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Overweight and obesity are the most common nutri-
tional disorders. Their ranks are swelling alarmingly
worldwide [1], and they collectively comprise one of

the most pressing health problems of the 21st century
[2–4]. The prevalence of overweight in American ado-
lescents aged 12–19 years rose from 6% in the period
1971–1974 to 15% during 1999–2000 [5]. Obesity in
children and adolescents is associated with several
metabolic and hemodynamic abnormalities: dyslip-
idemia, high blood pressure, impaired glucose toler-
ance, insulin resistance and assorted cardiovascular
risk factors [6]. Obesity starting from childhood and
extending into adulthood accounts for a wave of severe
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Although obesity is associated with important hemodynamic disturbances, little data exists on
population-wide cardiovascular risk factors in obese adolescent girls in Taiwan. This study meas-
ured the prevalence of overweight/obesity and related cardiovascular disease risk factors in ado-
lescent females. This was a school-based survey of a representative sample of 291 females aged 15
and 18 years in a public college in Central Taiwan. The main measures were height, body weight,
systolic (SBP) and diastolic blood pressure (DBP), uric acid, cholesterol, triglyceride (TG) and
high-density lipoprotein cholesterol (HDL-C). Obese (body mass index [BMI]≥25.3) and overweight
(22.7 ≤ BMI ≤ 25.2) individuals were combined and labeled as overweight (BMI ≥ 22.7) to make
communication of results clearer. Data gleaned from freshmen’s health examinations were analyzed.
The prevalence of obesity (BMI ≥ 25.3) was 9.28% and of overweight (BMI ≥ 22.7) was 21.31%.
Being overweight was associated with higher SBP, DBP, uric acid and TG, and lower levels of
HDL-C, but was not associated with cholesterol. The 15-year-old group showed higher mean levels
of uric acid, total cholesterol, TG and HDL-C than the 18-year-old group (p < 0.05). All told, 3.1%,
15.12% and 2.1% of the girls showed abnormally elevated levels of uric acid, cholesterol and TG,
respectively. In addition, 5.84% had abnormally lower HDL-C levels, indicating that interventions
should focus on reducing obesity and encouraging proper dietary habits and sufficient exercise,
especially in subjects with lower HDL-C levels and higher levels of cholesterol, TG and uric acid.
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adult obesity [7,8]. Higher body mass index (BMI) or
obesity is reportedly correlated with hypertension
[9–11] and metabolic risk factors like hyperlipidemia
[12,13]; these and obesity, if they continue into adult-
hood, are associated with early atherosclerosis [14,15].

The epidemiology of obesity in adolescent females
in Taiwan is still unknown, and little is known about
how strongly adolescent female obesity is associated
with cardiovascular risk factors. The goal of this study
was to evaluate the prevalence of obesity and related
cardiovascular risk factors among teenage girls. We
collected and analyzed the health examination data of
female students aged 15 and 18 years. Health exami-
nation was performed upon enrolment in school; data
included age, height, body weight, systolic (SBP) and
diastolic blood pressure (DBP), as well as levels of uric
acid, total cholesterol, triglycerides and high-density
lipoprotein cholesterol (HDL-C) in blood serum.

METHODS

Subjects and measurement
Study subjects included all newly enrolled students
admitted to a public college in central Taiwan in 2002.
There were two groups of enrolled students in this
study: freshmen of junior college (mean age, 15.4 ±
0.5 years) and college (mean age, 18.5 ± 0.5 years),
hereafter named the 15-year-old group and 18-year-old
group, respectively. The number of subjects was 195
aged 15 and 96 aged 18. The public college in central
Taiwan enrolled a wide variety of students, from the
lowest to highest socioeconomic level, quite represen-
tative of adolescents in central Taiwan. Therefore, the
subjects in the present study were considered to be 
a valid and unbiased sample. Age, height, body
weight, blood pressure and clinical chemistry analysis
of blood were recorded, our database comprising the
results of medical checkups performed by us.

During medical checkups, experienced nurses
measured a subject’s height to within 0.1 cm and body
weight to the nearest 0.1 kg. Blood pressure was meas-
ured in the morning, on the right arm of subjects,
using an automatic oscillometric sphygmomanometer
(Model FT-201; Parama-Tech Co. Ltd., Fukuoka, Japan)
after the student had been seated and rested for at least
5 minutes. BMI was computed as weight (kg)/height2

(m2), adiposity levels were classified into four groups
based on BMI in adolescent girls aged 15–18 years, as

defined by the Department of Health, Executive Yuan,
Taiwan: underweight (BMI ≤ 17.9), normal weight
(18.0 ≤ BMI ≤ 22.6), overweight (22.7 ≤ BMI ≤ 25.2) and
obese (BMI ≥ 25.3).

Blood samples and biochemical
measurement
Blood samples were collected from each freshman
upon entrance into the college. Ten milliliters of blood
were collected in non-anticoagulant sterile tubes after
at least an 8-hour fast, centrifuged within 90 minutes,
and analyzed within 4 hours. Blood samples were an-
alyzed for uric acid, cholesterol, triglyceride and
HDL-C using a Roche–Hitachi Modular P800 analyzer
(Roche Diagnostics, F. Hoffmann-La Roche Ltd., Basel,
Switzerland).

Statistical analysis
Two sets of continuous variables were analyzed using
Student’s t test and category variables were analyzed
using the χ2 test. The relationships among BMI and
SBP, DBP, serum uric acid, serum total cholesterol,
serum triglyceride and serum HDL-C were tested by
regression analysis. Statistical analyses were per-
formed using SAS version 9.1 (SAS Institute Inc.,
Cary, NC, USA) for Windows. A value of p less than
0.05 was considered statistically significant.

RESULTS

Characteristics of subjects
Mean ages in the 15- and 18-year-old groups were
15.4 ± 0.5 years and 18.5 ± 0.5 years, respectively; mean
heights were 158.1 ± 5.4 cm and 159.0 ± 5.4 cm, respec-
tively; mean body weights were 52.0 ± 9.5 kg and
52.9 ± 10.5 kg, respectively; and mean BMIs were
20.8 ± 3.6 and 20.9 ± 3.9, respectively (Table 1).

Table 1. Characteristics of study subjects*

15-yr-old 18-yr-old 
Total 

group group
(n = 195) (n = 96)

(N = 291)

Age (yr) 15.4 ± 0.5 18.5 ± 0.5 16.4 ± 1.6
Height (cm) 158.1 ± 5.4 159.0 ± 5.4 158.4 ± 5.5
Weight (kg) 52.0 ± 9.5 52.9 ± 10.5 52.3 ± 9.9
BMI (kg/m2) 20.8 ± 3.6 20.9 ± 3.9 20.8 ± 3.7

*Data are presented as mean ± standard deviation. BMI = body
mass index.
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Prevalence of obesity and overweight in
adolescent girls
The obesity rates in the 15- and 18-year-old groups
were 9.23% and 9.38%, respectively; the overweight
rates were 9.23% and 17.71%, respectively; and the to-
tal rates of obesity plus overweight were 9.28% and
12.03%, respectively (Table 2). No statistically sig-
nificant differences in the rates of obesity (χ2 = 0.03,
p = 0.861) or overweight (χ2 = 3.61, p = 0.058) were seen
(Table 2). When the numbers of obese and overweight
individuals in these two groups were combined (BMI≥
22.7) and compared, no marked difference was found
between the two groups (χ2 = 2.36, p = 0.092; Table 2).

BMI and clinical measure values between
groups
There were no statistically significant differences in
height, weight, BMI, SBP or DBP between the 15- and
18-year-old groups (Table 3).

The mean levels of uric acid in the 15- and 18-
year-old groups were 5.7 mg/dL and 4.9 mg/dL,
respectively (p = 8.89 × 10–9). Nine 15-year-olds but no
18-year-olds showed elevated uric acid levels in serum
(reference range, 3.5–8.0 mg/dL).

The mean levels of total cholesterol in the 15- and
18-year-old groups were 175 mg/dL and 151 mg/dL,
respectively (p = 4.47 × 10–10). Thirty-nine 15-year-olds
and five 18-year-olds had elevated total cholesterol lev-
els in serum (reference value < 200 mg/dL). The mean
values of triglyceride in the 15-year-old and 18-year-old
groups were 73.2mg/dL and 56.4mg/dL, respectively
(p = 9.31 × 10–7). Six 15-year-olds but no 18-year-olds
had elevated triglyceride levels in serum (reference
range, 50–150 mg/dL). The mean levels of HDL-C in
the 15- and 18-year-old groups were 50.8 mg/dL and
44.2 mg/dL, respectively (p = 5.44 × 10–7). Six 15-year-
olds and 11 18-year-olds showed decreased levels of
HDL-C (reference range, 35–100 mg/dL).

Clinical measurements between normal/
underweight and overweight/obese girls
We pre-tested the associations among four BMI sub-
groups and clinical measure values individually in
the two age groups (data not shown) to find similar re-
sults between individual groups and the total number
of subjects which combined the 15- and 18-year-old
groups. As there was no difference in mean BMI 
between the 15- and 18-year-old groups (Table 3), we

Table 2. Prevalence of obesity and overweight in adolescent girls

15-yr-old group* 18-yr-old group* Total*
OR (95% CI)† p

(n = 195) (n = 96) (N = 291)

Obese (BMI ≥ 25.3) 18 (9.23) 9 (9.38) 27 (9.28) 0.98 (0.40–2.59) 0.861
Overweight (22.7 ≤ BMI ≤ 25.2) 18 (9.23) 17 (17.71) 35 (12.03) 0.47 (0.22–1.04) 0.058
Total (BMI ≥ 22.7) 36 (18.46) 26 (27.09) 62 (21.31) 0.61 (0.33–1.14) 0.092

*Data are presented as n (%); †Yate’s corrected odds ratios (OR) with exact confidence intervals (CI).

Table 3. Comparison of mean body mass index (BMI) and mean clinical measure values between the two different age
groups of adolescent girls

15-yr-old group 18-yr-old group
p*

(n = 195) (n = 96)

Height (cm) 158.1 159.0 0.157
Weight (kg) 52.0 52.9 0.476
BMI (kg/m2) 20.8 20.9 0.835
SBP (mmHg) 109.0 109.3 0.864
DBP (mmHg) 72.0 71.2 0.478
Uric acid (mg/dL) 5.7 4.9 < 0.001
CHO (mg/dL) 175.0 151.0 < 0.001
TG (mg/dL) 73.2 56.4 < 0.001
HDL-C (mg/dL) 50.8 44.2 < 0.001

*Student’s t test, two-tailed. SBP = systolic blood pressure; DBP = diastolic blood pressure; CHO = total cholesterol; TG = triglyceride;
HDL-C = high-density lipoprotein cholesterol.
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combined the 15- and 18-year-old groups and sub-
grouped them into four BMI groups as defined by the
Department of Health, Taiwan: underweight (BMI ≤
17.9), normal weight (18.0 ≤ BMI ≤ 22.6), overweight
(22.7 ≤ BMI ≤ 25.2) and obese (BMI ≥ 25.3).

To compare the clinical and biochemical parameters
between normal/underweight and overweight/obese
adolescent girls, we combined the overweight and
obese groups and labeled them as overweight (BMI ≥
22.7), and combined the normal weight and under-
weight groups and labeled them as normal (BMI ≤
22.6). When comparing the two groups using
Student’s t test, age, height and levels of total choles-
terol and triglyceride still showed no statistically sig-
nificant differences (Table 4). However, SBP, DBP, uric
acid and HDL-C showed significant differences (p =
2.22 × 10–8, 0.001, 9.5 × 10–5 and 0.001, respectively). It
was reasonable that weight was different between the
two BMI groups because the primary affective factor
for BMI is body weight (Table 4).

Simple regression analysis of relationships
between BMI and clinical measurements
To further examine the relationships between obesity
and cardiovascular risk factors, we performed a regres-
sion analysis that first used the clinical measurements
as independent variables and BMI as the dependent
variable, and tested these variables by multiple linear
regressions. Age, SBP, DBP, and levels of uric acid,
cholesterol, triglyceride and HDL-C did not affect
BMI; only height and weight had an effect (data 
not shown), which was expected since BMI is calcu-
lated as weight/height (m2). We therefore conducted

a simple linear regression with BMI as an indepen-
dent variable and clinical measurements as depend-
ent variables. Table 5 shows that BMI affected SBP,
DBP, and levels of uric acid, triglyceride and HDL-C,
but not cholesterol.

DISCUSSION

This study found no statistically significant differences
in height and body weight between 15- and 18-year-
old adolescent girls. We thereby infer that height and
body weight have developed completely by the age of
15 in females in Taiwan. After that time, no significant
increases in height or body weight were found. It
would be worth further evaluating this inference by
collecting many more samples. Obesity rates were
similar among both 15- and 18-year-old adolescent

Table 5. Simple regression analysis of the relationship
between body mass index (the independent variable)
and clinical measurements

Dependent Regression 
p

variables coefficient*

SBP 1.03 ± 0.17 < 0.0001†

DBP 0.42 ± 0.15 0.0064†

Uric acid 0.11 ± 0.02 < 0.0001†

CHO 0.40 ± 0.49 0.4237
TG 1.07 ± 0.50 0.0346†

HDL-C −0.51 ± 0.17 0.0034†

*Data are presented as mean ± standard deviation; †statistically
significant at alpha level 0.05. SBP = systolic blood pressure;
DBP = diastolic blood pressure; CHO = total cholesterol; TG =
triglyceride; HDL-C = high-density lipoprotein cholesterol.

Table 4. Comparison of mean clinical and biochemical parameters between normal/underweight and overweight/obese
adolescent girls

BMI ≤ 22.6* BMI ≥ 22.7†
p‡

(n = 229) (n = 62)

Age (yr) 16.4 16.7 0.098
Height (cm) 158.3 158.6 0.352
Weight (kg) 48.6 66.1 < 0.001
SBP (mmHg) 107.1 116.6 < 0.001
DBP (mmHg) 70.9 75.0 0.001
Uric acid (mg/dL) 5.3 6.1 < 0.001
CHO (mg/dL) 167.5 167.0 0.458
TG (mg/dL) 66.1 73.3 0.074
HDL-C (mg/dL) 49.7 44.7 0.001

*BMI ≤ 22.6 is normal + underweight; †BMI ≥ 22.7 is overweight + obese; ‡Student’s t test, one-tailed. BMI = body mass index; 
SBP = systolic blood pressure; DBP = diastolic blood pressure; CHO = total cholesterol; TG = triglyceride; HDL-C = high-density
lipoprotein cholesterol.



girls in central Taiwan (9.23% vs. 9.28%). Although the
rate of overweight seemed different between these
two groups (9.23% in 15- vs. 17.71% in 18-year-old
girls), this difference was not statistically significant
(Table 2). More samples are needed to detect if there
is any difference. The prevalence of overweight and
obesity (BMI ≥ 22.7) in teenage girls in our study was
21.3% (62/291) (Table 2), similar to data reported in
the United States that showed that more than 17% of
teenagers (aged 12–19 years) in 2003–2004, in the US,
were overweight [16].

In this study, higher mean levels of cholesterol,
triglyceride and uric acid as well as lower mean levels
of HDL-C were found in 15-year-olds compared with
18-year-olds (Table 3). Although the blood levels of
cholesterol, triglyceride and uric acid may increase
with age in adults, and lower HDL-C was found in
overweight adolescent males ≥ 11 years compared to
overweight males < 11 years [17], this phenomenon
has never been reported in teenage females until now.
However, detailed analysis revealed that 20% (39/195),
4.1% (8/195) and 4.6% (9/195) of 15-year-old girls
showed abnormally elevated total cholesterol, triglyc-
eride and uric acid levels, respectively, whereas only
5% (5/96) of 18-year-old girls showed abnormally
elevated total cholesterol levels and none showed
abnormally elevated triglyceride or uric acid levels.
Also, 0.5% (1/195) of 15-year-old girls and 3% (3/96)
of 18-year-old girls showed decreased levels of uric
acid. Therefore, the differences in total cholesterol, tri-
glyceride and uric acid levels between these two age
groups may arise from the higher percentage of 15-
year-old girls with abnormal levels. Alternatively, it
may be because many junior college students con-
sume too much high-cholesterol, fermented and car-
bohydrate food which are over-nutritious, or they
undertake little exercise during their junior high school
period. On the other hand, all of the 18-year-old girls
were from nursing occupational high schools and it
is possible that they are more knowledgeable about
nutrition and pay more attention to their food intake.
In addition, 3.1% (6/195) of 15-year-old girls versus
11.5% (11/96) of 18-year-old girls showed decreased
levels of HDL-C. Therefore, the lower mean value of
HDL-C in 18-year-old girls may be due to the fact that
a higher percentage of them have decreased levels of
HDL-C or relatively lower levels of total cholesterol.
The correlation coefficient (r) between total cholesterol
and HDL-C was 0.548 (F = 125 > F.01(1,289), p < 0.01; data

not shown). This means that the value of HDL-C was
correlated with total cholesterol in blood. This phe-
nomenon in adolescent girls is interesting and merits
the collection of more samples for further study.

Hypertension is the strongest risk factor for athero-
sclerosis, and is associated with obesity in the adult
population. It is also a major risk factor for cardiovas-
cular disease [18] and has been traced from youth to
adulthood as a useful predictor of essential hyperten-
sion in adulthood [19,20]. This study showed signifi-
cantly higher SBP and DBP in overweight and obese
groups than in normal and underweight adolescent
female groups (Table 4). This result is consistent with
other reports that showed that mean SBP and the
prevalence of high-normal and elevated SBP are ele-
vated in obese children and adolescents [21].

Hyperlipidemias are defined as serum cholesterol
and triglyceride levels over the reference value.
America’s national cholesterol education program
(NCEP) lists their reference values for cholesterol 
as follows: normal, < 200 mg/dL; marginal hyper-
cholesteremia, 200–239 mg/dL; hypercholesteremia
≥ 240 mg/dL. In this study, 17.9% of 15-year-old girls
were classified as having marginal hypercholester-
emia and 2.1% had hypercholesteremia. High choles-
terol levels can cause atherosclerosis; the intake of
lower cholesterol food, along with exercises, pharma-
ceutical therapy and reduced body weight can alle-
viate hypercholesteremia. In addition, elevated blood
triglyceride levels are correlated with obesity and
boost the risk of cardiovascular disease and/or acute
pancreatitis whenever the patient’s triglyceride levels
are very high [22].

In the present study, 5.8% of the adolescent girls
showed abnormally low levels of HDL-C, well known
as a protective factor against cardiovascular disease
and coronary artery disease (CAD) [23,24]. Other re-
ports have shown that CAD risk is decreased by 2–3%
if HDL-C is increased by 1 mg/dL; however, there
was no direct correlation between CAD and LDL-C,
total cholesterol or triglyceride levels [25]. HDL-C as
a pivotal defense mechanism against atherosclerosis
has been substantiated by population studies, showing
the level of HDL-C to be a powerful and independent
inverse predictor of premature coronary heart disease
[26–28]. Moreover, low levels of HDL-C are the most
commonly encountered dyslipidemia in cases of pre-
mature myocardial infarction with up to 40% overall
prevalence [29], and multivariate regression analysis
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showed increased HDL-C to be the only lipoprotein
change predicting benefit [30]. Besides, both low
HDL-C and high BMI are associated with increased
postmenopausal breast cancer risk [31].

Raised serum uric acid levels purportedly increase
the incidence of acute gout and renal calculi, and also
predict increased risk of vascular events [32]. It was not
a good sign when abnormally high levels of uric acid
were found in 4.6% of the 15-year-old adolescents in
our study. While there might be no symptoms
throughout life in such people, risk of gouty arthritis
and urolithiasis rises with degree and duration of
hyperuricemia [33]. A recent study further revealed
hyperuricemia as likely to play a prominent role in
adolescent-onset essential hypertension [34] and in
cardiovascular disease [35]. It is worthy to note that
people, especially adolescents, with high levels of uric
acid should decrease the excessive intake of food
containing high purine levels.

Childhood obesity is associated with major health
problems (e.g. hypertension, dyslipidemia, diabetes)
and is an important early risk factor for adult obesity,
morbidity and all-cause mortality [16,36]. In addition,
atherosclerosis reportedly begins in childhood; hence,
early detection and treatment of dyslipidemia can no-
ticeably decrease the risk of cardiovascular diseases
[37,38]. Rising prevalence of overweight and obesity,
and their adverse effects, most notably increased car-
diovascular risk, should elevate concern about this
condition in teenagers. Decreasing BMI may help to
promote health in adolescents. Clinical preventive
measures are urgently needed to address the current
epidemic of adolescent obesity and reduce its hemo-
dynamic consequences.

In conclusion, the present data imply that interven-
tions promoting a healthy lifestyle should be started
at an early age to prevent or delay the development
of atherosclerotic lesions and, ultimately, to minimize
premature coronary heart disease in adults. It is also
suggested that more food containing HDL-C should
be taken by adolescents with lower blood HDL-C
levels.

Study limitations
First, we did not measure abdominal circumference.
Such data would provide more detailed information,
and using BMI may fail to distinguish increased fat
mass from increased fat-free mass. However, BMI is
the preferred measure for detecting overweight in

children and adolescents because of its feasibility,
reliability and tracking with adult obesity measures
[39]. Second, we did not assess puberty maturation,
which may be significant given the age range of our
subjects. However, we used each population within 
a narrow age range of 1 year in order to obtain a popu-
lation with homogeneous sexual maturation. Third,
we have no data about other cardiovascular risk fac-
tors like blood sugar. Fourth, information on smoking,
exercise and diet is lacking. These may strengthen
our data and will be tasks for the future.
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