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The Cut-off Values of Triglycerides and Glucose Index for 
Metabolic Syndrome in American and Korean Adolescents

The aim of this study was to establish ethnic- and gender-specific cut-off values of 
triglycerides and glucose index (TyG index) for clinical usefulness in a representative sample 
of Mexican American, Non-Hispanic White, Non-Hispanic Black, and Korean adolescents. 
The data were collected from datasets of the National Health and Nutrition Examination 
Survey between 1999 and 2012, and the Korean National Health and Nutrition 
Examination Survey between 2005 and 2013. Receiver operating characteristic curve 
analysis was used to find valid cut-off values of the TyG index for metabolic syndrome. The 
total number of eligible participants was 3,164 in the US and 4,873 in Korea. The optimal 
cut-off value with the Cook et al. definition revealed 8.55 in Mexican American, 8.55 in 
Non-Hispanic White, 8.35 in Non-Hispanic Black, and 8.45 in Korean, respectively. The 
cut-off value with the de Ferranti et al. definition was 8.45, 8.45, 8.15, and 8.35, and 
the cut-off value with the International Diabetes Federation definition was 8.65, 8.65, 
8.15, and 8.55, respectively. These findings may be clinically useful for evaluating insulin 
resistance for determining metabolic abnormalities in adolescents.
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INTRODUCTION

Insulin resistance, characterized by a decrease in cell sensitivity 
to insulin, is one of the leading causes of metabolic abnormali-
ties. Considering metabolic abnormalities at a young age incre-
ase the risk of cardiovascular diseases during adulthood, it is 
critical to diagnose insulin resistance in adolescents.
 Insulin resistance can be measured directly using the pancre-
atic suppression test, the hyperinsulinemic-euglycemic clamp 
technique, or the minimal model approximation of the metab-
olism of glucose (1-4). These tests are invasive, complicated, and 
cost-intensive procedures; therefore, simpler, indirect methods 
have been proposed for use in epidemiological and clinical stud-
ies. Homeostasis model assessment of insulin resistance (HOMA-
IR), derived from the product of the fasting levels of insulin and 
glucose, is a robust tool used as a surrogate measure for insulin 
resistance (5-8). Several population based studies were conduct-
ed to establish cut-off values of HOMA-IR using receiver oper-
ating characteristic (ROC) curves for metabolic syndrome for 
the clinical usefulness (9-14). Since the measurement of fasting 
insulin is cumbersome with no standard assay available, an in-
sulin-free equation for estimating insulin resistance was sought 
and developed. In 2010, the product of the fasting levels of tri-
glycerides and glucose (TyG), the so-called triglycerides and 
glucose index (TyG index), was suggested as a useful surrogate 

measure for insulin resistance in healthy adults (15). However, 
data for adolescents are lacking and a cut-off value has yet to be 
determined.
 The aim of this study was to find ethnic- and gender-specific 
characteristics of TyG index in a representative sample of Mexi-
can American, Non-Hispanic White, Non-Hispanic Black, and 
Korean adolescents and to establish valid cut-off values for met-
abolic abnormalities.

MATERIALS AND METHODS

Study population
US data were collected from the National Health and Nutrition 
Examination Survey (NHANES) from 1999 to 2012. A total of 
71,916 individuals participated in the survey during this period. 
The following participants were excluded from the present study: 
subjects with incomplete data (demographic, anthropometric, 
or laboratory), subjects under 12 or over 19 years of age, subjects 
who did not fast for at least 8 hours prior to testing, pregnant fe-
males, and subjects who had received steroids, hormones, or 
medication for dyslipidemia, diabetes mellitus, or cancer. The 
total number of eligible participants was 3,164.
 Korean data were collected from public-use datasets of the Ko-
rean National Health and Nutrition Examination Survey (KNH-
ANES), conducted by the Korean Centers for Disease Control 
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and Prevention (KCDC) for non-institutionalized Korean civil-
ians between 2005 and 2013. The KNHANES is a cross-sectional 
and nationally representative survey with a multistage and strat-
ified sample design. A total of 92,568 individuals participated in 
the survey during this period and the number of eligible partici-
pants for the present study was 4,873. Exclusion criteria were 
subjects with incomplete data (demographic, anthropometric, 
or laboratory), subjects under 12 or over 19 years of age, subjects 
who did not fast for at least 8 hours before testing, pregnant fe-
males, subjects who received medication for diabetes mellitus 
or asthma.

Measurement of metabolic risk factors
In the NHANES, waist circumference (WC) was measured us-
ing flexible tape between the uppermost lateral border of right 
ilium and that of left ilium. Blood pressure (BP) was measured 
3 times in the sitting position after at least 5 minutes of rest. The 
average of the 3 recorded systolic and diastolic BP values was 
used in the analyses. Fasting plasma concentrations of triglyc-
erides and high-density lipoprotein cholesterol (HDL-C) were 
measured according to standard procedures using an Hitachi 
704 analyzer (Hitachi, Tokyo, Japan) from 1999 to 2004, an Hita-
chi 912 analyzer (Hitachi) from 2005 to 2006, and a Roche/Hita-
chi modular P chemistry analyzer (Roche Diagnostics GmbH, 
Mannheim, Germany) from 2007 to 2012. For accuracy and con-
sistency in each survey, we used the corrected HDL-C values 
proposed in the dataset. Fasting plasma concentrations of glu-
cose were measured using a Cobas Mira Chemistry system (Ro-
che, Basel, Switzerland) from 1999 to 2004, a Roche 911 (Roche) 
from 2005 to 2006, and a Roche/Hitachi modular P chemistry 
analyzer (Roche Diagnostics GmbH) from 2007 to 2012. For ac-
curacy and consistency in each survey, we followed Centers for 
Disease Control and Prevention (CDC) guidelines that recom-
mend the use of corrected fasting plasma glucose concentration 
and corrected HDL-C values in the NHANES data from 1999 to 
2005 (16-18). The conversion equations were as follows:
 C orrected HDL = [(Solomon Park assigned HDL value) ×  

(Participant HDL)]/(Quality Control HDL value associated 
with participant sample)]

 C orrected glucose concentration = glucose concentration 
(NHANES 2005–2006)+1.148

 C orrected glucose concentration = 0.9815 × glucose concen-
tration (NHANES 1999–2004)+4.7187

 In the KNHANES, WC was measured using a flexible tape at 
the narrowest point between the lowest border of the rib cage 
and the uppermost lateral border of the iliac crest at the end of 
normal expiration. BP was measured 3 times in the sitting posi-
tion after at least 5 minutes of rest. The average of the 3 record-
ed systolic and diastolic BP values was used in the analyses. Af-
ter an 8 hour overnight fast, a venous blood sample was collect-
ed and transported to the Central Laboratory (SEOUL Medical 

Science Institute, Seoul, Korea in 2007; NEODIN Medical Insti-
tute, Seoul, Korea in 2008–2010). The fasting concentrations of 
glucose, triglycerides, and HDL-C were measured according to 
standard procedures using an ADIVIA 1650 (Siemens, Wash-
ington, DC, USA) from 2005 to 2007 and a Hitachi Automatic 
Analyzer 7600 (Hitachi) from 2008 to 2013. For accuracy and 
consistency in each survey, the KCDC guidelines recommend 
using corrected fasting HDL-C concentration in the KNHANES 
data from 2005 to 2013 using the following conversion equations 
(19,20).
 Corrected HDL-C = 1.160 × HDL-C (KNHANES 2005)‒1.800
 Corrected HDL-C = 0.989 × HDL-C (KNHANES 2007)+6.162
 Corrected HDL-C =  0.872 × HDL-C (KNHANES 2008–2011) 

+ 2.460
 Corrected HDL-C =  0.952 × HDL-C (KNHANES 2012–2013) 

+ 1.096

Definitions
There is no consensus regarding the diagnosis of metabolic syn-
drome in adolescents. In the present study, we used 3 different 
definitions for metabolic syndrome, 2 proposed by Cook et al. 
(21) and de Ferranti et al. (22) and based on the criteria of the 
NCEP/ATP III modified for pediatric age; the third definition 
was proposed by the International Diabetes Federation (IDF) 
(23). Definitions are summarized in Table 1.
 The standard formula for TyG index was as follows:
 TyG index =  ln [fasting glucose (mg/dL) × triglycerides  

(mg/dL)/2]

Statistical analysis
Data, including the demographic data, medical condition, an-
thropometric, and clinical measures, as well as, laboratory re-
sults, are presented as the mean and standard deviation, or prev-
alence (%) and 95% confidence interval (CI). The independent 
sample t-test was used to compare continuous variables and 
Pearsonf’s χ2 test was used to compare proportions according 

Table 1. Definitions for metabolic syndrome in adolescents

Criteria/components
Cook et al.  

(21)
de Ferranti et al. 

(22)
IDF  

(10- < 16 years)*

Central obesity (WC) ≥ 90th percentile ≥ 75th percentile ≥ 90th percentile
Glucose, mg/dL ≥ 110 ≥ 110 ≥ 100
BP ≥ 90th percentile ≥ 90th percentile SBP ≥ 130 mmHg

DBP ≥ 85 mmHg
Triglycerides, mg/dL ≥ 110 ≥ 100 ≥ 150
HDL-C, mg/dL ≤ 40 Girls < 50 

Boys < 45  
< 40

Definition for meta-
bolic syndrome

3 or more among 
the 5 criteria

3 or more among 
the 5 criteria

Central obesity and the 
presence of 2 or 
more other criteria

IDF = International Diabetes Federation, WC = waist circumference, BP = blood pres-
sure, SBP = systolic blood pressure, DBP = diastolic blood pressure, HDL-C = high-
density lipoprotein cholesterol.
*For adolescents older than 16 years, the IDF adult criteria were used.
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to ethnicities and gender. TyG index is presented in 10th per-
centiles by gender and ethnicity. Data were analyzed with sam-
pling weights to account for multistage and stratified sampling. 
To estimate valid cut-off values, TyG index was analyzed using 
multivariate logistic regression analysis and the ROC curve for 
metabolic syndrome. Several studies have reported that several 
surrogate measures behave differently according to gender and 
ethnicity (9,24); therefore, data were analyzed separately for gen-
der and ethnicity. The estimated cut-off values were determined 
using the highest score of the Youden index in a sensitivity dom-
inant area. Analyses were performed using SPSS version 21.0 
software (IBM, Armonk, NY, USA).

Ethics statement
Institutional Review Board of Hanyang University Hospital (Seoul, 
Korea) approved the study protocol (IRB No. HYUH 2016-10-
020), and informed consent was not required.

RESULTS

Baseline characteristics
Overall, data from 3,164 participants (1,673 males and 1,491 fe-
males) from the US and 4,873 participants (2,590 males and 2,283 
females) from Korea were assessed. The anthropometric, clini-
cal, and biochemical characteristics of the participants by eth-
nicities and gender are summarized in Table 2. Non-Hispanic 
Black adolescents also had significantly lower mean values of 
triglyceride and higher mean values of HDL-C than other eth-
nicities in the US. Korean adolescents had similar mean values 
of triglyceride and HDL-C with Mexican American and Non-
Hispanic White adolescents. Using the definitions proposed by 
Cook et al. (21) and de Ferranti et al. (22), Non-Hispanic Black 
adolescents had the lowest prevalence of metabolic syndrome 
compared to other ethnicities. The prevalence of metabolic syn-
drome, as defined by IDF, however, was lower in Korean ado-
lescents than those in other ethnicities.

Distribution of the TyG index
 In NHANES, there were no significant differences in mean val-
ues of TyG index between Mexican American and Non-Hispan-
ic White adolescents, and Non-Hispanic Black adolescents had 
significantly lower mean values of TyG index than Mexican Amer-
ican and Non-Hispanic White adolescents. In KNHANES, Ko-
rean adolescents had slightly lower mean values of TyG index 
than Mexican American and Non-Hispanic White adolescents. 
The distribution of the TyG index by gender and ethnicity is sum-
marized in Table 3. The values in each 10th percentile in Non-
Hispanic Black subjects were significantly lower than for other 
ethnicities. A modest correlation between the TyG index and 
HOMA-IR was found (Supplementary Table 1).
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ROC curves of the TyG index for metabolic syndrome
The ROC curves of TyG index for metabolic syndrome in the 
NHANES and the KNHANES are shown in Fig. 1, stratified by 
ethnicity. The area under the curve (AUC) using the definition 
proposed by Cook et al. (21) revealed values of 0.898 (0.869–0.926, 
P value < 0.001) for Mexican Americans, 0.908 (0.877–0.940, P 
value < 0.001) for Non-Hispanic Whites, 0.940 (0.909–0.971, P 
value < 0.001) for Non-Hispanic Blacks, and 0.914 (0.900–0.927, 
P value < 0.001) for Koreans. The AUC using the definition pro-
posed by de Ferranti et al. (22) was 0.919 (0.901–0.937, P value 
< 0.001), 0.904 (0.879–0.930, P value < 0.001), 0.897 (0.855–0.938, 
P value < 0.001), 0.872 (0.857–0.887, P value < 0.001), respective-
ly and the AUC using the definition proposed by IDF was 0.913 
(0.874–0.951, P value < 0.001), 0.909 (0.855–0.963, P value < 0.001), 
0.845 (0.763–0.927, P value < 0.001), and 0.936 (0.916–0.955, P 
value < 0.001), respectively. The optimal cut-off value using the 
definition proposed by Cook et al. (21) was 8.55 for Mexican 
Americans, 8.55 for Non-Hispanic Whites, 8.35 for Non-Hispan-
ic Blacks, and 8.35 for Koreans. The optimal cut-off value using 
the definition proposed by de Ferranti et al. (22) was 8.45, 8.45, 
8.15, 8.35, respectively and the optimal cut-off value using the 
definition proposed by IDF was 8.65, 8.65, 8.15, and 8.55, respec-
tively. The cut-off values with their corresponding sensitivity, 
specificity for metabolic syndrome are summarized in Table 4.

DISCUSSION

TyG index has been proposed as a good surrogate for insulin 
sensitivity. It was significantly correlated with total glucose me-
tabolism rates in hyperinsulinemic-euglycemic clamp studies 
among Mexican and Brazilian populations (14,25,26). A mod-
est correlation between the TyG index and insulin-stimulated 
glucose uptake during insulin suppression testing has also been 

reported (27) and several population-based studies have dem-
onstrated the clinical usefulness of the TyG index as a surrogate 
measure for insulin resistance (28-31).
 However, population-based studies of ethnic- and gender-
specific characteristics of TyG index in adolescents are lacking; 
therefore, the present study determined the characteristics of 
TyG index in a representative sample of Mexican American, Non-
Hispanic White, Non-Hispanic Black, and Korean adolescents. 
In present study, Non-Hispanic Black adolescents had signifi-

Table 3. The distribution of the TyG index by ethnicity and gender

Characteristics
Percentile

10th 20th 30th 40th 50th 60th 70th 80th 90th

NHANES
   Mexican American 7.63 7.81 7.95 8.08 8.19 8.33 8.45 8.62 8.90
      Male 7.63 7.84 8.00 8.13 8.23 8.38 8.51 8.70 8.95
      Female 7.61 7.76 7.93 8.02 8.14 8.27 8.38 8.55 8.81
   Non-Hispanic White 7.64 7.79 7.92 8.05 8.16 8.28 8.41 8.58 8.85
      Male 7.60 7.79 7.93 8.05 8.19 8.34 8.49 8.68 8.91
      Female 7.64 7.79 7.92 8.05 8.15 8.24 8.32 8.49 8.74
   Non-Hispanic Black 7.37 7.53 7.65 7.74 7.86 7.97 8.08 8.23 8.48
      Male 7.35 7.52 7.65 7.76 7.90 8.03 8.15 8.32 8.58
      Female 7.38 7.54 7.64 7.73 7.83 7.94 8.04 8.16 8.32
KNHANES
   Korean 7.50 7.69 7.83 7.96 8.08 8.21 8.34 8.50 8.73
      Male 7.49 7.67 7.81 7.94 8.07 8.21 8.36 8.52 8.77
      Female 7.51 7.71 7.84 7.97 8.09 8.21 8.32 8.46 8.70

TyG = triglycerides and glucose, NHANES = National Health and Nutrition Examina-
tion Survey, KNHANES = Korean National Health and Nutrition Examination Survey.

Fig. 1. ROC curves for metabolic syndrome by ethnicity. (A) ROC curves for metabolic 
syndrome using the criteria of Cook et al. (21). (B) ROC curves for metabolic syndrome 
using the criteria of de Ferranti et al. (22). (C) ROC curves for metabolic syndrome 
using the criteria of IDF.
ROC = receiver operating characteristic, IDF = International Diabetes Federation.
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cantly lower TyG indices and a lower prevalence of metabolic 
syndrome than other ethnicities. This was due to better lipid 
profiles in Non-Hispanic Black subjects compared to other eth-
nicities. Several studies have reported similar findings (32-34). 
Interestingly, although Non-Hispanic Black individuals have 
better lipid profile, several cross-sectional studies have revealed 
that the prevalence of diabetes, hypertension, obesity, and car-
diovascular disease are higher in Non-Hispanic Black individu-
als compared to Non-Hispanic White individuals (34-39). The 
reason for better lipid profiles in Non-Hispanic Black adoles-
cents is unclear. Insulin resistance is a major underlying mech-
anism of metabolic syndrome and as such, metabolic syndrome 
adequately reflects the pathologic situation of insulin resistance. 
For this reason, several population-based studies have used met-
abolic syndrome as the indicator of insulin resistance and pro-
vided cut-off values using ROC curves for metabolic syndrome 
(9-14). To determine a valid cut-off value, we also performed 
ROC curve analysis for metabolic syndrome. As there is no con-
sensus regarding the diagnosis of metabolic syndrome in ado-
lescents, we used 3 metabolic syndrome definitions commonly 
used in adolescents and estimated cut-off values for each defi-
nition.
 There was a high AUC of TyG index for each metabolic syn-
drome definition. This was expected because the TyG index in-
cludes TyG in their equations, which are major components of 
metabolic syndrome. In NHANES, there were no differences in 
cut-off values between Mexican American and Non-Hispanic 
White adolescents. Their optimal cut-off value was 8.45, 8.55, 
and 8.65 for definitions proposed by de Ferranti et al. (22), Cook 
et al. (21), and IDF, respectively.
 However, the cut-off values for Non-Hispanic Black adoles-
cents were markedly lower than those for other ethnicities. The 
optimal cut-off values were 8.15, 8.35, and 8.15 for definitions 

proposed by de Ferranti et al. (22), Cook et al. (21), and IDF, re-
spectively. It was presumed that these low cut-off values for Non-
Hispanic Black adolescents were owing to the ethnic differenc-
es in triglyceride levels. In KHANES, the optimal cut-off value 
was 8.35, 8.45, and 8.65 for definitions proposed by de Ferranti 
et al. (22), Cook et al. (21), and IDF, respectively and these val-
ues were slightly lower than those in Mexican American and 
Non-Hispanic White adolescents. This study is the first to esti-
mate cut-off values for TyG index in adolescents; therefore, we 
cannot compare our results with other studies. The diagnosis of 
metabolic syndrome in adolescents varies widely and is incon-
sistent due to the lack of consensus on how to define metabolic 
syndrome in adolescents (40). Therefore, measurement of insu-
lin resistance can contribute to the diagnosis of metabolic ab-
normalities in adolescents. Our results are clinically useful for 
measuring severity of insulin resistance by proposing criteria 
for metabolic abnormality of TyG index in adolescents.
 The present study had several potential limitations. First, the 
data from US and Korean adolescents may not be comparable 
because of differing laboratory methods used to determine con-
centrations of lipids and glucose. Second, sub-group analysis 
by sexual maturation stage was not conducted because of lack 
of data. Third, sub-group analysis by gender in Non-Hispanic 
White and Non-Hispanic Black adolescents was not completely 
analyzed because of the small sample size. Fourth, although 
TyG index is significantly correlated with total glucose metabo-
lism rates using the hyperinsulinemic-euglycemic clamp tech-
nique in adults, it has not yet been determined in adolescents. 
With all these limitations, this study is the first to attempt to de-
fine the characteristics of TyG index and estimate cut-off values 
in adolescents by ethnicity and gender.
 In conclusion, the cut-off values for TyG index ranged from 
8.45 to 8.65 in Mexican American, Non-Hispanic White, from 

Table 4. The cut-off values of the TyG index for each metabolic syndrome definition by ethnicity and gender

Characteristics
Cook et al. (21) de Ferranti et al. (22) IDF

Cut-off value Sensitivity, % Specificity, % Cut-off value Sensitivity, % Specificity, % Cut-off value Sensitivity, % Specificity, %

NHANES
   Mexican American 8.55 95.2 79.8 8.45 93.7 80.3 8.65 87.8 86.0
      Males 8.55 93.6 76.6 8.55 90.0 83.5 8.65 87.5 84.2
      Females 8.55 97.3 82.9 8.45 91.0 83.5 8.65 88.2 87.7
   Non-Hispanic White 8.55 89.4 81.1 8.45 89.7 79.0 8.65 86.0 84.8
      Males 8.55 93.0 77.4 8.55 85.1 81.0 - - -
      Females 8.45 91.3 80.1 8.45 86.5 84.6 - - -
   Non-Hispanic Black 8.35 90.0 86.7 8.15 88.9 77.0 8.15 82.1 73.2
      Males - - - 8.15 85.7 72.6 - - -
      Females - - - 8.15 93.8 82.5 - - -
KNHANES
   Korean 8.45 94.4 79.3 8.35 86.2 77.5 8.55 89.8 83.1
      Males 8.45 95.1 79.7 8.35 86.2 78.1 8.65 91.1 86.7
      Females 8.45 91.3 79.2 8.35 85.8 77.0 8.55 88.4 84.4

TyG = triglycerides and glucose, IDF = International Diabetes Federation, NHANES = National Health and Nutrition Examination Survey, KNHANES = Korean National Health and 
Nutrition Examination Survey.
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8.35 to 8.55 in Korean adolescents and from 8.15 to 8.35 in Non-
Hispanic Black adolescents. These findings may be clinically 
useful for evaluating insulin resistance for determining meta-
bolic abnormalities in adolescents. However, to establish more 
valid cut-off values, further studies, including correlation stud-
ies between the TyG index and the gold standard methods for 
insulin resistance, are needed.
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Supplementary Table 1. Pearson correlation test between TyG index and HOMA-IR 
by ethnicity

Characteristics r P value

Mexican American (n = 1,161) 0.447 < 0.001
Non-Hispanic White (n = 973) 0.361 < 0.001
Non-Hispanic Black (n = 997) 0.386 < 0.001
Korean (n = 2,515) 0.361 < 0.001

TyG = triglycerides and glucose, HOMA-IR = homeostasis model assessment of in-
sulin resistance.


