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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
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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:
Corrected HDL = [(Solomon Park assigned HDL value) x
(Participant HDL)]/(Quality Control HDL value associated
with participant sample)]
Corrected glucose concentration = glucose concentration
(NHANES 2005-2006)+1.148
Corrected glucose concentration = 0.9815 x 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
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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 x HDL-C (KNHANES 2005)-1.800
Corrected HDL-C = 0.989 x HDL-C (KNHANES 2007)+6.162
Corrected HDL-C = 0.872 x HDL-C (KNHANES 2008-2011)
+2.460
Corrected HDL-C = 0.952 x 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 = In [fasting glucose (mg/dL) x 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 i test was used to compare proportions according

Table 1. Definitions for metabolic syndrome in adolescents

Criteria/components Cook et al. de Ferranti et al. IDF
(21) (22) (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 <40
Boys < 45

Definition for meta-
bolic syndrome

3 or more among 3 or more among
the 5 criteria 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 IDE 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).

https://doi.org/10.3346/jkms.2017.32.3.427

Table 2. General characteristics of the participants by ethnicity and gender

KNHANES
Korean (n = 4,873)

NHANES
Non-Hispanic White (n = 978)

Male
(n=517)
152+22
80.9 + 16.4
228 £ 6.0

04 £
1114 £ 133

Non-Hispanic Black (n = 1,014)

Male

Mexican American (n = 1,172)

Male
(n = 586)

150+ 2.3

Parameters

Female
(n=2,283)
150+ 23
68.4 + 10.0
208 £ 4.0
0.03 + 1.38

103.6 £ 11.9

Male
(n=2,590)
150+ 22
729 £12.7
213+ 47

-0.19 + 1.26
1094 £ 134
67.8 £ 11.4
89.1 £ 8.4
46.7 £ 10.6

Female
(n = 444)
148+19
81.4 £19.7
253+ 7.7

Female

Female
(n = 586)
148 +£ 3.0
81.9 £19.7
239 £ 8.3

Pvalue

Pvalue

Pvalue

Pvalue

= 570)

(n

(n = 461)
150 + 2.3
796 + 146
228452

0.360
< 0.001
< 0.001

0.013

151 £ 22
78.8 £ 19.6
234175

0.5
1141 £ 121

0.292
0.106
0.847
0.980
< 0.001
< 0.001
< 0.001
< 0.001

0.329

Age, yr

0.010
< 0.001
< 0.001

0.044
0.803
0.705
< 0.001

83.8 £17.5

240 £ 6.7

WC, cm

BMI, kg/m?

0.221
< 0.001
< 0.001
< 0.001
< 0.001

+1.2
109.0 £ 120 < 0.001

14

04 £141
105.8 + 11.4

1.3

07 £1.7
105.5 £ 10.4
59.9 £ 171
94.0 £19.6
53.8 £ 15.6

1.8

0.7
111.9 £ 124

BMI Z-score

SBP, mmHg
DBP, mmHg

66.3 £ 10.6
879+79
505 £ 12.6

0.125
< 0.001

61.1 £16.7
909 £ 9.6
56.3 £ 15.3

59.8 £ 16.1
938 £ 7.7

62.4 £ 141
928 £9.2
529 + 12.6

59.5 £ 14.4
958 £7.6

0.001
< 0.001
< 0.001

571 £17.3
97.7 £11.9
48.9 £ 14.2

Fasting glucose, mg/dL
HDL-C, mg/dL

0.189

55.0 £ 17.2

485 £ 14.0
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Data are the means + SD, except for metabolic syndrome. Data for each metabolic syndrome criterion is provided as a percentage (95% Cl).

NHANES

diastolic

body mass index, SBP = systolic blood pressure, DBP

waist circumference, BMI =

International Diabetes Federation, SD = standard deviation, Cl = confidence interval.

Korean National Health and Nutrition Examination Survey, WC

high-density lipoprotein cholesterol, TyG = triglycerides and glucose, IDF

National Health and Nutrition Examination Survey, KNHANES

blood pressure, HDL-C
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Table 3. The distribution of the TyG index by ethnicity and gender

Percentile
Characteristics
10th 20th 30th 40th 50th 60th 70th 80th 90th
NHANES
Mexican American 7.63 7.81 7.95 8.08 819 8.33 845 8.62 8.90
Male 7.63 7.84 8.00 813 823 838 851 870 895
Female 761 776 7.93 802 814 827 8.38 855 8.81
Non-Hispanic White 7.64 7.79 7.92 8.05 8.16 8.28 8.41 8.58 8.85
Male 760 7.79 7.93 805 819 834 849 8.68 891
Female 764 779 7.92 805 815 824 832 849 874
Non-Hispanic Black 7.37 7.53 7.65 7.74 7.86 7.97 8.08 8.23 8.48
Male 735 752 7.65 7.76 7.90 8.03 8.15 8.32 858
Female 738 754 7.64 773 7.83 7.94 8.04 816 8.32
KNHANES
Korean 750 769 7.83 796 8.08 821 834 850 873
Male 749 767 7.81 794 807 821 836 852 877
Female 751 771 7.84 797 8.09 821 832 846 870

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

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,
Pvalue < 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, Pvalue < 0.001), 0.897 (0.855-0.938,
Pvalue < 0.001), 0.872 (0.857-0.887, Pvalue < 0.001), respective-
ly and the AUC using the definition proposed by IDF was 0.913
(0.874-0.951, Pvalue < 0.001), 0.909 (0.855-0.963, Pvalue < 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
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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.

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

Cook et al. (21) de Ferranti et al. (22) IDF
Characteristics
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 97.3 829 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 93.0 774 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 86.2 775 8.55 89.8 83.1
Males 8.45 95.1 79.7 8.35 86.2 781 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.

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
etal. (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

https://doi.org/10.3346/jkms.2017.32.3.427

proposed by de Ferranti et al. (22), Cook et al. (21), and IDFE 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
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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.

DISCLOSURE

The authors have no potential conflicts of interest to disclose.
AUTHOR CONTRIBUTION

Conceptualization: Ahn Y. Data curation: Moon S, Park JS. In-
vestigation: Moon S, Park JS. Writing - original draft: Moon S,
AhnY.

ORCID

Shinje Moon http://orcid.org/0000-0003-3298-3630
Joon-Sung Park http://orcid.org/0000-0003-4740-3061

Youhern Ahn http://orcid.org/0000-0002-4357-1730

REFERENCES

—

. DeFronzo RA, Tobin JD, Andres R. Glucose clamp technique: a method
for quantifying insulin secretion and resistance. Am J Physiol 1979; 237:
E214-23.

2. Bergman RN, Prager R, Volund A, Olefsky JM. Equivalence of the insulin
sensitivity index in man derived by the minimal model method and the
euglycemic glucose clamp. J Clin Invest 1987; 79: 790-800.

3. Greenfield MS, Doberne L, Kraemer E Tobey T, Reaven G. Assessment of
insulin resistance with the insulin suppression test and the euglycemic
clamp. Diabetes 1981; 30: 387-92.

4. Lim MH, Oh TJ, Choi K, Lee JC, Cho YM, Kim S. Application of the oral
minimal model to Korean subjects with normal glucose tolerance and
type 2 diabetes mellitus. Diabetes Metab J 2016; 40: 308-17.

5. Lee H. Methods for the assessment of insulin resistance. ] Korean Diabe-
tes 2014; 15:7-11.

6. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DE Turner
RC. Homeostasis model assessment: insulin resistance and beta-cell func-
tion from fasting plasma glucose and insulin concentrations in man. Dia-
betologia 1985; 28: 412-9.

7. Katz A, Nambi SS, Mather K, Baron AD, Follmann DA, Sullivan G, Quon
M]J. Quantitative insulin sensitivity check index: a simple, accurate meth-
od for assessing insulin sensitivity in humans. J Clin Endocrinol Metab
2000; 85:2402-10.

8. McAuley KA, Williams SM, Mann JI, Walker RJ, Lewis-Barned NJ, Temple
LA, Duncan AW. Diagnosing insulin resistance in the general population.
Diabetes Care 2001; 24: 460-4.

9. Gayoso-Diz P, Otero-Gonzdlez A, Rodriguez-Alvarez MX, Gude E Garcia

E De Francisco A, Quintela AG. Insulin resistance (HOMA-IR) cut-off val-

432  http://jkms.org

ues and the metabolic syndrome in a general adult population: effect of
gender and age: EPIRCE cross-sectional study. BMC Endocr Disord 2013;
13:47.

10. Esteghamati A, Ashraf H, Esteghamati AR, Meysamie A, Khalilzadeh O,
Nakhjavani M, Abbasi M. Optimal threshold of homeostasis model as-
sessment for insulin resistance in an Iranian population: the implication
of metabolic syndrome to detect insulin resistance. Diabetes Res Clin Pract
2009; 84: 279-87.

11. Ascaso JE Romero P, Real JT, Priego A, Valdecabres C, Carmena R. Insulin
resistance quantification by fasting insulin plasma values and HOMA in-
dex in a non-diabetic population. Med Clin (Barc) 2001; 117: 530-3.

12. Tomé MA, Botana MA, Cadarso-Sudrez C, Rego-Iraeta A, Ferndndez-Mari-
no A, Mato JA, Solache I, Perez-Fernandez R. Prevalence of metabolic syn-
drome in Galicia (NW Spain) on four alternative definitions and associa-
tion with insulin resistance. ] Endocrinol Invest 2009; 32: 505-11.

13.Ryu S, Sung KC, Chang Y, Lee WY, Rhee EJ. Spectrum of insulin sensitivity
in the Korean population. Metabolism 2005; 54: 1644-51.

14. Lee S, Choi S, Kim HJ, Chung YS, Lee KW, Lee HC, Huh KB, Kim DJ. Cut-
off values of surrogate measures of insulin resistance for metabolic syn-
drome in Korean non-diabetic adults. ] Korean Med Sci 2006; 21: 695-700.

15. Guerrero-Romero E Simental-Mendia LE, Gonzalez-Ortiz M, Martinez-

@

Abundis E, Ramos-Zavala MG, Hernandez-Gonzélez SO, Jacques-Camare-
na O, Rodriguez-Moran M. The product of triglycerides and glucose, a
simple measure of insulin sensitivity. Comparison with the euglycemic-
hyperinsulinemic clamp. J Clin Endocrinol Metab 2010; 95: 3347-51.

16. Centers for Disease Control and Prevention (US). National Health and
Nutrition Examination Survey 2005-2006, data documentation, code-
book, and frequencies: plasma fasting glucose and insulin (GLU_D) [In-
ternet]. Available at https://wwwn.cdc.gov/nchs/nhanes/2005-2006/GLU_
D.htm [accessed on 13 September 2014].

17. Centers for Disease Control and Prevention (US). National Health and
Nutrition Examination Survey 2007-2008, data documentation, codebook,
and frequencies: plasma fasting glucose and insulin (GLU_E) [Internet].
Available at https://wwwn.cdc.gov/nchs/nhanes/2007-2008/ GLU_E.htm
[accessed on 13 September 2014].

18. Centers for Disease Control and Prevention (US). National Health and
Nutrition Examination Survey 2005-2006, data documentation: choles-
terol - HDL (HDL_D) [Internet]. Available at https://wwwn.cdc.gov/nchs/
nhanes/2005-2006/HDL_D.htm [accessed on 13 September 2014].

. Ministry of Health and Welfare, Korea Centers for Disease Control and
Prevention. Korea Health Statistics 2009: Korea National Health and Nu-
trition Examination Survey (KNHANES IV-3). Cheongwon: Korea Cen-

1

©

ters for Disease Control and Prevention; 2010.
2

(=]

. Ministry of Health and Welfare, Korea Centers for Disease Control and
Prevention. Korea Health Statistics 2010: Korea National Health and Nu-
trition Examination Survey (KNHANES V-1). Cheongwon: Korea Centers
for Disease Control and Prevention; 2011.

21. Cook S, Weitzman M, Auinger P, Nguyen M, Dietz WH. Prevalence of a

metabolic syndrome phenotype in adolescents: findings from the third

National Health and Nutrition Examination Survey, 1988-1994. Arch Pe-

diatr Adolesc Med 2003; 157: 821-7.

de Ferranti SD, Gauvreau K, Ludwig DS, Neufeld EJ, Newburger JW, Rifai

N. Prevalence of the metabolic syndrome in American adolescents: find-

2

>

ings from the third National Health and Nutrition Examination Survey.
Circulation 2004; 110: 2494-7.

https://doi.org/10.3346/jkms.2017.32.3.427



Moon S, et al. * The Cut-off Values of Triglycerides and Glucose Index

JKMS

23.Zimmet B, Alberti G, Kaufman E Tajima N, Silink M, Arslanian S, Wong G,
Bennett P, Shaw J, Caprio S. The metabolic syndrome in children and ad-
olescents. Lancet 2007; 369: 2059-61.

Kim DH, Yoon JH, Kim HS, Kim DK, Cheong MY. Gender difference of
insulin resistance in obese children and adolescents. J Korean Soc Pedi-
atr Endocrinol 2005; 10: 84-9.

25. Simental-Mendia LE, Rodriguez-Moran M, Guerrero-Romero E The prod-

24.

uct of fasting glucose and triglycerides as surrogate for identifying insulin
resistance in apparently healthy subjects. Metab Syndr Relat Disord 2008;
6:299-304.

26. Vasques AC, Novaes FS, de Oliveira Mda S, Souza JR, Yamanaka A, Pareja
JC, Tambascia MA, Saad MJ, Geloneze B. TyG index performs better than
HOMA in a Brazilian population: a hyperglycemic clamp validated study.
Diabetes Res Clin Pract 2011; 93: €98-100.

27. Abbasi F Reaven GM. Comparison of two methods using plasma triglyc-
eride concentration as a surrogate estimate of insulin action in nondia-
betic subjects: triglycerides x glucose versus triglyceride/high-density li-
poprotein cholesterol. Metabolism 2011; 60: 1673-6.

28.Du T, Yuan G, Zhang M, Zhou X, Sun X, Yu X. Clinical usefulness of lipid
ratios, visceral adiposity indicators, and the triglycerides and glucose in-
dex as risk markers of insulin resistance. Cardiovasc Diabetol 2014; 13:
146.

29. Unger G, Benozzi SE Perruzza E Pennacchiotti GL. Triglycerides and glu-
cose index: a useful indicator of insulin resistance. Endocrinol Nutr 2014;
61:533-40.

30. Lee SH, Han K, Yang HK, Kim MK, Yoon KH, Kwon HS, Park YM. Identi-
fying subgroups of obesity using the product of triglycerides and glucose:
the Korea National Health and Nutrition Examination Survey, 2008-2010.
Clin Endocrinol (Oxf) 2015; 82: 213-20.

31. Lee SH, Kwon HS, Park YM, Ha HS, Jeong SH, Yang HK, Lee JH, Yim HW,
Kang MI, Lee WC, et al. Predicting the development of diabetes using the
product of triglycerides and glucose: the Chungju Metabolic Disease Co-

https://doi.org/10.3346/jkms.2017.32.3.427

hort (CMC) study. PLoS One 2014; 9: €90430.

32. Ford ES, Giles WH, Dietz WH. Prevalence of the metabolic syndrome among
US adults: findings from the third National Health and Nutrition Exami-
nation Survey. JAMA 2002; 287: 356-9.

33. Sumner AE, Cowie CC. Ethnic differences in the ability of triglyceride lev-
els to identify insulin resistance. Atherosclerosis 2008; 196: 696-703.

34. Sumner AE. Ethnic differences in triglyceride levels and high-density li-

poprotein lead to underdiagnosis of the metabolic syndrome in black

children and adults. J Pediatr 2009; 155: S7.e7-11.

Cowie CC, Rust KE Byrd-Holt DD, Eberhardt MS, Flegal KM, Engelgau

MM, Saydah SH, Williams DE, Geiss LS, Gregg EW. Prevalence of diabe-

tes and impaired fasting glucose in adults in the U.S. population: National

Health And Nutrition Examination Survey 1999-2002. Diabetes Care 2006;

29:1263-8.

36. Ferdinand KC. Coronary artery disease in minority racial and ethnic groups
in the United States. Am J Cardiol 2006; 97: 12A-19A.

37. Haffner SM, D’Agostino R, Saad ME Rewers M, Mykkinen L, Selby J, How-
ard G, Savage PJ, Hamman RE Wagenknecht LE, et al. Increased insulin

35.

resistance and insulin secretion in nondiabetic African-Americans and

Hispanics compared with non-Hispanic whites. The Insulin Resistance

Atherosclerosis Study. Diabetes 1996; 45: 742-8.

Hajjar I, Kotchen TA. Trends in prevalence, awareness, treatment, and

control of hypertension in the United States, 1988-2000. JAMA 2003; 290:

199-206.

Hedley AA, Ogden CL, Johnson CL, Carroll MD, Curtin LR, Flegal KM.

Prevalence of overweight and obesity among US children, adolescents,

and adults, 1999-2002. JAMA 2004; 291: 2847-50.

40. Agudelo GM, Bedoya G, Estrada A, Patino FA, Muioz AM, Velasquez CM.
Variations in the prevalence of metabolic syndrome in adolescents ac-

38.

39.

cording to different criteria used for diagnosis: which definition should
be chosen for this age group? Metab Syndr Relat Disord 2014; 12: 202-9.

http://jkms.org 433



JKMS

Moon S, et al. = The Cut-off Values of Triglycerides and Glucose Index

Supplementary Table 1. Pearson correlation test between TyG index and HOMA-IR

by ethnicity

Characteristics r Pvalue
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.
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