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Abstract: Objective: To describe the prevalence of metabolic syndrome (MetS) in adolescents and
its association with several MetS-related biochemical markers. Methods: A cross-sectional analysis
was carried out and data were extracted from the Nutrition and Health Surveillance in Primary
and Secondary school students of Beijing (NHSPSB) 2017. Participants were aged 10–15 years old.
MetS was diagnosed using the recommended criteria for Chinese adolescents. The associations
among MetS, biochemical biomarkers, and socioeconomic status were estimated by multivariable
linear regression. Results: The prevalence of MetS in adolescents in Beijing was 3% in the total
sample, 4% in boys, and 2% in girls. Moreover, the prevalence of MetS in the overweight and obesity
populations were 5% and 12% respectively. The prevalence of MetS remained higher in boys than
in girls. The concentrations of alanine aminotransferase (ALT), serum uric acid (SUA), low density
lipoprotein (LDL), and C-reactive protein (CRP) were higher in the MetS children in comparison
with non-MetS children (All p < 0.05), while the high-density lipoprotein (HDL) concentration
was lower in MetS children. After adjusting for socioeconomic parameters in the multivariable
regression model, MetS was strongly associated with ALT, SUA, HDL, and LDL. The five components
of MetS indicated that abdominal obesity and a high serum triglyceride (TG) concentration were
tightly linked with ALT, SUA, LDL, and CRP; while a low HDL concentration and elevated blood
pressure were related to enhanced ALT, UA, and CRP. Additionally, impaired fasting glucose was
only related to increased ALT. Conclusion: The epidemiological issues of MetS in Beijing adolescents
should be known across socioeconomic classes. Early intervention strategies, such as dietary pattern
interventions and physical excise, should be designed for that population to reduce the disease
burdens of cardiovascular disease (CVD), Type 2 diabetes (T2D), and steatohepatitis in adulthood.
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1. Introduction

Metabolic syndrome (MetS) is a cluster of several interrelated abnormalities including abdominal
obesity, elevated blood pressure, impaired fasting glucose levels, high values of triglycerides (TG),
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and low values of high-density lipoprotein (HDL) [1].The prevalence of MetS has been increasing
dramatically around the world in the past decades. The age-standardized prevalence of MetS was 9.8%
for men and 17.8% for women in Chinese adults in 2001 [2]. MetS in children has attracted increased
attention recently, as it tends to be an important predictor of adulthood cardiovascular disease. He Yuna
et al. found that the prevalence of MetS was 2.4% in Chinese adolescents (aged 10–17 years old) in
2012 [3]. MetS is considered a risk factor of cardiovascular disease, type 2 diabetes, and all-cause
mortality [4]. In addition, other abnormalities, such as fibrinolysis, thrombosis, and inflammation are
strongly associated with MetS [5].

Previous studies have indicated that MetS is associated with serum uric acid (SUA), C-reactive
protein (CRP), and nonalcoholic fatty liver disease (NAFLD) in adults and adolescents. Uric acid is
the end product of endogenous purine and dietary factors. The SUA level is impacted by diets rich
in meat or seafood and varies across physical activity levels. Moreover, the SUA level is affected by
the degree of insulin resistance and hypertension [6,7]. Higher insulin resistance or hypertension is
associated with a higher concentration of SUA [6,7]. Additionally, the SUA level is positively related
to the triglyceride concentration, which can be attributed to a reduction in the glomerular filtration
rate caused by dyslipidemia [8–10]. The CRP level is influenced by chronic and acute inflammation
status, so the body’s status can be well reflected by the results of a biochemical analysis of biomarkers.
However, the identification of MetS is a long process that must fulfill all the requirements of the MetS
definition. The present research subjects were adolescents in Beijing. In comparison with adults,
young populations can avoid indirect impacts caused by the emergence of various chronic diseases or
other physical disturbances. Therefore, we used MetS as the risk factor to illustrate the association
between MetS and various biomarkers such as SUA, CRP, low density lipoprotein (LDL), and alanine
aminotransferase (ALT) in the adolescents.

2. Materials and Methods

2.1. Study Design and Participants
A cross-sectional analysis was carried out, and data were extracted from the Nutrition and Health

Surveillance in Primary and Secondary school students of Beijing (NHSPSB) 2017 study. Multistage
stratified cluster sampling was performed to select participants. First, 3 urban districts and 4 suburban
districts in Beijing were selected according to economic development levels and the working capability
of the investigators. Second, 4 primary schools and 4 secondary schools were selected from each district
via a simple random sampling method. Third, one class was chosen from the first, third, and fifth years
of each primary school, respectively; only one class from the first year of each secondary school was
selected. The criteria for class selection depended on the cooperation of the chief teacher, and only
the most cooperative one was chosen at the end. All students and their parents (caregivers) from the
selected classes gave informed consent before the students started to answer the questionnaires. All
parents and selected chief teachers were trained by the investigator for completion of the questionnaires.
Only questionnaires of first-year primary school students were filled in by their parents based on their
observations, which were coordinated by an experienced investigator at the parents’ meeting. The
rest of the students’ questionnaires were filled in by the students themselves under the guidance of
the chief teacher within one hour. This study was approved by the institutional review board of the
Beijing Center for Diseases Prevention and Control (201708).

Two different criteria were adopted for diagnosing MetS in children based on the Chinese criteria
published in the Chinese Journal of Pediatrics [11]. The first one was set for children younger than
10 years old, and another one was set for children between 10 and 18 years old. However, it is
inappropriate to give a diagnosis for children younger than 10 years old, as they are undergoing fast
development in terms of physical growth. Thus, our present research only focused on adolescents
aged 10–15 years old.
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2.2. Anthropometric Measurement and Definition of Mets in Adolescents
All of the students’ heights and body weights were measured when they were barefoot and

wearing light indoor clothes (height, SZG, Nantong Yuejian anthropometric equipment co., LTD,
Nantong, China; weight, TC200K, Changshu C&G Measuring instrumental company, Changshu,
China). Body mass index (BMI) was calculated using weight (kg) divided by the square of the height
(m2). Blood pressure was measured using an electric sphygmomanometer (HBP-1300, Omron health
care, Kyoto, Japan). Blood pressure was measured twice in the seated position after 5 min of rest
by well-trained field investigators. A third blood pressure measurement was carried out if the first
two blood pressure readings differed by more than 10 mmHg. The average blood pressure was
calculated to determine the presence of hypertension. Waist circumference (WC) was measured at the
midpoint between the iliac crest and the last rib via an inelastic tape (plastic tape measure, No. 8213,
Deli stationery company, Ningbo, China), to the nearest 0.1 cm. Then, the waist-to-height ratio (WHtR)
was calculated by dividing the WC by the height.

The standard applied for the assessment of overweight/obesity in adolescents was WS/T
586-2018 [12]. The criteria used to diagnose MetS in the present study were the fast screening
criteria: (1) central obesity, measured by the WHtR was adopted in this study (≥ 0.46 for girls and ≥ 0.48
for boys); (2) impaired fast glucose was considered a fasting glucose concentration of ≥ 5.6 mmol/L;
(3) hypertension, as indicated by a systolic blood pressure (SBP) of ≥130 mmHg or a diastolic blood
pressure (DBP) of ≥ 85 mmHg; (4) a low concentration of HDL (< 1.03 mmol/L); and (5) a high
concentration of TG (≥ 1.47 mmol/L). An individual was considered to have MetS if central obesity
and at least two of the remaining four conditions were present.

2.3. Biochemical Analysis
Blood samples were obtained from participants who had fasted for at least 10 hours. These were

stored in EDTA anti-coagulant tubes. SUA, TG, HDL, LDL, fasting blood glucose, aspartate transaminase
(AST), ALT, homocysteine and CRP were measured in the CDC’s laboratory with a Hitachi (7600)
automatic analyzer using Wako Diagnostics reagent, except for CRP (Roche, Basel, Switzerland),
in accordance with the instructions of the manufacturer.

2.4. Statistical Analysis
All statistical analyses were carried out using Stata 14.0 software (StataCorp, College Station,

TX, USA). Continuous variables were represented as the mean ± SD and categorical variables were
represented as percentages. Student’s t-tests were applied for the comparison of continuous variables
and χ2 was used for categorical variables. Multivariable linear regression was adopted for the
association analysis. As most biochemical markers were skewed to one side rather than normally
distributed, we took the logarithms of SUA, CRP, HDL, LDL, and ALT. After transformation, these
indicators approached a normal distribution so that the statistical significance of coefficients of
covariants could be directly tested in the multivariable linear regression. In model 1, only age
(continuous) and sex (girl and boy) were adjusted for. In model 2, the annual household income
per capita (<2000 Yuan; (2000–7000) Yuan; >70000 Yuan), the characteristics of the guardian such as
education attainment (primary school, middle school, and college and above), sex (male and female),
age (continuous), and place of residence (urban and suburban) were adjusted for as well. A two-sided
p-value of <0.05 was considered statistically significant.

3. Results

3.1. General Characteristics of the Participants
A total of 1766 students (895 girls and 871 boys) were included in the present study, of which

669 came from urban areas and the other 1097 came from suburban areas. The mean (SD) height
was 154.65 (10.56) cm for boys and 153.01 (8.72) cm for girls (Table 1). The average weight was 50.16
(14.95) kg for boys and 46.13 (12.36) kg for girls. The mean (SD) BMI was 20.64 (4.45) and 19.47 (3.92)
for boys and girls, respectively. The prevalence of overweight was 17% in the total sample—21% in
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boys and 14% in girls. The prevalence of obesity was 20% in the total sample, 24% in boys, and 17%
in girls. In conclusion, boys were taller, heavier, and had a higher risk of being overweight /obese
in comparison with girls. Moreover, boys also had higher mean values of WHtR, HDL-C, fasting
blood glucose, SBP, and DBP, but their TG concentration was lower than that of girls (0.80 vs. 0.88)
(Table 2). The prevalence of MetS was 3% in the total sample—4% in boys and 2% in girls. Moreover,
the prevalence of MetS in the overweight and obesity populations was 5% and 12%, respectively. The
prevalence remained higher in boys than in girls. Interestingly, the prevalence of MetS in suburban
areas was almost 2.5 times as large as the value in urban areas. Abdominal obesity tended to be the
most important risk factor for MetS, and its prevalence was 30% in the total sample—34% in boys and
27% in girls. The second risk factor was impaired fasting glucose and its prevalence was 11% in the
total sample—14% in boys and 8% in girls. The third risk factor was a high serum TG concentration,
and a higher value was observed in girls. The fourth risk factor was elevated blood pressure, and
its prevalence was 7% in the total sample—9% in boys and 5% in girls. The last one was a lower
concentration of HDL. The prevalence was only 4% in the total sample—5% in boys and 4% in girls.

Table 1. Characteristics of participants.

General Information Boys (n = 871) Girls (n = 895) Total Population (n = 1766)

Educational attainment of caregivers
Primary school and below 21 (2%) 22 (2%) 43 (2%)

Middle school 398 (46%) 397 (44%) 795 (45%)
College and above 452 (52%) 476 (53%) 928 (53%)

Annual household income per
capita (Yuan)

< 20000 255 (29%) 289 (32%) 544 (31%)
20000–70000 376 (43%) 358 (40%) 734 (42%)

> 70000 240 (28%) 248 (28%) 488 (28%)
Residence

Urban 539 (62%) 558 (62%) 1097 (62%)
Suburban 332 (38%) 337 (38%) 669 (38%)

Age of participants (Years) 11.34 ± 1.12 11.26 ± 1.13 11.30 ± 1.12
Height (cm) 154.65 ± 10.56 153.01 ± 8.72 153.82 ± 9.70
Weight (kg) 50.16 ± 14.95 46.13 ± 12.36 48.12 ± 13.84

Waist circumference (cm) 70.77 ± 11.99 66.02 ± 9.65 68.36 ± 11.12
Body Mass Index (BMI) 20.64 ± 4.45 19.47 ± 3.92 20.05 ± 4.23

Overweight 184 (21%) 122 (14%) 306 (17%)
Obesity 209 (24%) 148 (17%) 357 (20%)

Table 2. Distribution of risk factors of MetS among participants.

Risk Factors of Mets Boys (n = 871) Girls (n = 895) Total Population (n = 1776)

Waist to height ratio (WHtR) 0.46 ± 0.07 0.43 ± 0.06 0.44 ± 0.06
Serum Triglycerides (mmol/L) 0.80 ± 0.51 0.88 ± 0.50 0.84 ± 0.51

High Density Lipoprotein (HDL)
(mmol/L) 1.54 ± 0.34 1.53 ± 0.32 1.54 ± 0.33

Fasting blood glucose (mmol/L) 5.19 ± 0.43 5.08 ± 0.37 5.14 ± 0.41
Systolic blood pressure (mmHg) 113.28 ± 11.57 110.98 ± 10.73 112.11 ± 11.21

Diastolic blood pressure
(mmHg) 64.53 ± 7.83 65.60 ± 7.57 65.07 ± 7.71

MetS (%) 38 (4%) 21 (2%) 59 (3%)
Normal weight MetS (%) 1 (0.2%) 1 (0.2%) 2 (0.2%)

Overweight MetS (%) 11 (6%) 3 (3%) 14 (5%)
Obesity MetS (%) 26 (12%) 17 (12%) 43 (12%)
Urban MetS (%) 6 (2%) 6 (2%) 12 (2%)

Suburban MetS (%) 32 (6%) 15 (3%) 47 (4%)
MetS components (%)
Abdominal adiposity 296 (34%) 242 (27%) 538 (30%)

High serum triglycerides (TG) 78 (9%) 93 (10%) 171 (10%)
Low HDL 42 (5%) 36 (4%) 78 (4%)

Abnormal glucose homeostasis 118 (14%) 69 (8%) 187 (11%)
Evaluated blood pressure 80 (9%) 41 (5%) 121 (7%)
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3.2. The Biochemical Indexes in Mets Children and Non-Mets Children

To further illustrate the health impacts of MetS, the concentrations of ALT, AST, cholesterol,
SUA, HDL, homocysteine, LDL, and CRP were analyzed, as well (Table 3). The concentrations of
all indicators were higher in the MetS children in comparison with non-MetS children, except for
HDL. In addition, the differences in ALT, SUA, HDL, homocysteine, LDL, and CRP between the two
groups of children were statistically significant (all p < 0.05). The values of ALT and CRP in MetS
children were almost twice as high as those in non-MetS children (ALT: 23.45(2.7) VS. 12.85(0.25); CRP:
1.78(0.34) VS.0.98 (0.06)). The SUA concentration was 385.29 (13.25) µmol/L for MetS children and
320.61(1.94) µmol/L for non-MetS children. Although a significant difference was also detected for
homocysteine, the magnitude was too small to be clinically significant. Therefore, it was not included
in further analyses.

Table 3. Concentrations of biochemical markers in non-MetS and MetS students.

Biochemical Markers MetS Students (59) Non-MetS Students (1707) p-Value

ALT (U/L) 23.45 ± 2.70 12.85 ± 0.25 <0.01
AST (U/L) 23.04 ± 1.37 22.07 ± 0.16 0.29

Cholesterol (mmol/L) 4.2 ± 0.10 4.14 ± 0.02 0.73
SUA (umol/L) 385.29 ± 13.25 320.61 ± 1.94 <0.01
HDL (mmol/L) 1.09 ± 0.19 1.55 ± 0.32 <0.01

Homocysteine(umol/L) 14.78 ± 0.79 13.38 ± 0.14 0.07
LDL (mmol/L) 2.63 ± 0.08 2.28 ± 0.01 <0.01

CRP (mg/L) 1.78 ± 0.34 0.98 ± 0.06 0.01

The Student’s t-test was applied to test the mean equality between these two groups. ALT: alanine aminotransferase;
AST: aspartate transaminase; SUA: serum urine acid; HDL: high density lipoprotein; LDL: low density lipoprotein;
CRP: C-reactive protein.

3.3. Association between MetS and Biochemical Indexes

A simple multivariable regression analysis indicated that MetS was positively associated with ALT,
SUA, LDL, and CRP (Table 4). Those relationships still remained even after adjusting for co-variables
in models 1 and 2. Of the five components, abdominal obesity and a high serum TG concentration were
significantly associated with increased ALT, SUA, LDL, and CRP even after adjusting for co-variables
in models 1 and 2. An elevated blood pressure was related to ALT, SUA, and CRP in the three models.
However, a significant association between LDL and elevated blood pressure was only observed after
adjusting for co-variables. Additionally, a lower HDL concentration was associated with higher UA
and CRP concentrations, even after adjusting for co-variables, but there was no significant association
with the concentration of LDL. Additionally, impaired fasting glucose was only associated with ALT
and UA; however, after adjusting for co-variables, the association with UA became insignificant.

Table 4. Association between MetS and biochemical markers (in logarithm values).

Unadjusted Model 1 Model 2

Coef * p Coef p Coef p

MetS
ALT 0.48 <0.01 0.45 <0.01 0.45 <0.01
SUA 0.18 <0.01 0.14 <0.01 0.15 <0.01
LDL 0.14 <0.01 0.15 <0.01 0.18 <0.01
CRP 0.91 <0.01 0.86 <0.01 0.86 <0.01
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Table 4. Cont.

Unadjusted Model 1 Model 2

Coef * p Coef p Coef p

Abdominal adiposity
ALT 0.35 <0.01 0.34 <0.01 0.33 <0.01
SUA 0.15 <0.01 0.15 <0.01 0.15 <0.01
LDL 0.11 <0.01 0.10 <0.01 0.11 <0.01
CRP 0.93 <0.01 0.90 <0.01 0.91 <0.01

High serum TG
ALT 0.27 <0.01 0.28 <0.01 0.28 <0.01
SUA 0.11 <0.01 0.11 <0.01 0.11 <0.01
LDL 0.16 <0.01 0.16 <0.01 0.17 <0.01
CRP 0.40 <0.01 0.43 <0.01 0.42 <0.01

Low HDL
ALT 0.12 0.02 0.12 0.02 0.11 0.04
SUA 0.08 <0.01 0.06 0.03 0.06 0.02
LDL –0.03 0.29 –0.02 0.46 0.00 0.94
CRP 0.71 <0.01 0.70 <0.01 0.70 <0.01

Abnormal glucose homeostasis
ALT 0.11 <0.01 0.08 0.02 0.08 0.02
SUA 0.05 <0.01 0.01 0.55 0.01 0.52
LDL 0.01 0.64 0.02 0.26 0.03 0.10
CRP 0.07 0.42 0.02 0.84 0.02 0.79

Evaluated blood pressure
ALT 0.29 <0.01 0.26 <0.01 0.26 <0.01
SUA 0.17 <0.01 0.13 <0.01 0.13 <0.01
LDL 0.05 0.06 0.06 0.02 0.07 0.01
CRP 0.48 <0.01 0.42 <0.01 0.42 <0.01

Biochemical markers are measured in logarithm so that they are more likely to follow a normal distribution. ALT:
alanine aminotransferase; SUA: serum urine acid; HDL: high density lipoprotein; LDL: low density lipoprotein; CRP:
C-reactive protein. Model 1 adjusted for age and sex of participants. Model 2 adjusted for age and sex of participants
individually, annual household income per capital, residents’ localization, and characteristics of participants’
caregivers (educational attainment, age, and sex). *: “Coef” indicates coefficient of MetS and its components.

4. Discussion

Metabolic syndrome and its associations with ALT, SUA, LDL and CRP in Beijing children were
depicted in the present study. Generally, the prevalence of MetS was higher in overweight and
obese children and was higher in suburban areas. Metabolically, MetS was significantly associated
with the ALT, SUA, LDL, and CRP concentrations. ALT was influenced by all five components and
statistical significance remained with a certain decrease after adjusting with co-variables. SUA and
CRP were associated with four components but not blood glucose. The statistical significance of the
association with blood glucose disappeared after adjusting for age and sex, which indicates that blood
glucose varied across adolescents of different ages and sexes. Interestingly, statistical associations
between LDL and HDL/blood glucose were observed after adjusting for co-variables. Notably, a lower
HDL concentration was not always accompanied by a higher LDL concentration since no significant
association was detected between these two variables.

The present study found that the prevalence of MetS was 3%, which was similar to the urban
prevalence (2.8%) detected by National surveillance [3]. We also found that boys had a higher
prevalence rate. However, the results showed that the prevalence of MetS was higher in suburban
areas of Beijing, contrary to the results derived from the National Surveillance. As one of the first-tier
cities in China, the economic and culture development in Beijing are high in relation to the rest of China.
It is plausible that residences in urban areas are aware of the risk of being obese and they might attain
a higher educational level, so that they are more likely to maintain healthy lifestyles. In the present
study, of the 5 components of MetS, impaired fasting glucose and a high serum TG concentration were
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the major common risk factors after abdominal obesity. This result is different from that shown by
the national surveillance, which indicated that hypertension and a low HDL concentration are the
major prevalent risk factors. The difference might be attributed to the different diagnostic criteria
used. Intriguingly, our results were in accordance with the Cook’s criteria for Chinese children and
adolescents, which also revealed that a high serum TG is the major risk factor [3]. Moreover, abdominal
obesity, a high serum TG concentration, and impaired fasting glucose were found to be major prevalent
risk factors for American children and adolescents when using Cook’s criteria. This phenomenon is
consistent with our results.

Regarding the biochemical indexes, our results were in line with most research, revealing that
MetS was related with SUA, ALT, and CRP. Plenty of documents have indicated the strong association
between SUA and MetS. However, no paper has clearly illustrated the molecular mechanism of SUA
and MetS yet [13]. Until now, there was no clear threshold to judge children’s SUA concentration.
When we used the adult threshold for our present study (> 420 µmol/L), 16 out of 59 MetS students
were classified as having hyperuricemia. Among the 16 students with hyperuricemia, 11 had high
serum TG concentrations (≥ 1.47 mmol/L), 11 had high SBP values (≥ 130 mmHg) and 6 had impaired
fasting glucose (≥ 5.6 mmol/L). However, all 16 hyperuricemia students had BMI values above 25, and
10 of them had BMI values higher than 28. Overweight and obesity were probably the underlying
condition triggering the pathophysiologic abnormality [14]. Therefore, the present study still could
not disentangle the causality between SUA and MetS.

Pediatric nonalcoholic fatty liver disease (NAFLD) is emerging as a comorbidity of MetS [15,16].
Inflammation and cellular injury are often considered as the biomarkers of NAFLD, particularly
ALT [17]. Pediatric NAFLD was screened for via assessment for unexplained ALT elevation >30 u/L
among adolescents [15]. The prevalence of an abnormal ALT level in the present study was 3.6%,
which was lower than that shown for Hispanic and non-Hispanic adolescents. Additionally, it has
been indicated that the prevalence of elevated ALT varies by ethnicity [18,19]. The prevalence of
an abnormal ALT concentration was 22%, and the ALT concentration was tightly linked with all
components of MetS. Previous documents indicated that an elevated ALT concentration is associated
with waist circumference and insulin resistance, which is consistent with our results [20,21]. Of note,
the cause–effect relationship between MetS and NAFLD showed some degree of overlap. Clearly,
the presence of NAFLD is related to insulin resistance and inflammation [22,23]. The presence of
NAFLD tended to be a predictor of MetS. Previous studies pointed out that NAFLD would be a
reason for worsening MetS. Meanwhile, inflammation would drive abnormalities linked with MetS
and NAFLD in the basic biological models [24], which might contribute to liver fat accumulation via
related pathways [25].

CRP is an acute phase plasma protein which predicts the cardiovascular outcomes and alters
glucose metabolism [26,27]. In the present study, the CRP level was significantly associated with MetS,
especially several components such as central obesity, low HDL, and hypertension. This result is
consistent with previous research [14]. CRP was mainly associated with obesity and hypertension.
However, no significant correlation between CRP and impaired fasting glucose was detected, which
might be attributed to the different study subjects used in our study compared with previous
research [27]. Moreover, evidence suggests that CRP could be used to diagnose chronic inflammatory
disease [28,29]. Currently, scientific inquiry into MetS and its underlying chronic inflammatory state
has revealed that it had connections to several inflammatory dermatoses like psoriasis, hidradenitis
suppurative, and atopic dermatitis [30–32]. Although these sequelae of MetS are not often seen until
adulthood, researchers and caregivers should be aware of the potential comorbid disease burden
among these pediatric patients. Additionally, LDL is strongly associated with central obesity, TG, and
hypertension. Previous documents have provided evidence that LDL is a predictor of cardiovascular
disease [33].

Several limitations of the present study should be mentioned. First, it was a cross-sectional study
which cannot illustrate the causal relationship between MetS and other biochemical indexes. Second,
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the stage of puberty was not included as a co-variable in the present study due to data availability.
Puberty could affect fat distribution and insulin sensitivity in the muscle and liver. Insulin sensitivity
can decline by 20–50% during puberty and can return to normal at the end of pubertal development.
Third, all participants lived in Beijing, which might restrict the extrapolation ability of the data.

Despite the aforementioned limitations, the present study is the first to reveal associations between
MetS and SUA, ALT, LDL, and CRP in Chinese adolescent students with a moderate sample size.

5. Conclusions

In conclusion, our research indicates that the prevalence of MetS is high among Beijing adolescent
students, and MetS has strong connections with ALT, SUA, and CRP. To further discover the causality
between these biochemical markers, longitudinal or interventional studies should be carried out. In
addition, the single risk factors of obesity, NAFLD and SUA were much higher among adolescent
students. Early intervention strategies, such as dietary pattern intervention and physical excise, should
be designed for that population to reduce the large disease burden of CVD, Type 2 diabetes, and
steatohepatitis or even cirrhosis in adulthood.

Author Contributions: Conceived and designed the concept, Y.Z. and H.W.; collected the data, Y.Y., H.L., M.L.,
D.Z., D.G. and X.Y.; analyzed the data, Y.Y. and C.L.; wrote the paper, Y.Z. and H.W.

Funding: The study was sponsored by research grants from the Financial Funds of Beijing (Nutrition and Health
Surveillance in Primary and Secondary school students of Beijing), the Construction of risk surveillance of food
safety by Center of Disease Control and prevention of Beijing (2012-JK-SP-003), and A project funded by the
Priority Academic Program Development of Jiangsu Higher Education Institutions (PAPD).

Acknowledgments: This research used the data from the Nutrition and Health Surveillance in Primary and
Secondary School students of Beijing (NHSPSB). We thank the Beijing Centre for Disease Control and Prevention
(CDC) and 7 Districts’ CDC (Xicheng, Haidian, Chaoyang, Tongzhou, Fangshan, Changping and Miyun) for
their technical contribution in the data collection since 2015. The study was sponsored by research grants from
the Financial Funds of Beijing (Nutrition and Health Surveillance in Primary and Secondary school students of
Beijing), Construction of risk surveillance of food safety by Center of Disease Control and prevention of Beijing
(2012-JK-SP-003) and A project was funded by the Priority Academic Program Development of Jiangsu Higher
Education Institutions (PAPD). The funders had no role in the research design, implementation, analysis or
interpretation of the data.

Conflicts of Interest: The authors have no conflicts of interest to declare.

References

1. Eckel, R.H.; Grundy, S.M.; Zimmet, P.Z. The metabolic syndrome. Lancet 2005, 365, 1415–1428. [CrossRef]
2. Gu, D.; Reynolds, K.; Wu, X.; Chen, J.; Duan, X.; Reynolds, R.F.; Whelton, P.K.; He, J.; InterASIA Collaborative

Group. Prevalence of the metabolic syndrome and overweight among adults in China. Lancet 2005, 365,
1398–1405. [PubMed]

3. He, Y.N.; Zhao, W.H.; Zhao, L.Y.; Yu, D.M.; Zhang, J.; Yu, W.T.; Yang, X.G.; Ding, G.G. The epidemic status of
metabolic syndrome among Chinese adolescents aged 10–17 years in 2010–2012. Zhonghua Yu Fang Yi Xue Za
Zhi 2017, 51, 513–518. [PubMed]

4. Trevisan, M.; Liu, J.; Bahsas, F.B.; Menotti, A.; Risk Factor and Life Expectancy Research Group. Syndrome X
and mortality: A population-based study. Am. J. Epidemiol. 1998, 148, 958–966. [CrossRef] [PubMed]

5. Ford, E.S.; Li, C.; Cook, S.; Choi, H.K. Serum concentrations of uric acid and the metabolic syndrome among
US children and adolescents. Circulation 2007, 115, 2526–2532. [CrossRef] [PubMed]

6. Johnson, R.J.; Kang, D.H.; Feig, D.; Kivlighn, S.; Kanellis, J.; Watanabe, S.; Tuttle, K.R.; Rodriguez-Iturbe, B.;
Herrera-Acosta, J.; Mazzali, M. Is there a pathogenetic role for uric acid in hypertension and cardiovascular
and renal disease? Hypertension 2003, 41, 1183–1190. [CrossRef] [PubMed]

7. Messerli, F.H.; Frohlich, E.D.; Dreslinski, G.R.; Suarez, D.H.; Aristimuno, G.G. Serum uric acid in essential
hypertension: An indicator of renal vascular involvement. Ann. Intern. Med. 1980, 93, 817–821. [CrossRef]

8. Gin, H.; Rigalleau, V.; Aparicio, M. Lipids, protein intake, and diabetic nephropathy. Diabetes Metab. 2000, 26
(Suppl. 4), 45–53.

http://dx.doi.org/10.1016/S0140-6736(05)66378-7
http://www.ncbi.nlm.nih.gov/pubmed/15836888
http://www.ncbi.nlm.nih.gov/pubmed/28592095
http://dx.doi.org/10.1093/oxfordjournals.aje.a009572
http://www.ncbi.nlm.nih.gov/pubmed/9829867
http://dx.doi.org/10.1161/CIRCULATIONAHA.106.657627
http://www.ncbi.nlm.nih.gov/pubmed/17470699
http://dx.doi.org/10.1161/01.HYP.0000069700.62727.C5
http://www.ncbi.nlm.nih.gov/pubmed/12707287
http://dx.doi.org/10.7326/0003-4819-93-6-817


Int. J. Environ. Res. Public Health 2019, 16, 4557 9 of 10

9. Guijarro, C.; Kasiske, B.L.; Kim, Y.; O’Donnell, M.P.; Lee, H.S.; Keane, W.F. Early glomerular changes in rats
with dietary-induced hypercholesterolemia. Am. J. Kidney Dis. 1995, 26, 152–161. [CrossRef]

10. Vaziri, N.D.; Freel, R.W.; Hatch, M. Effect of chronic experimental renal insufficiency on urate metabolism.
J. Am. Soc. Nephrol. 1995, 6, 1313–1317.

11. The Subspecialty Group of Endocrinology, Genetics and Metabolism, Society of Pediatrics, Chinese Medical
Association; The Subspecialty Group of Cardiovascular disease, Society of Pediatrics, Chinese Medical
Association; The Subspecialty Group of Child Health Care, Society of Pediatrics, Chinese Medical Association.
The definition and suggestion on the metabolic syndrome of Chinese children and adolescent. Chin. J. Pediatr.
2012, 50, 420–422.

12. National Health Commission of People’s Republic of China. Screening for Overweight and Obesity Among
School-Age Children and Adolescents; National Health Commission of People’s Republic of China: Beijing,
China, 2018.

13. Tsouli, S.G.; Liberopoulos, E.N.; Mikhailidis, D.P.; Athyros, V.G.; Elisaf, M.S. Elevated serum uric acid levels
in metabolic syndrome: An active component or an innocent bystander? Metabolism 2006, 55, 1293–1301.
[CrossRef] [PubMed]

14. Weiss, R.; Dziura, J.; Burgert, T.S.; Tamborlane, W.V.; Taksali, S.E.; Yeckel, C.W.; Allen, K.; Lopes, M.;
Savoye, M.; Morrison, J.; et al. Obesity and the metabolic syndrome in children and adolescents. N. Engl. J.
Med. 2004, 350, 2362–2374. [CrossRef] [PubMed]

15. Schwimmer, J.B.; Pardee, P.E.; Lavine, J.E.; Blumkin, A.K.; Cook, S. Cardiovascular risk factors and the
metabolic syndrome in pediatric nonalcoholic fatty liver disease. Circulation 2008, 118, 277–283. [CrossRef]

16. Mencin, A.A.; Lavine, J.E. Nonalcoholic fatty liver disease in children. Curr. Opin. Clin. Nutr. Metab. Care
2011, 14, 151–157. [CrossRef]

17. Dixon, J.B.; Bhathal, P.S.; O’Brien, P.E. Nonalcoholic fatty liver disease: Predictors of nonalcoholic
steatohepatitis and liver fibrosis in the severely obese. Gastroenterology 2001, 121, 91–100. [CrossRef]

18. Schwimmer, J.B.; McGreal, N.; Deutsch, R.; Finegold, M.J.; Lavine, J.E. Influence of gender, race, and ethnicity
on suspected fatty liver in obese adolescents. Pediatrics 2005, 115, e561–e565. [CrossRef]

19. Graham, R.C.; Burke, A.; Stettler, N. Ethnic and sex differences in the association between metabolic syndrome
and suspected nonalcoholic fatty liver disease in a nationally representative sample of US adolescents.
J. Pediatr. Gastroenterol. Nutr. 2009, 49, 442–449. [CrossRef]

20. Verrijken, A.; Francque, S.; Mertens, I.; Talloen, M.; Peiffer, F.; Van Gaal, L. Visceral adipose tissue and
inflammation correlate with elevated liver tests in a cohort of overweight and obese patients. Int. J. Obes.
2010, 34, 899–907. [CrossRef]

21. D’Adamo, E.; Cali, A.M.; Weiss, R.; Santoro, N.; Pierpont, B.; Northrup, V.; Caprio, S. Central role of fatty liver
in the pathogenesis of insulin resistance in obese adolescents. Diabetes Care 2010, 33, 1817–1822. [CrossRef]

22. Oliveira, A.C.; Oliveira, A.M.; Almeida, M.S.; Silva, A.M.; Adan, L.; Ladeia, A.M. Alanine aminotransferase
and high sensitivity C-reactive protein: Correlates of cardiovascular risk factors in youth. J. Pediatr. 2008,
152, 337–342. [CrossRef] [PubMed]

23. DeBoer, M.D. Obesity, systemic inflammation, and increased risk for cardiovascular disease and diabetes
among adolescents: A need for screening tools to target interventions. Nutrition 2013, 29, 379–386. [CrossRef]
[PubMed]

24. Nagarajan, P.; Kumar, M.J.; Venkatesan, R.; Majundar, S.S.; Juyal, R.C. Genetically modified mouse models for
the study of nonalcoholic fatty liver disease. World J. Gastroenterol. 2012, 18, 1141–1153. [CrossRef] [PubMed]

25. Bremer, A.A.; Mietus-Snyder, M.; Lustig, R.H. Toward a unifying hypothesis of metabolic syndrome.
Pediatrics 2012, 129, 557–570. [CrossRef] [PubMed]

26. Pasceri, V.; Willerson, J.T.; Yeh, E.T. Direct proinflammatory effect of C-reactive protein on human endothelial
cells. Circulation 2000, 102, 2165–2168. [CrossRef]

27. Tan, K.C.; Wat, N.M.; Tam, S.C.; Janus, E.D.; Lam, T.H.; Lam, K.S. C-reactive protein predicts the deterioration
of glycemia in chinese subjects with impaired glucose tolerance. Diabetes Care 2003, 26, 2323–2328. [CrossRef]

28. Mahadik, S.R.; Deo, S.S.; Mehtalia, S.D. Association of adiposity, inflammation and atherosclerosis: The role
of adipocytokines and CRP in Asian Indian subjects. Metab. Syndr. Relat. Disord. 2008, 6, 121–128. [CrossRef]

29. Steele, C.E.; Morrell, D.; Evans, M. Metabolic syndrome and inflammatory skin conditions. Curr. Opin.
Pediatr. 2019, 31, 515–522. [CrossRef]

http://dx.doi.org/10.1016/0272-6386(95)90169-8
http://dx.doi.org/10.1016/j.metabol.2006.05.013
http://www.ncbi.nlm.nih.gov/pubmed/16979398
http://dx.doi.org/10.1056/NEJMoa031049
http://www.ncbi.nlm.nih.gov/pubmed/15175438
http://dx.doi.org/10.1161/CIRCULATIONAHA.107.739920
http://dx.doi.org/10.1097/MCO.0b013e328342baec
http://dx.doi.org/10.1053/gast.2001.25540
http://dx.doi.org/10.1542/peds.2004-1832
http://dx.doi.org/10.1097/MPG.0b013e31819f73b4
http://dx.doi.org/10.1038/ijo.2010.4
http://dx.doi.org/10.2337/dc10-0284
http://dx.doi.org/10.1016/j.jpeds.2007.07.013
http://www.ncbi.nlm.nih.gov/pubmed/18280837
http://dx.doi.org/10.1016/j.nut.2012.07.003
http://www.ncbi.nlm.nih.gov/pubmed/23022122
http://dx.doi.org/10.3748/wjg.v18.i11.1141
http://www.ncbi.nlm.nih.gov/pubmed/22468076
http://dx.doi.org/10.1542/peds.2011-2912
http://www.ncbi.nlm.nih.gov/pubmed/22351884
http://dx.doi.org/10.1161/01.CIR.102.18.2165
http://dx.doi.org/10.2337/diacare.26.8.2323
http://dx.doi.org/10.1089/met.2007.0034
http://dx.doi.org/10.1097/MOP.0000000000000790


Int. J. Environ. Res. Public Health 2019, 16, 4557 10 of 10

30. Rodriguez-Zuniga, M.J.M.; Garcia-Perdomo, H.A. Systematic review and meta-analysis of the association
between psoriasis and metabolic syndrome. J. Am. Acad. Dermatol. 2017, 77, 657–666. [CrossRef]

31. Zhang, A.; Silverberg, J.I. Association of atopic dermatitis with being overweight and obese: A systematic
review and meta-analysis. J. Am. Acad. Dermatol. 2015, 72, 606–616. [CrossRef]

32. Vinkel, C.; Thomsen, S.F. Risk factors for cardiovascular disease in patients with hidradenitis suppurativa.
J. Eur. Acad. Dermatol. Venereol. 2017, 31, e411–e413. [CrossRef] [PubMed]

33. Targher, G.; Bonapace, S.; Byrne, C.D. Does high LDL-cholesterol cause cardiovascular disease? Expert Rev.
Clin. Pharmacol. 2019, 12, 91. [CrossRef] [PubMed]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.jaad.2017.04.1133
http://dx.doi.org/10.1016/j.jaad.2014.12.013
http://dx.doi.org/10.1111/jdv.14225
http://www.ncbi.nlm.nih.gov/pubmed/28300335
http://dx.doi.org/10.1080/17512433.2019.1561100
http://www.ncbi.nlm.nih.gov/pubmed/30570363
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Design and Participants 
	Anthropometric Measurement and Definition of Mets in Adolescents 
	Biochemical Analysis 
	Statistical Analysis 

	Results 
	General Characteristics of the Participants 
	The Biochemical Indexes in Mets Children and Non-Mets Children 
	Association between MetS and Biochemical Indexes 

	Discussion 
	Conclusions 
	References

