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Abstract

Background Metabolic syndrome (MS) is a group of disorders
which occur in relation to increasing body weight. Only a few
studies have reported the differences in the fulfillment of MS
criteria between obese and overweight children, and none were
from Indonesia.

Objective To determine the differences in metabolic syndrome
disorders between obese and overweight children.

Methods A cross-sectional study was conducted in Manado
from May to August 2010. The diagnosis of MS is established
by fulfilling three of five criteria: waist circumference >90th
percentile, blood pressure >90t percentile, fasting blood sugar
(FBS) >100 mg/dl, triglycerides >110 mg/dl and high density
lipoprotein (HDL) <40 mg/dl. Obesity was defined as body mass
index (BMI) of > 3 SD and overweight as BMI of 2-3 SD. Results
were analyzed by x? and t-test.

Results Thirty obese and 30 overweight children aged 10-14 years
were examined for the disorders of MS. Twenty-three obese and
4 overweight children had waist circumferences >90th percentile.
Seventeen obese and 3 overweight children had blood pressure
>90th percentile. No significant differences in FBS, HDL, and
triglycerides were observed between the two groups. Thirteen
obese children met the MS inclusion criteria, while only 1
overweight child did so (P<0.001).

Conclusions High blood pressure (> 90t percentile) and waist
circumference (> 90t percentile) occurred were observed at
higher frequency in obese children than in overweight children.
The occurrence of MS in obese children was significantly
higher than in overweight children. [Paediatr Indones.
2010;50:295-9].
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etabolic syndrome (MS) isa group of lipid and
non-lipid disorders, comprised of a cluster of
risk factors for future cardiovascular disease
and diabetes mellitus. The likelihood of MS
increases with increased body weight.!'- Many studies have
shown that the mortality rate from metabolic syndrome
correlates to obesity.3® Yoshinaga et al. compared
obese and overweight children and found metabolic
syndrome occurrence of 17.7% in obese children and
8.7% in overweight children.” Few studies have reported
the differences in fulfilled MS criteria between obese
and overweight children, none of which were from
Indonesia.
The aim of this study was to determine
differences in metabolic syndrome criteria between
obese and overweight children.

Methods
Study Design

A cross-sectional study was conducted in Tuminting

District, Manado, from May to August 2010. After
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a preliminary study from five elementary and two
junior high schools, samples of 30 obese children and
30 overweight children were collected consecutively.
We included obese or overweight children aged
10-14 years. Children with diabetes, nephrotic
syndrome, acute glomerulonephritis and subjects using
corticosteroids more than seven days were excluded.
Informed consent was obtained from all parents
and assent was obtained from all children after the
nature of the procedures was explained and before
testing commenced. All subjects underwent physical
examination and laboratory evaluation for MS.

Definitions

Metabolic syndrome, according to the modified National
Cholesterol Education Program Adult Treatment Panel
(NCEP ATPIII) consists 5 criteria: waist circumference
> 90th percentile according to age and sex, blood
pressure > 90t percentile according to age and sex,
fasting blood sugar (FBS) > 100 mg/dl, triglycerides
(TG) > 110 mg/dl and high density lipoprotein (HDL)
< 40 mg/dl. An MS diagnosis is established if three of
five criteria are fulfilled.® Obesity was defined as BMI >
3 SD and overweight as BMI 2-3 SD.

Sample Collection

A minimum sample size of 26 per group was calculated
using the Kirk test for two group comparisons. The
elementary and junior high schools chosen for
sampling were determined based on a preliminary
study to determine where sufficient samples of obese
and overweight children were located. If the number
of subjects collected reached 26-30 children in each
group, then they were included in our study and we
would discontinue sampling.

The height and weight of each child were
measured and plotted according to the 2006 WHO
Growth Reference Chart.8 We also measured
blood pressure and waist circumference. Waist
circumference was measured by measuring tape
around the abdomen, passing through both the right
and left middle points between the lower rib and upper
iliac crest borders while subjects stood erect so that
the distance between their feet was approximately 30
cm. Blood sampling was conducted after fasting for
eight hours with as much as 5 cc blood taken from the
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medial cubital vein. The fasting blood glucose, HDL,
and triglycerides were then analyzed using a Hitachi
912 analyzer and Roche reagent. Midstream urine
samples were analyzed microscopically and with the
Miditron Junior 2 urine analyzer.

Statistical analysis

Measurements of waist circumference, blood pressure
and the occurrence of metabolic syndrome were
analyzed by x? test. HDL, triglycerides and FBS
were analyzed by t test. Statistical analysis was done

using SPSS version 17.0. The value of P<0.05 was

considered significant in the statistical analysis.

Results

We included 30 obese and 30 overweight children
in this study. Baseline characteristics are shown in
Table 1. The mean age of obese subjects was 12.9
years, while the mean age of overweight subjects was
13.5 years. Number of boys and girls were similar
between the two groups. Twenty-three children in
the obese group had a waist circumference above the
90th percentile according to age and sex, while only
4 subjects in the overweight group did so. Seventeen
children in the obese group had blood pressure above
the 90t percentile according to age and sex, while
only three did so in the overweight group. These
differences were statistically significant as shown in
Table 2. The means of FBS, HDL, and TG were
not significantly different between the obese and the
overweight groups as shown in Table 3. Of the 30
children in the obese group, 13 had MS, while only one
child in the overweight group had MS, a significant
difference (Table 4).

Table 1: Baseline characteristics

Characteristics Obese Overweight
Age, years
10 3 0
11 5 3
12 5 4
13 12 13
14 5 10
Sex, n
Male 14 13
Female 16 17
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Table 2: Physical criteria of metabolic syndrome in obese and overweight groups

Obese  Overweight n=30 x2 P
n=30
Waist Circumference > 90t n 23 4 24.3 < 0.0001
Blood Pressure > 90t | n 17 3 14.7 < 0.0001

Table 3. Laboratory criteria of metabolic syndrome in obese and overweight groups

Obese 95% ClI Overweight 95% Cl

n=30 n=30 P
FBS, mean(SD) mg/dl 86.5 (9.03) 83.13t0 89.87 83.5(8.18) 80.41 to 86.52 0.89
HDL, mean (SD) mg/dl 42.3 (7.03) 39.71 to 44.96 44.5 (9.53) 40.94 to 48.06 0.16
TG, mean (SD) mg/dl 115.4 (67.34) 90.29 to 140.58 90.8 (65.93) 66.18 to 115.42 0.79

Table 4: Sum of MS criteria and occurrence of MS in obese and
overweight groups

Obese Overweight
Criteria Of Metabolic Syndrome

0 1 14

1 6 8

2 10 7

3 11 1

4 2 2
Metabolic Syndrome 13 1

Discussion

Past studies have reported a difference in fulfillment
of the waist circumference criterion between obese
and overweight children. 7%  Similarly, we also
observed a significant difference in the fulfillment of
this criteria for MS in the 2 groups. Increased waist
circumference in children has been correlated to
elevated blood pressure, total cholesterol, triglyceride,
lipoprotein, and insulin levels, as well as decreased
HDL levels. The correlation between cardiovascular
risk and waist circumference is not only influenced
by the degree of obesity, but also by distribution of
fat tissue.!0

We also found that the occurrence of high
blood pressure fulfilling the metabolic syndrome’s
criteria between the obese and overweight groups
differed significantly. A study in China found no
significant difference in blood pressure between these
two groups, but when compared with the children of
normal weight, the difference was significant. Their
study also showed that blood pressure is the most
common MS criteria found in Chinese adolescents,
a major difference from the adolescent population in
America. They suggested that this finding may be

due to different genetics, feeding behavior, physical
activity, or lifestyle. However, further study was
thought to be needed.!! The Bogalusa Heart Study
found that pre-hypertensive children and adolescents
had higher BMI than normotensive subjects.!?
Hypertension is an integral component of metabolic
syndrome. The increasing sympathetic tone correlates
with obesity and insulin resistance and seems to have
a direct effect on sympathetic nervous system activity.
Insulin stimulates sodium retention by the kidneys and
stimulates growth of vascular muscle tissue.!?

We found no significant difference in FBS
between the obese and overweight groups. Other
studies have reported similar results.!1»!4 Overweight
or obesity is an important risk factor of type 2 diabetes
in children and adolescents. At present it is believed
that the prevalence of overweight has increased in a
parallel fashion with cases of type 2 diabetes.?

HDL levels in the obese group were not signi-
ficantly different from the overweight group in this
study. Yoshinaga et al. 7 had similar results, but a
study by Steinberger et al. in obese and normal weight
children found that HDL levels in the obese group were
significantly lower than those of the normal group.!
Weight gain, especially if visceral fat increases, can in
turn increase triglyceride lipolysis that will elevate free
fatty acid levels. In the circulation, the triglyceride-
rich VLDL will exchange triglycerides with cholesterol
esters in HDL, resulting in triglyceride-rich and low
cholesterol ester HDL plasma. This type of HDL is
more easily catabolized by the kidney, resulting in
decreased HDL levels.!® Triglyceride levels between the
obese and overweight group were also not significantly
different in our study. Other studies have been in
agreement with our findings.”!!
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We found significant differences in MS occurren-
ce between the two groups. Yoshinaga et al. found MS
occurrence in obese children in Japan was significantly
lower than in obese children in the US. However,
in the overweight groups there was no significant
difference between nationalities.” Bustos et al. found
the occurrence of MS in 37.5% of obese children and
its prevalence was higher in females.!* Other studies
found the prevalence of MS between obese and
overweight children to differ significantly.!1116 Based
on the sum of the criteria in each group, children who
met 3 of 5 MS criteria were frequently found in the
obese group. In contrast, the overweight group often
met none of the MS criteria. A study by Cook et al.
in overweight adolescents aged 12-19 years found
that 41% had >1 risk factor, 14 % > 2 risk factors,
but none fulfilled all 5 criteria of MS.> Bustos et al.
studied obese children aged 10-18 years and found
only 4 % not at risk of developing MS, with 95.5%
fulfilling only 1 criterion, 72.9% fulfilling 2 criteria,
37.5% fulfilling 3 criteria, and 9.5% fulfilling 4 or more
MS criteria.!

The most frequently fulfilled MS criteria in
the obese group was waist circumference, but in the
overweight group it was low HDL. Li et al. found the
most frequently occurring MS criterion was low HDL
(which group?). They also found that central obesity,
FBS, and hypertension frequency increased along with
increasing body weight.!! Cook et al. found that high
triglycerides and low HDL levels are more frequently
found in white children and adolescents while children
of Mexican descent tend to develop greater central
obesity measured by waist circumference than other
races. By contrast, children of African descent more
often developed a rise in blood pressure than other
races.!? De Ferannti et al. reported in the Third National
Health and Nutrition Examination Survey in America
that for 6 years the most frequently occurring criteria
in children and adolescents aged 12-19 years were low
HDL and abdominal obesity (waist circumference).!6
Esmailzadeh et al. found that low HDL was most
frequent while the most rare was FBS.!8

The occurrence frequency of fulfilled metabolic
syndrome criteria differed among studies. This was
probably due to genetic factors, eating habits, food
type, physical activity, and lifestyle.!! Obesity has
long been known to have a familial component, along
with other factors such as excessive birth weight, and
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maternal diabetes. Past studies on MS were usually
cross-sectional and none have correlated MS or
its criteria with lifestyle, eating patterns, or genetic
factors.! Further study on the relationship between
MS and duration of obesity, eating patterns, lifestyle,
and exercise should be conducted.

A limitation of our study is that we did not look
into whether fulfillment of MS criteria was related
to duration of obesity, eating patterns, lifestyle, or
exercise. Secondly, the nature of our cross-sectional
study did not allow for determining explain the
length of time between onset of the obesity and MS
occurrence.

In conclusion, high blood pressure and waist
circumference occurred more commonly in obese
than in overweight children. The occurrence of MS
in obese children was significantly higher than in
overweight children. We suggest that knowledge of
tendencies for fulfillment of MS criteria in obese and
overweight children may be useful for diagnosing MS
and providing earlier treatment.

References

1. Grundy SM, Brewer HB, Cleeman ]I, Smith SC, Lenfant
C. Definition of metabolic syndrome. Report of the
National Heart, Lung, and Blood Institute/American
Heart Association conference on scientific issues related
to definition. NHLBI/AHA conference proceedings.
Circulation. 2004;109:433-8.

2. Cruz ML, Goran MI. The metabolic syndrome in children
and adolescents. Curr Diabetes Rep. 2004;4:53-62.

3. Nader PR, O’'Brien M, Houts R, Bradley R, Belsky ], Crosnoe
R, et al. Identifying risk for obesity in early childhood.
Pediatrics. 2006;118:e594-9.

4. Berenson GS, Srinivasan SR, Bao W, Newman WP 3rd,
Tracy RE, Wattigney WA. Association between multiple

cardiovascular risk factors and atherosclerosis in children
and young adults: the Bogalusa Heart Study. N Engl ] Med.
1998;338:1650-6.

5. McGill HC Jr, McMahan CA, Herderick EE, Zieske AW,
Malcom GT, Tracy RE, et al. Pathobiological determinants
of atherosclerosis in youth (PDAY) research group. Obesity
accelerates the progression of coronary atherosclerosis in
young man. Circulation. 2002;105:2712-8.

6.  McGill HC Jr, McMahan CA, Zieske AW, Tracy RE, Malcom

GT, Herderick E, et al. Association of coronary heart



10.

11.

12.

13.

Astrid Anastasia Malonda et al: Metabolic syndrome criteria in obese and overweight children

disease risk factors with microscopic qualities of coronary
atherosclerosis in youth. Circulation. 2000;102;374-9.
Yoshinaga M, Tanaka S, Shimago A, Sameshima K, Nishi
J, Nomura Y, et al. Metabolic syndrome in overweight and
obese Japanese children. Obes Res. 2005;13:1135-40.
WHO Child growth standards: length-height-for-age, weight-
for-age, weight-for-length, weight-for height and body mass
index-for-age: methods and development. France: WHO
2006.

Cizmecioglu FM, Hatun S, Kalca S. Metabolic syndrome in obese
Turkish children and adolescents: comparison of two diagnostic
models. Turk ] Pediatr. 2008;50:359-65.

Cook S, Weitzman M, Auinger B, Nguyen M, Dietz
WH. Prevalence of a metabolic syndrome phenotype in
adolescents. Arch Pediatr Adolesc Med. 2003;157:821-7.
LiY, Yang YL, Zhai E, Kok FJ, Zhao ], Piao ], et al. Prevalence
of the metabolic syndrome in Chinese adolescents. Br ] Nutr.
2008;99:565-70.

Srinivasan SR, Meyers L, Berrenson GS. Change in metabolic
syndrome variables since childhood in prehypertensive
and hypertensive subjects. The Bogalusa Heart Study.
Hypertension. 2006;33-39.

Steinberger ], Daniels SR, Eckel R, Hayman L, Lusting R,

14.

15.

16.

17.

18.

19.

McCrindle B, et al. Progress and challenges in metabolic
syndrome in children and adolescents. Circulation.
2009;119:1-20.

Bustos B, Saez K Glaisner A, Ulloa N, Asenjo S. Metabolic
syndrome in obese adolescents. Pediatr Diab. 2010:11:55-
60.

Adam JME Metabolik sindrom. Bandung: Medical School,
Padjajaran University, 2000.

Weiss R, Dziura ], Burgert TS, Tamborlane W, Taksali S,
Yeckel C, et al. Obesity and the metabolic syndrome in
children and adolescents. N Engl ] Med. 2004;350:2362-
74.

DeFerranti SD, Gauvreau K, Ludwig DS, Neufeld EJ,
Newburger JW, Rifai N. Prevalence of the metabolic
syndrome in American adolescents: findings from the
third national health and nutrition examination survey.
Circulation. 2004;110:2494-7.

Esmaillzadeh A, Mirmiran B, Etemandi A, Azizi E High
prevalence of the metabolic syndrome in Iranian Adolescents.
Obesity. 2006;3:377-82.

American Academy of Pediatrics Committee on Nutrition.

Prevention of pediatric overweight and obesity. Pediatrics.

2003;112:424-7.

Paediatr Indones, Vol. 50, No. 5, September 2010 * 299



