
A
lthough atherosclerosis manifests clinically
in middle and late adulthood, it is known to
have a long asymptomatic phase of
development, that begins early in life, often

during childhood, and is significantly related to
dyslipidemias. Dyslipidemia, characterised by elevated
total cholesterol (TC), low-density lipoprotein
cholesterol (LDL-C), non-high-density lipoprotein
cholesterol (non-HDL-C) and triglyceride (TG) levels as
well as low high-density lipoprotein cholesterol (HDL-C)
concentration, is well-known cardiovascular disease
(CVD) risk factor [1].

With respect to lipid profiling for CVD risk
assessment, LDL-C levels are widely targeted for primary
prevention and intervention. At present, however, some
investigators have suggested that non-HDL cholesterol
may be superior to LDL cholesterol alone as a predictor
of CVD risk factors in adolescents [2] and adults [3],
largely because cholesterol-enriched very-low-density
lipoprotein and intermediate-density lipoprotein have
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Objective: To investigate the role of serum cholesterol and
triglyceride in the assessment of cardiovascular disease risk
factors in children and adolescents.

Design: Case-control study.

Setting: Children’s Hospital of Zhejiang University School of
Medicine, Hangzhou, China.

Subjects: Children from 6 years to 17 year old. 188 with simple
obesity, and 431 with obesity and metabolic abnormalities.  274
age and gender-matched healthy children as controls.

Methods: Receiver operating characteristic curves were used to
analyze the detection of cardiovascular disease risk factors by
cholesterol and triglyceride in children and adolescents.

Results: The ranges of areas under receiver operating
characteristic curves (AUC) for triglyceride and non-high-density
lipoprotein cholesterol were 0.798-0.860 and 0.667-0.749,
respectively to detect cardiovascular disease risk factors. The
ranges of AUC for low-density lipoprotein cholesterol, total
cholesterol, and  high-density lipoprotein cholesterol were 0.631-
0.718, 0.596-0.683, and 0.292-0.376, respectively.

Conclusions: Triglyceride and non-high-density lipoprotein
cholesterol are better than low-density lipoprotein cholesterol as
predictors of cardiovascular disease risk factors in Chinese Han
children and adolescents.
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been shown to be atherogenic in addition to LDL. As for
TG, the relationship between TG and CVD risk factors is
controversial. In some studies, the relationship is not
statistically significant after controlling for other lipids,
particularly HDL-C [4-6]. However, several meta-
analyses have concluded that TG is a CVD risk factor
independent of HDL-C and other risk factors [7-9].

As clusters of risk factors for CVD are stable
characteristics that tend to track fairly well from
childhood into adulthood [10], preventive efforts that
start in childhood are necessary, as they could delay
progression to clinical disease. It is, thus important is to
identify early the cardiovascular risk factors in children
and adolescents. The associations between lipid
parameters and CVD risk factors has been described in
population groups [2,11] but similar studies in children
and adolescents in China are relatively sparse. We
therefore conducted this study to compare the predictive
value of serum cholesterol and triglyceride in CVD risk
factors in children and adolescents.
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METHODS

Children and adolescents between 6 and 17 years of age
(n=619) who were referred to our endocrinology
department between September 2008 to September 2010
with the complaint of obesity were enrolled in this study.
Subjects were eligible if they were healthy and had a
body-mass index (BMI) that exceeded the 95th percentile
for their age and sex [12]. According to the presence or
absence of metabolic abnormalities, the total 619 cases
were divided into the Simple obesity group and the
Obesity with metabolic abnormalities group. The control
group consisted of 274 healthy children and adolescents,
all of whom were recruited by the Department of Child
Care for health examination. Exclusion criteria consisted
of the known presence of diabetes or other endocrine
metabolic or kidney diseases, and the use of medication
that alters blood pressure, glucose, or lipid metabolism.

Consent was obtained from the parents and the Ethics
committee of the Children Hospital of Zhejiang
University School of Medicine.

The participants were classified as having metabolic
abnormalities if they met one or more of the following
criteria for age and sex: elevated systolic blood pressure
(SBP) or diastolic blood pressure (DBP) (a value that
exceeded 95th percentile for age and sex) [13], abnormal
fasting blood glucose (FBG) (glucose level >126 mg/dL)
[14]; and dyslipidemia. The diagnosis of dyslipidemia
was achieved if any of the following was found: a TC
level >5.18mmol/L; a TG level >1.47mmol/L; an LDL-C
level >3.37mmol/L; a non-HDL-C level >3.76 mmol/L or
a HDL-C level <1.03 mmol/L [15,16].

Body height was measured to the nearest 1 mm, with
the participants in bare or stocking feet standing upright
against a stadiometer. With the participants lightly
dressed, bodyweight was measured to the nearest
0.1 kg by a medical digital scale. Waist circumference
(WC) was measured to the nearest 1 mm by placing a tape
measure around participant’s body in the horizontal
plane, at the level of the midpoint between the lowest rib
and the iliac crest on bare skin when in a state of
expiration. We used the standard hydrargyric cuff
sphygmomanometer for blood pressure measurement.
The measurements were done by practitioners who
received professional training. Every participant was
seated and in a relaxed state for at least 10 min before
measurement. Each underwent blood pressure
measurement three times, the gap between the highest and
lowest value was below 4 mmHg, the average value of the
three values was used, or another measurement was made
after the subject had rested. 

Baseline blood samples were obtained from subjects
at 8 A.M., after a 10-hour overnight fast, with the use of
an indwelling venous line for measurement of levels of
glucose and lipids (TC, TG, LDL-C, HDL-C). Blood
glucose was measured using a glucose oxidase method.
The concentrations of serum TC and TG were detected by
the routine enzymatic method. Plasma HDL-C and LDL-
C concentration were determined by the direct
measurement method.

BMI was calculated as body weight/(body height)2 ,
waist-to-height radio (WHtR) was calculated as WC/
height, and non-HDL-C was calculated as total
cholesterol minus HDL-C. Age- and sex-specific BMI Z-
scores, WC Z-scores, and WHR Z-scores were used as
continuous dependant variables for each model [17].

Statistics analysis: Statistical analyses were conducted
using SPSS software (version 17.0). Quantitative data
with normal distributions were presented as mean ± SD.
Chi-square test was used to compare proportions between
the groups. Continuous variables were analyzed with
Student’s t test. Differences were considered statistically
significant if P<0.05. Receiver operating characteristic
(ROC) curves were used to analyze the detection of
cardiovascular risk factors by cholesterol and triglyceride
in children and adolescents.

RESULTS

The descriptive characteristics of the sample are
presented in Table I.  Children in Group 3 exhibited
higher BMI; BMI Z-scores; WC and WC Z-scores than
the ones in Group 2.

There was a trend of increased cardiovascular risk in
obese children. SBP; DBP; FBG; TG; LDL-C and non-
HDL-C increased stepwise,  whereas HDL-C decreased
stepwise in Group 1, Group 2 and Group 3. Compared to
Group 1 and Group 2, Group 3 had significantly higher
TC levels, while no significant difference was apparent in
TC level between Group 1 and Group 2 (Table II).

Fig.1 displays the areas under the curves (AUC) for
each lipid parameter as a predictor of cardiovascular risk
factors and comparisons of the AUC between Group 2
and Group 3. For the identification of CVD risk, AUC for
TG, non-HDL-C, LDL-C and TC were  0.829 (95%
confidence interval [CI]: 0.798-0.860), 0.708 (95% CI:
0.667-0.749), 0.675 (95% CI: 0.631-0.718), 0.639 (95%
CI:0.596-0.683), respectively. These AUC were
significantly greater than 0.5, in detecting ardiovascular
risk factors as compared to HDL-C with an area of 0.334
(95% CI: 0.292-0.376). All plasma lipid parameters
performed significantly better among those in the Group
3 cohort than the Group 2 cohort (P<0.05).
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DISCUSSION

Our study shows a strong correlation between childhood
obesity and early-onset dyslipidemia, hypertension, and
hyperglycemia. These conditions, when manifested in
childhood, track into in adult life because obese children
are more likely to become obese adults [18].

We plotted the ROC curves for serum cholesterol and
triglycerides. The area under the ROC curve was largest
for TG, indicating the model was superior to the other
CVD risk-prediction models. In the past, the role of
elevated triglycerides as an independent CVD risk factor
has been debated. However, emerging evidence points to
elevated triglyceride levels as a risk factor for
cardiovascular disease that is independent of HDL
cholesterol levels. One recent study consisting of 909
public parochial suburban schoolchildren aged 6 to 18
years, found that over a follow-up of 26 years, adult CVD

was associated with pediatric high TG (odds ratio [OR],
5.85; 95% CI, 2.3-14.7) by stepwise logistic regression
[19], supporting the hypothesis that TG would be an
independent risk factor for CVD. A meta-analysis of
prospective studies has shown that for each 1 mmol/L
increase in TG, CVD risk increases by 12% in men and
37% in women, irrespective of HDL-C and other risk
factors [20]. Since an area under the curve above 0.7
indicates a reasonably good clinical test, monitoring the
levels of TG among children and adolescents at increased
risk of obesity may be clinically useful in detecting their
CVD risk factors.

Recent studies involving subjects of different age
groups have also shown the importance of non-HDL-C as
a reliable, less costly parameter that is strongly correlated
with cardiovascular risk because non-HDL-C includes all
atherogenic lipid subfractions [21]. Data from the

TABLE II  CARDIOVASCULAR RISK FACTORS OF THE STUDY POPULATION

 Control Group Simple Obesity  Group Obesity with Metabolic
(Group 1) (Group 2) Abnormalities Group  (Group 3)

SBP (mmHg) 91.04 ± 11.09 108.10 ± 11.21** 114.12 ± 13.88**##

DBP (mmHg) 64.83 ± 7.44 66.99 ± 7.39** 69.13 ± 8.99**##

FBG (mmol/L) 4.83 ± 0.47 4.91 ± 0.33* 5.13 ± 0.75**##

TC (mmol/L) 3.97 ± 0.58 4.05 ± 0.62 4.50 ± 0.95**##

TG (mmol/L) 0.75 ± 0.28 0.95 ± 0.28** 1.70 ± 0.89**##

HDL-C (mmol/L) 1.49 ± 0.28 1.36 ± 0.34** 1.21 ± 0.31**##

LDL-C (mmol/L) 2.09 ± 0.52 2.25 ± 0.51** 2.67 ± 0.74**##

non-HDL-C (mmol/L) 2.48 ± 0.55 2.69 ± 0.60** 3.29 ± 0.89**##

SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose; TC, total cholesterol; TG, triglycerides; HDL-C, high-
density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; non-HDL-C, non-high-density lipoprotein cholesterol. Compared to
Group 1*represents P<0.05, **represents P<0.01, Compared to Group 2³#represents P<0.05, ##represents P<0.01.

TABLE I  BASELINE CHARACTERISTICS OF THE STUDY POPULATION

Control Group (Group 1) Simple Obesity Group (Group 2) Obesity with Metabolic Abnormalities
Group (Group 3)

Gender (M/F) 191/83 147/41 311/120

Age (y) 10.29 ± 2.82 10.35 ± 1.82 10.67 ± 2.12

BMI (kg/m2) 16.79 ± 1.83 27.00 ± 3.63** 27.87 ± 3.58 **  ##

BMI Z-scores (-0.20 ± 0.52) 3.06 ± 1.21** 3.32 ± 1.46**#

WC (cm) 57.88 ± 7.41 85.08 ± 10.80** 88.51 ± 11.41**##

WC Z-scores (-0.38)  ± 0.53 2.36 ± 1.61** 2.84 ± 1.32**##

WHtR 0.41 ± 0.03 0.59 ± 0.11** 0.60 ± 0.08 **

WHtR Z-scores (-0.32)  ± 0.57 2.78 ± 2.75** 3.04 ± 1.41**

BMI, Body mass index; WC, waist circumstance; WHtR, waist-to-height; Compared to Group 1  *represents P<0.05, ** represents P<0.01,
Compared to Group 2 #represents P<0.05, ##represents P<0.01.
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Bogalusa Heart Study suggest that childhood
non-HDL-cholesterol levels persist and best predict adult
dyslipidemia and other CVD risks [22]. Another recent
study, using data from the Framingham Heart Study,
showed that non-HDL-C was a better predictor of
cardiovascular disease risk than LDL-C [23]. These
findings are consistent with the findings of the present
study, in which non-HDL-C was shown to outperform
LDL-C. Another major advantage of non-HDL-C is that it
can be accurately calculated in a non-fasting state and is
therefore very practical to obtain in clinical practice. In
2011, the Expert Panel on Integrated Guidelines for
Cardiovascular Health and Risk Reduction in Children
and Adolescents released its summary report, which
recommends non-HDL-C as a predictor of CVD risk
[15]. In addition, non-HDL-C is included in the
diagnostic criteria of metabolic syndrome by Chinese
Society of Pediatrics [16].

Given the unrelenting rise in childhood obesity rates,
we have to brace ourselves for the onslaught of
dyslipidemia and other metabolic disorders in children
and adolescents in the very near future. Recently, the
American Academy of Pediatrics issued a policy
statement on lipid screening and cardiovascular health in
childhood [24]. A fasting lipid profile is the
recommended approach to screening, because there is
currently no noninvasive method to assess atherosclerotic
CVD in children and the first screening should preferably
take place after 2 years of age but no later than 10 years of
age. Our current study suggests that pediatric screening
for lipid parameters in children and adolescents has a
crucial predictive value for CVD risk factors, especially
serum triglyceride and non-HDL-C.
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