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Abstract
Background: We aimed to develop a non-invasive model to detect the metabolic syndrome (MetS) in
school children and adolescents.

Methods: Participants were 7,330 children and adolescents aged 10–18 years, attending schools in eight
Chinese localities. Participants had anthropometry measured and underwent fasting blood tests. MetS
was de�ned as central obesity and a combination of abnormal glycaemia, hypertension, and/or
dyslipidaemia. A prediction model for MetS was developed using non-invasive anthropometric and
clinical parameters.  

Results: The prediction model had acceptable discrimination accuracy (AUROC 0.75) and 65.7%
sensitivity. While its PPV was 36.5%, 72.2% of false-positives had one other metabolic abnormality
beyond central adiposity. An alternative mixed process was developed: �rst, all children with central
adiposity and hypertension were considered as cases; secondly, a prediction model was developed on
remaining normotensive children with central adiposity, yielding possibly-helpful discrimination (AUROC
0.67). This combined approach yielded higher sensitivity (75.4%) but lower PPV (30.7%) with more false-
positives, of whom 57.0% had one other metabolic abnormality beyond central adiposity.

Conclusions: Most undiagnosed MetS cases could be detected in school children and adolescents with
non-invasive methods. Importantly, most false-positive cases had metabolic abnormalities, so that the
vast majority of cases identi�ed by the models warranted medical follow-up.

Introduction
Obesity has emerged as one of the most serious public health concerns among children, adolescents and
adults in the 21st century. The worldwide prevalence of childhood obesity has increased strikingly over
the past 3 decades, increased from 0.7% in 1975 to 5.6% in 2016 in girls, and from 0.9% in 1975 to 7.8%
in 2016 in boys[1, 2]. East Asia, the Middle East and north Africa, south Asia were those regions with the
largest absolute increase in the number of children and adolescents with obesity[2]. In some of the
largest cities in China, the prevalence of obesity among children aged 7–18 years in 2000 ranged from
9.9–11.3% in boys and 5.9–8.2% in girls[3]. By 2013, the prevalence of childhood obesity in China
showed a marked increase, with 23.0% of boys and 14.0% of girls aged 2–19 years reported as
overweight and/or obese[4]. The progression to obesity appears to be occurring rapidly, and Cai et al.
reported that 2.8% of normal-weight children had developed obesity at follow-up 9 months later[5].

Obesity in childhood and adolescence tends to persist into adulthood[6, 7]. Importantly, obesity in
childhood and adolescence is associated with a number of adverse physical and psychological
outcomes, not only in the short-term but also in the long-term, including increased risk of morbidity and
premature mortality[8–10]. Obesity is a pro-in�ammatory state that adversely affects nearly every organ
system and often has serious consequences, including hypertension, dyslipidemia, insulin resistance, and
type 2 diabetes mellitus[11]. Obesity is associated with insulin resistance[12], which is the common
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underlying factor leading to many of the metabolic and cardiovascular complications of obesity, being
also the key factor for the group of metabolic disturbances collectively referred to the metabolic
syndrome (MetS)[11]. Together, obesity and the MetS are associated with markedly increased risk of
cardiometabolic diseases, several forms of cancer[13, 14], as well as a number of adverse psychosocial
outcomes including depression, anxiety, and eating disorder[8, 15].

Children with obesity are at a much greater risk of developing MetS. The worldwide MetS prevalence in
children and adolescents varies according to the adopted de�nition, but estimates based on the
International Diabetes Federation (IDF) de�nition vary widely from 0.9–11.4% [16–18]. A recent review
reported that the prevalence of MetS in the general population was 3.3%, but 11.9% in overweight children
and 29.2% in those with obesity[19, 20]. Notably, the prevalence of MetS in children and adolescents is
greater in boys than in girls (5.1% vs 3.0%, respectively)[21]. In China, a 2015 meta-analysis estimated the
prevalence of MetS (as per IDF) at 2.9% in boys and 1.8% in girls, but 0.2% in children with normal weight,
4.7% in those with overweight, and 17.3% in youth with obesity[22]. However, the exact prevalence seems
to vary depending on the adopted de�nition, ranging from 3.3–5.4% among children aged ≥ 10 years [18,
23, 24].

The de�nition of MetS may vary to some extent, but all include a measure of central adiposity in addition
to the following key characteristics: hyperinsulinemia or insulin resistance, dyslipidemia, hypertension,
and diabetes or pre-diabetes. Thus, to diagnose MetS it is necessary to draw fasting blood samples to
measure fasting glucose and lipid pro�le. As a result, it is not possible to diagnose MetS by non-invasive
means, which makes it di�cult to identify children and adolescents with this condition in non-clinical
community settings. Thus, we aimed to develop a prediction model for the MetS without the use of
invasive methods (i.e. blood samples) for children and adolescents. It is important to detect the MetS in
youth as early as possible, so that clinical intervention can halt its progress to more serious metabolic
dysfunctions, in particular type 2 diabetes mellitus and cardiovascular disease.

Methods
Ethics approval

The original study was approved by the Medical Ethics Committee of the Children’s Hospital of Zhejiang
University School of Medicine, which was the lead centre (#2009013). Written informed consent from
parents (or guardians) and children (where appropriate) were obtained, but this study involved solely the
use of anonymized data. This study was conducted according to the guidelines of the Declaration of
Helsinki

Study population

Participants were children and adolescents aged ≥10 but <18 years of age attending schools in 2009–
2010 in eight cities across China, namely Beijing, Chongqing, Hangzhou, Lanxi, Nanning, Shanghai,
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Tianjin, and Xiaoshan. Exclusion criteria for this study was any pre-diagnosed chronic heart, lung, kidney,
endocrine, or metabolic disease.

Participants underwent clinical assessments at their school performed by research nurses, while wearing
examination gowns. Standing height was measured to the nearest mm using a stadiometer, while bare
feet. Weight was measured with electronic scales to the nearest 0.1 kg, and body mass index (BMI)
calculated as per standard formula. The hip circumference was measured around the fullest part of the
hips with the participant standing straight with their feet together. Waist circumference was measured to
the nearest mm with a tape measure around the participant’s body in the horizontal plane, at the level of
the midpoint between the lowest rib and the iliac crest, on bare skin when in a state of expiration. Waist-
to-hip and waist-to-height ratios were subsequently calculated.

Systolic (SBP) and diastolic (DBP) blood pressures were measured using a sphygmomanometer on the
right upper arm while seated, and after a 5-minute rest. Blood pressure was measured twice, and the
average of the two measurements recorded. The presence of acanthosis nigricans was diagnosed by the
research nurses, as it is recognized as an important risk factor for the diagnosis of MetS[25].

All participants underwent blood tests on the morning of the assessment after an overnight fast, when
venous blood samples were drawn. Fasting glucose and lipid pro�le were assessed, including total
cholesterol, triglycerides, high-density lipoprotein cholesterol (HDL), and low-density lipoprotein
cholesterol. In addition, all participants underwent a simpli�ed oral glucose tolerance test after receiving
an oral glucose solution (3.75 g/kg), with blood samples drawn at 0 and 120 minutes.

De�nition of metabolic syndrome

The International Diabetes Federation (IDF) criteria for the MetS must include central obesity, which is
usually de�ned as waist circumference ≥90th percentile for age and sex[18]. In China, apart from the IDF
criteria, MetS is also de�ned based on waist-to-height ratio as it is easier to adopt in routine clinical
practice without the need to refer to standardized charts[26]. According to the 2012 guideline[24] from the
Chinese Medical Association, the MetS can be diagnosed in children and adolescents aged 10 to 18 years
of age as:

1) Central obesity: waist circumference ≥90th percentile for age and sex, which is equivalent to a waist-to-
height ratio ≥0.48 for boys and ≥0.46 for girls in China[27].

AND

2) Any two of the following:

a) Fasting triglycerides ≥1.47 mmol/L;

b) Fasting HDL <1.03 mmol/L OR non-HDL-C ≥76 mmol/L;
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c) Hypertension de�ned as SBP ≥130 mmHg OR DBP ≥85 mmHg;

d) Impaired fasting glucose (≥6 mmol/L) OR impaired glucose tolerance (2-hour blood glucose ≥7.8 and
<11.1mmol/L) OR type 2 diabetes.

Prediction model

We used a combination of screening tools based on readily obtained clinical characteristics and a
prediction model to identify youth with MetS using non-invasive methods. In addition, it should be noted
that international guidelines discourage the diagnosis of the MetS in children younger than 10 years of
age. Thus, our study population included only participants aged ≥10 years. As a result, a total of 7,330
children and adolescents with complete anthropometric and clinical data were included (Supplementary
Figure S1).

A number of anthropometric, demographic, and clinical parameters were evaluated for inclusion in a
prediction model, namely BMI, waist-to-hip ratio, waist-to-height ratio, age, sex, SBP, DBP, and the presence
of acanthosis nigricans. Pairwise associations between continuous variables were examined to identify
cases of high collinearity based on Pearson's correlation coe�cients. In the event of high collinearity (|r|
≥0.5), one parameter was eliminated according to its practicality in routine practice.

The model's discrimination was estimated using the area under the receiver operating characteristic curve
(AUROC), as follows: poor (<0.60), possibly helpful (≥0.60 and <0.70), acceptable (≥0.70 and <0.80),
excellent (≥0.80 and <0.90), and outstanding (≥0.90)[28, 29]. Model calibration (i.e. the extent to which it
correctly estimates risk[28]) was assessed as per Hosmer-Lemeshow test[29], with satisfactory
calibration identi�ed as p>0.05.

Selected parameters were included as predictors in a logistic regression model, where the outcome was
MetS. Multiple iterations of the model were developed, with model discrimination and calibration
assessed, until the most parsimonious model with the best discrimination was reached. Once the �nal
model was developed, its accuracy and predictive capacity were assessed using the following
parameters:
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We have de�ned the threshold for MetS diagnosis at or above the 67th percentile of the probability
distribution (i.e. the top tertile). Statistical analyses were performed in SPSS v25 (IBM Corp, Armonk, NY,
USA) and SAS v9.4. There was no imputation of missing data.

Results
There were 289 MetS cases in our study population, so that the overall prevalence was 3.9% (Table 1). A
total of 1,561 individuals (21.3%) had central obesity (Table 1), i.e. the mandatory requirement to meet
the Chinese criteria for MetS, and these participants were considered for the prediction model
development (Supplementary Table S1).
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Table 1
Demographic and clinical data on the study population.

n   7,330

Age (years)   12.8 [11.4, 13.9]

Sex ratio (males)   4,093 (55.8%)

Child BMI status 1 Underweight/normal weight 5,285 (72.1%)

  Overweight 775 (10.6%)

  Obesity 1,270 (17.3%)

Hypertension   605 (8.3%)

Acanthosis nigricans   320 (4.4%)

Abnormal glycaemia   676 (9.2%)

Abnormal triglycerides   968 (13.2%)

Dyslipidaemia   1,062 (14.5%)

Metabolic syndrome   289 (3.9%)

Central obesity 2   1,561 (21.3%)

Age data are median [quartile 1, quartile 3]; all other data are n (%).

BMI, body mass index.

1 Underweight/normal weight was de�ned as BMI < 1.036 standard deviation scores (SDS),
overweight ≥ 1.036 SDS and < 1.645 SDS, and obesity ≥ 1.645 SDS, according to WHO standards.

2 De�ned as a waist-to-height ratio ≥ 0.48 for boys and ≥ 0.46 for girls.

Prediction model

The �nal prediction model for MetS included as predictors age, waist-to-height ratio, hypertension (yes vs
no), acanthosis nigricans (yes vs no), and sex (Supplementary Table S2). The model's discrimination was
acceptable (AUROC 0.75; 95% CI 0.72, 0.79) and was satisfactory calibrated (Hosmer-Lemeshow test p = 
0.76); its detailed performance is outlined in Fig. 1. The model's sensitivity was 65.7%, detecting 190 of
the 289 MetS cases in the population, so that the PPV was 36.5% (Table 2). Of the 320 false-positive
cases, 231 (72.2%) had one other MetS parameter beyond central adiposity (Table 2). Notably, the cases
identi�ed by the model as likely to have MetS included all individuals who were hypertensive.
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Discussion

Table 2
Performance of the two models developed for the prediction of metabolic syndrome (MetS) in children

and adolescents in China.

  Prediction
model

Hypertension + Prediction
model

MetS cases in population (n) 289 289

Total with central adiposity (n) 1,561 1,561

Total number predicted to have MetS [n (%)] 520 (33.3%) 711 (45.5%)

Real cases of MetS detected (n) 190 218

Sensitivity (%) 65.7% 75.4%

Speci�city (%) 74.1% 61.2%

Positive predictive value (%) 36.5% 30.7%

Negative predictive value (%) 90.5% 91.8%

Wrong predictions with 1 MetS component [n
(%)]

231 (44.4%) 281 (39.5%)

Wrong predictions otherwise healthy [n (%)] 99 (19.0%) 212 (29.8%)

Mixed approach

As hypertension in children and adolescents is a condition that warrants clinical intervention, we also
developed a mixed approach based on the presence or absence of hypertension followed by the
implementation of a prediction model. The detailed performance of this mixed approach is described in
Fig. 2. Overall, 287 children and adolescents had hypertension (18.4%), of whom 48.4% had MetS (Fig. 2).

The associated prediction model was developed on the normotensive population (n = 1,274;
Supplementary Table S3), and the �nal predictors included were age, waist-to-hip ratio, BMI, acanthosis
nigricans, and sex (Supplementary Table S4). Its discrimination was worse than the overall model,
deemed as possibly helpful (AUROC 0.66; 95% CI 0.61, 0.71), although it was satisfactorily calibrated
(Hosmer-Lemeshow test p = 0.41).

The mixed approached detected three-quarters (n = 218) of all MetS cases in the population (sensitivity
75.4%), with a PPV of 30.7% (Table 2). It detected a greater number of false-positive cases (n = 493), of
whom 57.0% (n = 281) had one other MetS parameter beyond central adiposity, with the remaining 212
cases being otherwise healthy (Table 2).



Page 10/17

We observed that 3.9% of our population of school children and adolescents had undiagnosed MetS (298
cases). Obesity and MetS are strong risk factors for increased morbidity and mortality in both short- and
long-terms[11, 30]. In particular, the presence of the MetS per se in childhood is predictive of
cardiovascular and metabolic disease in adulthood many years later[30, 31]. Thus, early diagnosis of
MetS is important, so that early intervention can halt its progression to type 2 diabetes and other severe
cardiometabolic complications.

We showed that it is possible to detected most cases of undiagnosed MetS in children and adolescents
using non-invasive school-based assessments. While the two methods described detected a number of
false-positive cases, the vast majority of these had central adiposity as well as another MetS component,
so that referral for medical follow-up would be warranted.

However, the proper diagnosis of MetS requires examinations that are invasive and costly. Thus, they are
not appropriate or viable to be applied at a population level, particularly for children and adolescents.
While several studies have previously developed risk scores for the prediction of the MetS in children and
adolescents, the vast majority of these relied on parameters derived from invasive methods (i.e. blood
samples)[32–38]. A limited number of studies have relied on non-invasive methods for the prediction of
MetS in youth[39, 40]. Ramírez-Vélez et al.'s proposed the use of the triponderal index for MetS diagnosis
amongst youth in Colombia[39]. In Brazil, Oliveira & Guedes also proposed the use of single indicators for
MetS diagnosis in children and adolescents[40], speci�cally waist circumference, BMI, and/or waist-to-
height ratio. However, the suggested cut-offs in those studies are likely to be population-speci�c, as they
have very poor accuracy in our cohort, with the Colombian model classifying over half of our cohort as
having MetS, while the Brazilian model would classify as such 20 to 29% of our participants depending
on the parameter used (c.f. our actual MetS prevalence of 3.9%). Thus, it is likely that the use of a single
parameter is unlikely to be applicable across different populations and ethnic groups. It would therefore
be of interest, to have our proposed model validated in other ethnicities.

According to the National Health and Nutrition Examination Survey from 2011 to 2014, 29% of adults
have hypertension, with non-Hispanic blacks having the highest prevalence of 41.2%[41]. Current
epidemiological data suggest that the prevalence of pediatric hypertension is 0.04%, while at least 1 in 10
children is prehypertensive[42]. Among the obese children, the prevalence of hypertension is about 11% in
USA and Asia[43, 44]. These studies also showed that increased prevalence of pediatric hypertension is
associated with the obesity epidemic.

As hypertension is an important component of the metabolic syndrome and a modi�able risk factor for
cardiovascular disease, our mixed approached was developed on the assumption that children and
adolescents with both central obesity and hypertension should be referred for medical follow-up,
irrespective of the presence of additional metabolic abnormalities. As a result, we propose a decision-
making process that could be adopted in schools that would likely identify most youth with MetS, as well
as large number of children and adolescents with other cardiometabolic abnormalities (Fig. 3). We
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believe that it would be possible to apply this proposed system in schools, which would rely on school
nurses and doctors, but would require a relatively limited amount of resources.

Our study has several limitations. First, while our model was developed from a large population sample,
we were not able to validate our �ndings in other cohorts. This was especially a result of missing data on
key parameters for a large proportion of the overall cohort. In addition, our model was developed for a
rather homogeneous population composed in its vast majority by Han Chinese, so that our �ndings
cannot be directly extrapolated to other populations without adequate validation. Nonetheless, key
strengths of our study include a large data set collected on children across 8 different Chinese cities by
trained research nurses, so that none of our anthropometric or clinic data relied on self report.

Conclusions
Using a large cohort of children and adolescents in China, we developed relatively simple models for
detection of metabolic syndrome based on non-invasive parameters that are readily obtained in schools
and other community settings. Early detection of MetS and other cardiometabolic abnormalities in
children and adolescents is important to halt its progression to type 2 diabetes and other more severe
conditions. Our proposed decision-making model has the potential to be widely implemented in schools
and other community settings. Thus, it would be important to validate it in other cohorts to ascertain its
accuracy.

Declarations
Funding: Ministry of Science and Technology of the People's Republic of China – National Key Research
and Development Programme of China (Grant Number: 2016YFC1305301); National Natural Science
Foundation of China (Grant numbers: 81570759 and 81270938); Health Commission of Zhejiang
Province – Key Disciplines of Medicine (Grant number 11-CX24); Fundamental Research Funds for the
Central Universities (Grant number: 2017XZZX001-01); and Science Technology Department of Zhejiang
Province (Grant Number: 2014C03045-2). JGB Derraik is supported by a travel fellowship from the New
Zealand-China Non-Communicable Diseases Research Collaboration Centre.

Author contributions: JFF were responsible for funding acquisition; HL, JFF, and JGBD conceived and
designed the study; JFF, LL, CG, FL, GL, FX, SC, GD, KH, CW, and XC had oversight over data collection; YH,
JY, HL, and JGBD and were responsible for data curation, translation, checking, and cleaning; JGBD was
responsible for data analysis; HL and JGBD wrote the manuscript with critical input from all other
authors; All authors have approved the submission of the �nal version of this manuscript.

Con�icts of interest: This was an investigator-initiated study. The funders had no role in study design,
data collection and analysis, decision to publish, or preparation of this manuscript. The authors have no
�nancial or non-�nancial con�icts of interest to disclose that may be relevant to this study.



Page 12/17

Data availability statement: The study data cannot be made available in a public repository due to the
strict conditions of the ethics approval. However, the anonymised data on which this manuscript was
based could be made available to other investigators upon bona �de request, and following all the
necessary approvals (including ethics) of the detailed study proposal and statistical analyses plan. Any
queries should be directed to Prof JunFen Fu (fjf68@qq.com).

References
1. Han JC, Lawlor DA, Kimm SYS: Childhood obesity. The Lancet 2010, 375(9727):1737-1748.

2. Worldwide trends in body-mass index, underweight, overweight, and obesity from 1975 to 2016: a
pooled analysis of 2416 population-based measurement studies in 128.9 million children,
adolescents, and adults. Lancet 2017, 390(10113):2627-2642.

3. Ji CY: Report on childhood obesity in China (4) prevalence and trends of overweight and obesity in
Chinese urban school-age children and adolescents, 1985-2000. Biomed Environ Sci 2007, 20(1):1-
10.

4. Ng M, Fleming T, Robinson M, Thomson B, Graetz N, Margono C, Mullany EC, Biryukov S, Abbafati C,
Abera SF et al: Global, regional, and national prevalence of overweight and obesity in children and
adults during 1980-2013: a systematic analysis for the Global Burden of Disease Study 2013. Lancet
2014, 384(9945):766-781.

5. Cai L, Dai M, Lin L, Yang W, Chen Y, Ma J, Jing J: Incidence of childhood overweight and obesity and
its association with weight-related attitudes and behaviors in China: a national longitudinal study. Int
J Behav Nutr Phys Act 2018, 15(1):108.

�. Singh AS, Mulder C, Twisk JW, van Mechelen W, Chinapaw MJ: Tracking of childhood overweight
into adulthood: a systematic review of the literature. Obes Rev 2008, 9(5):474-488.

7. Deshmukh-Taskar P, Nicklas TA, Morales M, Yang SJ, Zakeri I, Berenson GS: Tracking of overweight
status from childhood to young adulthood: the Bogalusa Heart Study. Eur J Clin Nutr 2006, 60(1):48-
57.

�. Pulgaron ER: Childhood obesity: a review of increased risk for physical and psychological
comorbidities. Clin Ther 2013, 35(1):A18-32.

9. Liang Y, Hou D, Zhao X, Wang L, Hu Y, Liu J, Cheng H, Yang P, Shan X, Yan Y et al: Childhood obesity
affects adult metabolic syndrome and diabetes. Endocrine 2015, 50(1):87-92.

10. Reilly JJ, Kelly J: Long-term impact of overweight and obesity in childhood and adolescence on
morbidity and premature mortality in adulthood: systematic review. Int J Obes (Lond) 2011,
35(7):891-898.

11. Nehus E, Mitsnefes M: Childhood Obesity and the Metabolic Syndrome. Pediatr Clin North Am 2019,
66(1):31-43.

12. Caprio S, Perry R, Kursawe R: Adolescent Obesity and Insulin Resistance: Roles of Ectopic Fat
Accumulation and Adipose In�ammation. Gastroenterology 2017, 152(7):1638-1646.



Page 13/17

13. Borena W, Edlinger M, Bjorge T, Haggstrom C, Lindkvist B, Nagel G, Engeland A, Stocks T, Strohmaier
S, Manjer J et al: A prospective study on metabolic risk factors and gallbladder cancer in the
metabolic syndrome and cancer (Me-Can) collaborative study. PLoS One 2014, 9(2):e89368.

14. Gallagher EJ, LeRoith D: Obesity and diabetes: The increased risk of cancer and cancer-related
mortality. Physiol Rev 2015, 95(3):727-748.

15. Pan A, Keum N, Okereke OI, Sun Q, Kivimaki M, Rubin RR, Hu FB: Bidirectional association between
depression and metabolic syndrome: a systematic review and meta-analysis of epidemiological
studies. Diabetes Care 2012, 35(5):1171-1180.

1�. Cook S, Weitzman M, Auinger P, Nguyen M, Dietz WH: Prevalence of a metabolic syndrome
phenotype in adolescents: �ndings from the third National Health and Nutrition Examination Survey,
1988-1994. Arch Pediatr Adolesc Med 2003, 157(8):821-827.

17. de Ferranti SD, Gauvreau K, Ludwig DS, Neufeld EJ, Newburger JW, Rifai N: Prevalence of the
metabolic syndrome in American adolescents: �ndings from the Third National Health and Nutrition
Examination Survey. Circulation 2004, 110(16):2494-2497.

1�. Brussels IC: International Diabetes Federation: The IDF Consensus De�nition of the Metabolic
Syndrome in Children and Adolescents. 2007.

19. Friend A, Craig L, Turner S: The prevalence of metabolic syndrome in children: a systematic review of
the literature. Metab Syndr Relat Disord 2013, 11(2):71-80.

20. Fu J, Prasad HC: Changing epidemiology of metabolic syndrome and type 2 diabetes in Chinese
youth. Curr Diab Rep 2014, 14(1):447.

21. Tailor AM, Peeters PH, Norat T, Vineis P, Romaguera D: An update on the prevalence of the metabolic
syndrome in children and adolescents. Int J Pediatr Obes 2010, 5(3):202-213.

22. Ye P, Yan Y, Ding W, Dong H, Liu Q, Huang G, Mi J: [Prevalence of metabolic syndrome in Chinese
children and adolescents: a Meta-analysis]. Zhonghua liu xing bing xue za zhi = Zhonghua
liuxingbingxue zazhi 2015, 36(8):884-888.

23. Cheng H, Chen FF, Ye PY, Mi J: [Characteristics of cardiometabolic risk factors of children and
adolescents aged 6-17 years in seven cities in China from 2013 to 2015]. Zhonghua Yu Fang Yi Xue
Za Zhi 2018, 52(11):1130-1135.

24. The de�nition and prevention recommends of metabolic syndrome in Chinese children and
adolescents (CHN2012). 2012.

25. Karadag AS, You Y, Danarti R, Al-Khuzaei S, Chen W: Acanthosis nigricans and the metabolic
syndrome. Clin Dermatol 2018, 36(1):48-53.

2�. Chen XF, Liang L, Fu JF, Gong CX, Xiong F, Liu GL, Luo FH, Chen SK: [Study on physique index set for
Chinese children and adolescents]. Zhonghua liu xing bing xue za zhi = Zhonghua liuxingbingxue
zazhi 2012, 33(5):449-454.

27. Dai Y, Fu J, Liang L, Gong C, Xiong F, Liu G, Luo F, Chen S: [A proposal for the cutoff point of waist-to-
height for the diagnosis of metabolic syndrome in children and adolescents in six areas of China].
Zhonghua Liu Xing Bing Xue Za Zhi 2014, 35(8):882-885.



Page 14/17

2�. Alba AC, Agoritsas T, Walsh M, Hanna S, Iorio A, Devereaux PJ, McGinn T, Guyatt G: Discrimination
and Calibration of Clinical Prediction Models: Users' Guides to the Medical Literature. JAMA 2017,
318(14):1377-1384.

29. Hosmer DW, Lemeshow S: Assessing the �t of the model. In: Applied logistic regression. 2nd edn.
Edited by Shewhart WA, Wilks SS, Hosmer DW, Lemeshow S. Hoboken, NewJersey: John Wiley &
Sons Inc.; 2005: 143-202.

30. Morrison JA, Friedman LA, 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(2):340-345.

31. Morrison JA, Friedman LA, Wang P, Glueck CJ: Metabolic syndrome in childhood predicts adult
metabolic syndrome and type 2 diabetes mellitus 25 to 30 years later. J Pediatr 2008, 152(2):201-
206.

32. Villa JK, Silva AR, Santos TS, Ribeiro AQ, Sant'Ana LF: [Metabolic syndrome risk assessment in
children: use of a single score]. Revista paulista de pediatria : orgao o�cial da Sociedade de Pediatria
de Sao Paulo 2015, 33(2):187-193.

33. Martinez-Vizcaino V, Martinez MS, Aguilar FS, Martinez SS, Gutierrez RF, Lopez MS, Martinez PM,
Rodriguez-Artalejo F: Validity of a single-factor model underlying the metabolic syndrome in children:
a con�rmatory factor analysis. Diabetes Care 2010, 33(6):1370-1372.

34. Eisenmann JC, Laurson KR, DuBose KD, Smith BK, Donnelly JE: Construct validity of a continuous
metabolic syndrome score in children. Diabetol Metab Syndr 2010, 2:8.

35. Li C, Ford ES: Is there a single underlying factor for the metabolic syndrome in adolescents? A
con�rmatory factor analysis. Diabetes Care 2007, 30(6):1556-1561.

3�. Krawczyk M, Ruminska M, Witkowska-Sedek E, Majcher A, Pyrzak B: Usefulness of the Triglycerides
to High-Density Lipoprotein Cholesterol ratio (TG/HDL-C) in prediction of metabolic syndrome in
Polish obese children and adolescents. Acta Biochim Pol 2018, 65(4):605-611.

37. Choi YS, Klaric JS, Beltran TH: Prediction of Insulin Resistance with Anthropometric and Clinical
Laboratory Measures in Nondiabetic Teenagers. Metab Syndr Relat Disord 2019, 17(1):37-45.

3�. Liang J, Fu J, Jiang Y, Dong G, Wang X, Wu W: TriGlycerides and high-density lipoprotein cholesterol
ratio compared with homeostasis model assessment insulin resistance indexes in screening for
metabolic syndrome in the chinese obese children: a cross section study. BMC Pediatr 2015, 15:138.

39. Ramirez-Velez R, Correa-Bautista JE, Carrillo HA, Gonzalez-Jimenez E, Schmidt-RioValle J, Correa-
Rodriguez M, Garcia-Hermoso A, Gonzalez-Ruiz K: Tri-Ponderal Mass Index vs. Fat Mass/Height(3)
as a Screening Tool for Metabolic Syndrome Prediction in Colombian Children and Young People.
Nutrients 2018, 10(4).

40. Oliveira RG, Guedes DP: Performance of anthropometric indicators as predictors of metabolic
syndrome in Brazilian adolescents. BMC Pediatr 2018, 18(1):33.

41. Fryar CD, Ostchega Y, Hales CM, Zhang G, Kruszon-Moran D: Hypertension Prevalence and Control
Among Adults: United States, 2015-2016. NCHS Data Brief 2017(289):1-8.



Page 15/17

42. Falkner B: Recent clinical and translational advances in pediatric hypertension. Hypertension 2015,
65(5):926-931.

43. Moyer VA: Screening for primary hypertension in children and adolescents: U.S. Preventive Services
Task Force recommendation statement. Ann Intern Med 2013, 159(9):613-619.

44. Lee CG: The emerging epidemic of hypertension in Asian children and adolescents. Curr Hypertens
Rep 2014, 16(12):495.

Figures

Figure 1

Detailed performance of a prediction model for the detection of the metabolic syndrome (MetS) among
children and adolescents in China.
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Figure 2

Detailed performance of a mixed approach incorporating hypertension and a prediction model for the
detection of the metabolic syndrome (MetS) among children and adolescents in China.

Figure 3
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Proposed decision-making model for for the detection of the metabolic syndrome (MetS) and associated
cardiometabolic abnormalities among children and adolescents in China.
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