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Prevalence and trends of obesity among school
children in Taiwan —the Taipei Children Heart Study
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BACKGROUND: In Taiwan, the availability of a high-fat and high-energy diet has steadily risen over the past 30y, while people
have become increasingly sedentary. This lifestyle of poor diet and little physical activity has caused the prevalence of obesity to
increase among adults and children. Obesity and associated chronic disease risk factors are becoming important public health
issues. The purpose of this study is to evaluate the prevalence and secular trends of being overweight and obese among school
children in Taiwan.

METHODS: We conducted a cross-sectional survey among junior high school students in Taipei in 1994 to ascertain a
representative distribution of demographic, lifestyle and biochemical characteristics, including several cardiovascular disease risk
factors. After multistage sampling of 85 junior high schools in Taipei, we randomly selected 1500 children for this survey. We
defined being overweight and obese based on ideal body weight (IBW) criteria. Children are considered to be overweight if their
body weight is 110-120% of IBW, and obese if their body weight is greater than 120% of IBW within age- and gender-specific
strata.

RESULTS: In general, obese children have higher blood pressure, plasma glucose and triglyceride levels and lower high-density-
lipoprotein cholesterol levels than normal-weight children. From 1980 to 1994, the mean value of body weight increased
significantly over increases in body height (especially among boys). Although the percentage of overweight children remained
steady from 1980 to 1994 in both genders, the prevalence and trends of obesity increased significantly, especially among boys
and older girls.

CONCLUSION: From this survey we find that in Taiwan from 1980 to 1994 body weight increased dramatically over body
height among school children. The prevalence of obesity also increased significantly, especially among boys, while the
percentage of overweight children did not vary. Overall, this study indicates that obesity and the adverse effects of being
over the ideal body weight is no longer just a problem of Western countries.
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Introduction

Obesity is a widespread and growing problem in the world
with significant medical, psychosocial and economic con-
sequences.! =3 The prevalence of obesity has increased sub-
stantially over the last few decades and indications are that
this trend will continue.#~¢ In the US, one-third of over-
weight Americans are at an increased risk of developing
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chronic diseases such as type 2 diabetes, cardiovascular
disease, gallbladder disease, hypertension and certain forms
of cancer.>”8

In children, the development of obesity is associated with
the simultaneous deterioration in chronic diseases risk pro-
files.”~!* Excess weight in childhood is the leading cause of
pediatric hypertension, and overweight children are at a
high risk for developing long-term chronic conditions,
including adult-onset diabetes mellitus, coronary heart dis-
ease, orthopedic disorders and respiratory disease.'®~1¢ In
fact, there is substantial evidence suggesting that obesity in
childhood lays the metabolic groundwork for adult cardio-
vascular disease.'®!3 Also, many studies demonstrate that
overweight children tend to become overweight adults.!” ~2°



Overall, obesity in childhood appears to increase the risk of
subsequent morbidity, whether or not obesity persists into
adulthood. 2!

For the general population in Taiwan, the availability of a
high-fat and high-energy diet has steadily increased over the
past few decades, while the lifestyle has also become more
and more sedentary and physically inactive.?*?? Since the
prevalence of obesity is continuously increasing among
adults and children,?*?* obesity and associated chronic dis-
ease risk factors are becoming an important public health
issue. 2%

The purpose of this study is to evaluate the prevalence and
secular trends of overweight and obese school children in
Taipei from 1980 to 1994.

Materials and methods

Study design and sampling method

The Taipei Children Heart Study is an epidemiological survey
of cardiovascular disease risk factors among school children
in Taipei in 1994. The details of the sampling methods and
results are described elsewhere.??° Briefly, we conducted a
cross-sectional survey among junior high school students in
Taipei to ascertain a representative distribution of demo-
graphic, lifestyle and biochemical characteristics and cardio-
vascular disease risk factors. After multistage sampling of 85
junior high schools in Taipei, we randomly selected 1500
school children for this survey.

Data collection

General information. All participants completed a ques-
tionnaire on their disease history and lifestyle characteristics,
including cigarette smoking, alcohol consumption, puberty
development, usual physical activity and dietary intake.

Anthropometrics measurement. Research technicians
recorded body weight to the nearest 0.1 kg using a standard
beam balance scale with subjects barefoot and wearing light
indoor clothing. Body height was recorded to the nearest
0.5 cm. We calculated ideal body weight (IBW) as the average
body weight among age- and gender-specific strata of this
group. Body mass index (BMI) was defined as the ratio of
body weight to body height squared, expressed as kg/m?.

Blood pressure and lipids measurement. After 10 min rest,
we measured blood pressure (BP) on the right arm in a sitting
position, using an appropriate cuff size; the first and fifth
Korotkoff sounds were recorded as systolic and diastolic BP.
We measured blood pressure again after a 5 min rest and the
average was used in the analysis.

To reduce extraneous between-person variation, we col-
lected a 12h fasting blood sample only from students who
had consumed their usual dietary pattern during the previous
3 days. Children who had recently attended a holiday or
family celebration were recontacted several weeks later. We
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measured serum total cholesterol using an esterase oxidase
method, triglycerides (TG) using an enzymatic procedure, and
highdensity-lipoprotein-cholesterol (HDL-C) by an enzymatic
method with magnesium precipitation using the Synchron
CXS analyzer (Beckman Instrument, Palo Alto, CA). Because
no triglyceride concentration exceeded 400mg/dl and all
samples were collected after a 12 h fast, we used Friedewald’s
formula to calculate LDL cholesterol: LDL cholesterol = ((total
cholesterol — HDL-C) - (triglyceride/35)).

Previous national surveys

Two previous national surveys conducted before this study
were used to compare the trends of change in body height
and body weight among school children in Taiwan. The first
survey was conducted in 1980-1982%7 and the second was
conducted in 1986-1988.2% The national prevalence and
secular trends of being overweight and obese among 12—
15-y-old school children are based on the data of these three
surveys.

Definition of overweight and obese children

With no universal definition of obesity for school children
and limitations on the availability of anthropometric infor-
mation from previous national surveys in Taiwan, we
defined overweight and obese based on weight—IBW criteria
(ratio of body weight to ideal body weight). We considered
children to be overweight if their body weight was 110-
120% of weight—IBW ratio and to be obese if their body
weight was greater than 120% of weight—IBW ratio within
age- and gender-specific strata. For the 1994 survey, we also
compared the corresponding mean value of BMI among
different obese groups using weight —IBW ratio criteria with
age- and gender-specification.

Statistical analysis

To reduce differences due to maturation, gender-specific
distribution of anthropometric and biochemical measures
is directly standardized to the age distribution of the whole
study population in the 1994 survey. We compared the
differences in general characteristics among children with
different categories of obesity using analysis of variance
(ANOVA) after adjusting for age and with gender specifica-
tion (only 1994 data). A two-tailed P-value <0.05 was con-
sidered statistically significant. All statistical analyses were
conducted using the statistical package SAS (SAS Institute
Inc, Cary, NC).

Results

General characteristics among study subjects

In the 1994 survey, we excluded 134 subjects who refused to
enter the survey protocol or had missing or incomplete data.
The final sample for analysis included 1366 children (681
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boys and 685 girls). From this cross-sectional survey, the
mean (=+s.d.) body height is 161.9+8.2 and 156.3+5.5cm
and body weight is 55.6 £12.5 and 50.7 £ 9.5 kg for boys and
girls, respectively. The anthropometric and biochemical
characteristics among different categories of obesity in
1994 are presented in Table 1. In general, obese children
have higher blood pressure, plasma glucose and triglyceride
levels and lower high-density-lipoprotein-cholesterol levels
than normal-weight children (P <0.05). Furthermore, over-

weight boys had higher plasma triglyceride levels and lower
HDL-C levels, while both genders had higher systolic BP
than normal weight children.

Trends of body height and body weight in Taiwan

Tables 2 and 3 show the secular trends of mean values and
percentile distributions of body height and weight among 12
to 15-y-old school children in Taiwan. In both genders, the

Table 1 General characteristics of study children among different categories of obesity with gender specification on
1994 -1996 survey
Boys Girls
Normal Overweight® Obese® Normal Overweight Obese
(n=490) (n=79) (h=112) (n=539) (n=70) (n=76)
Mean  s.d. Mean s.d. Mean s.d. Mean  s.d. Mean s.d. Mean s.d.

Body height 160.4 8.2 1649 8.0 166.2¢ 59 1555 55 1584~ 56 159.5* 4.5
Body weight 49.7 7.6 63.9* 4.7 75.2* 9.8 47.0 5.6 57.7* 3.3 70.1* 8.8
SBP® 1119 124 1171* 116 121.3* 121 1025 11.7 106.8* 11.9 1155* 11.8
DBP 66.4 8.8 68.1 9.3 72.3* 103 66.8 8.8 66.6 9.3 74.4* 10.0
GLUC 92.9 7.7 93.9 8.1 95.3* 8.3 91.4 7.8 91.4 6.3 93.7* 10.0
CHOL 1513 271 149.2 27.0 1540 276 161.6 29.6 159.6 23.0 161.7 26.8
TG 64.6 26.4 81.4* 422 86.6* 45.9 759 315 741 29.0 88.7* 47.5
HDL-C 55.6 134 50.9* 120 46.9* 13.2 563 129 55.0 10.9 49.4* 10.8
LDL-C 82.8 25.1 82.0 254 89.7* 241 90.2 271 89.8 20.4 94.6 234

“Overweight is defined as body weight at 110-120% of mean body weight and obese is defined as > 120% mean body

weight at same age and gender stratum.

bSBP, systolic blood pressure (mmHg); DBP, diastolic blood pressure (mmHg); GLUC (mg/dl); CHOL, cholesterol (mg/dl); TG,
triglyceride (mg/dl); HDL-C, high density lipoprotein-cholesterol (mg/dl); LDL-C low density lipoprotein-cholesterol (mg/dl).

*P <0.05 when compared with the same gender normal-weight group using ANOVA after adjusting for age.

Table 2 Mean values of body height and body weight among 12 to 15y old school children in Taiwan with
gender specification

1980-1982 1986 -1988" 1994-1996
Age (y) n Mean +£s.d. n Mean +£s.d. n Mean +s.d.
Body height (cm)
Boys
12 544 1449+7.8 609 146.6 131 155.4+£7.7
13 173 152.8+8.6 591 153.6 240 160.4+7.5
14 1053 159.94+9.6 617 159.8 238 165.8+6.9
15 538 163.3+9.6 439 164.1 64 166.8+5.6
Girls
12 531 146.7+7.0 556 148.0 151 153.94+5.3
13 142 151.3+6.0 558 152.5 225 156.3+5.6
14 971 154.6+7.0 537 154.7 237 157.3+5.4
15 544 155.4+5.2 430 156.4 71 157.4+£5.0
Body weight (kg)
Boys
12 541 35.7+7.6 609 37.9 131 50.8+11.0
13 172 41.3+8.3 591 43.1 240 53.5+£12.7
14 1057 47.3+8.8 617 48.6 238 58.8+11.7
15 536 51.4+8.7 439 52.2 64 61.3+2.2
Girls
12 531 36.7+7.3 556 38.2 151 47.0+7.9
13 143 41.5+6.6 558 42.7 225 49.8+8.9
14 971 45.1+6.5 537 44.9 237 52.8+10.1
15 542 46.8+6.9 430 52.2 71 54.4+9.9

*No Information on s.d. was available in this survey.
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Table 3 Percentiles distribution of body height and weight among 12 to 15-y-old school children in Taiwan with
gender specification

1980-1982 1986-1988 1994-1996
Percentiles Percentiles Percentiles
Age (y) 10 25 50 75 90 10 25 50 75 90 10 25 50 75 90
Body height (cm)
Boys
12 135 139 145 150 155 136 141 146 152 158 148 150 155 161 169
13 142 148 153 159 163 143 147 154 160 166 149 156 161 166 170
14 150 156 161 165 170 149 155 161 165 170 157 162 166 171 174
15 154 160 164 169 172 156 160 165 169 173 161 163 167 170 175
Girls
12 137 142 147 152 155 139 144 149 153 157 148 151 154 158 161
13 145 147 151 155 159 145 149 153 157 160 149 153 156 160 163
14 148 152 155 159 162 148 151 155 159 162 151 154 158 161 165
15 149 152 156 159 163 150 153 157 160 163 151 154 158 161 164
Body weight (kg)
Boys
12 27.6 30.5 339 395 456 284 31.4 36.3 423 50.0 37.5 41.5 49.5 60.0 67.5
13 31.6 36.0 40.5 469 539 320 354 415 488 563 405 445 515 595 715
14 36.6 419 474 520 575 369 416 473 538 608 450 505 57.8 650 74.5
15 41.8 463 51.0 563 623 41.8 458 509 565 635 47.0 52.0 60.5 68.0 76.0
Girls
12 28.4 31.6 357 40.5 471 28.8 33.0 37.1 43.1 48.0 37.0 40.5 47.0 51.5 555
13 340 37.2 41.6 452 49.8 341 382 424 469 51.5 40.5 44.0 48.0 54.0 62.0
14 380 41.0 446 484 53.6 363 398 444 49.2 538 425 46.5 50.5 56.0 64.0
15 39.4 428 46.0 503 551 39.1 427 46.6 51.6 57.2 440 47.0 53.0 60.0 67.0
mean body height has increased in all age groups from 1980 Prevalence and secular trends of being overweight and
to 1994; however, this increase in average height could not obese in Taiwan
explain the increase in body weight (especially among boys) The prevalence and secular trends of being overweight and
when compared within the same age and gender group. For obese among children with age- and gender-specification are
example, the mean body height of a 15-y-old boy was 163.3, shown in Table 4. Although the trends of being overweight
164.1 and 166.8cm, in 1980, 1986 and 1994, respectively, remained steady from 1980 to 1994 in both genders, the
while the mean value of body weight was 51.4, 52.2 and prevalence and trends of obesity increased significantly
61.3kg. Over this period, the gain in mean body weight was (Figure 1), especially among boys of all age and older age
disproportionate to the gain in height. girls.

Table 4 Prevalence and secular trends of overweight and obesity among 12 to 15-y-old school children in Taiwan
with gender specification

1980-1982 1986-1988 1994-1996
Age (y) n Overweight® Obese” n Overweight Obese n Overweight Obese
Boys
12 541 9.8 15.7 609 10.2 16.4 131 12.2 21.4
13 172 15.1 15.1 591 10.3 17.4 248 10.1 16.5
14 1057 13.9 1.1 617 1.5 13.9 238 12.6 14.7
15 536 13.6 10.6 439 1.9 10.5 64 12.5 12.5
Total® 2306 13.0 12.4 2256 10.9 14.8 681 11.6 16.4
Girls
12 531 9.8 15.4 556 12.4 14.8 151 14.6 8.8
13 143 12.6 9.1 538 14.2 10.2 226 9.3 1.9
14 971 10.6 9.0 537 14.3 9.3 237 8.9 11.0
15 542 13.8 7.2 430 10.9 9.8 71 8.5 16.9
Total® 2187 1.3 10.1 2061 13.1 1.1 685 10.2 1.1

“Overweight is defined as body weight at 110-120% of mean body weight and obese is defined as > 120% of mean body
weight at same age and gender stratum.
PAge-adjusted prevalence.
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Figure 1 Age-adjusted prevalence of obesity among school children in
Taiwan.

Table 5 Corresponding mean and median values of body mass index
for overweight and obese school children on the 1994-1996 survey

Mean Median
Age (y) Overweight” Obese Overweight Obese
Boys
12 23.7 25.2 23.5 25.6
13 23.1 27.7 22.6 271
14 233 27.9 23.2 27.6
15 26.2 28.9 26.3 28.4
Girls
12 221 259 22.2 26.2
13 22.7 26.6 22.6 26.2
14 23.8 28.8 24.2 27.5
15 24.9 28.5 25.5 28.6

®Overweight is defined as body weight at 110-120% of mean body weight
and obese is defined as >120% of mean body weight at same age and
gender stratum.

Table 5 describes the corresponding mean and median
values of BMI for overweight and obese school children
based on the weight-IBW ratio criteria from our 1994-
1996 survey.

Discussion
In this survey of 1366 school-aged Taiwanese children, we
found that the prevalence of obesity has steadily increased
from 1980 to 1994, from 12.4 to 16.4% for boys and 10.1 to
11.1% for girls. Furthermore, our results show that obese and
even overweight children had higher systolic blood pressures
and more adverse lipid profiles, with higher glucose levels
(only obese) compared to normal-weight children.
Longitudinal data is best to evaluate the sensitivity, spe-
cificity and predictive value of comparative measures of
childhood and adolescent adiposity used to identify current
and future morbidity.?*° One potential problem of our
study is the sampling variability between the 1994 data
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and the previous surveys. In our study, the children are
from the Taipei area which is likely to represent a more
urban population compared to the previous national surveys
which enrolled children from all of Taiwan. Therefore, the
increased trends of obesity demonstrated in our results may
be associated with the increased urbanization and industria-
lization over time,3'~3® but one must consider that these
data could be a result of sampling variability.

The relationship between obesity and chronic diseases has
been documented in numerous studies.!~*!® In the US,
excess weight is responsible for approximately 300000
deaths each year, making it second only to smoking as a
cause of death.® The economic cost of obesity and its com-
plications are estimated to exceed $45 billion per year.'*3*
Furthermore, weight gain and obesity during childhood and
adolescence are associated with many risk factors for poor
health, including higher levels of blood pressure and adverse
lipid profiles.!*3536 The prevention of excess weight gain
and obesity among children and adolescents is an important
factor in the prevention of obesity and decreasing the risk of
chronic disease among adults.*3738

The causes of obesity are multifactorial and complicated,
but it is clear that decreased physical activity is strongly
associated with the development of obesity.*!%3? In general,
weight gain is a result of a positive energy balance where
energy intake from food exceeds energy expenditure in
physical activity.>*° Over the past 30y in Western countries,
there is an increasing prevalence of overweight and obese
children and adolescents in both genders.*%*14? For exam-
ple, in the US, from 1963 to 1991, the prevalence of over-
weight children (based on 85th percentile BMI) increased
from 15.1 to 21.7% for boys and 15.2 to 21.2% for girls 12 to
17-y-old.* Societal changes over the past 30 or more years
could be responsible for decreases in physical activity,
including altered transportation patterns and household
work, as well as greatly increased time spent being physically
inactive, such as watching television, using computers and
playing electronic games.*>3943

This increasing prevalence of obesity is also seen in
Taiwanese adults and children, which may partly be
explained by an imbalance between energy intake and
expenditure. For example, total energy available increased
from 2661.7 to 2992.9 calories/day and fat intake rose from
63.5 to 128.4g/day during 1970 to 1989 in Taiwan.?? Of
course, increasingly sedentary lifestyles, including excessive
TV watching and physical inactivity, are partly to blame for
this trend. In this study, the rising prevalence of obesity and
stable proportion of being overweight may partly be
explained by the heavier children having increased their
body weight more than normal and the shift towards greater
obesity in the whole population. In Table 3, the percentile
distribution of body height among children from 1980 to
1994 was increased similarly in each percentile group. How-
ever, the increase in body weight was more significant in the
higher percentile children than that in the lower percentiles
which may be associated with the prevalence of obesity



increasing but that of overweight remaining stable among
Taiwanese school children. The possible mechanisms of the
discrepant rising obesity among genders are more compli-
cated. In Taiwan, the girls had an earlier puberty develop-
ment than boys (girls at 11-13y when compared with boys
at 12-14y), which may be associated with the gain in body
weight being disproportionate to the gain in height among
different gender and age groups. Dietary and activity pat-
terns may also play a certain role in the development of
obesity at these ages. According to results of previous body
image and eating behavior surveys among young females
study in Taipei, more than half of the young girls were not
satisfied with their body shape and image and tried to use
laxatives, diet pills and restricting diets to control their body
weight and shape.** This may be associated with the trend of
obesity rising more significantly in boys than in girls of this
age range.

For children and adolescents, classifying obesity is com-
plicated, since body weight and body composition are con-
tinually changing.?-3° Taking this into consideration, BMI is
the most appropriate measure for clinical assessment of
adiposity in children and adolescents.>**> However, in our
previous national surveys the definition of obesity is based
on the weight-IBW ratio. For comparison with information
from these surveys, we also used the weight—IBW ratio to
define overweight and obese children in this study. Addi-
tionally, we presented the BMI values that correspond to the
weight-IBW ratio for the 1994-1996 survey. For example,
based on BMI criteria, we considered children to be obese if
their BMI was greater than or equal to the 85th percentile of
age- and gender-specific strata.?® For boys, the cut-off point
for obesity was 25.0, 24.6 and 25.5kg/m? for 12, 13 and 14 or
greater year olds; for girls it was 22.4, 23.3 and 24.8 kg/m?.
When 120% weight-IBW ratios are used as cut-offs for
obesity, the corresponding BMI were 25.2, 27.7 and 27.9
for boys and 25.9, 26.6 and 28.8 for girls among 12, 13 and
14y, respectively. Therefore, the weight—IBW ratio is a
higher cut-off for defining obesity compared to BMI. Our
data may be an underestimation of the prevalence of obesity
compared to data generated using BMI.

In conclusion, this study demonstrates that the preva-
lence of overweight children remained steady over the
period from 1980 to 1994, whereas obesity increased signifi-
cantly, especially among boys in Taiwan. Since obesity in
adults is associated with the development of chronic dis-
eases, prevention of excess weight gain and obesity early in
life may decrease the risk of chronic disease in later life.* !5
Further studies are needed to evaluate these data to better
understand and potentially prevent the causes of obesity
among children.

References

1 Garrow JS. Health Implications of Obesity. Obesity and Related
Diseases. Churchill Livingstone: London; 1988. pp 11-16.

2 Gidding SS. A perspective on obesity. Am ] Med Sci 1995;
310(Suppl 1): S68-71.

Prevalence of obesity among children in Taiwan
N-F Chu

N

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Bray GA. Health hazards of obesity. Endocrinol Metab Clin N Am
1996; 25: 907 -919.

Troiano RP, Flegal KM, Kuczmarski RJ, Campbell SM, Johnson CL.
Overweight prevalence and trends for children and adolescents.
The National Health and Nutrition Examination Surveys, 1963 to
1991. Arch Pediatr Adolesc Med 1995; 149: 1085-1091.

CDC: Update: prevalence of overweight among children, adoles-
cents, and adults— United States, 1988 -1994. MMWR 1997; 46:
199-202.

Flegal KM, Carroll MD, Kuczmarski RJ, Johnson CL. Overweight
and obesity in the United States: prevalence and trends, 1960 -
1994. Int ] Obes Relat Metab Disord 1998; 22: 39-47.

Kannel WB, Gordon T, Castelli WP. Obesity, lipids, and glucose
intolerance. The Framingham Study. Am ] Clin Nutr 1979; 32:
1238-1245.

Troiano RP, Frongillo EA Jr, Sobal J, Levitsky DA. The relationship
between body weight and mortality: a quantitative analysis of
combined information from existing studies. Int | Obes Relat
Metab Disord 1996; 20: 63-75.

Dietz WH]J. Obesity in infants, children, and adolescents in the
United States. I. Identification, natural history, and aftereffects.
Nutr Res 1981; 1: 117-137.

Aristimuno GG, Foster TA, Voors AW, Srinivasan SR, Berenson GS:
Influence of persistent obesity in children on cardiovascular
risk factors: the Bogalusa Heart Study. Circulation 1984; 69:
895-904.

Smoak CG, Burke GL, Webber LS, Harsha DW, Srinivasan SR,
Berenson GS. Relation of obesity to clustering of cardiovascular
disease risk factors in children and young adults. The Bogalusa
Heart Study. Am ] Epidemiol 1987; 125: 364-372.

Lauer RM, Clarke WR. Childhood risk factors for high adult blood
pressure: the Muscatine Study. Pediatrics 1989; 84: 633 -641.
Gidding SS, Bao W, Srinivasan SR, Berenson GS. Effects of secular
trends in obesity on coronary risk factors in children: the Boga-
lusa Heart Study. J Pediatr 1995; 127: 868 -874.

Gidding SS, Leibel RL, Daniel S, Rosenbaum M, van Horn L,
Marx GR. Understanding obesity in youth. Circulation 1996; 94:
3383-3387.

Guillaume M, Lapidus L, Bjorntorp P, Lambert A. Physical activ-
ity, obesity, and cardiovascular risk factors in children. The
Belgian Luxembourg Child Study II. Obes Res 1997; 5: 549 - 556.
Dietz WH. Childhood weight affects adult morbidity and mor-
tality. J Nutr 1998; 128(Suppl 2): 411S-414S.

Braddon F, Rodgers B, Wadsworth M, Davies J. Onset of obesity in
a 36year birth cohort study. Br Med ] 1986; 293: 299-303.
Serdula MK, Ivery D, Coates RJ, Freedman DS, Williamson DF,
Byers T. Do obese children become obese adults? A review of the
literature. Prev Med 1993; 22: 167 -177.

Clarke WR, Lauer RM. Does childhood obesity track into adult-
hood? Crit Rev Food Sci Nutr 1993; 33: 423 -430.

Guo SS, Roche AF, Chumlea WC, Gardner JC, Siervogel RM. The
predictive value of childhood body mass index values for over-
weight at age 35. Am ] Clin Nutr 1994; 59: 810-819.

Must A, Jacques PF, Dallal GE, Bajema CJ, Dietz WH. Long-term
morbidity and mortality of overweight adolescents. A follow-up
of the Harvard Growth Study of 1922 to 1935. New Engl | Med
1992; 327: 1350-1355.

Department of Health, The Executive Yuan, ROC. The national
nutritional guide book, Vol 2. Taiwan Government: Taipei;
1991.

Department of Health, The Executive Yuan, ROC. Public Health in
Taiwan Area, Republic of China, 1995. Taiwan Government: Taipei;
1995.

Ding YA, Chu NF, Wang TW, Lin CC. Anthropometry and
lipoproteins-related characteristics of young adult males in
Taiwan. Int | Obes Relat Metab Disord 1995; 19: 392 -396.

Chu NF, Rimm EB, Wang D], Liou HS, Shieh SM. Clustering of
cardiovascular disease risk factors among obese schoolchildren:
the Taipei Children Heart Study. Am ] Clin Nutr 1998; 67:
1141-1146.

175

International Journal of Obesity



Prevalence of obesity among children in Taiwan
N-F Chu

26 Chu NF, Rimm EB, Wang D], Liou HS, Shieh SM. Relationship
between anthropometric variables and lipid levels among school
children: The Taipei Children Heart Study. Int | Obes Relat Metab
Disord 1998; 22: 66-72.

27 Lin Y-M, Chu C-L, Hong C-L, Huang P-C. Assessment of nutri-
tional status of the youth in Taiwan: 1. Body height and body
weight. J Chin Nutr Soc 1985; 10: 91-105.

28 Kao M-D, Huang H-I, Tzeng M-S, Lee N-Y, Shieh M-]. The nutri-
tional status in Taiwan—anthropometric measurement 1986—
1988 (I) Body weight and body height. ] Chin Nutr Soc 1991; 16:
63-84.

29 Dietz WH, Robinson TN. Assessment and treatment of childhood
obesity. Pediatr Rev 1993; 14: 337 -343.

30 Guillaume M. Defining obesity in childhood: current practice.
Am ] Clin Nutr 1999; 70: 126S-130S.

31 Lu F-H, Sung Y-H, Chang C-J, Tseng W-H. Epidemiological survey
on blood pressure, serum lipids and obesity in primary school
children in a rural village—Shuan Shi Village of Taipei county.
] Natl Public Health Assoc (ROC) 1989; 9: 198 -209.

32 Dietz WH Jr, Gortmaker SL: Factors within the physical environ-
ment associated with childhood obesity. Am | Clin Nutr 1984; 39:
619-624.

33 Poston WSC, Foreyt JP. Obesity is an environmental issue. Athero-
sclerosis 1999; 146: 201 -209.

34 Gortmaker SL, Must A, Perrin JM, Sobol AM, Dietz WH. Social and
economic consequences of overweight in adolescence and young
adulthood. New Engl ] Med 1993; 329: 1008 -1012.

35 Lauer RM, Lee J, Clarke WR. Factors affecting the relationship
between childhood and adult cholesterol levels: the Muscatine
Study. Pediatrics 1988; 82: 309 -318.

Appendix

Table A1 Percentiles distribution of body mass index among 12 to 15-
y-old school children in Taipei with gender specification on the 1994 -
1996 survey

Percentiles
Age (y) 5 15 50 85 95
Boys
12 15.9 17.2 20.3 25.0 27.1
13 16.3 17.3 19.6 24.5 28.7
14 16.7 17.7 20.4 253 28.9
15 17.3 18.0 21.2 26.5 29.9
Girls
12 15.9 16.8 19.4 22.4 25.0
13 16.2 17.4 19.7 233 27.2
14 16.9 18.2 20.4 24.5 28.2
15 17.4 18.6 21.2 27.3 28.9

International Journal of Obesity

36 Falkner F. Obesity and cardiovascular disease risk factors in
prepubescent and pubescent black and white females. Crit Rev
Food Sci Nutr 1993; 33: 397 -402.

37 Dietz WH Jr. Childhood obesity. Ann NY Acad Sci 1987; 499:
47-54.

38 Gortmaker SL, Dietz WH Jr, Sobol AM, Wehler CA. Increasing
pediatric obesity in the United States. Am ] Dis Child 1987; 141:
535-540.

39 Dietz WH Jr. Childhood obesity: susceptibility, cause, and man-
agement. J Pediatr 1983; 103: 676—686.

40 CDC. Prevalence of overweight among third- and sixth-grade
children —New York City, 1996. MMWR 1998; 47: 980-984.

41 Shear CL, Freedman DS, Burke GL, Harsha DW, Webber LS,
Berenson GS. Secular trends of obesity in early life: the Bogalusa
Heart Study. Am ] Public Health 1988; 78: 75-77.

42 Must A, Gortmaker SL, Dietz WH. Risk factors for obesity in
young adults: Hispanics, African Americans and Whites in the
transition years, age 16— 28 years. Biomed Pharmacother 1994; 48:
143-156.

43 Must A, Strauss RS. Risks and consequences of childhood and
adolescent obesity. Int ] Obes Relat Metab Disord 1999; 23(Suppl 2):
S2-S11.

44 Hung CT, Cheng SH. Body image and eating behavior in young
females at Taipei. | Natl Public Health Assoc (ROC) 1992; 11:
316-327.

45 Robinson TN. Defining obesity in children and adolescents:
clinical approaches. Crit Rev Food Sci Nutr 1993; 33: 313-320.



