 63.4 68.0
7 47.7 50.0 51.0 54.4 60.0 73.6 79.5 46.7 49.0 50.3 54.0 58.7 67.0 72.5
8 48.0 51.0 52.0 56.0 62.5 75.7 80.7 48.0 50.5 52.3 56.0 61.5 725 76.0
9 49.5 52.0 53.6 57.7 64.0 76.7 83.5 49.5 52.0 54.2 59.4 68.0 78.0 85.0
10 50.1 53.0 55.5 59.6 67.3 78.0 82.6 50.4 54.0 56.0 60.0 67.9 77.6 83.0
1Al 52.7 55.0 57.0 61.4 74.0 86.6 94.5 53.0 56.4 59.5 65.0 72.4 80.5 87.0
12 55.0 57.5 59.0 63.8 74.6 89.5 97.3 56.1 60.3 63.0 70.0 78.0 87.5 92.2
Age* 51 54 254 501 7o 90" 95t & 154 254 50 7 90 95t
(years)
Waist-to-height ratio
6 0.40 0.42 0.43 0.46 0.48 0.54 0.58 0.40 0.42 0.43 0.46 0.49 0.52 0.54
7 0.40 0.42 0.43 0.46 0.50 0.57 0.60 0.40 0.42 0.43 0.45 0.49 0.54 0.58
8 0.39 0.41 0.42 0.45 0.49 0.58 0.61 0.39 0.41 0.42 0.45 0.49 0.55 0.59
9 0.38 0.40 0.41 0.44 0.48 0.56 0.60 0.38 0.40 0.42 0.45 0.51 0.57 0.62
10 0.38 0.40 0.41 0.44 0.48 0.56 0.58 0.37 0.40 0.41 0.44 0.49 0.53 0.58
" 0.38 0.40 0.41 0.44 0.51 0.58 0.62 0.37 0.37 0.40 0.45 0.49 0.55 0.58
12 0.38 0.40 0.41 0.44 0.50 0.58 0.62 0.39 0.39 0.41 0.46 0.51 0.58 0.61

[Table/Fig-2]: Age- and gender specific percentiles of body mass index, waist circumference and waist-to-height ratio for Thai school children in the year 2013

*Age: a whole year age, e.g. 6 years = 6.0-6.99 years

elementary schools in the district of Ongkharak, located in the
province of Nakhon Nayok in central Thailand during May to June
2013. Ongkharak district, with a population of 61,236 (December
2012), had 38 elementary schools with a total enrolliment of 4,219
children during the study period [33]. All children from 6.0 to 12.99
years of age who were currently studying in these schools were
eligible for the study. We excluded children with a known history of
of chronic ilinesses such as chronic respiratory disease, diabetes
mellitus, malignancy, chronic renal disease, congenital heart
diseases or chronic liver disease and those with major physical
deformities. Children who could not stand upright or bear weight on
their legs for measuring their actual height and weight and children
who did not appear on the assigned examination date were also
excluded. Written informed consent and assent were obtained
from children’s parents or guardians and participating children,
respectively. The study was approved by the Ethics Committee of
the Faculty of Medicine, Srinakharinwirot University, Thailand. The
procedures followed were in accordance with the ethical standards
of the responsible committee on human experimentation and with
the Helsinki Declaration of 1975 that was revised in 2013 [34].

After enrollment, trained staff collected demographic data and
performed anthropometric measurements. Weight was measured
to the nearest 100 grams using an electronic scale (Tanita Body
Composition Analyzer, Model BF-680W, Tokyo, Japan). Height was
measured to the nearest millimeter using a height rod (Seca, Model
220, Hamburg, Germany). Waist circumference was measured at
the midpoint between the lower costal margin and the top of iliac

crest while the subject was in the standing position using a non-
stretch tape [35]. Body mass index (BMI) was calculated as weight
(in kg) divided by height squared (in meter). Waist to height ratio
(WHtR) was calculated as ratio of waist circumference to height.
For evaluation of the secular changes in anthropometry, data of
the previous cross-sectional survey of school children in the same
district from the year 2008 [23] was used to compare with this
study.

We have described the data as mean, standard deviation and
percentiles by gender and whole-year age groups (e.g. 6.00-
6.99 y). We used student’s t-test to assess the significance of the
changes in BMI, WC and WHIR between the y 2008 and 2013, and
presented the changes as mean differences and 95% confidence
interval by genders and whole-year age groups. Age and gender
specific smoothened percentile curves for WC, WHtR and BMI
were constructed by least mean squares (LMS) method using R
statistical package version 3.0.2 with gamlss package version 4.2.6
(to fit the models) and ggplot 2 package version 0.9.3.1 to plot the
curves. Statistical analyses were performed with SPSS (version
17.0, IBM-SPSS, Chicago, IL). A P-value < 0.05 was considered
statistically significant.

RESULTS

Ofthe 4,219 enrolled school children, parents/guardians of 4,104
gave written informed consent for participant in the study. However,
anthropometric measurements could not be completed in 93
children because of being absent on the scheduled day and in 10
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Age* N BMI (kg/sq.m.) Waist circumference (cm) Waist-to height ratio

vears) o008 | 2013 | 2008 2013 Difference 2008 2013 Difference 2008 2013 Difference

Boys
6 82 | 117 | 16.6(31) | 16.6(3.7) | -0.01 (1.0t01.0)| 52.3(6.4) | 543(7.2) | 2.0(0.1104.0)2 | 0.45(0.05) | 0.47(0.05) | 0.02 (0.004 to 0.03)2
7 | 115 | 360 | 16.9(4.1) | 17.1(4.0) | 02(07101.0) | 541(89) | 57.4(9.6 | 3.3(1.31053 2 | 0.45(0.06) | 0.47 (0.06) | 0.02 (0.01 0 0.04)2
8 | 126 | 303 | 16.3(3.1) | 17.2(41) | 09(0.2t01.6)2 | 54.2(86) | 59.1(10.0) | 4.8(2.9106.7)2 | 0.43(0.05 | 0.47(0.07) | 0.04(0.02 10 0.05)2
o | 154 | 308 | 17.4(3.8) | 17.7(4.0) | 0.3(-05t01.1) | 58.32(9.3) | 60.5(10.2) | 2.1 (0.2t04.1)2 | 0.44(0.06) | 0.46(0.06) | 0.02 (0.01 10 0.03)2
10 | 165 | 290 | 17.7(4.3) | 18.0(4.0) | 03(-05t01.1) | 59.3(10.6) | 62.5(10.5) | 32(1.1105.2)2 | 0.44(0.06) | 0.46(0.06) | 0.02 (0.01 to 0.03)2
11 | 164 | 318 | 18142 | 1926.1) | 110210192 | 60.8(10.8) | 66.5(13.2) | 57 (4.5t07.9)2 | 0.43(0.06) | 0.47 (0.08) | 0.04(0.03 t0 0.05)2
12 | 158 | 257 | 19.0(4.3) | 193(4.9) | 03(-06101.3 | 635123 | 68.6(13.6) | 51(2.5t07.7)2 | 0.430.08) | 0.46(0.08) | 0.03(0.02 t00.05)2

Girls 0.45 (0.05)
6 82 | 139 | 15.9(2.9) | 15.7 2.6) 15.7 (2.6) 52069 | 540(67) | 19011382 | 0.45(0.06 | 0.47(0.05 | 0.01(0.002t0 0.03)2
7 | 104 | 310 | 16.8(3.4) | 16.3(3.4) 16.3 (3.4) 543(86) | 55.7(7.9) | 1.4(-041032) | 0.43(0.04) | 0.46(0.06) | 0.01(0.001t00.3)2
8 | 111 | 326 | 16.0(2.8) | 16.8 (4.0) 16.8 (4.0) 534 (6.7) | 58387 | 49(34106.5)2 | 0.42(0.06) | 0.46(0.06) | 0.04(0.03 10 0.05)2
o | 130 | 208 | 16.8(4.3) | 17.9 4.4) 17.9 (4.4) 55.8(9.4) | 62.2(10.8) | 6.4 (4410852 | 0.42(0.06) | 0.47(0.07) | 0.05(0.03 to 0.06)>
10 | 145 | 208 | 17.6 4.0) | 18.0 (4.6) 18.0 (4.6) 58.7(9.3) | 63.0(10.6) | 4.4(2.3106.4)2 | 0.42(0.05) | 0.46(0.07) | 0.03(0.02 t00.04)2
11 | 192 | 330 | 18.33.9) | 18.7 (4.6) 18.7 (4.6) 60.7(9.5) | 66.7(102) | 6.0(4.2t07.8)2 | 0.42(0.05) | 0.46(0.07) | 0.04(0.03 t00.05)>
12 | 149 | 231 | 19.5@4.1) | 203 4.7) 20.3 (4.7) 62.69.1) | 71.5(11.0) | 89(6.9t010.9)2 | 0.45(0.05 | 0.48(0.06) | 0.06(0.05100.7)2

[Table/Fig-3]: Comparisons of means (standard deviations) and mean differences of body mass index (BMI), waist circumference and waist-to-height ratio between the present

study (2013) and the previous study (2008) from school children in Ongkhaluck province, Thailand. *Age: a whole year age, e.g. 6 years = 6.0-6.99 years; 2p<0.05 for the difference between

years of study

SN ooy 2088 i and 2008 (dached) BMI for Girls, 2013 (solid) and 2008 (dashed)

BMI (kg/m?)
BMI (kgim?)

B. Girls

[Table/Fig-4]: Comparisons of body mass index (BMI) percentile curves for the
present study (2013) with the previous study (2008) among boys (A) and girls (B) from

schoolchildren in Ongkhaluck province, Thailand

children because of migration out of the study area schools before
the planned day of examination. Therefore, anthropometric data of
4,001 school children was available. Of the 4,001 data sets, data of
93 children was excluded as per pre-defined exclusion criteria, as
on cross-verification, 80 turned out to be younger than 5y and 13
older than 13y. Hence, data of 3,885 school-children aged 6-12. 99
y was included in the final analysis.

Among the 3,885 school children, 1,953 (50.3%) were boys. Age
and gender-specific means and standard deviations of weight,
height, BMI, WC and WHtR are detailed in [Table/Fig-1]. The mean
BMI and WC increased with age in both genders, whereas WHtR
was relatively constant between 0.46-0.48 in both the genders.
[Table/Fig-2] depicts the age and gender specific BMI, WC and
WHIR percentiles. The percentile curves also corroborated the
observations from [Table/Fig-2] that BMI and WC increased with
age in both genders, especially in the 11" and 12" years. On the
other hand, WHIR changed relatively little with age in both the
genders. The 75" percentile for WHtR corresponded closely to 0.50
in both genders.

As compared to the previous cohort of school children from the
same district in the year 2008, the BMI in year 2013 increased
significantly in 8 and 11 y boys (by 0.9 and 1.1 kg/m? respectively),
and 8 and 9y girls (by 0.8 and1.1 kg/m? respectively) [Table/Fig-3].
On the other hand, WC and WHtR increased significantly in all age
group in both gender. [Table/Fig-4-6] compare the smoothened
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Waist Circumference for Boys, 2013 (solid) and 2008 (dashed) Waist Circumference for Girls, 2013 (solid) and 2008 (dashed)
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Age (years) Age (years)
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[Table/Fig-5]: Comparisons of waist circumference percentile curves for the present
study (2013) with the previous study (2008) among boys (A) and girls (B) from

schoolchildren in Ongkhaluck province, Thailand

percentile curves of age and gender specific BMI, WC and WHtR
between 2008 and 2013. The percentile curves for BMI, WC as well
as WHtR have moved upwards significantly in the five years interval
between the two studies.

DISCUSSION

In this cross-sectional anthropometric assessment of a large cohort
of Thai school children of 6.0-12.99 yrs age, we have shown a
significant increase in WC and WHIR in both genders of all age
groups as compared to data obtained in 2008. In comparison, the
changes in BMI were not consistent across all age groups. This study
provides the updated reference values of BMI, waist circumferences
and waist-to-height ratio of school children 6.0-12.99 y of age from
central Thailand.

In general, our findings are consistent with the secular increases
noted by other researchers from Europe and USA [28-32]. McCarthy
et al., reported that young (aged 2-5 y) British children had on an
average increased their waist circumferences by 0.11 cm/year in
boys and 0.20 cm/year in girls from 1987 to 1998 [31] while youth
aged 11-16 yrs had an average increase of 0.35 cm/y in boys and
0.62 cm/y in girls from1977 to 1997 [30]. The greater increase of
walist circumference in girls than in boys has also been reported by
others. Moreno et al., reported that Spanish adolescents aged 13-
14 yrs had increased waist circumference by 0.53-0.86 cm/y in boys
and 0.67-0.87 cm/y in girls from 1995 to 2002 [32]. US National
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[Table/Fig-6]: Comparisons of waist-to-height ratio percentile curves for the present

study (2013) with the previous study (2008) among boys (A) and girls (B) from
schoolchildren in Ongkhaluck province, Thailand

Health and Nutrition Examination Surveys conduct between 1998
and 2004 indicated that waist circumference had increased by an
average 0.31 and 0.39 cm/year in boys and girls aged 12-17 yrs,
respectively [29]. We also found that girls had greater increase in
waist circumference than boys (0.4-1.8 cm/y in girls and 0.4-1.0
cm/y in boys).We also noted a new finding of significant increase in
WHtR in both genders. As WC and WHtR are proxy measures of
central obesity which is associated with increased cardio-metabolic
risks [20,21], the significant increase of both WC and WHIR in Thai
children in just five years span is reflective of rapidly increasing
prevalence of obesity and risks of related health problems.

Our observations of consistent secular changes in WC and WHtR
but not in BMI indicate that BMI may not be a sensitive measure to
detect changes in prevalence of central obesity. Other have also
observed that WC increased to a greater degree compared to the
BMI [28,30-32]. Though BMI is commonly used to characterize
obesity, it is not directly indicative of body fat distribution and using
it alone as indicator of adiposity may result in underestimation of the
health risks [36]. BMI represents the sum of fat and fat free mass
but it does not tell the relative contribution of each [37]. Moreover,
although the proportion of fat and fat-free mass changes during
life, an increase in one may be obscured by the reduction of other
component [38]. WC and WHIR are simple measures of central
obesity associated with visceral fat and the risks of cardio-metabolic
disorders [22,39]. Veldhuis et al., showed that BMI hadonly moderate
agreement with WC and WHtR and might not be sensitive among
relative tall or short children [36]. WC and WHtR have been recently
recommended as part of anthropometric measurements to identify
and monitor obesity in pediatric general practice [29,36]. There is no
consensus on cut-off values for WC and WHtR for defining obesity
in children. Most investigators have used the 90" percentile of age
and gender specific curves [30,36]. Cook et al., defined metabolic
syndrome in children based on data from the National Cholesterol
Education Program/Adult Treatment Panel IIl (NCEP/ATP-IIl) using
waist circumference of > 90th percentile for age and gender as
the criteria [40]. Another classification which is widely accepted for
metabolic syndrome in children was defined by de Ferranti et al.,
[41]. This group defined the obesity criteria for diagnosis of metabolic
syndrome in children as WC> 75th percentile for age and gender.
There has been a recent surge of interest in WHtR as a method for
assessment of central obesity in children. There is evidence WHtR
has high correlation with visceral adiposity and the cardio-metabolic
risk factorsin children [22,42,43]. WHtRis relatively age-independent,
which may make it is a more convenient assessment method than
WC as it may not need age- specific references [22,42]. However,
one study in Chinese children from Hong Kong showed that WHtR
varied by age and gender [27]. On closer scrutiny however, the
variation for 75" percentile was only from 0.42 to 0.46 in girls and
0.43 to 0.48 in boys which is significantly lower than the variations
in BMI and WC. Our findings are consistent with majority of reports
that WHtR is relatively age-independent as the 50" percentile values
for children aged 6.0-12.99 y were in the range of 0.44-0.46 in both
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genders. The 75" percentiles of WHtR in both genders were close
to 0.5 (0.49 to 0.51 in girls and 0.48 to 0.51 in boys) which is the
commonly recommended cut-off in children [44-46]. The WHIR
cut-off for children at >0.5 was adopted from adults [42], however,
some investigators prefer using >90™" percentileas the criteria [36].
To date, prospective studies are not available to elucidate the best
correlation and predictive risks of cardio-metabolic complications of
obesity based on different cut-offs and percentiles of WC or WHIR.

CONCLUSION

We found that over last five years, Thai school children had significant
increases in waist circumference and waist-to-height ratio across all
age groups and in both genders and a trend of increasing BMI in
some age groups. These findings reflect increasing prevalence of
central obesity and are indicators of potential increase in cardio-
metabolic health problems in coming years. A national strategy of
interventions in the form of promoting healthy diets and physical
activities in schoolchildren is urgently needed to control the
upcoming epidemic of cardiac and metabolic problems. We believe
that WC and WHtR should be routinely measured in pediatric
general practice for early diagnosis of central obesity.
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