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Risk of metabolic syndrome among children
living in metropolitan Kuala Lumpur: A case
control study
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Abstract

Background: With the increasing prevalence of childhood obesity, the metabolic syndrome has been studied
among children in many countries but not in Malaysia. Hence, this study aimed to compare metabolic risk factors
between overweight/obese and normal weight children and to determine the influence of gender and ethnicity
on the metabolic syndrome among school children aged 9-12 years in Kuala Lumpur and its metropolitan suburbs.

Methods: A case control study was conducted among 402 children, comprising 193 normal-weight and 209
overweight/obese. Weight, height, waist circumference (WC) and body composition were measured, and WHO
(2007) growth reference was used to categorise children into the two weight groups. Blood pressure (BP) was
taken, and blood was drawn after an overnight fast to determine fasting blood glucose (FBG) and full lipid profile,
including triglycerides (TG), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C)
and total cholesterol (TC). International Diabetes Federation (2007) criteria for children were used to identify
metabolic syndrome.

Results: Participants comprised 60.9% (n = 245) Malay, 30.9% (n = 124) Chinese and 8.2% (n = 33) Indian. Overweight/
obese children showed significantly poorer biochemical profile, higher body fat percentage and anthropometric
characteristics compared to the normal-weight group. Among the metabolic risk factors, WC ≥90th percentile was
found to have the highest odds (OR = 189.0; 95%CI 70.8, 504.8), followed by HDL-C≤1.03 mmol/L (OR = 5.0; 95%CI 2.4,
11.1) and high BP (OR = 4.2; 95%CI 1.3, 18.7). Metabolic syndrome was found in 5.3% of the overweight/obese children
but none of the normal-weight children (p < 0.01). Overweight/obese children had higher odds (OR = 16.3; 95%CI 2.2,
461.1) of developing the metabolic syndrome compared to normal-weight children. Binary logistic regression showed
no significant association between age, gender and family history of communicable diseases with the metabolic
syndrome. However, for ethnicity, Indians were found to have higher odds (OR = 5.5; 95%CI 1.5, 20.5) compared to
Malays, with Chinese children (OR = 0.3; 95%CI 0.0, 2.7) having the lowest odds.

Conclusions: We conclude that being overweight or obese poses a greater risk of developing the metabolic
syndrome among children. Indian ethnicity is at higher risk compared to their counterparts of the same age.
Hence, primary intervention strategies are required to prevent this problem from escalating.

Background
Metabolic syndrome is recognised as the clustering of
risk factors of obesity, insulin resistance, dyslipidemia
and hypertension associated with the subsequent devel-
opment of cardiovascular disease and type 2 diabetes
[1]. With the increasing prevalence of overweight and

obesity worldwide, especially in children and youth, the
“paediatric metabolic syndrome” has received increasing
attention from a public health perspective [2].
In Asia, there is a trend towards an increase in the

prevalence of the metabolic syndrome and cardiovascu-
lar disease [3-5]. Abdominal obesity is arguably the key
factor underlying the development of insulin resistance
and the metabolic syndrome [6]. However, higher body
fat, truncal subcutaneous fat, intra-abdominal fat and
ectopic fat deposition (liver and fat) worsens the

* Correspondence: pbkoon@fskb.ukm.my
1Department of Nutrition and Dietetics, Faculty of Allied Health Sciences,
Universiti Kebangsaan Malaysia, 50300 Kuala Lumpur, Malaysia
Full list of author information is available at the end of the article

Wee et al. BMC Public Health 2011, 11:333
http://www.biomedcentral.com/1471-2458/11/333

© 2011 Wee et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.

mailto:pbkoon@fskb.ukm.my
http://creativecommons.org/licenses/by/2.0


situation and is particularly evident in South Asian/
Asian Indian adults and children [7].
The mechanisms underlying the ethnic differences in

metabolic risk are not fully understood. However both
genetic and environmental factors are likely to be
important in determining differential levels of central
obesity and metabolic disturbances [8]. Ethnic differ-
ences have also been considered as a major factor in
expressing the syndrome. For example, Lee et al. in a
total of 22,952 participants from Australia, Japan, Korea
and Samoa, reported that the prevalence of the meta-
bolic syndrome was lowest among the Japanese and
highest among the Samoans [9]. In another study, Pol-
lestad-Kolsgaard revealed that the metabolic syndrome
was more frequent among children and adolescents
from Middle Eastern and South Asian origins (Pakistani,
Tamil and Turkish) than Norwegians [10].
Malaysia is acknowledged for its ethnic diversity with

the population comprising three main ethnic groups:
Malays, Chinese and Indians. Kuala Lumpur, the capital
city and its suburbs form a metropolitan area that
includes these ethnic groups who live in the same envir-
onment but practice somewhat different cultures and
lifestyles. Ethnic and gender influences among children
with the metabolic syndrome have not been reported to
date in Malaysia. Therefore, the aim of this study was to
compare the metabolic syndrome risk factors among
overweight/obese and normal-weight children as well as
its association with ethnicity and gender.

Methods
Study Design
This was a case control study conducted on primary
school children aged nine to twelve years in Kuala Lum-
pur and its metropolitan suburbs between October 2007
and November 2008. Nine schools representative of all
socio-economic groups were randomly selected from a
total of 80 schools in the respective areas. Approval was
obtained from the Medical Research and Ethics Com-
mittee of the Universiti Kebangsaan Malaysia, Ministry
of Education and school principals before the research
commenced.

Screening of participants and selection criteria
In order to determine the prevalence of overweight/
obese among the children, screening was undertaken in
all classes in the selected schools by measuring height
and weight and calculating the Body Mass Index (BMI).
The WHO BMI-for-age growth reference [11] was used
to classify participants as case or control based on their
decimal age which was determined using date of birth
and date of measurement.
Inclusion criteria were: (i) aged between 9-12 years;

(ii) overweight/obesity was categorised as BMI greater

than +1SD from the mean or normal-weight which was
categorised as BMI less than or equal to median; (iii)
healthy without any disease and not on any medication
at the time of the study. Children were excluded if they
had any disease or syndrome that may affect the fat dis-
tribution or body composition, such as Cushing syn-
drome or hypothyroidism, based on information
provided by the parents; writing or speaking problems;
and not fasted on the day of data collection.
A total of 2770 children were screened from the nine

schools and categorised as follows: underweight: 4.9%;
normal-weight: 60.9%; overweight: 30.9% and obese:
3.3%. Accordingly, the prevalence of overweight/obesity
was 34.2% (see Figure 1).

Sampling Method
Based on the prevalence of overweight/obesity of 34.2% in
the population, the sample size was determined using the
EPI INFO version 6 software. As the study was a compari-
son study between normal-weight vs. overweight/obese, a
case control study with power of study and confidence
level set at 80% and 95% respectively, with the odds ratio
estimated as 2.0; based on a study by Garnett et al., where
overweight/obese children had odds of 7 times of develop-
ing cardiovascular disease clustering compared to normal-
weight children [12]. Thus, the minimum sample size was
148. The final sample size determined with provision for a
30% drop-out rate was 192 for each of the normal-weight
and overweight/obese groups.

Data collection
Data collection was carried out between May and
November 2008 on participants who matched inclusion
criteria, and had written parental informed consent.
Two post graduate nutrition students who had under-
gone training on anthropometric assessments examined
the subjects.
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Figure 1 Distribution of weight status according to WHO 2007.
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Socio-demographic information
Each child was given a copy of the socio-demographic
form which was filled in by the parents. Information on
birth weight, household incomes, number of children in
the family as well as family history of diseases that were
related to the metabolic syndrome such as hypertension,
diabetes mellitus, heart diseases or hypercholesterolemia
or the combination of them were obtained.

Anthropometric measurements
i) Body weight and height
Weight was recorded in light clothing to the nearest 0.1
kg on a SECA Model 813 digital weighing scale (SECA,
Germany) and height was measured without shoes to
the nearest 0.1 cm using a SECA Stadiometer Model
214 (SECA, Germany). The average of the two values
for each measurement was used in the data analysis.
Body mass index (BMI) was calculated from weight and
height.
ii) Waist circumference
Waist circumference (WC) was measured using a SECA
Model 200 tape (SECA, Germany) to the nearest 0.1 cm
over skin, midway between the tenth rib and the iliac
crest. According to the protocol used by Sung et al.
[13], waist circumference >90th percentile was consid-
ered as a risk for the development of the metabolic syn-
drome [14].

Body composition measurement
Fat mass (FM) and fat-free mass (FFM) were estimated
using body fat analyzer, Maltron BioScan 916 (Maltron,
UK). Participants fasted overnight prior to the day of
data collection and measurement was taken after the
bladder was emptied and the participant had rested in a
supine position for 5-10 minutes.

Blood pressure measurement
Arterial blood pressure was measured manually using a
mercury sphygmomanometer with a suitable cuff size
for each participant after a 5-min rest in the supine
position. Systolic blood pressure was determined by the
onset of the tapping Korotkoff sound while diastolic was
determined after the disappearance of the Korotkoff
sound. Systolic blood pressure ≥130 mmHg or diastolic
≥85 mmHg were used as cut-off points for metabolic
syndrome [14].

Biochemical measurements
A venous blood sample was collected after a 10-h fast
using the standard venepuncture technique by a trained
phlebotomist. A full lipid profile consisted of total cho-
lesterol (TC), triglycerides (TG), high-density lipoprotein
cholesterol (HDL-C), low-density lipoprotein cholesterol
(LDL-C), and fasting blood glucose (FBG). FBG was

measured by hexokinase method, TC and TG were mea-
sured by enzymatic reaction while HDL cholesterol was
determined by catalase method. LDL cholesterol was
calculated by using Friedewald formula. All biochemical
analyses were undertaken by a private laboratory with
international quality control Certificate of Accreditation
(ISO 15189).

Diagnostic criteria
Metabolic syndrome was diagnosed based on the Inter-
national Diabetes Federation’s paediatric definition [14],
namely waist circumference ≥ 90th percentile plus two
or more of the following indices for all boys and girls:

a. Triglycerides ≥150 mg/dL (1.7 mmol/L)
b. Blood pressure (Systolic ≥130 mmHg or Diastolic
≥85 mmHg)
c. Fasting blood glucose ≥100 mg/dL (5.6 mmol/L)
d. High-density lipoprotein cholesterol ≤40 mg/dL
(1.03 mmol/L)

Statistical Analysis
All data was entered and analysed using Statistical Pack-
age for Social Sciences version 15.0 (SPSS, Inc., Chicago,
IL, USA). Appropriate statistical analysis was carried out
with a two-sided alpha level of 0.05 or 95% confidence
interval. For continuous data, descriptive analyses used
means and standard deviation (SD). Independent t-test
as well as Mann-Whitney U test (where assumptions for
the t test could not be met) was used for comparison of
physical and biochemical profile. Fisher’s Exact, Pear-
son’s chi-square test and odds ratio was performed to
look for relationships between categorical variables. Bin-
ary logistic regression analysis was performed to exam-
ine the relationship between socio-demographic
characteristics: age, gender, ethnicity as well as family
history of diseases with the metabolic syndrome and
obesity. Observed associations were expressed as OR
with 95% confidence intervals.

Results
Among the screened participants, 896 matched the
inclusion criteria; however only 447 agreed to participate
in the study. Forty-five participants withdrew on the day
of data collection because they were either unwell, afraid
to have their blood drawn, or were not fasted for at least
10 hours; hence a final sample of 402 was achieved.
Out of the 402 children, 193 were boys and 209 were

girls with 60.9% (n = 245) being Malays, 30.9% (n =
124) Chinese and 8.2% (n = 33) Indians. Overweight/
obese children came from families with higher income
(mean USD1199 ± 981) compared to normal-weight
children (mean USD870 ± 767). Although overweight/
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obese children had a lower mean birth weight (3.09 kg ±
0.49) than normal-weight children (3.11 kg ± 0.56), they
were not significantly different. Similar results were also
found for numbers of children in the family and for age.
Socio-demographic characteristics are shown in Table 1.
Anthropometric and biochemical characteristics of the

children are shown in Table 2. Overweight/obese chil-
dren had significantly worse clinical profiles and higher
anthropometric parameters [height, weight, BMI, WC,
hip circumference (HC), fat mass (FM) (%), waist hip
ratio (WHR), waist-to-height ratio (WHtR), TG, HDL-C,
SBP and DBP, p < 0.001; LDL-C p < 0.05] compared to
normal-weight children except for TC and FBG.
The distribution of five risk factors of the metabolic

syndrome and the full syndrome with its odds ratio
among the children are shown in Table 3. More than
80% of the overweight/obese children had a WC ≥90th

percentile (p < 0.001) compared to 2.6% of the normal-
weight children. Low HDL-C was present in 19.7% of
the overweight/obese vs. 4.7% of the normal-weight chil-
dren (p < 0.001). Similarly for triglycerides (12.5% vs.
4.2%) (p < 0.01) and high blood pressure (6.3% vs. 1.6%)
(p < 0.05). Metabolic syndrome was diagnosed in 5.3%
of the overweight/obese children and none of the nor-
mal-weight children. Among the risk factors, a high WC
gave the highest odds of 189.0 (95%CI 70.8, 504.8) of
developing metabolic syndrome followed by low HDL-C
(OR = 5.0; 95%CI 2.4, 11.1), high blood pressure (OR =
4.2; 95%CI 1.3, 18.7); high triglycerides (OR = 2.5; 95%
CI 0.7, 9.3), and high FBG (OR = 1.5; 95%CI 0.4, 5.8).
Overweight/obese children were found to have 16.3 the
odds (95%CI 2.2, 461.1) of developing the metabolic
syndrome compared to their normal-weight
counterparts.

Table 4 illustrates results for the clustering of risk fac-
tors. Only 12% of the overweight/obese children were
free of any risk factors compared to 83.9% of the nor-
mal-weight children. More than 50% of the overweight/
obese children had 1 risk factor vs. only 14.0% of the
normal-weight children. As for two risk factors, 28.2%
of overweight/obese children had these vs. 2.1% of nor-
mal-weight children. None of the normal-weight chil-
dren had three or four risk factors compared to 3.8%
and 1.4% of the overweight/obese children, respectively.
Overweight/obese children had odds of 27.4 (95%CI
15.1, 49.6) of developing the metabolic syndrome com-
pared to normal-weight children with one risk factor.
The odds increased to 95.6 (95%CI 31.9, 286.2) for
those with two risk factors.
To determine the influence of family history of dis-

ease, age, gender and ethnicity with the risk of develop-
ing the metabolic syndrome, a univariate binary logistic
regression test was conducted, the results of which are
shown in Table 5. Children with a family history of dis-
eases had an odds of 3.4 (95%CI 0.8, 16.9) of developing
the metabolic syndrome compared to children without a
family history. However, there was no significant asso-
ciation between family history of disease with the meta-
bolic syndrome group.

Table 1 Socio-demographic characteristics of the sample
[(mean ± SD; n (%)]

Description Overweight/
obese

(N = 209)

Normal-
weight

(N = 193)

t test
P

value

Age (years) 11.0 ± 0.83 11.0 ± 0.9 0.769

Gender, N (%)

Boys 102 (48.8) 92 (47.7)

Girls 107 (51.2) 101 (52.3) N/A

Ethnicity, N (%)

Malays 128 (61.2) 117 (60.6)

Chinese 61 (29.1) 63 (32.6) N/A

Indian 20 (9.7) 13 (6.8)

Household income (USD) 1199 ± 981 870 ± 767 0.112

Birth weight (kg) 3.09 ± 0.49 3.11 ± 0.56 0.774

Number of children in the
family

2.3 ± 1.8 2.2 ± 1.3 0.869

Note: 1 MYR = 0.322217 USD

N/A: not applicable

Table 2 Comparison of anthropometric and biochemical
characteristics of groups (mean, 95%CI)

Description Overweight/obese Normal-weight

(N = 209) (N = 193)

Mean (95%CI) Mean (95%CI)

Height (cm) † 146.7 (145.7, 147.8)
**

139.7 (138.6,
140.9)

Weight (kg) † 54.4 (52.9, 56.0) ** 31.2 (30.3, 32.0)

BMI (kg/m2) † 25.1 (24.6, 25.6) ** 15.8 (15.5, 16.1)

Fat mass (%)† 29.8 (28.2, 31.4) ** 18.6 (17.5, 19.6)

Fat free mass (%)† 70.2 (68.6, 71.8) ** 81.4 (80.4, 82.5)

Waist circumference (cm) † 77.2 (76.0, 78.5) ** 55.9 (55.1, 56.7)

Hip circumference (cm) † 91.5 (90.4, 92.6) ** 72.3 (71.4, 73.1)

Waist height ratio† 0.5 (0.5, 0.5) ** 0.4 (0.3, 0.4)

Waist hip ratio† 0.8 (0.8, 0.9) ** 0.7 (0.7,0.8)

Fasting blood glucose (mmol/
L) †

5.0 (4.9, 5.1) 5.0 (4.9, 5.0)

Triglycerides (mmol/L) # 1.1 (1.0, 1.2)** 0.8 (0.7, 0.9)

HDL-cholesterol (mmol/L) † 1.3 (1.2, 1.3)** 1.5 (1.4, 1.5)

LDL-cholesterol (mmol/L) # 3.0 (2.9, 3.1)* 2.9 (2.8, 3.0)

Total cholesterol (mmol/L)# 4.8 (4.6, 4.9) 4.7 (4.6, 4.8)

SBP (mmHg) † 109.4 (108.0, 110.7)
**

100.9 (99.7,
102.2)

DBP(mmHg) † 67.1 (65.5, 68.5)** 64.4 (63.0, 65.7)

†denotes independent t test

#denotes Mann-Whitney U test

** significant at p < 0.001

*significant at p < 0.05
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Children in the older age group (11-12 years) had
odds of 2.8 (95%CI 0.7, 10.6) of developing the meta-
bolic syndrome compared to those in the younger age
group (9-10 years). Furthermore, girls had odds of 2.5
(95%CI 0.7, 9.7) of developing the metabolic syndrome
compared to boys. Overall, Indians had significantly
higher odds (OR = 5.5; 95%CI 1.5, 20.5) of developing
metabolic syndrome compared to Malay children; with

the Chinese having the lowest odds (OR = 0.3; 95%CI
0.0, 2.7) compared to Malays.

Discussion
The prevalence of overweight and obese children in our
study in metropolitan Kuala Lumpur was 34.2%; higher
than in an earlier study by Ismail et al. who reported an
increase from 20.7% in 2002 to 26.5% in 2008 using the
WHO growth reference in 6-12 year-old children in
Peninsular Malaysia [15]. With the increasing trend of
childhood obesity worldwide, it is not surprising that
the metabolic syndrome is present in 5.3% of our over-
weight/obese population aged 9-12 years. This result is
comparable to a US study (4.2%) in children and adoles-
cents aged 12-19 years in the NHANES III survey [16],
another US study in Kansas in 7-9 year-old children
(5%) [17], and in Denmark (5.4%) [18]. In Kuala Lum-
pur, another study reported that metabolic syndrome
was found in 1.3% of children aged 7 to 9 years [19].
Our results revealed that with the exception of FBG

and TC, overweight/obese children had significantly
higher anthropometric and biochemical indices com-
pared to normal-weight counterparts. Misra and Vikram
suggest that high FBG will only be visible when other
metabolic components start appearing [20]. Thus, it
may take many years for FBG to be visibly high among
many overweight/obese children. Moreover, the IDF cri-
teria for diagnosis of the metabolic syndrome for chil-
dren use the same cut-offs as for adults except WC
[14]. Hence, the level of the other metabolic compo-
nents may not be severe enough for them to be diag-
nosed with the metabolic syndrome.
Being overweight/obese poses a higher risk of develop-

ing the metabolic syndrome with odds of 16.3 as com-
pared to normal-weight individuals. WC is typically
used as a surrogate measure of abdominal obesity. With
the attendant health risks of central fat distribution it is
of little surprise that WC is the first criteria in deter-
mining the risk of the metabolic syndrome. However,
there are no age-, gender- and ethnic-specific WC stan-
dards for the Asian childhood population, with the

Table 3 Comparison of metabolic components between
overweight/obese and normal-weight children

Parameter Overweight/
obese

(N = 209)
n (%)

Normal-
weight

(N = 193)
n (%)

OR (95%CI)a

WC ≥90th

Percentile#

Yes 176 (84.2)d 5 (2.6) 189.0 (70.8,
504.8)

No 33 (15.8) 188 (97.4) 1.0

FBG ≥5.6 mmol/L#

Yes 12 (5.8) 10 (5.2) 1.5 (0.4, 5.8)

No 196 (94.2) 182 (94.8) 1.0

TG ≥1.7 mmol/L#

Yes 26 (12.5)c 8 (4.2) 2.5 (0.7, 9.3)

No 182 (87.5) 184 (95.8) 1.0

HDL-C ≤1.03
mmol/L#

Yes 41 (19.7) d 9 (4.7) 5.0 (2.4, 11.1)

No 167 (80.3) 183 (95.3) 1.0

High BP†

Yes 13 (6.3)b 3 (1.6) 4.2 (1.3, 18.7)

No 195 (93.8) 190 (98.4) 1.0

Metabolic
Syndrome†

Yes 11 (5.3) c 0 (0) 16.3 (2.2, 461.1)
e

No 198 (94.7) 193 (100) 1.0

†Denotes Fisher’s Exact Test

# Denotes Pearson’s Chi-square Test
b significant at p < .05; c significant at p < .01; d significant at p < .001
a OR calculated from logistic regression test by using enter method
e OR was calculated by adding 0.5 into the cell with 0 value

Table 4 Clustering of metabolic risk factors in obese and normal-weight children

Metabolic Syndrome Risk Components Overweight/obese
(N = 209)
n (%)

Normal-weight
(N = 193)
n (%)

OR (95%CI)a

No risk factor 25 (12.0) 162 (83.9) 1.0

1 risk factor 114 (54.5) 27 (14.0) 27.4 (15.1, 49.6)**

2 risk factors 59 (28.2) 4 (2.1) 95.6 (31.9, 286.2)**

3 risk factors 8 (3.8) 0 (0)b 0 (0.0, 0.1)

4 risk factors 3 (1.4) 0 (0) b 0 (0.0, 0.2)
a OR calculated from logistic regression test by using enter method
b OR was calculated by adding 0.5 into the cell with 0 value
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exception of the values based on a database of Hong
Kong children [13]. Accordingly, it would be extremely
useful to develop a WC cut-off points for each country
so that meaningful comparisons could be made.
The presence of more risk factors also predisposed over-

weight/obese children to the metabolic syndrome. A Hun-
garian study reported that 76.7% of the obese children
assessed had either one, two or three risk factors [21]
which is comparable with the 86.5% of overweight/obese
children in our study with one, two or three risk factors.
Individuals with one risk factor in our study have 27.4 the
odds of developing the metabolic syndrome, and even
higher among those with two risk factors (OR = 95.6).
Our data revealed that Indians have higher odds (OR

= 5.5) of developing the metabolic syndrome compared
to Malays, with Chinese having the lowest risk. Ethnic
differences are widely reported, for example Cook et al.
showed that the prevalence of the metabolic syndrome
was higher in whites (4.8%) and Mexican Americans
(5.6%) compared to African American children (2.0%)
[16]. Similarly, Weiss et al. found that white children
were at greater risk of developing the metabolic syn-
drome than African American children [22]. In Singa-
pore, Malay women were found to be more prone to
developing hypertension in association with insulin
resistance compared to Chinese and Indians [23].
We found no significant association between age and

gender with the metabolic syndrome. However, other
studies have presented opposing viewpoints, for example

32.2% of girls compared to 40% of boys aged 5-18 years
in Latin America had the metabolic syndrome [24]. Simi-
larly, Agirbasli et al. reported more Turkish boys (76.7%)
having the metabolic syndrome compared to girls [25].
This is in contrast to a study conducted by Ferreira et al.
who used NCEP ATP III diagnostic criteria and classified
10.7% of boys and 25% of girls with the metabolic syn-
drome [26]. Some have suggested that higher numbers of
girls are reported to have the metabolic syndrome due to
hormonal changes and subsequent central body fat accu-
mulation, especially during puberty [27].
For children with a family history of non-communic-

able diseases, no significant association was found with
the metabolic syndrome. Nevertheless, Pankow et al.,
revealed that children who had at least one parent with
the syndrome (insulin resistance) had statistically lower
insulin sensitivity expressed as MIbm, and higher fasting
insulin after adjustment for gender, ethnic, age and Tan-
ner stage [28]. Mean BMI, WC, WHR, triceps and sub-
scapular skinfolds and percentage body fat were also
significantly higher in children of affected parents.
The major limitation of our study was the lack of

association between age, gender and ethnicity with the
metabolic syndrome which may be due to the small
sample size with possibility of type 2 error, given the
low response rate. However, we believe that there may
be still be a link between some factors and the outcome
despite the non-significance of the odds ratios. There is
a real possibility that the non-significance is merely due
to the small sample size rather than true non-signifi-
cance. Another limitation was there are some odds ratio
and 95%CI which are very high. The wide 95%CI is
caused by the small sample size (resulting in high stan-
dard error) and wide disparity between the 2 groups.
However, the OR remains significant and there were no
outliers which could influence the findings of the study.
In summary, this study is the first undertaken in Kuala

Lumpur and its metropolitan suburb to assess the meta-
bolic syndrome and its influence of gender and ethnicity in
upper primary school children. Even at the young age of 9-
12 years we detected that 5.3% of overweight/obese partici-
pants had the metabolic syndrome. Urgent action is needed
to halt the progression of risk factors and to safeguard the
future health of Malaysian children and adolescents.

Conclusions
The present findings reveal that 5.3% of overweight/obese
children in this study have the metabolic syndrome with
only 12% of the overweight/obese group being free from
the metabolic syndrome risk factors. This is in sharp con-
trast to 83.9% of the normal-weight children who were
free from all risk factors. In addition, children of Indian
ethnicity had the highest risk, followed by Malays and Chi-
nese. The findings from this study provide a rationale for

Table 5 Metabolic syndrome and associated factors

Variables Metabolic
syndrome
(N = 11)
n (%)

No Metabolic
syndrome
(N = 391)
n (%)

OR (95%
CI) †

With family
history

Yes 6 (4.3) 132 (95.7) 3.4 (0.8,
16.9)

No 3 (1.3) 226 (98.7) 1.0

Age

9-10 3 (1.5) 198 (98.5) 1.0

11-12 8 (4.0) 191 (96.0) 2.8 (0.7,
10.6)

Gender

Boys 3 (1.6) 190 (98.4) 1.0

Girls 8 (3.9) 199 (96.1) 2.5 (0.7, 9.7)

Ethnicity#

Malay 6 (2.5) 238 (97.5) 1.0

Chinese 1 (0.8) 122 (99.2) 0.3 (0.0, 2.7)

Indian 4 (12.1) 29 (87.9) 5.5 (1.5,
20.5)

†Univariate logistic regression test

# Other races was excluded from the analysis because the percentage was
too low (0.2%)

Wee et al. BMC Public Health 2011, 11:333
http://www.biomedcentral.com/1471-2458/11/333

Page 6 of 7



public health specialists to institute primary intervention
strategies to increase awareness and promote healthy life-
styles in schools thus preventing the problem from
becoming more widespread.

Acknowledgements
This project was funded by the Ministry of Science, Technology and
Innovation (MOSTI) Research Grant (ScienceFund 06-01-02-SF0314) and
partially supported by the International Atomic Energy Agency (IAEA)
Technical Cooperation Project (RAS/6/050). The authors would like to thank
all subjects involved for their participation and cooperation, and also their
parents for permission and support during the course of this study. We are
also grateful to the school principals, teachers, administrators and the
Ministry of Education for their cooperation and assistance.

Author details
1Department of Nutrition and Dietetics, Faculty of Allied Health Sciences,
Universiti Kebangsaan Malaysia, 50300 Kuala Lumpur, Malaysia. 2Faculty of
Medicine and Health Sciences, Universiti Sultan Zainal Abidin, 20400 Kuala
Terengganu, Malaysia. 3Julius Centre University of Malaya, Faculty of
Medicine, 50603 Kuala Lumpur, Malaysia. 4Institute of Health and Biomedical
Innovation, Queensland University of Technology, Brisbane, Australia.

Authors’ contributions
BSW: study design, development of research protocol, data collection, data
analysis, interpretation of data, and drafting of the manuscript. BKP: chief
investigator of MOSTI grant, development of research protocol, supervision
of data collection, interpretation of results, and editing of manuscript. AB:
study design, data analysis and interpretation, editing of manuscript. MNI:
chief investigator of IAEA project, development of research protocol, and
revision of manuscript. ATR: development of research protocol, revision of
the manuscript. APH: collaborative investigator on IAEA project,
development of research protocol, revision of manuscript. All authors read
and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 26 September 2010 Accepted: 18 May 2011
Published: 18 May 2011

References
1. Chen W, Srinivasan SR, Berenson GS: Path analysis of metabolic syndrome

in black versus white children, adolescents and adults: the Bogalusa
Heart Study. Ann Epidemiol 2008, 18:85-91.

2. Holst-Schumacher I, Nuñez-Rivas h, Monge-Rojas R, Barrantes-Santamaría M:
Components of the metabolic syndrome among a sample of overweight
and obese Costa Rican schoolchildren. Food Nutr Bull 2009, 30(2):161-70.

3. Yoshinaga M, Tanaka S, Shimaga A, Sameshima K, Nishi J, Nomura Y,
Kawano Y, Hashiguchi J, Ichiki T, Shimuzu S: Metabolic syndrome in
overweight and obese Japanese children. Obes Res 2005, 13(7):1135-1140.

4. Kim HM, Park J, Kim HS, Kim DH: Prevalence of metabolic syndrome in
Korean adolescents aged 12-19 years from the Korean National Health
and Nutrition Examination Survey 1998 and 2001. Diabebtes Res Clin Pract
2007, 75(1):111-114.

5. Singh R, Bhansali A, Sialy R, Aggarwal A: Prevalence of metabolic
syndrome in adolescents from a north Indian population. Diabet Med
2007, 24(2):195-199.

6. Cheung BM: The cardiovascular continuum in Asia- a new paradigm for
the metabolic syndrome. J Cardiovasc Pharmacol 2005, 46(2):125-9.

7. Misra A, Khurana L: The metabolic syndrome in South Asian:
epidemiology, determinants and prevention. Metab Synr Relat Disord
2009, 7(6):497-514.

8. Forouhi NG: Ethnicity and the metabolic syndrome. In The metabolic
syndrome. Edited by: Byrne CD, Wild SH. UK: Johh Wiley 2005:43-84.

9. Lee CM, Huxley RR, Woodward M, Zimmet P, Shaw j, Cho NH, Kim HR,
Viali S, Tominaga M, Vistisen D, Borch-Johnsen K, Colagiuri S: Comparison
of metabolic syndrome definitions in four populations of the Asia-Pacific
region. Metab Synr Relat Disord 2008, 6(1):37-46.

10. Pollestad-Kolsgaard ML, Andersen LF, Tonstad S, Brunborg C,
Wangensteen T, Joner G: Ethnic differences in metabolic syndrome
among overweight and obese children and adolescents: the Oslo
Adiposity Intervention Study. Acta Paediatrica 2008, 97:1557-1563.

11. WHO: Development of a WHO growth reference for school aged
children and adolescents. Bulletin of the World Health Organisation 2007,
85(9):661-667.

12. Garnett SP, Baur LA, Srinivasan S, Lee JW, Cowell CT: Body mass index and
waist circumference in midchildhood and adverse cardiovascular disease
risk clustering in adolescence. Am J Clin Nutr 2007, 86:549-55.

13. Sung RY, So HK, Choi KC, Nelson EA, Lim AM, Yin JA, Kwok CW, Ng PC,
Fok TF: Waist circumference and waist to height ratio of Hong Kong
Chinese children. BMC Public Health 2008, 8:324.

14. IDF: The IDF Consensus Worldwide Definition of the Metabolic
Syndrome in children and adolescents. Belgium: International Diabetes
Federation; 2007.

15. Ismail MN, Ruzita AN, Norimah AK, Poh BK, Nik Shanita S, Nik Mazlan M,
Roslee R, Nurunnajiha N, Wong JE, Nur Zakiah MS, Raduan S: Prevalence
and trends of overweight and obesity in two cross-sectional studies of
Malaysian children, 2002-2008. MASO 2009 Scientific Conference on Obesity:
obesity and our environment Kuala Lumpur; 2009.

16. Cook S, Weitzman M, Auinger P, Nguyen M, Dietz WH: Prevalence of a
metabolic syndrome phenotype in adolescents: findings from the third
National Health and Nutrition Examination Survey 1988-1994. Arch
Pediatr Adolesc Medi 2003, 157:821-7.

17. Dubose KD, Stewart EE, Charbonneau SR, Mayo MS, Donnelly JE:
Prevalence of the metabolic syndrome in elementary school children.
Acta paediatrica 2006, 95:1005-1011.

18. Andersen LB, Wedderkopp N, Hansen HS, Cooper AR, Froberg K: Biological
cardiovascular risk factors cluster in Danish children and adolescents:
the European Youth Heath Study. Prev Med 2003, 37:363-7.

19. Quah YV, Poh BK, Ismail MN: Metabolic syndrome based on IDF criteria in
a sample of normal weight and obese school children. MJN 2010,
16(2):13-23.

20. Misra A, Vikram NK: Review metabolic syndrome in children and
adolescents: problems in definition and ethnicity related determinants.
Diabetes & Metabolic Diseases 2007, 1:121-26.

21. Csa’bi G, Torok K, Jeges S, Molnar D: Presence of metabolic syndrome in
obese children. Eur J Pediatr 2000, 159:91-94.

22. Weiss R, Dziura J, Burgert TS, Tamborlane WV, Taksali SE, Yeckel CW,
Allen KRN, Lopes M, Savoye M, Morrison JM, Sherwin RS, Caprio S: Obesity
and the Metabolic syndrome in children and adolescents. N Eng J Med
2004, 350:2362-74.

23. Ang LW, Ma S, Cutter J, Chew SK, Tan CE, Tai ES: The metabolic syndrome
in Chinese, Malays and Asian Indians Factor analysis of data from the
1998 Singapore National Health Survey. Diabetes Research and Clinical
Practice 2005, 67:53-62.

24. Caceres M, Teran CG, Rodriquez S, Medina M: Prevalence of insulin
resistance and its association with metabolic syndrome criteria among
Bolivian children and adolescents with obesity. BMC Pediatrics 2008, 8:31.

25. Agirbasli M, Cakir S, Ozme S, Ciliv G: Metabolic syndrome in Turkish
children and adolescents. Metabolism Clinical and experimental 2006,
55:1002-1006.

26. Ferreira AP, Oliveira CER, Franca NM: Metabolic syndrome and risk factors
for cardiovascular disease in obese children: the relationship with insulin
resistance (HOMA-IR). J Pediatr (Rio J) 2007, 83(1):21-6.

27. Irwin CE: Somatic growth and development during adolescent. In
Pediatrics. Edited by: Rudolph AM. East Norwalk: CT: Appleton 1991:39.

28. Pankow JS, Jacobs DR, Steinberger J, Moran A, Sinaiko AR: Insulin
resistance and cardiovascular disease risk factors in children of parents
with insulin resistance syndrome. Diabetes Care 2004, 27(3):775-780.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2458/11/333/prepub

doi:10.1186/1471-2458-11-333
Cite this article as: Wee et al.: Risk of metabolic syndrome among
children living in metropolitan Kuala Lumpur: A case control study. BMC
Public Health 2011 11:333.

Wee et al. BMC Public Health 2011, 11:333
http://www.biomedcentral.com/1471-2458/11/333

Page 7 of 7

http://www.ncbi.nlm.nih.gov/pubmed/18191760?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18191760?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18191760?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19689095?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19689095?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16076981?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16076981?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17257283?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17257283?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16044022?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16044022?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18657125?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18657125?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18657125?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17823416?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17823416?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17823416?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18808684?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18808684?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16882578?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14507494?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14507494?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14507494?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21595132?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21595132?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10653338?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10653338?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15620434?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15620434?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15620434?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18700035?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18700035?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18700035?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16839833?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16839833?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14988301?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14988301?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14988301?dopt=Abstract
http://www.biomedcentral.com/1471-2458/11/333/prepub

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study Design
	Screening of participants and selection criteria
	Sampling Method
	Data collection
	Socio-demographic information
	Anthropometric measurements
	i) Body weight and height
	ii) Waist circumference

	Body composition measurement
	Blood pressure measurement
	Biochemical measurements
	Diagnostic criteria
	Statistical Analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References
	Pre-publication history

