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Relationships between waist-to-hip circumference
ratio and gender, age and nutritional status in Thai
children in Mueang District, Chiang Mai Province
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Objectives To investigate the relationship between waist-hip circumference ratio (WHR) and
demographic factors including gender, age and nutritional status and construct standard reference
tables of WHR in Thai children and adolescents.

Methods This cross sectional study was carried out during 2001-2002 in Mueang district,
Chiang Mai province, northern Thailand. The participants comprised 2,537 children (1,215 boys
and 1,322 girls) aged between 6 and 15 years, who were selected randomly from public (n=13) and
private (n=9) schools. Their weight, height, and waist and hip circumferences were measured. The
nutritional status was categorized into 4 groups: under-nourished, normal, overweight and obese.
The relationship between WHR and demographic factors was investigated by using ANOVA.

Results The standard reference tables of WHR were constructed to categorize 2,537 Thai children
and adolescents by gender, age and nutritional status. The mean and standard deviation of WHR
for all participants was 0.81+0.06. The WHR in the participants included associated factors such
as gender, age and nutritional status, which were significantly smaller in girls than boys. WHR also
decreased with age. Nutritional status was categorized into 4 groups, with all mean WHR having
a statistically significant difference from one another. The under-nourished group had the lowest
WHR, whereas the obesity group had the highest.

Conclusion This is the first study that provides tables of WHR by gender, age, and nutritional
status in Thai children and adolescents. They show the standard for a subsequent surveillance study
as well as research of abnormal body form in these participants. Chiang Mai Medical Journal
2012;51(2):29-37.
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Introduction

The waist-to-hip circumference ratio (WHR)  fat in the lower trunk (hip and buttocks) and that
is a simple parameter for distinguishing between  in the upper trunk (waist and abdomen). The fat
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depots assessed by the WHR are mainly subcu-
taneous (external or outer) and visceral (internal
or deep), with the subcutaneous adipose tissue
being found largely in the lower trunk [1]. Pouliot
et al showed that total body fat mass correlates
with the WHR [2]. Several prospective cohort
studies have shown that an elevated WHR in
adults associates with increased risk of coronary
heart disease, stroke and type 2 diabetes mellitus
both in men and women [3,4]. Several studies
in adults have revealed that the WHR varies with
race or ethnicity, age, gender, geographic region,
and degree of being overweight [5,6]. WHR and
its relation to age, gender, and ethnicity also have
been studied in children of the USA [7]. and the
mean WHR varied consistently with age, gender
and ethnic group in children and adolescents aged
4-19 years. Some diseases/syndromes, which are
characterized by mal-distribution of body fat,
may be assessed by WHR. Standard references
for WHR in Thai children and adolescents are
lacking.

The aims of this study were to investigate the
relationship between WHR and demographic
factors including gender, age and nutritional
status and to construct the standard reference
tables of WHR for Thai children and adolescents.

Methods

This cross-sectional study was approved by the Ethical
Committee of the Research Institute for Health Sciences,
Chiang Mai University, Thailand. Written informed consent
was obtained from parents of the participants. The study
was carried out during 2001-2002 in Mueang district,
Chiang Mai province, northern Thailand, with the children
and adolescents selected from this area. To decrease any
error in the sampling technique, three steps were taken as
follows: Firstly, the sample size was calculated from the
following formula [8]:

o on=(Z a1 /€
where o is the significance level (0.05) and 3 power of the

test (80%). The expected value for the proportion of obe-
sity in the population () was 25%, with the percentage
error of § (e) being 10 %. The result of this calculation was
2,368 children and adolescents. As the population frame
was known (47,657 children and adolescents), the sam-

pling fraction was used. The sample size was n/(1+n/N) =
2,368/[1+(2,368/47,657] = 2,255 children and adolescents.
Since the parents and/or participants might be lost from the
study, 25% of the sample size was added. Thus, the sample
size was 2,820 children and adolescents. Secondly, schools
were selected using simple random sampling from public
and private schools (primary to intermediate levels) by pro-
portional allocation. There were 13 public and 9 private
schools in this study. Thirdly, the participants were selected
using simple random sampling from the schools involved.
The children and adolescents in each age group (at one year
intervals) and gender (boys and girls) varied in proportion
with the allocation. At the end of this study, there were 2,537
participants (1,215 boys and 1,322 girls) aged between 6
and 15 years, who were at the primary or intermediate level
of education in the academic year of 2001. To minimize
the bias possible during the measurement, quality of the
apparatus (weight and height meters and tape) was checked
both for accuracy and precision. Each anthropometric mea-
surement was carried out three times by well trained persons
to reach an average value. The weight, height, and waist
and hip circumference of the participants were measured.
The waist circumference was measured midway between
the lowest rib (the tenth rib) and superior border of the iliac
crest, as recommended by the WHO (2000) [9]. Hip circum-
ference was measured at the widest point over the buttocks
[10]. Waist-hip circumference ratio and body mass index
were calculated.

The nutritional status was categorized into 4 groups.
The under-nourished group was defined as having weight
for height (WT/HT) <-1.5 S.D. of standard Thai growth
Since there is no standard Thai BMI refer-
ence, the normal, overweight and obese children were dis-

references [11].

tinguished and grouped by the proposed reference standard
for obesity in children of the International Obesity Task
Force [12].
Statistical analysis

Descriptive statistics were employed including fre-
quency, mean, standard deviation, and minimum and maxi-
mum. The Komogorov-Smirnov Test was used for testing
data distribution. Three-way ANOVA was used to deter-
mine the association between WHR, BMI, age and gender.
All analyses were performed using the Statistical Pack-
age for Social Science version 17.0 software (SPSS Inc.,
Chicago, IL, USA) and Stata/SE 10.0 for Windows (4905
Lakeway Drive College Station, TX 77845 USA).

Results

There were 2,537 children and adolescents
at the start of the study (1,215 boys and 1,322
girls aged between 6 and 15 years). Their weight,
height and waist-hip circumference ratio (WHR)
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Table 1. Mean and standard deviation of weight, height, waist circumference, hip circumference and WHR of

boys (n=1,215) categorized by age groups

Waist circumference

Hip circumference

Waist-hip circum-

Age Weight (kg) Height (ke) (cm) (cm) ference ratio

(years) (Mean £ SD) (Mean D) (Mean + SD) (Mean + SD) (Mean + SD)
6 99 24.39 +7.48 118.63 £6.17 54.76 £9.16 62.96 + 8.38 0.87 +0.04
7 117 24.86 + 6.40 12242 £ 6.11 54.98 +7.86 63.01 +7.28 0.87 +0.05
8 125 29.48 +9.29 128.58 +6.32 58.68 £10.33 67.47+8.97 0.87 +0.06
9 134 29.67£8.71 131.86 + 6.74 57.22+9.21 67.51 +8.68 0.85+0.05
10 157 36.02 +12.75 138.10 + 7.61 62.25+12.35 72.63 +10.24 0.85+0.06
11 155 38.83+11.97 143.04 + 7.61 63.17 +11.08 75.08 £9.91 0.84 +0.05
12 129 42.40+12.17 149.10 + 7.98 63.63 +10.76 77.00 +9.81 0.82 +0.05
13 114 46.79 +12.53 156.74 +9.11 63.99 £9.04 80.20+£9.16 0.80 = 0.04
14 138 50.38 £ 10.92 161.44 +6.95 65.66 = 7.99 82.73 +7.56 0.79 +0.04
15 47 53.13+11.55 164.82 + 6.42 66.61 = 8.62 83.97+7.10 0.79 +0.05

Table 2. Mean and standard deviation of weight, height, waist circumference, hip circumference and WHR of

girls (n=1,322) categorized by age groups

Waist circumference Hip circumference

Waist-hip circum-

Age Weight (ke) Height (cm) (cm) (cm) ference ratio
(years) (Mean £ SD) (Mean & SD) (Mean + SD) (Mean = SD) (Mean = SD)
6 86 22.37+4.52 117.64 + 4.97 51.57£6.09 61.79 £5.79 0.83 £0.05
7 145 23.89 +6.11 121.51 +5.18 52.66 £ 6.96 63.22+£6.70 0.83 £0.04
8 108 27.10 £ 6.58 127.77 +6.23 54.06+7.16 65.91 £6.35 0.82+0.05
9 173 29.86 + 7.60 133.05+7.34 55.81 £7.55 69.00 £+ 7.54 0.81 £0.05
10 123 35.71+10.12 139.12 £ 7.02 59.87+9.27 74.26 £ 8.55 0.80 = 0.06
11 121 40.05 +11.09 146.00 + 7.42 60.76 £9.11 78.19+9.19 0.78 £0.05
12 151 43.61 £10.71 151.73 £ 6.60 61.71+7.87 81.62 +8.30 0.76 = 0.04
13 156 46.95 +10.49 153.92 +5.85 63.23 £ 8.35 84.78 £8.20 0.74 £ 0.04
14 198 47.79 £ 8.81 156.27 £ 5.50 62.75+7.25 85.58£6.76 0.73 £0.04
15 61 49.70 + 8.59 156.18 £5.02 64.06 +7.41 87.23£6.70 0.73 £0.05

are shown in Table 1 and Table 2 for boys and
girls, respectively. The mean and standard de-
viation of WHR for all children and adolescents
was 0.8140.06.

Anthropometric assessment was performed.
Of the 2,537 participants, 222 (8.8%) were under-
nourished. The rest of them (2,315) were grouped
by their BMI values into normal (1,811children:
71.4%), overweight (310; 12.2%), and obese
children and adolescents (194; 7.6%). After run-
ning a boxplot of the waist-hip circumference
ratio values, using the SPSS program, 46 chil-
dren were found to be outliers (1.5 interquartile
range). There were 7, 28, 6 and 5 children in the
under-nourished, normal, overweight and obese

group, respectively. Once the outliers had been
excluded, the mean standard deviation and 95%
CI of the waist to hip ratio in 215 under-nour-
ished, 1,783 normal, 304 overweight and 189
obese participants in each age group and gender
were constructed for the boys (Table 3) and girls
(Table 4).

The relationships between WHR and gender,
age and nutritional status are shown in Table 5
and Figure 1. When WHR was categorized by
gender, all of the data showed that WHR was
higher in boys than in girls. There was a statis-
tically significant difference (p<0.05) in WHR
between boys and girls (Table 5). WHR had a
tendency to decrease with increasing age and the
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Table 3. WHR of Thai boys by age and nutritional status

Boys (N=1,186)

. Age 95% CI
Nutritional status .. .

(years) N Mean SD Minimum Maximum  Lower Upper
Bound Bound

6 7 0.86 0.04 0.81 0.90 0.83 0.89

7 10 0.87 0.04 0.81 0.95 0.84 0.89

8 5 0.81 0.03 0.78 0.85 0.78 0.85

Under-nourished 9 16 0.81 0.04 0.75 0.89 0.79 0.83
(N=102) 10 12 0.82 0.03 0.77 0.87 0.80 0.85
8.6% 11 10 0.81 0.03 0.77 0.87 0.78 0.83
12 17 0.80 0.02 0.77 0.84 0.78 0.82

13 10 0.77 0.03 0.72 0.81 0.75 0.80

14 14 0.79 0.04 0.73 0.87 0.77 0.81

15 1 0.77 0.77 0.77 0.70 0.85

6 66 0.85 0.03 0.76 0.92 0.84 0.86

7 80 0.86 0.04 0.78 0.96 0.85 0.87

8 86 0.85 0.05 0.75 0.96 0.85 0.86

Normal 9 90 0.84 0.04 0.74 0.95 0.83 0.85
(N=836) 10 100 0.83 0.03 0.76 0.91 0.82 0.83
70.5% 11 107 0.82 0.04 0.74 0.90 0.81 0.83
12 81 0.80 0.03 0.73 0.89 0.79 0.81

13 84 0.79 0.03 0.73 0.85 0.78 0.80

14 106 0.79 0.03 0.71 0.85 0.78 0.79

15 36 0.78 0.03 0.71 0.84 0.76 0.79

6 5 0.89 0.03 0.86 0.93 0.86 0.92

7 12 0.89 0.05 0.81 0.96 0.87 0.91

8 17 0.88 0.04 0.80 0.97 0.86 0.90

Overweight 9 16 0.86 0.05 0.79 0.95 0.84 0.88
(N=140) 10 26 0.88 0.04 0.80 0.95 0.87 0.90
11.8% 11 21 0.88 0.05 0.80 0.99 0.87 0.90
12 17 0.87 0.04 0.81 0.94 0.86 0.89

13 14 0.83 0.06 0.74 0.93 0.81 0.85

14 9 0.81 0.02 0.78 0.85 0.79 0.84

15 3 0.84 0.05 0.78 0.87 0.80 0.88

6 20 0.91 0.04 0.84 1.01 0.90 0.93

7 12 0.93 0.03 0.89 0.97 0.91 0.95

8 12 0.93 0.03 0.88 0.97 0.90 0.95

Obesity 9 11 0.92 0.05 0.83 0.98 0.90 0.94
(N=108) 10 18 0.95 0.04 0.88 1.03 0.93 0.97
9.1% 11 15 0.91 0.05 0.83 0.96 0.89 0.93
12 9 0.92 0.04 0.85 0.98 0.89 0.94

13 4 0.88 0.01 0.87 0.89 0.84 0.92

14 6 0.89 0.05 0.86 0.98 0.86 0.92

15 1 0.94 0.94 0.94 0.87 1.02
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Girls (N=1,305)

.. Age 95% CI
Nutritional status L )

(years) N Mean SD Minimum Maximum  Lower Upper
Bound Bound

6 4 0.83 0.01 0.82 0.84 0.79 0.86

7 9 0.83 0.03 0.78 0.86 0.80 0.85

8 5 0.80 0.04 0.74 0.86 0.77 0.83

_ 9 19 0.79 0.05 0.71 0.88 0.77 0.81
U“"”‘i‘;’l“;“hed 10 9 0.77 0.03 0.72 0.80 0.74 0.79
(r;—]% ) 1 9 0.75 0.02 0.73 0.78 0.73 0.78
12 20 0.74 0.03 0.69 0.80 0.73 0.76

13 19 0.73 0.03 0.65 0.79 0.71 0.75

14 18 0.72 0.03 0.66 0.77 0.70 0.74

15 1 0.67 0.67 0.67 0.60 0.75

6 59 0.83 0.04 0.72 0.91 0.82 0.84

7 110 0.82 0.03 0.75 0.89 0.82 0.83

8 79 0.81 0.04 0.68 0.88 0.80 0.82

9 120 0.80 0.04 0.71 0.89 0.79 0.81

1::9 ‘2‘;‘; 10 78 079 004 072 08 078 080
7 60, 11 82 0.76 0.04 0.67 0.85 0.76 0.77
12 102 0.75 0.04 0.67 0.85 0.74 0.76

13 109 0.74 0.04 0.65 0.83 0.73 0.74

14 158 0.73 0.03 0.64 0.82 0.72 0.73

15 50 0.72 0.04 0.67 0.80 0.71 0.73

6 9 0.84 0.02 0.80 0.87 0.81 0.86

7 12 0.86 0.03 0.82 0.93 0.84 0.89

8 15 0.84 0.05 0.75 0.94 0.82 0.86

9 23 0.84 0.05 0.78 0.93 0.83 0.86

Overweight

(=164 10 25 0.82 0.05 0.71 0.93 0.81 0.84
12 6o 11 17 0.80 0.05 0.73 0.90 0.79 0.82
12 21 0.79 0.04 0.71 0.85 0.77 0.80

13 21 0.77 0.04 0.69 0.84 0.76 0.79

14 16 0.78 0.03 0.71 0.84 0.76 0.80

15 5 0.77 0.03 0.74 0.80 0.74 0.81

6 1 0.87 0.07 0.74 0.98 0.85 0.89

7 13 0.87 0.05 0.76 0.93 0.85 0.90

8 9 0.90 0.04 0.84 0.96 0.87 0.92

. 9 8 0.87 0.07 0.78 0.96 0.84 0.89
Obesity 10 9 0.86 0.03 0.81 0.89 0.84 0.89
(nzgol) 11 10 0.85 0.05 0.78 091 0.82 0.87
6.2% 12 7 0.81 0.04 0.77 0.87 0.78 0.84
13 6 0.81 0.06 0.74 0.89 0.78 0.84

14 6 0.80 0.06 0.72 0.87 0.77 0.83

15 2 0.80 0.03 0.78 0.83 0.75 0.86
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average WHR of some age groups showed a sta-
tistically significant difference from that in others
(p<0.05) (Table 5). The under-nourished group
had the lowest WHR, whereas the obesity group
had the highest. All mean WHR had a statistically
significant difference (p<0.05) (Table 5).

Discussion

This study demonstrated that factors associ-
ated with the WHR of Thai children and adoles-
cents included gender, age and nutritional status.
WHR in girls was significantly smaller than that
in boys (p<0.05), and it also decreased with age.
The mean WHR of the participants could be di-
vided into sub-groups: 6-7-8, 9-10, 11, 12 and
13-14-15 years old, since it was not significantly
different among Thai children and adolescents in
each age group. In other words, the average WHR
in some age groups showed a statistically sig-
nificant difference from that in others (p<0.05).

Regarding nutritional status, which was catego-
rized into 4 groups of under-nourished, normal,
overweight and obese children and adolescents,
all mean WHR had a statistically significant
difference (p<0.05) from each other. The under-
nourished group had the lowest WHR, whereas
the obesity group had the highest.

Although changing WHR in age and gender
is well known, this study was the first to show
the degree of changes in Thai children and ado-
lescents. The WHR of Thai children and adoles-
cents in each group of nutritional status has been
investigated rarely. The only study describing
distribution of WHR, and its relation to age, gen-
der and ethnicity, is on children and adolescents
of the USA, carried out by Gillum R. F. in 1999
[5]. It showed that mean WHR varied consistent-
ly with age and gender, which is similar to this
study. WHR also varied with ethnicity, namely
non-Hispanic blacks, non-Hispanic whites and
Mexican Americans. Therefore, the results of this
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Figure 1. Associations between WHR and demographic parameters (gender, age and nutritional status)
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Table 5. Mean, standard deviation and 95% CI of WHR by gender, age and nutritional status

95% Confidence Interval

Factors N Mean + SD* p value
Lower Bound Upper Bound
Gender 0.001
Male 1,186 0.84 £ 0.05 0.83 (0.833) 0.84 (0.839)
Female 1,305 0.78 £ 0.06 0.78 (0.778) 0.78 (0.784)
Age (years) 0.0002
6 181 0.85+0.05* 0.85 0.86
7 258 0.85 +0.05° 0.84 0.85
8 228 0.84 +0.06" 0.84 0.85
9 303 0.82 £ 0.05°¢ 0.82 0.83
10 277 0.83 + 0.06>° 0.82 0.84
11 271 0.81 £ 0.06¢ 0.80 0.82
12 274 0.79 £ 0.06¢ 0.78 0.79
13 267 0.77 £ 0.05¢ 0.76 0.77
14 333 0.76 = 0.05¢ 0.75 0.76
15 99 0.75 £ 0.05¢ 0.74 0.76
Nutritional status 0.0002
Under-nourished 215 0.79 £ 0.05° 0.78 0.79
Normal 1,783 0.80 + 0.06° 0.79 0.80
Overweight 304 0.84 +0.06¢ 0.83 0.85
Obesity 189 0.89 + 0.06¢ 0.88 0.90
Total 2491 0.81 +£0.06 0.80 0.81

't-Test was used for testing the effect of gender on WHR;

2One way ANOVA was used for testing the effect of age and nu-

tritional status on WHR; * Different letters show statistically significant difference at p < 0.05.

study could be used for Thai children and adoles-
cents, but not for other nationalities.

In a study by Uruwan Y. et al, the mean + SE
WHR value in 51 normally nourished 8-year old
Thai children was 0.86+0.04, which was similar
to the values found in this study. The value in 107
obese children in their study was slightly higher
(0.95+0.05) than that in this one. This may be due
to the higher degree of obesity in that study [13].
However, the children in the obesity, overweight
and underweight groups, or those in some age
groups in this study, might be small in number.
It may be necessary to have more participants for
these groups in further study. Anthropometric in-
dices, especially waist circumferences in children
and adolescents, have been studied for the pur-
pose of correlation with obesity and lipid profile,
[14-16] and not for the correlation with maldistri-
bution of body fat.

Finally, this was the first study to provide
tables of WHR by gender, age, and nutritional
status in Mueang district, Chiang Mai province.
They provide a standard for subsequent surveil-
lance study as well as the research of abnormality
in childhood body form, including many child-
hood metabolic diseases.
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