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Abstract: Adolescents with comparable personal risk factors may have different lipid profiles because
of the school’s context. Lipid determinants in adolescents should be considered using a multilevel
perspective. This multilevel study investigated the effects of individual-level and school-level factors
on lipid profiles in adolescents and evaluated the cross-level influence of lipid determinants. A
representative adolescent cohort (n = 2727) was randomly selected from 36 schools in three diverse
economic areas in Taiwan and assessed for their personal dietary patterns, physical parameters, and
lipid profiles. For individual-level factors, both low physical activity and high body mass index (BMI)
were associated with elevated triglyceride (TG), low-density lipoprotein cholesterol (LDL-C), and total
cholesterol (TC) levels, and a sugar-sweetened beverage intake of >500 mL/day was associated with
increases of 5.97 and 6.12 mg/dL in LDL-C and TC levels, respectively, compared with abstinence.
Regarding school-level factors, students in schools with ≥2 health promotion programs per year
had a 5.27 mg/dL lower level of LDL-C than those in schools with 0–1 program, and students in
schools with ≥46 food outlets within 600 m of the school had 6.90 and 13.3 mg/dL higher levels of
TG and TC, respectively, than those in schools with <46 food outlets. School context modified the
individual-level positive correlation between BMI and TG level (the p-value for the random-slope
effect was 0.003). In conclusion, individual-level and school-level factors exert a multilevel effect on
adolescent lipid profiles. The food environment near the school has a stronger cross-level impact on
individual TG levels in adolescents with a high BMI than in those with a normal BMI.

Keywords: lipid profile; sugar-sweetened beverage; physical activity; body mass index; food
environment near the school; cross-level influence; multilevel effect; adolescents

1. Introduction

An adverse lipid profile, including high triglyceride (TG), low high-density lipoprotein
cholesterol (HDL-C), elevated low-density lipoprotein cholesterol (LDL-C), and increased
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total cholesterol (TC) levels, is closely associated with multiple health risks, such as ar-
teriosclerosis, metabolic syndrome, type-2 diabetes, and cardiovascular disease [1]. The
concomitant clinical treatment of these diseases considerably affects the health care sys-
tem [2,3]. Epidemiological investigations have demonstrated that an undesirable lipid
profile that develops during adolescence may persist into adulthood [4,5]. Adolescents
with high levels of blood lipids have also been observed to have a high risk of developing
cardiometabolic disease in adulthood [5–7]. Therefore, the lipid profiles of adolescents
merit greater attention.

People with comparable personal characteristics may have diverse levels of health
experiences, depending on where they live, because of the differences in environment,
culture, policy, economy, and geography [8–10]. In adults, studies have revealed that dys-
lipidemia is a consequence of complex interactions among individual and environmental
variables; that is, in addition to personal genetic predisposition and unhealthy lifestyles,
outdoor built environments also exert a cross-level effect on the development of abnormal
lipid levels [1,2,11,12]. A meta-analysis of 103 observational and 40 interventional studies
reported that elevated greenspace exposure was beneficial for preventing a broad range
of health conditions, including dyslipidemia, coronary heart disease, and stroke [12]. In
adolescents, poor individual dietary intake and low physical activity have been linked
to an increased risk of dyslipidemia [13–15]. Nevertheless, fast-food restaurants are of-
ten concentrated within a short walking distance of schools, exposing schoolchildren to
poor-quality food [16]. School-level factors, such as food supply density near schools and
health promotion programs conducted in schools, may also have an effect on adolescent
lipid profiles. Efforts to identify and analyze individual-level and school-level factors that
influence lipid levels in schoolchildren can support development strategies to improve
adolescent lipid health and reduce the number of negative consequences in adulthood.

Adolescents may have homogeneous and clustered lipid profiles within the same
schools and exhibit heterogeneous lipid levels between schools; however, the correlation of
school-related contextual factors and student-related individual factors with intraschool
clustering and interschool heterogeneity in lipid profiles remains to be determined. Another
question is whether the school’s context has a modifying effect on the relationship between
individual factors and lipid levels. One multi-country, multilevel study indicated that
country context can modify the association between body mass index (BMI) and systolic
blood pressure (SBP); that is, BMI has a stronger influence on SBP in certain countries than
in others [17]. Such data can be used to develop school-level prevention programs for
adolescent lipid health.

In a 2010–2011 nationwide study in Taiwan conducted to monitor the nutritional
conditions and health of children, the prevalence of central obesity, high TG, and low HDL-
C for adolescents aged 12–18 years were reported as 17.7–18.1%, 3.0%, and 12.3–19.3%,
respectively [15]. One longitudinal study conducted in southern Taiwan reported that
adolescents with an initial increased level of triglycerides had a 5.7-fold risk for persistent
abnormality after 2.2 years, as compared with those with a normal status at baseline [18].
The distribution and determinants of blood lipids among adolescents should be considered
using a multilevel perspective.

This study proposed three hypotheses. First, school context might have an effect
on lipid profiles in adolescents. Second, specific individual-level and school-level fac-
tors might contribute to the difference in blood lipid levels between adolescents. Third,
individual-level and school-level factors might have a cross-level influence on lipid profiles
in adolescents. To elucidate the proposed hypotheses, this multilevel study examined the
following: (1) the extent to which differences in lipid levels in adolescents are attributable
to school context; (2) the effects of individual-level and school-level factors on adolescent
blood lipid levels; and (3) the degree to which individual-level and school-level factors
have a cross-level influence on lipid levels.
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2. Materials and Methods
2.1. Participants

We conducted this multilevel study on risk profiles for adolescent metabolic syndrome
from 2007 to 2009. This study was a large-scale, multiarea, cross-sectional investigation
designed to monitor and assess the risk factors and behaviors affecting adolescent car-
diometabolic health in southern Taiwan. The research population comprised teenagers aged
12–16 years who were enrolled in junior high schools in Kaohsiung City, Pingtung County,
and Taitung County (Taiwan), which are three areas with different levels of urbanization.
The details of the research procedures are presented in Figure 1 and have been reported
elsewhere [19–22]. We used a multistage, geographically stratified cluster-sampling method
to recruit a representative sample of adolescents. A total of 36 schools were randomly
selected from the study areas, and three classes, representing grades 7–9, were randomly
selected from every school. For the selected schools, a class was considered to be a cluster
(approximately 28–33 students), and all the students in the selected classes were invited to
participate in this research. A total of 2727 adolescents (1328 boys and 1399 girls, response
rate: 72.1%) answered a questionnaire and participated in anthropometric surveys and
clinical blood examinations. This research protocol was reviewed and approved by the In-
stitutional Review Board of Kaohsiung Medical University Hospital (KMUHIRB-20120103).
All data collection was conducted in accordance with the guidelines for ethical conduct in
human research. Written informed assent and consent were obtained from the adolescents
and their parents or guardians, respectively.
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Figure 1. A multistage, geographically stratified cluster-sampling scheme for the southern Taiwan
multilevel study.

2.2. Individual-Level Factors

A structured questionnaire for investigating individual-level risks was used to collect
data on demographics, dietary intake, physical activity, lifestyle behavior, and personal
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disease history [19–22]. The questionnaire contains a wide range of items but does not
particularly focus on the problems of blood lipids. With the management and assistance of
teachers, two research assistants specifically trained for this study collected information and
anthropometric measurements from the participants. Demographic information included
age, sex, ethnicity, and school and home locations. We assessed individual dietary intake
over the one-month period prior to the study by using a verified semiquantitative food-
frequency questionnaire with the following categories: milk, dairy products, eggs, meats,
fresh fruits, fried foods, and sugar-sweetened beverages (SSB) [19,23]. Participants who
consumed one or more servings of any category of SSBs per week during the prior month
were defined as SSB drinkers [20]. The daily consumption of various SSBs, including
soft drinks, sweetened teas, fruit drinks, and sports drinks, were added up and were
classified as non-intake or an intake of 1–350, 351–500, or >500 mL/day [24]. Nutritional
data obtained from the Taiwanese Food and Nutrients Databank were used to quantify
daily caloric intake using individual food intakes [25]. In terms of physical activity, the
minutes per day and the number of days per week spent on each activity by each student
on weekdays and weekends during the month preceding the study were converted to
metabolic equivalent task-minutes (MET-min) [19]. The MET levels of each activity were
estimated using an energy expenditure guideline developed for youths [26]. We categorized
adolescents into three groups according to tertiles of the overall MET-min. Anthropometric
data, including weight and height, were physically measured by qualified researchers
using standardized procedures. BMI, which was calculated using the ratio of weight (kg)
to height (m2), was used to characterize body weight.

2.3. School-Level Factors

We used another questionnaire for investigating the effect of health promotion pro-
grams on lipid profiles. All types of health promotion programs (weight control, healthy
dietary intake, tooth brushing methods and oral hygiene education, and smoking preven-
tion and cessation) implemented by each school within the 2 years prior to the study were
recorded. On the basis of the assumption that an adolescent can walk 600 m in 10 min, we
utilized Google Maps (Google Inc., Mountain View, CA, USA) to create a 600-m-radius
zone around each school and traveled to each zone to count the number of food outlets and
convenience stores within each area [27]. The investigated food outlets included fast-food
restaurants, beverage shops, and eateries (comprising roadside stalls, noodle bars, and
snack bars).

2.4. Lipid Measurements

After the collection of written informed assents and consents from the participants and
their parents or guardians, researchers rechecked and confirmed the participant list and
talked with the school representatives to establish an appropriate date when blood samples
could be collected from the participants. Usually, the work of blood specimen collection
was carried out 3 weeks after the questionnaire survey. We obtained the clinical samples
in the morning through venipuncture at each school’s health center, after participants
fasted for 10 h. The lipid profiles of serum TG, HDL-C, LDL-C, and TC levels (mg/dL)
were enzymatically quantified using an autoanalyzer with commercially available reagents
(TBA-c16000 automatic analyzer, Toshiba, Tokyo, Japan) [28].

2.5. Statistical Analysis

Four statistical procedures were used to analyze the variability of the four lipid levels.
First, sex, ethnicity, age, and daily caloric intake were considered as potential confounding
factors, and they were controlled for in all multivariate analyses [29,30]. Second, we plotted
a series of caterpillar plots, using ordered means and 95% confidence intervals, to illustrate
the distribution of lipid levels across schools. A random-intercept mixed-effects model with
no explanatory variables was used for the four lipid levels, to examine possible school-level
random effects [8]. A significant random effect indicated a notable school-context effect.
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Third, the effects of individual-level and school-level factors on the four lipid levels were
assessed using multiple linear regression models. Fourth, each lipid level was analyzed
using a multilevel (mixed-effects) linear regression model (MLRM), with adolescents at
the first level and schools at the second level [8–10]. Three MLRMs were used to evaluate
the multilevel effects of the study factors [17]. Model I illustrated the variability in lipid
levels among individuals and among schools (measured as interindividual and interschool
variances, respectively); therefore, this did not include any explanatory variables. Model
II assessed the association between individual-level factors and serum lipids. Model III
evaluated the multilevel effects of individual-level and school-level factors on lipid levels
by additionally including the school-level factors in Model II. We compared the two nested
models using likelihood-ratio tests, to examine the significance of random-intercept and
random-slope effects in the MLRMs.

In Models I to III, the individual-level variance (Vind) and school-level variance (Vsch)
for random effects were computed; these values were then used to calculate the individual-
level (PCVind) and school-level (PCVsch) proportional changes of variance (PCV) in lipid
levels, as explained by individual-level or school-level factors, respectively [8]. Vind and
Vsch were also used to calculate the variance partition coefficient (VPC) [9,17]. We desig-
nated M0 and M1 as the reference and study models, respectively, and calculated PCV and
VPC using the following formulas [8,9,17]:

PCVind =
Vind(M0)−Vind(M1)

Vind(M0)
(1)

PCVsch =
Vsch(M0)−Vsch(M1)

Vsch(M0)
(2)

VPC =
Vsch

Vsch + Vind
(3)

VPC measures the general clustering (or similarity) of individual lipid levels in a
school; in its simplest form (e.g., Model I), it corresponds to the intraclass correlation [17].
Because school context had a significant random-coefficient effect on the association be-
tween BMI and TG level, we centered BMI by subtracting each BMI value from the mean
BMI (21.3 kg/m2) and used an unstructured covariance matrix to calculate the variances
and covariances for random-intercept and random-slope effects. In Models II and III for TG
level, the Vsch was a function of BMI; thus, VPC was also a function of BMI [9]. We plotted
the VPC curves to interpret the modifying effect of school context on the individual-level
relationship between BMI and TG levels.

3. Results

Figure 2 presents four caterpillar plots for the distributions of serum TG, HDL-C, LDL-
C, and TC levels among adolescents from the 36 schools. Likelihood-ratio tests indicated
that all school-level random-intercept effects for the four lipid levels were significant (all
values were at p < 0.001).

Table 1 displays the association of demographics and daily caloric intake with lipid
profiles in adolescents. Girls had higher levels of HDL-C, LDL-C, and TC than boys did, and
students of aboriginal origin had lower levels of all four lipids than students of Fukienese
origin. Age was negatively correlated with TC level. No significant association was found
between daily caloric intake and the four lipid levels.

Table 2 lists the adjusted effects of individual-level factors on the four lipid profiles.
Milk intake was associated with higher levels of LDL-C and TC, whereas dairy product
intake was correlated with elevated HDL-C levels. Adolescents with high SSB consumption
(>500 mL/day) had LDL-C and TC levels that were 6.83 mg/dL and 4.52 mg/dL higher,
respectively, than those of adolescents who abstained from drinking SSBs. Compared with
adolescents with high levels of physical activity (≥2140.5 MET-min/week), participants
with low physical activity levels (<952.5 MET-min/week) had a 5.52 mg/dL higher TG



Nutrients 2022, 14, 2068 6 of 17

level, a 3.67 mg/dL higher LDL-C level, and a 1.54 mg/dL lower HDL-C level. BMI was
positively correlated with TG, LDL-C, and TC levels and was negatively correlated with
the HDL-C level.
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Figure 2. Caterpillar plots for the distribution of serum lipids among adolescents in 36 studied schools:
(A) triglyceride; (B) high-density lipoprotein (HDL) cholesterol; (C) low-density lipoprotein (LDL)
cholesterol; (D) total cholesterol. Note. School-level random-intercept effects for the 4 lipids were
significant (all p-values were < 0.001). The dashed line represented the overall mean: 75.6 mg/dL for
triglyceride, 57.1 mg/dL for HDL cholesterol, 89.8 mg/dL for LDL cholesterol, and 161.0 mg/dL for
total cholesterol. CI, confidence interval.

Table 3 presents the adjusted effects of school-level factors on lipid profiles. Ado-
lescents whose schools conducted ≥2 health promotion programs per year had HDL-C,
LDL-C, and TC levels that were 4.53, 6.02, and 9.68 mg/dL lower, respectively, than those
of adolescents whose schools conducted 0–1 program per year. Adolescents studying in
schools with ≥46 food outlets within 600 m had higher levels of the four lipids than those
studying in schools with <46 food outlets. A high number of fast-food restaurants, beverage
shops, and eateries near the schools was associated with high HDL-C, LDL-C, and TC
levels in the participants. The relationship between the number of convenience stores
and the four lipid levels was inconsistent; it was positively correlated with HDL-C levels,
negatively correlated with LDL-C levels, and had no correlation with TG and TC levels.

Table 4 displays the multilevel effects of individual-level and school-level factors on
TG level. Lower physical activity and higher BMI were associated with higher TG levels;
these two factors explained 8.1% of the interschool variance and 11.3% of the interindividual
variance in TG levels, respectively (Model II). The positive correlation between BMI and TG
varied according to school (Figure 3A), with schools significantly modifying the relationship
between the two variables (variance of BMI–TG slopes between schools, 0.64, p < 0.05,
Model II). The VPC versus BMI curve was J-shaped in both Models II and III (Figure 3B).
Among school-level factors, the presence of ≥46 food outlets within 600 m of a school was
associated with an increase of 6.90 mg/dL in the participants’ TG level.
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Table 1. The distributions of lipid profiles (mg/dL) associated with demographic factors and daily calorie intake in adolescents.

Factors Participant Triglycerides HDL Cholesterol LDL Cholesterol Total Cholesterol

n = 2727 Mean β a p b Mean β a p b Mean β a p b Mean β a p b

Categorical factors

Sex

Boy 48.7% 75.78 Ref. 55.79 Ref. 87.98 Ref. 157.29 Ref.

Girl 51.3% 75.44 −0.33 0.819 58.32 2.53 <0.001 91.45 3.47 0.001 164.47 7.17 <0.001

Ethnicity

Fukienese 69.9% 76.55 Ref. 57.92 Ref. 90.13 Ref. 161.90 Ref.

Hakka 10.1% 76.06 −0.49 0.846 55.81 −2.11 0.018 91.56 1.43 0.421 162.41 0.51 0.811

Mainland 10.8% 80.82 4.27 0.084 58.69 0.77 0.377 91.74 1.61 0.352 164.27 2.36 0.250

Aboriginal 9.1% 64.12 −12.43 <0.001 49.42 −8.51 <0.001 81.38 −8.75 <0.001 146.21 −15.69 <0.001

Continuous factors

Age, year 13.43 ± 1.03 −0.13 0.857 −0.38 0.125 −0.85 0.083 −2.21 <0.001

Daily calorie intake, × 103 kcal 2.06 ± 0.69 −0.19 0.857 0.02 0.966 −0.73 0.321 −1.34 0.126

HDL, high-density lipoprotein; LDL, low-density lipoprotein; Ref, reference. a β denotes the mean difference between reference and compared groups in categorical factors and the
average change associated with a one-unit increase in continuous factors. b p-values for the mean differences investigated.
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Table 2. The adjusted effects of individual-level factors on lipid profile (mg/dL) in adolescents.

Individual-Level Factors
Participant Triglycerides HDL Cholesterol LDL Cholesterol Total Cholesterol

n = 2727 aMean a adj.β a p a aMean a adj.β a p a aMean a adj.β a p a aMean a adj.β a p a

Milk intake, serving

<1 per week 32.4% 74.67 Ref. 56.49 Ref. 88.07 Ref. 158.77 Ref.

≥1 per week 67.6% 76.10 1.42 0.374 57.54 1.06 0.061 90.73 2.67 0.018 162.32 3.55 0.007

Dairy product intake, serving

<1 per week 54.4% 76.10 Ref. 56.18 Ref. 89.49 Ref. 160.00 Ref.

≥1 per week 45.6% 75.17 −0.93 0.540 58.26 2.08 <0.001 90.14 0.64 0.546 162.29 2.29 0.069

Egg intake, serving

<4 per week 59.4% 75.09 Ref. 56.85 Ref. 90.31 Ref. 161.11 Ref.

≥4 per week 40.6% 76.00 0.91 0.557 57.70 0.84 0.125 89.25 −1.06 0.329 161.26 0.15 0.904

Meat intake, serving

<4 per week 52.6% 75.58 Ref. 57.45 Ref. 89.47 Ref. 160.78 Ref.

≥4 per week 47.4% 75.54 −0.04 0.978 56.69 −0.76 0.172 90.03 0.56 0.610 161.10 0.33 0.802

Fresh fruit intake, serving

<1 per week 16.3% 76.27 Ref. 56.31 Ref. 88.30 Ref. 159.33 Ref.

≥1 per week 83.7% 75.53 −0.74 0.710 57.27 0.96 0.172 90.06 1.76 0.205 161.34 2.02 0.219

Fried food intake, serving

<1 per week 36.1% 74.76 Ref. 57.04 Ref. 88.80 Ref. 159.87 Ref.

≥1 per week 63.9% 76.20 1.44 0.373 57.04 0.00 0.999 90.28 1.48 0.184 161.49 1.63 0.218

SSB intake, mL

Non-intake 11.6% 74.66 Ref. 58.11 Ref. 86.80 Ref. 159.59 Ref.

1–350 per day 39.2% 74.75 0.09 0.971 57.03 −1.07 0.205 87.47 0.67 0.688 158.80 −0.79 0.691

351–500 per day 25.5% 74.78 0.12 0.962 57.38 −0.73 0.418 91.03 4.23 0.018 162.03 2.44 0.248

>500 per day 23.7% 78.38 3.72 0.159 56.38 −1.73 0.062 93.63 6.83 < 0.001 164.11 4.52 0.037

Physical activity, MET-min.

≥2140.5 per week 32.9% 72.37 Ref. 57.90 Ref. 88.03 Ref. 159.85 Ref.

952.5–2140.5 per week 42.9% 76.80 4.43 0.010 56.87 −1.03 0.088 89.98 1.95 0.104 161.03 1.18 0.405

<952.5 per week 24.2% 77.89 5.52 0.007 56.37 −1.54 0.031 91.71 3.67 0.009 162.40 2.55 0.128

Body mass index b 21.3 ± 4.5 - 2.66 <0.001 - −0.84 <0.001 - 1.36 <0.001 - 0.71 <0.001

HDL, high-density lipoprotein; LDL, low-density lipoprotein; SSB, sugar-sweetened beverage; MET-min, metabolic equivalent task-minutes. a Adjusted means (aMean) and adjusted
regression coefficients (adj. β) were adjusted for sex, age, ethnicity, and daily calorie intake. b Body mass index was evaluated as a continuous variable (kg/m2).
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Table 3. The adjusted effects of school-level factors on lipid profile (mg/dL) in adolescents.

School-Level Factors
Participant Triglycerides HDL Cholesterol LDL Cholesterol Total Cholesterol

n = 2727 aMean a adj.β a p a aMean a adj.β a p a aMean a adj.β a p a aMean a adj.β a p a

Health promotion program in school, no.

0–1 per year 45.2% 76.91 Ref. 59.57 Ref. 93.06 Ref. 166.28 Ref.

≥2 per year 54.8% 74.53 −2.39 0.108 55.04 −4.53 <0.001 87.04 −6.02 <0.001 156.60 −9.68 <0.001

Food environment near the school

Food outlet no. b

1–45 within 600 m 49.1% 71.83 Ref. 52.01 Ref. 87.44 Ref. 153.55 Ref.

46–140 within 600 m 20.7% 83.54 11.70 <0.001 60.55 8.54 <0.001 92.23 4.79 <0.001 168.82 15.27 <0.001

≥141 within 600 m 30.3% 76.32 4.48 0.010 62.96 10.95 <0.001 91.83 4.39 <0.001 167.66 14.10 <0.001

Fast-food restaurant no.

0–1 within 600 m 77.1% 75.16 Ref. 55.62 Ref. 89.14 Ref. 159.31 Ref.

≥2 within 600 m 22.9% 77.09 1.93 0.274 62.02 6.39 <0.001 91.84 2.70 0.027 166.56 7.25 <0.001

Beverage shop no.

0–15 within 600 m 49.4% 71.90 Ref. 52.04 Ref. 87.48 Ref. 153.62 Ref.

≥16 within 600 m 50.6% 79.22 7.31 <0.001 62.01 9.97 <0.001 91.98 4.51 <0.001 168.14 14.52 <0.001

Eatery no.

0–40 within 600 m 49.1% 71.81 Ref. 52.02 Ref. 87.44 Ref. 153.55 Ref.

≥41 within 600 m 50.9% 79.27 7.45 <0.001 61.98 9.96 <0.001 91.99 4.55 <0.001 168.13 14.58 <0.001

Convenience store no.

0–5 within 600 m 37.0% 76.55 Ref. 54.30 Ref. 91.10 Ref. 160.20 Ref.

≥6 within 600 m 63.0% 75.05 −1.50 0.328 58.73 4.43 <0.001 88.97 −2.12 0.047 161.43 1.23 0.330

HDL, high-density lipoprotein; LDL, low-density lipoprotein; no., number. a Adjusted means (aMean) and adjusted regression coefficients (adj. β) were adjusted for sex, age, ethnicity,
and daily calorie intake. b Food shops, including fast-food restaurants, beverage shops, and eateries.
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Table 4. The multilevel effects of individual and school factors on triglyceride level (mg/dL)
in adolescents.

Multilevel Effects
Model I a Model II b Model III c

Base Model adj.β (95% CI) adj.β (95% CI)

Fixed effects

Individual-level factors

Physical activity, MET-min/week

952.5–2140.5 vs. ≥2140.5 3.72 (0.58, 6.86) 3.83 (0.69, 6.97)

<952.5 vs. ≥2140.5 5.17 (1.45, 8.90) 5.25 (1.53, 8.97)

Body mass index, 1-unit kg/m2 2.57 (2.16, 2.97) 2.59 (2.18, 2.99)

School-level factors

Health promotion program, no./year

≥2 vs. 0–1 −1.11 (−6.76, 4.54)

Food outlet, no.within 600 m

≥46 vs. 1–45 6.90 (1.40, 12.39)

Random effects σ2 (SE) σ2 (SE) σ2 (SE)

Variance between schools 77.82 (23.56) 71.55 (21.48) 59.82 (18.58)

Variance between individuals 1340.99 (36.57) 1188.97 (32.62) 1187.82 (32.59)

BMI-TG slope variance between schools 0.64 * (0.33) 0.64 * (0.33)

Covariance between intercept and slope 4.31 * (2.04) 3.66 * (1.92)

PCV explained by new model d

Between schools Ref. 8.1% 23.1%

Between individuals Ref. 11.3% 11.4%

Variance partition coefficient d 0.055 0.057 0.048

PCV, proportional change in variance; BMI, body mass index; TG, triglyceride; CI, confidence interval; σ2, variance;
SE, standard error; no., number; * p < 0.05. a Model I was adjusted for sex, age, ethnicity, and daily calorie intake.
b Model II represents Model I after additional adjustments for individual-level factors. c Model III represents
Model II after additional adjustments for school-level factors. d The PCV and variance partition coefficient were
estimated at the mean of BMI (i.e., 21.3 kg/m2).
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Figure 3. School-specific regression lines and variance partition coefficients (VPC) in 36 adolescent
populations. (A) The heterogeneity of the regression slopes for the association between body mass
index (BMI) and triglyceride levels. (B) The VPC revealed a function of BMI values. Note: VPC
denotes the percentage of the total variance in terms of individual triglyceride levels, which was
attributed to between-schools variability. In the individual-factor model, the VPC values were 4.9,
5.7, 8.6, 14.1, and 21.7% for adolescents with a BMI of 20, 21.3 (mean), 25, 30, and 35, respectively,
and in the individual- and school-factor model, the corresponding VPC values were 4.1, 4.8, 7.4, 12.6,
and 19.0%. VPC values were adjusted for sex, age, ethnicity, total daily calorie intake, and physical
activity. The overall mean of BMI for the 36 adolescent populations was 21.3.
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Table 5 lists the multilevel effects of individual-level and school-level factors on HDL-
C level. Adolescents who consumed ≥1 serving/week of dairy products had an HDL-C
level that was 0.94 mg/dL higher than that of adolescents who consumed <1 serving/week
of dairy products (Model II). BMI was inversely associated with HDL-C levels, even when
we controlled for school-level factors (Models II and III). Having ≥2 health promotion
programs per year was associated with a decrease of 4.53 mg/dL in HDL-C levels, whereas
the presence of ≥46 food outlets within 600 m of a school was associated with an increase
of 5.98–9.91 mg/dL in HDL-C levels (Model III). These two factors accounted for 54.1% of
the interschool variance.

Table 5. The multilevel effects of individual and school factors on high-density lipoprotein cholesterol
level (mg/dL) in adolescents.

Multilevel Effects
Model I a Model II b Model III c

Base Model adj.β (95% CI) adj.β (95% CI)

Fixed effects

Individual-level factors

Dairy product intake, serving/week

≥1 vs. <1 0.94 (0.08, 1.80) 0.92 (0.06, 1.78)

Physical activity, MET-min/week

952.5–2140.5 vs. 2140.5 −0.47 (−1.46, 0.52) −0.48 (−1.47, 0.51)

<952.5 vs. ≥2140.5 −0.45 (−1.63, 0.73) −0.47 (−1.65, 0.71)

Body mass index, 1-unit kg/m2 −0.89 (−0.98, −0.80) −0.89 (−0.98, −0.80)

School-level factors

Health promotion program, no./year

≥2 vs. 0–1 −4.53 (−8.21, −0.84)

Food outlet, no. within 600 m

46–140 vs. 1–45 5.98 (1.99, 9.96)

≥141 vs. 1–45 9.91 (6.01, 13.80)

Random effects σ2 (SE) σ2 (SE) σ2 (SE)

Variance between schools 58.43 (14.36) 60.36 (14.79) 26.84 (7.03)

Variance between individuals 129.08 (3.52) 112.85 (3.14) 113.03 (3.15)

PCV explained by new model

Between schools Ref. −3.3% 54.1%

Between individuals Ref. 12.6% 12.4%

Variance partition coefficient 0.312 0.348 0.192

PCV, proportional change in variance; CI, confidence interval; σ2, variance; SE, standard error; no., number.
a Model I was adjusted for sex, age, ethnicity, and daily calorie intake. b Model II represents Model I after
additional adjustments for individual-level factors. c Model III represents Model II after additional adjustments
for school-level factors.

Table 6 presents the multilevel effects of individual-level and school-level factors on
LDL-C and TC levels. High milk intake, elevated SSB consumption, low physical activity,
and increased BMI were all associated with higher levels of LDL-C and TC (Model II).
These four individual factors accounted for 8.9 and 2.1% of the interschool variance in
LDL-C and TC levels, respectively, and 5.8 and 1.9% of the interindividual variance. For the
school-level factors, having ≥2 health promotion programs per year was associated with a
decrease of 5.27 mg/dL in LDL-C level; in contrast, the presence of ≥46 food outlets within
600 m of a school was associated with an increase of 13.2–13.3 mg/dL in TC level (Model
III). The two school-level factors explained 18.9% (Model II vs. Model III, 8.9→ 27.8%) and
32.1% (Model II vs. Model III, 2.1→ 34.2%) of the interschool variance in LDL-C and TC
levels, respectively.
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Table 6. The multilevel effects of individual and school factors on low-density lipoprotein and total cholesterol level (mg/dL) in adolescents.

LDL Cholesterol Total Cholesterol

Multilevel Effects Model I a Model II b Model III c Model I a Model II b Model III c

Base model adj.β (95% CI) adj.β (95% CI) Base model adj.β (95% CI) adj.β (95% CI)

Fixed effects

Individual-level factors

Milk intake, serving/week

≥1 vs. <1 3.05 (0.97, 5.13) 2.94 (0.86, 5.02) 3.19 (0.83, 5.55) 3.13 (0.77, 5.49)

SSB intake, mL/day

1–350 vs. non-intake 1.35 (−1.79, 4.49) 1.52 (−1.62, 4.66) 1.62 (−1.95, 5.18) 1.73 (−1.83, 5.29)

351–500 vs. non-intake 4.12 (0.76, 7.48) 4.25 (0.89, 7.60) 4.65 (0.84, 8.46) 4.71 (0.91, 8.52)

>500 vs. non-intake 5.87 (2.40, 9.34) 5.97 (2.50, 9.45) 6.00 (2.07, 9.94) 6.12 (2.18, 10.05)

Physical activity, MET-min./week

952.5–2140.5 vs. ≥2140.5 2.24 (−0.03, 4.51) 2.23 (−0.05, 4.50) 1.90 (−0.67, 4.48) 1.90 (−0.67, 4.48)

<952.5 vs. ≥2140.5 4.15 (1.45, 6.84) 4.16 (1.47, 6.86) 3.88 (0.82, 6.94) 3.86 (0.80, 6.92)

Body mass index, 1-unit kg/m2 1.27 (1.06, 1.48) 1.27 (1.06, 1.48) 0.53 (0.29, 0.77) 0.52 (0.28, 0.76)

School-level factors

Health promotion program, no./year

≥2 vs. 0–1 −5.27 (−10.51, −0.02) −8.36 (−17.46, 0.75)

Food outlet, no.within 600 m

46–140 vs. 1–45 3.92 (−2.54, 10.37) 13.2 (3.13, 23.19)

≥141 vs. 1–45 4.23 (−1.58, 10.04) 13.3 (3.66, 23.03)

Random effects σ2 (SE) σ2 (SE) σ2 (SE) σ2 (SE) σ2 (SE) σ2 (SE)

Variance between schools 67.20 (18.63) 61.22 (17.18) 48.49 (14.11) 247.21 (61.97) 241.90 (60.83) 162.59 (42.10)

Variance between individuals 630.88 (17.21) 594.33 (16.53) 593.85 (16.52) 777.93 (21.21) 762.92 (21.21) 762.77 (21.21)

PCV explained by new model

Between schools Ref. 8.9% 27.8% Ref. 2.1% 34.2%

Between individuals Ref. 5.8% 5.9% Ref. 1.9% 1.9%

Variance partition coefficient 0.096 0.093 0.075 0.241 0.241 0.176

LDL, low-density lipoprotein; SSB, sugar-sweetened beverage; PCV proportional change in variance; CI, confidence interval; σ2, variance; SE, standard error; no., num-
ber. a Model I was adjusted for sex, age, ethnicity, and daily calorie intake. b Model II represents Model I after additional adjustments for individual-level factors.
c Model III represents Model II after additional adjustments for school-level factors.
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4. Discussion

This study examined the effects of individual-level and school-level factors on four
lipid levels in adolescents. In general, physical activity, dairy intake, SSB consumption, and
BMI had fixed effects on lipid levels, whereas health promotion programs and the density
of food outlets near schools had school-level influences on specific lipid levels. More-
over, school context had a cross-level modifying effect on the individual-level association
between BMI and TG levels in adolescents.

For risk factors at the individual level, our investigation revealed that a high TG
level in adolescents was associated with high BMI and low physical activity (TG levels
increased by 2.59 mg/dL per unit increase in BMI; TG levels increased by 5.25 mg/dL
for physical activity <952.5 vs. ≥2140.5 MET-min/week (Table 4, Model III)). These two
factors explained 11.4% of the interindividual variance in the multilevel structure. Studies
on adolescents in which dual-energy X-ray absorptiometry was used to measure fat and
muscle mass have reported that high TG levels are associated with higher body-fat mass
but not exercise-related isolated muscle mass [31,32]. These findings suggest that the
association between high levels of physical activity and a low TG level may be related to a
decrease in body fat instead of an increase in muscle mass.

People with similar individual-level risk factors may have diverse lipid profiles be-
cause of other-level risk factors resulting from different time courses, environments, cul-
tures, policies, economies, and geographies [8–10]. In one multilevel study of lipid health
in middle-aged Japanese workers, year-to-year changes in BMI were observed to have a
considerable effect on changes in TG, HDL-C, and TC levels [33]. In a multilevel survey,
conducted in 39 countries, to investigate individual and population effects on blood pres-
sure, approximately 7–8% of individual SBP differences were attributable to population
context, with population effects being particularly strong in women with a high BMI [17].
Our study revealed that school context had a significant cross-level modifying effect on
the individual-level association of BMI with TG (Figure 3A and Model II in Table 4). For
adolescents with BMIs of 20, 21.3 (mean), 25, 30, and 35, the VPCs were 4.9, 5.7, 8.6, 14.1,
and 21.7%, respectively, resulting in a J-shaped curve (Figure 3B). This indicates that the
effect of school context on individual TG levels was stronger in adolescents with high BMIs
than in adolescents with low BMIs.

Epidemiological investigations have reported an association between BMI and the
clustering of cardiometabolic risk factors in adolescents, with higher BMI values being
linked to lower HDL-C levels [34,35]. For multilevel factors, our study also observed
a 0.89 mg/dL reduction in HDL-C level for adolescents with each unit increase in BMI.
Systematic reviews and meta-analyses of prospective cohort studies have suggested that
a higher intake of low-fat or any dairy products was associated with a 0.72–0.79-fold
decreased risk of metabolic syndrome [36]. In this study, which considered both individual-
level and school-level factors, dairy intake was associated with a 0.92 higher HDL-C level,
which indicates that consuming dairy products is beneficial for adolescents.

High levels of LDL-C and TC in childhood and adolescence are closely associated
with adult dyslipidemia, which is a critical risk factor for cardiovascular disease [1]. Our
multilevel study revealed that adolescents with an SSB intake of >500 mL/day had LDL-
C and TC levels that were higher than those of non-drinkers by 5.97 and 6.12 mg/dL,
respectively (Table 6, Model III). This supports the argument that high SSB consumption
is a major risk factor for metabolic syndrome in adolescents [20,24,37]. Similar to our
observations regarding TG levels, LDL-C and TC levels were higher in adolescents with
low physical activity and increased BMI, indicating that these two individual factors
have considerable effects on lipid profiles in adolescents. A physically active lifestyle
during adolescence has a multitude of health benefits, including lowering the BMI [38].
Thus, promoting physical activities is a crucial strategy for the control of blood lipids
in adolescents.

Schools are potentially effective venues for implementing health promotion activities.
We demonstrated that students in schools with ≥2 health promotion programs per year
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had LDL-C levels that were 5.27 mg/dL lower than those of students in schools with 0–1
program per year. Although not all programs were designed to address healthy eating
(the programs generally focused on healthy diets, weight management, oral hygiene, and
smoking prevention), this result suggests that schools placing a greater emphasis on student
health may provide an educational environment that aids lipid management.

In this study, students in schools with ≥46 food outlets within 600 m had TG and
TC levels that were 6.90 mg/dL and 13.2–13.3 mg/dL higher, respectively, than those of
students in schools with 1–45 food outlets within 600 m (Tables 4 and 6). The high density
of food outlets near schools explained 23.1 and 34.2% of the interschool variance in terms
of TG and TC levels, respectively. Additionally, the high numbers of beverage shops and
fast-food restaurants within 600 m of the school were the two most significant components
of the association between school context and individual TG and TC levels. Adolescents
are more likely to visit beverage shops and fast-food restaurants within walking distance of
their school. In a large-scale longitudinal investigation of urban schoolchildren, an increase
in the number of fast-food restaurants within 800 m of a school was associated with a
1.27-fold increase in the risk of obesity [39]. Although the exact mechanisms by which food
outlets near schools affect blood lipids in adolescents do require further research, these
data clearly highlight a correlation between the two.

Our research has several strengths. First, this is the first study using a large-scale
representative sample of schools and students to analyze the effects of both individual-
level and school-level factors on serum lipid profiles in adolescents. Second, the research
framework and methodology of this study were designed to comprehensively assess
individual-level and school-level PCV in terms of lipid levels. Third, we used VPC curves
to interpret the modifying effect of school context on the individual-level association
between BMI and TG level, an approach that can be used in other studies to evaluate
similar data. Our research also has several limitations. First, the use of a cross-sectional
design restricted all findings to the measured associations, without assessing temporality
or causality. Second, the classification of health promotion programs must be refined.
Because of the limited number of health programs implemented in schools, we were unable
to analyze the effects of specific dietary promotion programs. Third, the present study
cannot demonstrate exactly how school context affects lipid profiles in adolescents, but this
question may be answered in future research.

5. Conclusions

Individual diet, physical activity, and BMI, as well as health promotion programs
implemented in schools and the density of food outlets near schools, were observed to
affect lipid profiles in adolescents in a multilevel manner. School context had a stronger
cross-level effect on individual TG levels in adolescents with a high BMI than in adolescents
with a normal BMI. Our findings suggest that preventive strategies to promote lipid health
in adolescents should be implemented at the individual level and at the school level. In
schools with a high density of nearby food outlets, adolescents with a higher BMI should
receive more support from school health supervisors and intensive health education to
reduce the impact of the school’s food environment on their lipid profiles, particularly their
TG levels.

Author Contributions: Conceptualization, C.-H.L.; methodology C.-H.L.; software, W.-T.L. and
Y.-T.C.; validation, W.-T.L. and C.-H.L.; formal analysis, W.-T.L., Y.-T.C., P.-W.W., S.T. and C.-H.L.;
investigation, Y.-T.C., P.-W.W., S.T., M.-H.C., C.-I.C. and Y.-C.Y.; writing—original draft preparation,
W.-T.L. and C.-H.L.; writing—review and editing, C.-Y.L., D.W.S. and C.-H.L.; supervision, C.-H.L.;
project administration, Y.-T.C., P.-W.W. and W.-T.L.; funding acquisition, C.-H.L. All authors have
read and agreed to the published version of the manuscript.

Funding: This research work was supported by the Taiwan Ministry of Science and Technology
(MOST 103-2314-B-037-019-MY3, MOST 106-2314-B-037-021-MY3, and MOST 109-2314-B-037-070-
MY3) and was partially supported by a grant from the Research Center for Environmental Medicine,
Kaohsiung Medical University (KMU-TC111A01 and KMU-TC111IFSP01) from the Featured Areas



Nutrients 2022, 14, 2068 15 of 17

Research Center Program, within the framework of the Higher Education Sprout Project by the
Taiwan Ministry of Education. The funder/sponsor did not participate in the work.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki and approved by the Institutional Review Board of Kaohsiung Medical
University Hospital (IRB No., KMUHIRB-20120103; date of approval, 16 August 2019).

Informed Consent Statement: Written informed consent was obtained for all subjects involved in
the study.

Data Availability Statement: The data are not publicly available due to privacy restrictions.

Acknowledgments: We would like to express our appreciation to the nurses in each school health cen-
ter and the class teachers, who functioned as the coordinators for data collection and
anthropometric measurements.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.

Abbreviations

BMI: body mass index; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-
density lipoprotein cholesterol; MET-min: metabolic equivalent task-minutes; MLRM:
multilevel linear regression models; PCV: proportional change of variance; SBP: systolic
blood pressure; SSB: sugar-sweetened beverage; TC: total cholesterol; TG: triglyceride; VPC:
variance partition coefficient.

References
1. Kopin, L.; Lowenstein, C. Dyslipidemia. Ann. Intern. Med. 2017, 167, ITC81–ITC96. [CrossRef] [PubMed]
2. Vekic, J.; Zeljkovic, A.; Stefanovic, A.; Jelic-Ivanovic, Z.; Spasojevic-Kalimanovska, V. Obesity and dyslipidemia. Metabolism 2019,

92, 71–81. [CrossRef] [PubMed]
3. Warraich, H.J.; Rana, J.S. Dyslipidemia in diabetes mellitus and cardiovascular disease. Cardiovasc. Endocrinol. 2017, 6, 27–32.

[CrossRef] [PubMed]
4. Stanley, T.L.; Chen, M.L.; Goodman, E. The typology of metabolic syndrome in the transition to adulthood. J. Clin. Endocrinol.

Metab. 2014, 99, 1044–1052. [CrossRef]
5. Magnussen, C.G.; Koskinen, J.; Chen, W.; Thomson, R.; Schmidt, M.D.; Srinivasan, S.R.; Kivimaki, M.; Mattsson, N.; Kahonen, M.;

Laitinen, T.; et al. Pediatric metabolic syndrome predicts adulthood metabolic syndrome, subclinical atherosclerosis, and type 2
diabetes mellitus but is no better than body mass index alone: The Bogalusa Heart Study and the Cardiovascular Risk in Young
Finns Study. Circulation 2010, 122, 1604–1611. [CrossRef]

6. Morrison, J.A.; Friedman, L.A.; Gray-McGuire, C. Metabolic syndrome in childhood predicts adult cardiovascular disease 25
years later: The Princeton Lipid Research Clinics Follow-up Study. Pediatrics 2007, 120, 340–345. [CrossRef]

7. Morrison, J.A.; Friedman, L.A.; Wang, P.; Glueck, C.J. Metabolic syndrome in childhood predicts adult metabolic syndrome and
type 2 diabetes mellitus 25 to 30 years later. J. Pediatr. 2008, 152, 201–206. [CrossRef]

8. Merlo, J.; Chaix, B.; Yang, M.; Lynch, J.; Rastam, L. A brief conceptual tutorial of multilevel analysis in social epidemiology:
Linking the statistical concept of clustering to the idea of contextual phenomenon. J. Epidemiol. Community Health 2005,
59, 443–449. [CrossRef]

9. Merlo, J.; Yang, M.; Chaix, B.; Lynch, J.; Rastam, L. A brief conceptual tutorial on multilevel analysis in social epidemiology:
Investigating contextual phenomena in different groups of people. J. Epidemiol. Community Health 2005, 59, 729–736. [CrossRef]

10. Merlo, J.; Chaix, B.; Yang, M.; Lynch, J.; Rastam, L. A brief conceptual tutorial on multilevel analysis in social epidemiology:
Interpreting neighbourhood differences and the effect of neighbourhood characteristics on individual health. J. Epidemiol.
Community Health 2005, 59, 1022–1028. [CrossRef]

11. Yang, B.Y.; Markevych, I.; Heinrich, J.; Bloom, M.S.; Qian, Z.; Geiger, S.D.; Vaughn, M.; Liu, S.; Guo, Y.; Dharmage, S.C.; et al.
Residential greenness and blood lipids in urban-dwelling adults: The 33 Communities Chinese Health Study. Environ. Pollut.
2019, 250, 14–22. [CrossRef] [PubMed]

12. Twohig-Bennett, C.; Jones, A. The health benefits of the great outdoors: A systematic review and meta-analysis of greenspace
exposure and health outcomes. Environ. Res. 2018, 166, 628–637. [CrossRef] [PubMed]

13. Peterson, A.L.; McBride, P.E. A review of guidelines for dyslipidemia in children and adolescents. WMJ 2012, 111, 274–281.
[PubMed]

http://doi.org/10.7326/AITC201712050
http://www.ncbi.nlm.nih.gov/pubmed/29204622
http://doi.org/10.1016/j.metabol.2018.11.005
http://www.ncbi.nlm.nih.gov/pubmed/30447223
http://doi.org/10.1097/XCE.0000000000000120
http://www.ncbi.nlm.nih.gov/pubmed/31646116
http://doi.org/10.1210/jc.2013-3531
http://doi.org/10.1161/CIRCULATIONAHA.110.940809
http://doi.org/10.1542/peds.2006-1699
http://doi.org/10.1016/j.jpeds.2007.09.010
http://doi.org/10.1136/jech.2004.023473
http://doi.org/10.1136/jech.2004.023929
http://doi.org/10.1136/jech.2004.028035
http://doi.org/10.1016/j.envpol.2019.03.128
http://www.ncbi.nlm.nih.gov/pubmed/30981931
http://doi.org/10.1016/j.envres.2018.06.030
http://www.ncbi.nlm.nih.gov/pubmed/29982151
http://www.ncbi.nlm.nih.gov/pubmed/23362704


Nutrients 2022, 14, 2068 16 of 17

14. Daniels, S.R. Guidelines for screening, prevention, diagnosis and treatment of dyslipidemia in children and adolescents. In
Endotext; Feingold, K.R., Anawalt, B., Boyce, A., Chrousos, G., de Herder, W.W., Dungan, K., Grossman, A., Hershman, J.M.,
Hofland, J., Kaltsas, G., et al., Eds.; MDtext.com, Inc.: South Dartmouth, MA, USA, 2000.

15. Lin, W.T.; Lee, C.Y.; Tsai, S.; Huang, H.L.; Wu, P.W.; Chin, Y.T.; Seal, D.W.; Chen, T.; Chao, Y.Y.; Lee, C.H. Clustering of metabolic
risk components and associated lifestyle factors: A nationwide adolescent study in Taiwan. Nutrients 2019, 11, 584. [CrossRef]
[PubMed]

16. Austin, S.B.; Melly, S.J.; Sanchez, B.N.; Patel, A.; Buka, S.; Gortmaker, S.L. Clustering of fast-food restaurants around schools:
A novel application of spatial statistics to the study of food environments. Am. J. Public Health 2005, 95, 1575–1581. [CrossRef]
[PubMed]

17. Merlo, J.; Asplund, K.; Lynch, J.; Rastam, L.; Dobson, A. Population effects on individual systolic blood pressure: A multilevel
analysis of the World Health Organization MONICA Project. Am. J. Epidemiol. 2004, 159, 1168–1179. [CrossRef] [PubMed]

18. Wu, P.W.; Lai, Y.W.; Chin, Y.T.; Tsai, S.; Yang, T.M.; Lin, W.T.; Lee, C.Y.; Tsai, W.C.; Huang, H.L.; Seal, D.W.; et al. Stability and
transformation of metabolic syndrome in adolescents: A prospective assessment in relation to the change of cardiometabolic risk
factors. Nutrients 2022, 14, 744. [CrossRef]

19. Lin, W.T.; Huang, H.L.; Huang, M.C.; Chan, T.F.; Ciou, S.Y.; Lee, C.Y.; Chiu, Y.W.; Duh, T.H.; Lin, P.L.; Wang, T.N.; et al. Effects on
uric acid, body mass index and blood pressure in adolescents of consuming beverages sweetened with high-fructose corn syrup.
Int. J. Obes. 2013, 37, 532–539. [CrossRef]

20. Chan, T.F.; Lin, W.T.; Huang, H.L.; Lee, C.Y.; Wu, P.W.; Chiu, Y.W.; Huang, C.C.; Tsai, S.; Lin, C.L.; Lee, C.H. Consumption of
sugar-sweetened beverages is associated with components of the metabolic syndrome in adolescents. Nutrients 2014, 6, 2088–2103.
[CrossRef]

21. Lin, W.T.; Chan, T.F.; Huang, H.L.; Lee, C.Y.; Tsai, S.; Wu, P.W.; Yang, Y.C.; Wang, T.N.; Lee, C.H. Fructose-rich beverage intake
and central adiposity, uric acid, and pediatric insulin resistance. J. Pediatr. 2016, 171, 90–96.e1. [CrossRef]

22. Lee, C.Y.; Lin, W.T.; Tsai, S.; Hung, Y.C.; Wu, P.W.; Yang, Y.C.; Chan, T.F.; Huang, H.L.; Weng, Y.L.; Chiu, Y.W.; et al. Association of
parental overweight and cardiometabolic diseases and pediatric adiposity and lifestyle factors with cardiovascular risk factor
clustering in adolescents. Nutrients 2016, 8, 567. [CrossRef] [PubMed]

23. Huang, M.C.; Lin, K.D.; Chen, H.J.; Wu, Y.J.; Chang, C.I.; Shin, S.J.; Hung, H.C.; Lee, C.H.; Huang, Y.F.; Hsu, C.C. Validity of a
short food frequency questionnaire assessing macronutrient and fiber intakes in patients of Han Chinese descent with type 2
diabetes. Int. J. Environ. Res. Public Health 2018, 15, 1142. [CrossRef] [PubMed]

24. Wu, P.W.; Tsai, S.; Lee, C.Y.; Lin, W.T.; Chin, Y.T.; Huang, H.L.; Seal, D.W.; Chen, T.; Lee, C.H. Contribution of insulin resistance to
the relationship between sugar-sweetened beverage intake and a constellation of cardiometabolic abnormalities in adolescents.
Int. J. Obes. 2021, 45, 828–839. [CrossRef] [PubMed]

25. Taiwanese Food and Nutrients Databank. (Chinese Version Webpage). Available online: https://consumer.fda.gov.tw/
FoodAnalysis/ingredients.htm (accessed on 10 October 2012).

26. Ridley, K.; Ainsworth, B.E.; Olds, T.S. Development of a compendium of energy expenditures for youth. Int. J. Behav. Nutr. Phys.
Act. 2008, 5, 45. [CrossRef] [PubMed]

27. Google Maps Web Mapping Platform. Google. Mountain View, California, U.S. (Chinese Version Webpage). Available online:
https://www.google.com.tw/maps/@23.763184,120.4923129,11.6z?hl=zh-TW (accessed on 23 January 2008).

28. Allain, C.C.; Poon, L.S.; Chan, C.S.; Richmond, W.; Fu, P.C. Enzymatic determination of total serum cholesterol. Clin. Chem. 1974,
20, 470–475. [CrossRef]

29. Chen, Y.K.; Lee, C.H.; Wu, I.C.; Liu, J.S.; Wu, D.C.; Lee, J.M.; Goan, Y.G.; Chou, S.H.; Huang, C.T.; Lee, C.Y.; et al. Food intake and
the occurrence of squamous cell carcinoma in different sections of the esophagus in Taiwanese men. Nutrition 2009, 25, 753–761.
[CrossRef]

30. Lee, C.H.; Ko, A.M.; Yang, F.M.; Hung, C.C.; Warnakulasuriya, S.; Ibrahim, S.O.; Zain, R.B.; Ko, Y.C. Association of DSM-5
Betel-Quid Use Disorder With Oral Potentially Malignant Disorder in 6 Betel-Quid Endemic Asian Populations. JAMA Psychiatry
2018, 75, 261–269. [CrossRef]

31. Martakis, K.; Stark, C.; Rehberg, M.; Jackels, M.; Schoenau, E.; Duran, I. Association of muscle mass and fat mass on low-density-
lipoprotein cholesterol and triglyceride plasma concentration in children and adolescents. J. Pediatr. Endocrinol. Metab. 2021,
34, 1273–1282. [CrossRef]

32. Duran, I.; Martakis, K.; Alberg, E.; Jackels, M.; Ewert, K.R.; Schoenau, E. Association of Trunk/Leg Fat Mass Ratio with Low-
Density Lipoproteins-Cholesterol and Triglycerides Concentration in Children and Adolescents: A Cross-Sectional, Retrospective
Study. Child. Obes. 2020, 16, 428–439. [CrossRef]

33. Kondo, T.; Kimata, A.; Yamamoto, K.; Ueyama, S.; Ueyama, J.; Yatsuya, H.; Tamakoshi, K.; Hori, Y. Multilevel analyses of effects
of variation in body mass index on serum lipid concentrations in middle-aged Japanese men. Nagoya J. Med. Sci. 2009, 71, 19–28.

34. Chin, Y.T.; Lin, W.T.; Wu, P.W.; Tsai, S.; Lee, C.Y.; Seal, D.W.; Chen, T.; Huang, H.L.; Lee, C.H. Characteristic-grouped adiposity
indicators for identifying metabolic syndrome in adolescents: Develop and valid risk screening tools using dual population.
Nutrients 2020, 12, 3165. [CrossRef] [PubMed]

35. Ghomari-Boukhatem, H.; Bouchouicha, A.; Mekki, K.; Chenni, K.; Belhadj, M.; Bouchenak, M. Blood pressure, dyslipidemia and
inflammatory factors are related to body mass index in scholar adolescents. Arch. Med. Sci. 2017, 13, 46–52. [CrossRef] [PubMed]

http://doi.org/10.3390/nu11030584
http://www.ncbi.nlm.nih.gov/pubmed/30857325
http://doi.org/10.2105/AJPH.2004.056341
http://www.ncbi.nlm.nih.gov/pubmed/16118369
http://doi.org/10.1093/aje/kwh160
http://www.ncbi.nlm.nih.gov/pubmed/15191934
http://doi.org/10.3390/nu14040744
http://doi.org/10.1038/ijo.2012.121
http://doi.org/10.3390/nu6052088
http://doi.org/10.1016/j.jpeds.2015.12.061
http://doi.org/10.3390/nu8090567
http://www.ncbi.nlm.nih.gov/pubmed/27649237
http://doi.org/10.3390/ijerph15061142
http://www.ncbi.nlm.nih.gov/pubmed/29857595
http://doi.org/10.1038/s41366-021-00745-1
http://www.ncbi.nlm.nih.gov/pubmed/33473177
https://consumer.fda.gov.tw/FoodAnalysis/ingredients.htm
https://consumer.fda.gov.tw/FoodAnalysis/ingredients.htm
http://doi.org/10.1186/1479-5868-5-45
http://www.ncbi.nlm.nih.gov/pubmed/18782458
https://www.google.com.tw/maps/@23.763184,120.4923129,11.6z?hl=zh-TW
http://doi.org/10.1093/clinchem/20.4.470
http://doi.org/10.1016/j.nut.2009.02.002
http://doi.org/10.1001/jamapsychiatry.2017.4307
http://doi.org/10.1515/jpem-2021-0254
http://doi.org/10.1089/chi.2019.0307
http://doi.org/10.3390/nu12103165
http://www.ncbi.nlm.nih.gov/pubmed/33081173
http://doi.org/10.5114/aoms.2017.64713
http://www.ncbi.nlm.nih.gov/pubmed/28144254


Nutrients 2022, 14, 2068 17 of 17

36. Mena-Sanchez, G.; Becerra-Tomas, N.; Babio, N.; Salas-Salvado, J. Dairy product consumption in the prevention of metabolic
syndrome: A systematic review and meta-analysis of prospective cohort studies. Adv. Nutr. 2019, 10, S144–S153. [CrossRef]
[PubMed]

37. Li, S.; Cao, M.; Yang, C.; Zheng, H.; Zhu, Y. Association of sugar-sweetened beverage intake with risk of metabolic syndrome
among children and adolescents in urban China. Public Health Nutr. 2020, 23, 2770–2780. [CrossRef] [PubMed]

38. WHO. Global Recommendations on Physical Activity for Health; WHO Guidelines Approved by the Guidelines Review Committee;
World Health Organization: Geneva, Switzerland, 2010.

39. Jia, P.; Xue, H.; Cheng, X.; Wang, Y. Effects of school neighborhood food environments on childhood obesity at multiple scales: A
longitudinal kindergarten cohort study in the USA. BMC Med. 2019, 17, 99. [CrossRef] [PubMed]

http://doi.org/10.1093/advances/nmy083
http://www.ncbi.nlm.nih.gov/pubmed/31089736
http://doi.org/10.1017/S1368980019003653
http://www.ncbi.nlm.nih.gov/pubmed/31915093
http://doi.org/10.1186/s12916-019-1329-2
http://www.ncbi.nlm.nih.gov/pubmed/31117993

	Introduction 
	Materials and Methods 
	Participants 
	Individual-Level Factors 
	School-Level Factors 
	Lipid Measurements 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

