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Abstract
Background: Metabolic Syndrome (MS) is prevalant in China, especially according to the pediatric obesity group.
Based on the MS-CHN2012 definition for Chinese children and adolescents the need to explore and establish a
convienent MS screening become imminent. This study aims to investigate the optimal cut-off values, compare the
accuracy for the (TriGlycerides (TG) to High-Density Lipoprotein Cholesterol (HDL-C)) (TG/HDL-C) ratio and Homeostasis
Model Assessment Insulin Resistance (HOMA-IR) indexs to identify Metabolic Syndrome in obese pediatric population
in China.
Method: A total sample of 976 children (female286 male690, BMI > =95percentile) aged from 6–16 years underwent a
medical assessment including a physical examination and investigations of total cholesterol, high-density lipoprotein,
low-density lipoprotein, triglycerides, insulin, glucose, and oral glucose tolerance test to identify the components of
Metabolic Syndrome. The validity and accuracy between TG/HDL-C ratio and HOMA-IR were compared by Receiver
Operating Characteristics analysis (ROC).
Result: TG/HDL-C ratio achieved a larger ROC Area under Curve (AUC = 0.843) than HOMA-IR indexes (0.640, 0.625 for
HOMA1-IR, HOMA2-IR respectively) to screen for Metabolic Syndrome. The cut-off values for MS were: TG/HDL-C
ratio > 1.25 (sensitivity: 80 %; specificity: 75 %), HOMA1-IR > 4.59 (sensitivity: 58.7 %; specificity: 65.5 %) and HOMA2-IR >
2.76 (sensitivity: 53.2 %; specificity: 69.5 %). The results kept robust after stratified by gender, age group and
pubertal stage.
Discussion: TG/HDL-C ratio was a better indicator than the HOMA-IR to screen for a positive diagnosis for MS.
Furthermore, the TG/HDL-C ratio was superior to the HOMA-IR indexes even after the control of possible
confusions from the gender, age group and puberty stage.
Conclusion: TG/HDL-C ratio proved a better index than HOMA-IR in screening for MS in obese children and
adolescents. TG/HDL-C ratio has a discriminatory power in detecting potential MS in the Chinese obese pediatric
population.
Keywords: Child obesity, Metabolic syndrome, Biomarker, TriGlycerides (TG) to High-Density Lipoprotein
Cholesterol (HDL-C) ratio, Homeostasis Model Assessment Insulin Resistance (HOMA-IR)
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Background
The prevalence of obesity has increased dramatically in
children and adolescents as China is gradually taking its
place as one of the world’s economic giants, it is becoming an important public health problem [1–4]. Metabolic
Syndrome (MS) is not rare in children and adolescents.
Chinese national nutrition and health survey showed
that in the year 2002, the prevalence of MS was 35.2 %
in obese children. Ninety-six percent of obese children
screened positive for one MS component anomaly, and
74.1 % of obese children had 2 or more abnormal components [5]. Therefore, it becomes imminent to explore
an accessible and effective tool to screen obese children
for Metabolic Syndrome components.
For a long period anthropometric measurements had
been recognized as the convenient indicators in the predicting MS [6–10]. Afterwards Homeostasis Model Assessment Insulin Resistance (HOMA-IR) indexes have
been advocated for a close relationship with the components of MS [11–13]. Nevertheless, controversy exists
over the variety of indexes used when screening for MS
[8, 9, 14]. Recently, a new index called the TriGlycerides
(TG) to High-Density Lipoprotein Cholesterol (HDL-C)
ratio (TG/HDL-C ratio) has been gaining popularity because of its ability to explain the significant association
with insulin resistance or cardiovascular risk factors in
adults [15–20] and in children [21–23]. To our knowledge, few studies have been investigated regarding the
cutoffs between TG/HDL-C ratio and MS during the
childhood [24, 25] . The aim of our study was to investigate the optimal cutoffs of TG/HDL-C ratio, HOMA-IR
and compare their accuracy to identify the MS in Chinese obese children.
Methods
Study population

This was a cross-sectional study. Study quality was
assessed according to the checklist of STARD (STAndards for the Reporting of Diagnostic accuracy studies).
1 069 Obese children and adolescents between 6 and
16 years old, of both genders (female 443, male 626),
consecutively registered at the inpatient ward from our
clinic, the Children’s Hospital of Zhejiang University
School of Medicine– Hangzhou, in China, between May
2007 and June 2013, were invited to participate in the
study. A total of 976 (female286 male690) obese schoolchildren with complete record were eligibly included in
the current study. the Age- and sex-specific Body Mass
Index (BMI) percentiles, developed by the Working
Group for Obesity in China, were used to classify participants as obese (BMI ≥ 95 %) [26]. The exclusion criteria
were as follows: the known presence of diabetes or high
blood pressure, the use of drugs which influence glucose
or lipid metabolism (glucocorticoid), specific causes of
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endocrine or genetic obesity, low birth weight, distress
during blood sampling or a difficult phlebotomy (more
than 5 min) as well as menstrual cycle changes that indicate the presence of Polycystic Ovary Syndrome in female
participants. Signed informed consent was obtained from
participants and or parents or guardians. The study was
approved by the Research Ethics Committee of the children’s hospital of Zhejiang University School of Medicine.
The MS definition in age group was chosen by the MSCHN2012 definition [27, 28] for all ages by The Chinese
Medical Association in 2012 [29].
Clinical and anthropometric measurements

Subjects’ height and weight were measured according to
our standard protocol [30]. BMI was calculated as weight
(kg) divided by height squared (m2). Waist Circumference
(WC) was measured midway between the lowest rib and
the top of the iliac crest. The mean of two measurements
made at the end of a normal expiration was used in the
analyses. Two measurements of right arm systolic and diastolic blood pressure (SBP and DBP) were performed
three times 10 min apart and the mean values of the latter
two measurements were recorded. Pubertal development
was assessed by Tanner stage of breast development in
girls and testicular volume in boys. This assessment was
performed visually by two pediatricians of the same gender as the child.
Laboratory assays

Venous blood samples were collected after an overnight
(≥12 h) fast. Subjects also underwent an oral glucose tolerance test (OGTT; 1.75 g of glucose solution per kg, maximum 75 g). The samples were centrifuged, aliquoted and
immediately frozen for future analysis in blind of the clinical information. Blood samples were also analyzed for concentrations of plasma glucose, triglycerides (TG), total
cholesterol (TC), high-density lipoprotein cholesterol
(HDL-C), low-density lipoprotein cholesterol (LDL-C) and
insulin. Serum lipids (enzymatic methods) and plasma glucose (glucose oxidase method) were assayed using the
Modular DPP automatic biochemistry analysis system
(Roche, Rotkreuz, Switzerland). HDL-C and LDL-C were
measured directly. Insulin was determined by chemiluminescent micro particle immunoassay (Abbott Park, IL 60064
UK), developed in the key Laboratory at the Children’s
Hospital which had an inter-assay coefficients of variation
of <9.0 % and no cross-reactivity to proinsulin (<0.05 %).
Definitions of MS and HOMA-IR calculation

In this study the presence of pediatric Metabolic Syndrome
(MS) was determined according to the MS-CHN2012 MS
definition [28] for the > =10 years of age group. a diagnosis
of MS was made as the presence of abdominal obesity
(WC ≥ 90th percentile for age and gender) plus the
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presence of two or more of the following components: elevated TG (≥1.47 mmol/L), low HDL-C (<1.03 mmol/L),
high blood pressure (systolic ≥130 mmHg or diastolic
≥85 mmHg), and elevated blood glucose (≥5.6 mmol/L).
For the <10 years of age group the MS definition by the Society of Pediatrics, Chinese Medical Association in 2012
(MS-CHN2012) [29, 31] was used where elevated blood
glucose includes impaired fasting glucose and impaired glucose tolerance according to American Diabetes Association
classifications [32] as fasting plasma glucose of ≥5.6 to
6.9 nmol/l, and as 2-h post-OGTT glucose of ≥7.8 to
11.0 nmol/l respectively, finally the family hsitory of metabolic syndrome, type 2 diabetes mellitus, dyslipidaemia, cardiovascular disease, hypertension was investigated. Insulin
resistance index was calculated by homeostasis model assessment of insulin resistance (HOMA1-IR) as (fasting
insulin mU/L) × (fasting glucose mmol/L)/22.5 [33] and the
HOMA2-IR index was obtained by the program HOMA
Calculator v2.2.2 at http://www.dtu.ox.ac.uk/homacalculator/index.php.
Statistical analysis

Data was reported as median (interquartile range), and
comparisons were performed using Mann–Whitney U test.
A sample of 26 from the MS group and 26 from the NonMS group achieved 90 % power to detect a difference of 0.2
between a diagnostic test with a Receiver Operating Characteristic (ROC) Area Under the Curve (AUC) of 0.8, and
alterative diagnostic test with an AUC of 0.6 using a twosided Z-test at a significance level of 0.05, The correlation
between the two diagnostic tests is assumed to be 0.6.
Prevalence of individual metabolic abnormalities of different groups was compared using the Chi-square test or Fisher’s exact test as appropriate. A receiver operating
characteristic (ROC) curve was generated for the total studied population. The areas under the ROC curve (AUC)
were calculated to evaluate the accuracy of the indicators
by nonparametric method. The greater the AUC, the
greater the discriminatory power of them for MS. The optimal cut-off value was denoted by the value that had the acceptable sensitivity, specificity and the closest point to the
upper left corner of the ROC curve, which is often selected
as the best combination of true-positive rate and falsepositive rate [34]. The Z statistic pairwise comparison was
used to compare the AUC. Statistical programs available in
SAS for Windows (SAS Release 9.2 Cary, NC, USA) were
used in this analysis, P < 0.05 was defined significance.

Results
Clinical Characteristics and metabolic phenotypes of all
sample

1 069 Obese children and adolescents of both genders
(female 443, male 626) aged from 6-16years were registered in this study. A total of 42 subjects were excluded
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because they did not satisfy inclusion criteria (31 with
difficult blood sampling, 11 with a low birth weight).
Other exclusions were twelve subjects diagnosed with
early-onset type 2 diabetes mellitus, nine with distress
during BP monitoring, twenty with missing data in clinical or laboratory records and ten who refused to participate. Finally 976 participants were included in the
analysis datasets. According to the MS diagnosis, overall
our study showed that around 25.8 % of the 976 children
and adolescents analyzed presented the syndrome, which
was more prevalent in larger than 10-year-age obese individuals, especially those at puberty stage. But no difference was found between genders (Table 1).
The basic characteristics of the MS and Non-MS in the
children and adolescents that were eligible for this investigation are stratified by the sex, age group and pubertal
stage. The MS group individals were elder, had higher
BMI than the Non-MS group. The lipid profile can be
seen in Table 2. An atherogenic profile was noticed in the
MS group with higher LDL-C, lower HDL-C, higher TG,
higher HOMA-IR, and higher TG/HDL-C values and the
differences were found significant between MS and nonMS groups. For the HOMA-IR and the TG/HDL-C, statistical significant can also be found among the sex, age
strata and pubertal stage groups (Table 3).
Receiver operating characteristics analyses

The TG/HDL-C ratio was a better predictor of MS (acceptable sensitivity and specificity and higher AUC-ROC)
than either HOMA1-IR or HOMA2-IR. The cut-off values
for MS were: TG/HDL-C ratio > 1.25 (sensitivity: 80 %;
specificity: 75 %), HOMA1-IR > 4.59 (sensitivity: 58.7 %;
specificity: 65.5 %) and HOMA2-IR > 2.76 (sensitivity:
53.2 %; specificity: 69.5 %). After stratified by age group,
puberty stage and sex, the cutoffs of HOMA1-IR changed
from 3.58–5.74 while the cutoffs of HOMA2-IR fluctuated
from 1.92–2.99. However the cutoffs of TG/HDL-C varied
slightly from 1.21–1.53. The Overall AUC-ROC values for
the prediction of MS were 0.640, 0.625, and 0.843 by
Table 1 Prevalence of the 976 obese children for MS
strata

Non-MS

MS

Total

Sex
FEMALE

213

74.5 %

73

25.5 %

286

MALE

511

74.1 %

179

25.9 %

690

<10 years

281

80.5 %

68

19.5 %

349

> = 10 years

443

70.7 %

184

29.3 %

627

Age group*

Pubertal stage*
Pre-pubertal

372

81.2 %

86

18.8 %

458

Pubertal

352

68.0 %

166

32.0 %

518

MS Metabolic Syndrome, *Comparison by Chi-square P < 0.05
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Table 2 Summary characteristics for clinical and metabolic variables categorized by the status of MS
Non-MS(n = 724)

MS(n = 252)

Median

P 25

P75

Median

P25

P75

Age, years

10.5

8.83

12

11.62

9.79

12.83

BMI, kg/m2

27.3

25.01

29.9

28.92

26.39

32.24

Systolic blood pressure, mmHg

114

105

122

126

112

135

Diastolic blood pressure, mmHg

67

61

72

70

65

78

Triglyceride, mg/dL

1.09

0.84

1.46

1.8

1.34

2.22

HDL cholesterol, mg/dL

1.24

1.1

1.43

0.96

0.85

1.06

TG/HDL-C

0.9

0.63

1.26

1.85

1.34

2.42

LDL cholesterol, mg/dL

2.34

2

2.74

2.55

2.21

3.03

Fasting plasma glucose, mg/dL

5.2

4.8

5.4

5.5

5

5.8

Fasting plasma insulin, mU/L

16.3

10.7

23.7

22

13.2

31.6

HOMA1-IR

3.67

2.39

5.48

5.42

3.23

7.58

HOMA2-IR

2.1

1.4

3.01

2.86

1.73

4.02

MS Metabolic Syndrome, BMI body mass index, TG triglyceride, HDL-C HDL-cholesterol, LDL-C LDL-cholesterol, P25 percentile 25, P75 percentile 75, statistical
significance were found in all the variables between the MS and Non-MS by Mann–Whitney test p < 0.05

HOMA1-IR, HOMA2-IR and TG/HDL-C respectively.
Significant difference of the AUC-ROC values between
HOMA-IR and TG/HDL-C was found with a higher sensitivity and specificity. When stratified by age group, gender and puberty stage the AUC-ROC values for the
prediction by HOMA-IR were still lower than those by
TG/HDL-C.
Figure 1 represents the age group, pubertal stage and
sex-specific ROC curve analyses, respectively. The ROC
curves visually represent the relationship between sensitivity (true positive rate) and 1-specificity (false positive
rate) over the entire range of the index value. All the
curves (Fig. 1) were significantly greater than what were
expected by chance stratification by the age group, puberty stage and sex. Analysis of the data indicated significant differences in ROC curves, with TG/HDL-C
performing reasonably better than HOMA1-IR or
HOMA2-IR in identifying MS in obese adolescents, and
no difference in ROC curves were found between
HOMA1-IR and HOMA2-IR (p > 0.05).

Discussion
The present study investigated the optimal cut-off values
for TG/HDL-C ratio, and HOMA-IR indexes to identify
MS in a pediatric obese population. It was also demonstrated that the TG/HDL-C ratio was a better indicator
than the HOMA-IR to screen for a positive diagnosis for
MS. Furthermore, it was verified that the TG/HDL-C ratio was superior to the HOMA-IR indexes even after the
control of possible confusions from the gender, age
group and puberty stage.
Previous studies demonstrated that the HOMA-IR indexes were a good indicator in identifying insulin resistance and MS in children [22, 23] and in adults [20]. But
the inconvenience was only a specific range of values are
acceptable for calculation. In clinical practice, this limitation complicates the management of insulin results
outside the limits and a computer is needed to run the
program [25]. Newly published papers revealed that TG/
HDL-C ratio makes a significant contribution to the
components of the MS [21], but no further investigation

Table 3 HOMA-IR and TG/HDL-C categorized by sex, age group and pubertal stage
strata
Sex

Age group

pubertal stage

HOMA1-IR*

HOMA2-IR*

TG/HDL-C*

N

Median

P25

P75

N

Median

P25

P75

N

Median

P25

P75

female

286

4.22

2.66

6.94

286

2.33

1.52

3.64

286

1.08

.72

1.73

male

690

3.90

2.47

5.87

690

2.17

1.44

3.16

690

1.05

.67

1.58

<10 years

349

3.20

2.11

4.64

349

1.76

1.18

2.52

349

.95

.65

1.49

> = 10 years

627

4.55

2.96

7.00

627

2.50

1.70

3.73

627

1.13

.71

1.68

Pre-pubertal

458

3.56

2.26

5.05

458

2.01

1.27

2.81

458

.94

.64

1.46

Pubertal

518

4.62

2.87

7.27

518

2.55

1.62

3.88

518

1.18

.76

1.77

P25 percentile 25, P75 percentile 75, *statistical significance were found between strata by Mann–Whitney test p < 0.05
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Fig. 1 ROC comparisons of HOMA-IR and TG/HDL-C stratified by sex, age group and pubertal stage. AUC-ROC Z statistic for pairwise comparison
of AUC: HOMA1-IR = HOMA2-IR, p > 0.05; HOMA1-IR < TG/HDL-C, p < 0.05; HOMA2-IR < TG/HDL-C, p < 0.05; When stratified by sex a female, b male;
age group c (<10 years), d (> = 10 years); pubertal stage (pre-pubertal stage) (e), (pubertal stage) (f)

Liang et al. BMC Pediatrics (2015) 15:138

had been made to comprehensively develop its association with the screening for MS in Chinese pediatric
obesity. In our study the AUC-ROC values (higher
than0.8) of TG/HDL-C ratio were much more robust
than HOMA-IR indexes and were not much influenced
by the pubertal stage. These features make the TG/
HDL-C ratio indicator outstanding from other indicators
for screening for MS in obese pediatric population.
The TG/HDL-C ratio’s optimal cut off value to screen
for MS is reasonable in obese children as the definition
of the MS is the high amount of abdominal fat plus two
of the four components including the Triglyceride and
HDL cholesterol. So there is a high probability to be diagnosed as having MS. However, the optimal ratio of
Triglyceride and HDL cholesterol can make a significant
discrimination [35] to MS, when TG/HDL-C ratio increased, the trend toward smaller HDL size was obvious,
which indicated that the maturation of HDL might be
impeded and the reverse cholesterol transport might be
weakened [35] and this imbalance of the ratio may reveal
the complexity of the metabolic processing. The relationship between TG/HDL-C and MS might be different
according to the sex, age and race/ethics due to the different components contributions of MS is depondent on
the sex, age and race/ethics. In African-American men,
the recommended TG/HDL-C threshold is valid, while
In African-American women, the failure of the TG/
HDL-C ratio to predict insulin resistance occurred probably due to normal TG levels rather than high HDL-C
levels and it is more likely that the African-American
women with the metabolic syndrome are to have low
HDL-C levels than elevated TG levels based on the observation [36]. Another study suggested that the TG/
HDL-C ratio was significantly higher in older women
than in younger women, while the ratio was comparable
in younger and older men [20]. In our study, the difference of TG/HDL-C between sex, age group and pubertal
stage had statistical significance, Female and age group
of less than 10 years may have a higher cutoff (1.44, 1.53
respectively) than the overall cutoff. We found a cutoff
at 1.25 with a sensitivity of 80 % and specificity of 75 %
for TG/HDL-C to screen for MS in Chinese obese children. However, further longitudinal study should be performed to confirm if TG/HDL-C has the advantages [23]
of not being age-specific, sex, and is independent of pubertal stage in the Chinese children population.
One limitation of our study might be a potential bias
caused by inconsistent measurements of Triglyceride and
HDL cholesterol, because only data from patients in only
one center with obesity and concomitant diseases are included in this study. Other bias with regard to the study
population from a cross-sectional study may also have occurred; therefore the result may lack direct causality. Methodological aspects, such as biochemical measurements are
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more difficult to standardize in several years and the study
result was accomplished only in one center, may contribute
to the possible bias. However, experienced pediatricians
and team staff in cooperation can make sure to comply
with standardized procedures in anthropometric parameter
measurement, analytical methodology and lab workup,
which should make results from different year data
comparable.

Conclusion
This study demonstrates that TG/HDL-C ratio for screening MS may be a better index than HOMA-IR in screening obese children and adolescents with pediatric MS. We
suggest that the accessible, effective and methodologically
simple assessment of TG/HDL-C ratio might be powerful
in detecting the early stage of potential MS in Chinese
obese children and adolescents although further longitudinal study is needed to confirm the result.
Abbreviations
IDF: International Diabetes Federation; MS: Metabolic Syndrome;
HOMA-IR: Homeostasis Model Assessment Insulin Resistance;
TG: TriGlycerides; HDL-C: High-Density Lipoprotein Cholesterol; BMI: Body
Mass Index; WC: Waist Circumference; SBP: Systolic blood pressure;
DBP: Diastolic Blood Pressure; OGTT: Oral Glucose Tolerance Test;
TC: Total Cholesterol; LDL-C: Low-Density Lipoprotein Cholesterol;
ROC: Receiver Operating Characteristic; AUC: Area Under the Curve.
Competing interest
The authors declare that they have no competing interest.
Authors’ contributions
JL designed the study and performed the analysis and drafted the initial
manuscript and JF revised the manuscript; XW provided important advice for
the calculations, reviewed and revised the manuscript making important
intellectual contributions; YJ and GD supervised the project as the head of
department and reviewed and revised the manuscript making important
intellectual contributions; WW supervised data analyses and reviewed and
revised the manuscript making important intellectual contributions.
All authors read and approved the final manuscript.
Authors’ information
Not applicable
Availability of data and materials
Not applicaple
Acknowledgements
This study was Supported by the National Key Technology R&D Program of
China (2012BAI02B03,2009BAI80B01), National Natural Science Foundation of
China (Grant No.81270938), Zhejiang Provincial Key Medical Disciplines
(Innovation Discipline, 11-CX24) and Zhejiang Province key scientific and
technological innovation team (2010R50050).
Author details
1
Biostatistics Unit of the Children’s Hospital, Zhejiang University, School of
Medicine, Hangzhou 310003, China. 2Endocrinology Department of the
Children’s Hospital, Zhejiang University, School of Medicine, 57 Zhugan
Avenue, Hangzhou 310003, China.
Received: 1 October 2014 Accepted: 14 September 2015

Liang et al. BMC Pediatrics (2015) 15:138

References
1. Andegiorgish AK, Wang JH, Zhang X, Liu XM, Zhu H. Prevalence of
overweight, obesity, and associated risk factors among school children and
adolescents in Tianjin, China. Eur J Pediatr. 2012;171(4):697–703.
2. Chen FF, Wang YF, Shan XY, Cheng H, Hou DQ, Zhao XY, et al. Association
between Childhood Obesity and Metabolic Syndrome: Evidence from a
Large Sample of Chinese Children and Adolescents. Plos One.
2012;7(10):e47380.
3. Cui Z, Huxley R, Wu Y, Dibley MJ. Temporal trends in overweight and
obesity of children and adolescents from nine Provinces in China from
1991–2006. Int J Pediatr Obes. 2010;5(5):365–74.
4. Zhang YX, Wang SR. Secular trends in body mass index and the prevalence
of overweight and obesity among children and adolescents in Shandong,
China, from 1985 to 2010. J Public Health-Uk. 2012;34(1):131–7.
5. Li Y, Yang X, Zhai F, Kok FJ, Zhao W, Piao J, et al. Prevalence of the
metabolic syndrome in Chinese adolescents. Br J Nutr. 2008;99(3):565–70.
6. l′Allemand-Jander D. Clinical diagnosis of metabolic and cardiovascular risks
in overweight children: early development of chronic diseases in the obese
child. Int J Obes (Lond). 2010;34 Suppl 2:S32–6.
7. Lee CMY, Huxley RR, Wildman RP, Woodward M. Indices of abdominal
obesity are better discriminators of cardiovascular risk factors than BMI: a
meta-analysis. J Clin Epidemiol. 2008;61(7):646–53.
8. McCarthy HD, Ashwell M. A study of central fatness using waist-to-height
ratios in UK children and adolescents over two decades supports the simple
message - ‘keep your waist circumference to less than half your height’. Int
J Obes (Lond). 2006;30(6):988–92.
9. Nambiar S, Truby H, Davies PS, Baxter K. Use of the waist-height ratio to
predict metabolic syndrome in obese children and adolescents. J Paediatr
Child Health. 2013;49(4):E281–7.
10. Sung RY, So HK, Choi KC, Nelson EA, Li AM, Yin JA, et al. Waist
circumference and waist-to-height ratio of Hong Kong Chinese children.
BMC Public Health. 2008;8:324.
11. Geloneze B, Vasques ACJ, Stabe CFC, Pareja JC, Rosado LEFPD, de Queiroz
EC, et al. HOMA1-IR and HOMA2-IR indexes in identifying insulin resistance
and metabolic syndrome - Brazilian Metabolic Syndrome Study (BRAMS).
Arq Bras Endocrinol. 2009;53(2):281–7.
12. Liu WJ, Lin R, Liu AL, Du L, Chen Q. Prevalence and association between
obesity and metabolic syndrome among Chinese elementary school
children: a school-based survey. BMC Public Health. 2010;10:780.
13. Tresaco B, Bueno G, Pineda I, Moreno LA, Garagorri JM, Bueno M.
Homeostatic model assessment (HOMA) index cut-off values to identify the
metabolic syndrome in children. Int J Obes. 2004;28:S119.
14. Bluher S, Molz E, Wiegand S, Otto KP, Sergeyev E, Tuschy S, et al. Body Mass
Index, Waist Circumference, and Waist-to-Height Ratio as Predictors of
Cardiometabolic Risk in Childhood Obesity Depending on Pubertal
Development. J Clin Endocr Metab. 2013;98(8):3384–93.
15. Boizel R, Benhamou PY, Lardy B, Laporte F, Foulon T, Halimi S. Ratio of
triglycerides to HDL cholesterol is an indicator of LDL particle size in
patients with type 2 diabetes and normal HDL cholesterol levels. Diabetes
Care. 2000;23(11):1679–85.
16. Carvalho WA, Couto R, Carvalho WA, Laranjeiras B. High-sensitive C-Reactive
Protein (hsCRP) and Coronary Artery Disease: positive correlation to
triglycerides/HDL cholesterol ratio and a possible predictor to low LDL
particle size. Clin Chem. 2007;53(6):A41.
17. da Luz PL, Favarato D, Faria-Neto JR, Lemos P, Chagas ACP. High ratio of
triglycerides to HDL-cholesterol predicts extensive coronary disease. Clinics.
2008;63(4):427–32.
18. Frohlich J, Dobiasova M. Fractional esterification rate of cholesterol and ratio
of triglycerides to HDL-cholesterol are powerful predictors of positive
findings on coronary angiography. Clin Chem. 2003;49(11):1873–80.
19. Shimizu Y, Nakazato M, Sekita T, Kadota K, Yamasaki H, Takamura N, et al.
Association of arterial stiffness and diabetes with triglycerides-to-HDL
cholesterol ratio for Japanese men: The Nagasaki Islands Study.
Atherosclerosis. 2013;228(2):491–5.
20. Wakabayashi I. Influence of age and gender on triglycerides-to-HDLcholesterol ratio (TG/HDL ratio) and its association with adiposity index.
Arch Gerontol Geriatr. 2012;55(3):729–34.
21. Wang QX, Yin JH, Xu L, Cheng H, Zhao XY, Xiang HD, et al. Prevalence of
metabolic syndrome in a cohort of Chinese schoolchildren: comparison of
two definitions and assessment of adipokines as components by factor
analysis. BMC Public Health. 2013;13:249.

Page 7 of 7

22. Quijada Z, Paoli M, Zerpa Y, Camacho N, Cichetti R, Villarroel V, et al. The
triglyceride/HDL-cholesterol ratio as a marker of cardiovascular risk in obese
children; association with traditional and emergent risk factors. Pediatr
Diabetes. 2008;9(5):464–71.
23. Soutelo J, Graffigna M, Honfi M, Migliano M, Aranguren M, Proietti A, et al.
Triglycerides/HDL-cholesterol ratio: in adolescents without cardiovascular
risk factors. Arch Latinoam Nutr. 2012;62(2):167–71.
24. de Giorgis T, Marcovecchio ML, Di Giovanni I, Giannini C, Chiavaroli V,
Chiarelli F, et al. Triglycerides-to-HDL ratio as a new marker of endothelial
dysfunction in obese prepubertal children. Eur J Endocrinol.
2014;170(2):173–80.
25. Giannini C, Santoro N, Caprio S, Kim G, Lartaud D, Shaw M, et al. The
triglyceride-to-HDL cholesterol ratio: association with insulin resistance in
obese youths of different ethnic backgrounds. Diabetes Care.
2011;34(8):1869–74.
26. Group of China Obesity Task F. Body mass index reference norm for
screening overweight and obesity in Chinese children and adolescents.
Zhonghua Liu Xing Bing Xue Za Zhi. 2004;25(2):97–102.
27. Zimmet P, Alberti G, Kaufman F, Tajima N, Silink M, Arslanian S, et al. The
metabolic syndrome in children and adolescents. Lancet.
2007;369(9579):2059–61.
28. Subspecialty Group of Endocrinology Hereditary and Metabolic Diseases,
The Society of Pediatrics, Chinese Medical Association; Subspecialty Group
of Cardiology, The Society of Pediatrics, Chinese Medical Association;
Subspecialty Groups of Child Health Care, The Society of Pediatrics, Chinese
Medical Association. The definition of metabolic syndrome and prophylaxis
and treatment proposal in Chinese children and adolescents. Chin
J Pediatrics. 2012;50:420–2.
29. Fu J, Prasad HC. Changing epidemiology of metabolic syndrome and type 2
diabetes in chinese youth. Curr Diab Rep. 2014;14(1):447.
30. Chen XF, Liang L, Fu JF, Gong CX, Xiong F, Liu GL, et al. Study on physique
index set for Chinese children and adolescents. Zhonghua Liu Xing Bing
Xue Za Zhi. 2012;33(5):449–54.
31. Chinese Work Group of Pediatric Metabolic S. Prevalence of metabolic
syndrome of children and adolescent students in Chinese six cities.
Zhonghua Er Ke Za Zhi. 2013;51(6):409–13.
32. Assoc AD. Diagnosis and Classification of Diabetes Mellitus AMERICAN
DIABETES ASSOCIATION. Diabetes Care. 2011;34:S62–9.
33. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC.
Homeostasis model assessment: insulin resistance and beta-cell function
from fasting plasma glucose and insulin concentrations in man.
Diabetologia. 1985;28(7):412–9.
34. Tresaco B, Bueno G, Pineda I, Moreno LA, Garagorri JM, Bueno M.
Homeostatic model assessment (HOMA) index cut-off values to identify the
metabolic syndrome in children. J Physiol Biochem. 2005;61(2):381–8.
35. Jia L, Long S, Fu M, Yan B, Tian Y, Xu Y, et al. Relationship between total
cholesterol/high-density lipoprotein cholesterol ratio, triglyceride/highdensity lipoprotein cholesterol ratio, and high-density lipoprotein
subclasses. Metabolism. 2006;55(9):1141–8.
36. Sumner AE, Harman JL, Buxbaum SG, Miller 3rd BV, Tambay AV, Wyatt SB,
et al. The triglyceride/high-density lipoprotein cholesterol ratio fails to
predict insulin resistance in African-American women: an analysis of Jackson
Heart Study. Metab Syndr Relat Disord. 2010;8(6):511–4.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

