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Predictive capacity of triglyceride-glucose (TyG) index for insulin resistance and
cardiometabolic risk in children and adolescents: a systematic review

Alice Divina Melo de Brito
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, Helen Hermana Miranda Hermsdorff
, Sylvia do Carmo Castro Franceschini

, Mariana De Santis Filgueiras (),
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ABSTRACT

Insulin resistance (IR) in childhood plays a key role in the development of metabolic changes in
adulthood, therefore, it is important to diagnose it early. We aimed to investigate studies that
evaluated the TyG index for prediction of IR risk and other cardiometabolic risk factors, as well as,
the proposed cutoff points in childhood and adolescence. This is a systematic review elaborated
according to the recommendations of the Preferred Reporting Items for Systematic Reviews and
Meta-Analyzes (PRISMA). The search was performed in Lilacs, PubMed and CAPES Journal Portal,
using the terms “TyG index OR triglyceride-glucose index OR triglyceride and glucose index AND
children OR adolescent*”. Eight articles were included in this review. All were cross-sectional stud-
ies with individuals aged >2 and <20years old, from the United States, Korea, Mexico, Brazil, and
Iran. We concluded that the TyG index was positively associated with other IR prediction methods
and appears to be advantageous for predicting IR risk and other cardiometabolic risk factors in

KEYWORDS
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child; insulin resistance

children and adolescents (review registration: PROSPERO CRD42018100726).

Introduction

The prevalence of obesity in children and adolescents has
been increasing worldwide. In 2016, according to data from
the World Health Organization (WHO), over 340 million
children and adolescents from 5 to 19years old were over-
weight or obese, which can cause serious consequences in
childhood and adulthood, such as hypertension, dyslipide-
mia, metabolic syndrome (MetS), nonalcoholic fatty liver
disease, psychosocial complications, insulin resistance (IR)
and diabetes mellitus (DM) (Han, Lawlor, and Kimm 2010;
Kim et al. 2016; Giingor 2014; WHO 2017).

Insulin resistance (IR) is a metabolic state in which the
responsiveness of target-tissues to normal insulin concentra-
tions is reduced and plays a key role in these outcomes,
especially in type 2DM and MetS (Sesti 2006; Vasques et al.
2011). Therefore, evaluate the IR and diagnose it early is of
great interest in childhood (Sesti 2006; Vasques et al. 2011).
An emerging assessment method, especially in adults, is the
triglyceride-glucose index (TyG), a product of the triglycer-
ide (TG) and fasting glucose (Verduci et al. 2015).
Compared to the gold standard (hyperinsulinemic-euglyce-
mic (HE clamp)) and homeostatic model assessment for
insulin resistance (HOMA-IR), the TyG index has been
shown to be useful for estimating the risk of IR in adults
(Vasques et al. 2011; Guerrero-Romero et al. 2010; Irace

et al. 2013; Du et al. 2014). In addition, it is a considered a
risk marker for the development of type 2DM, MetS and
cardiovascular diseases, such as atherosclerosis (Irace et al.
2013; Du et al. 2014; Unger et al. 2014).

The TyG index has low cost and, hence, has easier access
at an outpatient and population level, however, there is no
consensus about its cutoff points to predict IR and other
cardiometabolic risk factors in childhood and adolescence.
To date, no other systematic reviews have been found that
investigated these factors, according to our knowledge. In
order to know the existing evidences with this new IR
marker in childhood and adolescence, we aimed to investi-
gate the studies that evaluated the TyG index to predict the
IR risk and other cardiometabolic risk factors, as well as the
cutoff points already proposed for this population.

Methods
Identification and selection of studies

This systematic review was elaborated from the research
question: “Could the TyG index be used to predict the IR
risk and other cardiometabolic risk factors in children and
adolescents?” This systematic review was conducted from
August 2018 to January 2019, in accordance with the recom-
mendations of the Preferred Reporting Items for Systematic
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Reviews and Meta-Analyzes (PRISMA) (Moher et al. 2009)
and it was registered in the International Prospective
Register of Systematic Reviews (PROSPERO) by registration
number CRD42018100726.

The search was performed using the databases: Latin
American and Caribbean System on Health Sciences
(Lilacs), PubMed and CAPES Journal Portal. The search
included papers written in English, Portuguese and Spanish,
without geographic and date of publication limitation, and
using the following search strategy with the terms: (“TyG
index” OR “triglyceride-glucose index” OR “triglyceride and
glucose index”) AND (“children” OR “adolescent®”). The
eligibility criteria adopted were:

e Inclusion: published observational studies evaluating the
use of the TyG index to predict the risk of IR and/or car-
diometabolic risk in individuals aged >2 and <20 years
old. The TyG index should be compared to other IR pre-
diction methods, such as the HE clamp (gold standard)
and HOMA-IR, and MetS criteria, as Cook et al. (2003),
De Ferranti et al. (2004), International Diabetes
Federation (IDF) (Zimmet et al. 2007) and National
Cholesterol Education Program Adult Treatment Panel
III (NCEP/ATP 1II) (Expert Panel on Detection,
Evaluation, and Treatment of High Blood Cholesterol in
Adults, 2001), or other cardiometabolic risk markers
(single or pooled), such as blood pressure, fasting blood
glucose (FBG), total cholesterol, high-density lipoprotein
(HDL-c), low-density lipoprotein  (LDL-c), and
triglycerides.

e Exclusion: children and adolescents hospitalized and/or
with special characteristics that could interfere with the
normal functioning of the organism, such as autism,
Down syndrome, kidney diseases; duplicate studies; gray
literature; reviews and meta-analyzes; conference
abstracts; books and book chapters; monographs, disser-
tations and theses.

Initially, the titles and abstracts of the articles were read,
which, if it met the initial selection criteria, the full text
reading was proceeded (Figure 1). To verify the eligibility of
the articles, a standard form was used (Moher et al. 2009).

Data extraction

Data were extracted independently, using a standard spread-
sheet in the Microsoft Excel® program. Information gath-
ered about the selected papers were author and year of
publication; study design; sample origin (country); age
group; number of participants; inclusion and exclusion crite-
ria; independent, dependent, and confounding variables;
TyG formula used by authors; main results; and cut-
off points.

Evaluation of study quality

The risk of bias was evaluated by the National Heart, Lung,
and Blood Institute (NHLBI), Quality Assessment Tool for

Observational Cohort and Cross-Sectional Studies. This tool
assesses studies by the presence (yes) or absence (no) of 14
criteria, in which the criteria 10 (repeated exposure assess-
ment), 12 (blinding outcome evaluators) and 13 (follow-up
rate) did not apply (NA) to any of the studies in this review,
since covered only cross-sectional observational studies. In
the end, the studies were classified as good, fair or bad,
according to the sum of the criteria evaluated as “yes”
(National Heart, Lung and Blood Institute. Quality
Assessment Tool for Observational and Cross-Sectional
Studies, https://www.nhlbi.nih.gov/health-topics/study-qual-
ity-assessment-tools).

The bias risk analysis was presented in Table 1. All stud-
ies presented a satisfactory sum in the quality assessment.

Results
Selection and description of studies

Twenty-eight articles were identified in all databases. After
reading titles, abstracts, and full text and submitting to the
standard eligibility form, eight articles were included in the
present systematic review (Figure 1).

The descriptive characteristics of the articles are pre-
sented in Table 2. All studies had cross-sectional design,
were published between 2015 and 2019, conducted with
children and adolescents of both sexes, healthy, obese or
with metabolic alterations, aged >2 and <20vyears old. The
sample size ranged from 221 to 8,037 participants, with
American (Mohd Nor et al. 2016; Moon, Park, and Ahn
2017), Korean (Kim et al. 2016; Moon, Park, and Ahn 2017;
Kang et al. 2017), Mexican (Rodriguez-Moran, Simental-
Mendia, and Guerrero-Romero 2017; Simental-Mendia et al.
2017), Brazilian (Vieira-Ribeiro et al. 2018) and Iranian
(Angoorani et al. 2018) children and adolescents. Table 3
presents the methodologies and main results of the studies
selected for this review.

TyG index and insulin resistance

Half (n =4) of the eight studies selected evaluated the ability
of the TyG index to predict the IR risk. Some studies carried
out correlation analysis to evaluate the relationship between
TyG index and the HE clamp, a gold standard method for
assessing insulin sensitivity (Rodriguez-Moran, Simental-
Mendia, and Guerrero-Romero, 2017; Mohd Nor et al,
2016). These studies have found an inverse correlation
between TyG index and the HE clamp in obese, with pre-
diabetes or type 2 DM children (Mohd Nor et al., 2016) and
in black and white Mexican pubertal and prepubescent chil-
dren (Rodriguez-Moran, Simental-Mendia, and Guerrero-
Romero, 2017). Kang et al. (2017) compared the TyG index
and the HOMA-IR in the predictive ability for IR risk and
found a positive correlation. Additionally, Rodriguez-Moran,
Simental-Mendia, and Guerrero-Romero (2017) identified
high agreement between the TyG index and the HOMA-IR
in pubertal and prepubescent boys and girls.
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Figure 1. Flowchart of article selection.

The main factors related to increased TyG index values
according to the data analyzed in the studies were:
unhealthy eating pattern, physical inactivity, obesity, pre-dia-
betes and type 2 diabetes mellitus, hyperglycemia, elevated
HOMA-IR and dyslipidemia (Figure 2).

TyG index and other cardiometabolic risk factors

To determine MetS in children and adolescents, Cook et al.
(2003), De Ferranti et al. (2004), International Diabetes
Federation (IDF) (Zimmet et al. 2007) and National
Cholesterol Education Program Adult Treatment Panel III

(NCEP/ATP III) (Expert Panel on Detection, Evaluation,
and Treatment of High Blood Cholesterol in Adults, 2001)
criteria were used. Regardless of the method, the TyG index
showed good ability to predict MetS. Moon, Park, and Ahn
(2017) evaluated Korean and American adolescents
(Mexican-Americans, non-Hispanic whites, non-Hispanic
blacks) aged 12-19 by the first three criteria above. TyG val-
ues for black non-Hispanic adolescents were lower com-
pared to other ethnicities, but there was no significant
difference between Mexican-Americans and non-Hispanic
whites, with TyG values for Korean adolescents slightly
smaller than those. Kim et al. (2016), when evaluating
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Table 1. Bias risk analysis by quality assessment tool for observational cohort and cross-sectional studies—NHLBI, NIH.

Rodriguez-Moran,

Simental-Mendia, Simental-
Mohd Nor Kim et al.  Kang et al. Moon and Guerrero- Mendia Vieira-Ribeiro Angoorani
Questions/Studies et al. (2016) (2016) (2017) et al. (2017) Romero (2017) et al. (2017) et al. (2019) et al. (2018)
1. Search Question Y Y Y Y Y Y Y Y
2. Study population Y Y Y Y Y Y Y Y
3. Population Y Y Y Y Y Y N N
elegibility rate
4. Recruited groups Y Y Y Y Y Y Y Y
from the same
population and
uniform
eligibility criteria
5. Justification of N N N N N N N N
sample size
6. Exposure assessed N N N N N N N N
before result
measurement
7. Enough time to N N N N N N N N
see an effect
8. Different exposure Y Y N Y Y Y Y Y
levels of interest
9. Exposure measures Y Y Y Y Y Y Y Y
and assessment
10. Exposure NA NA NA NA NA NA NA NA
Assessment Repeat
11. Result measures Y Y Y Y Y Y Y Y
12. Blinders of NA NA NA NA NA NA NA NA
result evaluators
13. Tracking Rate NA NA NA NA NA NA NA NA
14. Adjusted Y N N Y Y Y Y Y
Statistical Analysis
SUM (Total = 11) 8 7 6 8 8 8 7 7
Quality Assessment Fair Fair Fair Fair Fair Fair Fair Fair
Y-Yes; N-No; NA-Not applicable.
Korean adolescents aged 10 to 18years old, found that the Cutoff points

TyG index was better at predicting MetS by the criteria of
Cook et al. (2003), De Ferranti et al. (2004) and IDF
(Zimmet et al. 2007) than HOMA-IR. Angoorani et al.
(2018), determining MetS by the NCEP/ATP III criteria in
Iranian children, concluded that this index was clinically
useful for its diagnosis in this age group.

In the study by Simental-Mendia et al. (2017), partici-
pants with higher cardiovascular risk (occurrence of at
least one of the following: systolic blood pressure and/or
diastolic blood pressure > 90th percentile; triglycerides
>100 mg/dl; HDL-c <40 mg/dl; and fasting blood glucose
>100mg/dl) had higher TyG index values compared to
those without cardiovascular risk. Furthermore, partici-
pants in the largest quintiles of TyG index had higher
fasting blood glucose and triglycerides, and lower HDL-c,
compared to those in the lowest quintiles, as well as high
TyG index was significantly associated with hypergly-
cemia, hypertriglyceridemia, and low HDL-c. Other stud-
ies have found significant associations between the TyG
index and some cardiometabolic risk factors, such as total
and central body adiposity (Vieira-Ribeiro et al. 2018),
obesity and glucose tolerance level (normal, pre-DM and
type 2DM) (Mohd Nor et al. 2016).

In addition to these cardiometabolic risk factors, the
TyG index was positively associated with greater adher-
ence to the “unhealthy” dietary pattern and negatively
associated with physical activity level (Vieira-Ribeiro
et al. 2018).

In seven of the eight articles included, the receiver operating
characteristic (ROC) curve was used to determine the cutoff
point for the TyG index. Four studies predicted the IR risk:
two studies evaluated TyG index versus clamp (Mohd Nor
et al. 2016; Rodriguez-Moran, Simental-Mendia, and
Guerrero-Romero 2017) and the other two (Kang et al
2017; Vieira-Ribeiro et al. 2018) versus HOMA-IR. Three
studies predicted de risk of MetS: two evaluated TyG index
versus Cook et al. (2003), De Ferranti et al. (2004) and IDF
(Zimmet et al. 2007; Kim et al. 2016; Moon, Park, and Ahn
2017) and one versus ATP III criteria (Angoorani et al.
2018). Among those papers which stratified the TyG index
cutoff points by sex, the values ranged from 4.75 to 8.47 for
girls and 4.70 to 8.47 for boys. When stratified by MetS
determination criteria, values ranged from 8.35 to 8.55 for
Cook et al. (2003), 8.15 to 8.45 for De Ferranti et al. (2004)
and 8.15 to 8.66 for the IDF (Zimmet et al. 2007).
Considering all cutoff points established by the included
studies, regardless of stratification, the lowest cutoff point
was 4.65 and the highest was 8.66.

Discussion

Answering the research question of this review, we observed
that the use of TyG index is advantageous to predict the IR
risk and other cardiometabolic risk factors, since higher val-
ues of the TyG index were found in obese, pre-diabetic or
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Table 2. Descriptive characteristics of the selective studies for the systematic review.

Number of
Study Design Sample origin Age participants Inclusion criteria Exclusion criteria
Angoorani Cross-sectional  Children and 7-18 years old 3,843 (2,010 boys Children and No biochemical tests
et al. (2018) adolescents from and 1,833 girls) adolescents with
CASPIAN (2015) complete
study—Ira biochemical exams
Vieira-Ribeiro Cross-sectional  Children of a 4-7 years old 403 (221 boys and Presence of identifying Not found after three
et al. (2019) Retrospective 181 girls) data to locate attempts. Not
Birth Cohort children; date of authorized by those
(PROLAC)— birth compatible responsible.
Vicosa, Minas between 4 and 7 Incomplete study
Gerais, Brazil years old at time steps. Problems that
of study prevented your
participation.
Incomplete data on
food intake and/or
biochemical tests.
Simental-Mendia Cross-sectional ~ Children and 6-15 years old 2,117 (1,036 boys e Seemingly healthy Obesity, smoking,

et al. (2017)

Rodriguez-Moran,
Simental-Mendia,
and Guerrero-
Romero (2017)

Moon et al. (2017)

Kang et al. (2017)

Kim et al. (2016)

Mohd Nor
et al. (2016)

Cross-sectional

Cross-sectional

Cross-sectional

Cross-sectional

Cross-sectional

adolescents—
Durango, México

Children and
adolescents—
Durango, México

Adolescents from
NHANES (1999 a
2012) e KNHANES
(2005 e 2013)—
USA and
South Korea

Children and
adolescents
(2014)

—North Korea

Children and
adolescents of
the 4th 5th
KNHANES
(2007-2010)—
South Korea

Obese children and
youth—
Pittsburgh,
Pennsylvania,
USA

7-17 years old

12-19 years old

9-13 years old

10-18 years old

10-20 years old

1,081 girls)

2,779 (1,299 boys
and 1,480 girls);
124 subsample

8.037 (4.263 boys
and 3.774 qirls)

221 (168 boys and
53 girls)

3.313 (1.756 boys

and 1.557 girls)

225 (114 boys and
111 girls)

children and
adolescents of
normal weight and
aged 6 to 15 years

Healthy kids and teens
aged 7 to 17 years

Adolescents with 12-19
years old

Non-diabetic children
and adolescents

Children and
adolescents from 10
to 18 years old

Children and
adolescents with
BMI > P95 and
complete fasting
lipid, OGTT, and
insulin-stimulated Rd
data from HE clamp.
Tanner Stage Il to V

alcohol intake,
pregnancy, previous
diagnosis of DM,
kidney, liver,
endocrine, drug
ingestion or any
kind of
medical treatment
Chronic or acute illness,
pregnancy, smoking
and alcohol
consumption, and
inadequate clinical/
laboratory tests
Incomplete or
inadequate data,
pregnant women
using steroids,
hormones or
medications for
dyslipidemia, DM,
cancer or asthma.
Inadequate blood test
data. Diabetics.

Individuals with
missing
anthropometric data
or incomplete blood
test results

Children with normal
weight. DM2
patients with
HbA1c> 8.5%

Caption: DM-Diabetes Mellitus; CASPIAN-Childhood and Adolescent Surveillance and Prevention of Noncommunicable Diseases of Adults; HE-hyperinsulinemic-
euglycemic clamp; KNHANES-Korean National Health and Nutrition Examination Survey; NHANES-National Health and Nutrition Research; PROLAC-Lactation
Support Program; OGTT-Oral glucose tolerance test.

obese children and adolescents with diagnosed type 2DM,
with IR assessed by HOMA-IR, which presented accumula-
tion of cardiovascular risk factors. The same was observed
for those with greater adherence to an unhealthy dietary
pattern, sedentary lifestyle, with higher values of triglycerides
and fasting serum glucose, and lower values of HDL-c.
Disregarding non-modifiable risk factors such as ethni-
city, puberty and rare genetic or acquired conditions charac-
terized by lipodystrophy, obesity is the most important
trigger for the development of IR (Maffeis and Morandi

2018), which correlates with clinical and metabolic altera-
tions, especially in children and adolescents with excess
weight (Romualdo, Nébrega, and Escrivao 2014). Thus, chil-
dren with IR had a greater predisposition for the future
development of MetS, type 2 DM and cardiovascular diseases
(Agrawal and Gensure 2018).

Romualdo, Noébrega, and Escrivao (2014), using the
HOMA-IR to assess the IR of obese individuals aged 5 to
14 years, have demonstrated that insulin-resistant individuals
had higher BMI, waist circumference, triglycerides and lower
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Table 3. Variables and main results of the studies included in the systematic review.

Independent Variables
(IV), Dependent (DV)
and Confounding

Author/year Group Factors (CF) Formula Main results Cutoff point
Angoorani et al. (2018) Age groups: IV: BMI, WC, RC, NC, Ln[Fasting triglycerides Mean TyG index in Total: 8.33 (S: 87%;
7-12 years WC/S, BP, FBG, TC, (mg/dL) x fasting children with NW, Spe:68%)
13-18 years TG, HDL-¢, LDL-c, TyG glucose (mg/dL)/2] SW, Ob was 8.19; M: 8.47 (S:77%; Spe:
index; 8.25; 8.21 (7-12 78%)
DV: MetS (ATP Il -at years) and 8.20; 8.23; F: 8.33 (5:90%;
least three of the 8.20 (13 to 18 years), Spe:67%)
following: respectively 7-12 years old:
TG > 150mg/dL; Total: 8.47 (S5:75%;
HDL-c <40mg/dL; Spe:78%)
FBG >100mg/dL; M: 8.39 (S:80%;
abdominal obesity: Spe:73%)
WtHR> 0,5 e SBA or F: 8.33 (5:91%;
DBA > P90 (for age, Spe:68%)
sex and height) 13-18 years old:
Total: 8.34 (5:89%;
Spe:68%)
M: 8.47 (S5:81%;
Spe:78%)
F: 8.35
(S:88%; Spe:68%
Vieira-Ribeiro 4-7 years IV: BMI, %BF, WC/S, Ln[Fasting triglycerides 5 DPs identified: 7.88 (5:80%; Spe:53.2%)
et al. (2018) central fat, WC, TG, (mg/dL) x fasting "Traditional",
FBG, FI (sub-sample glucose (mg/dL)/2] "Unhealthy",

Simental-Mendia
et al. (2017)

CRF; No-CRF e 6-9
years (children);
10-15 years
(adolescents)

Rodriguez-Moran,
Simental-Mendia, and
Guerrero-

Romero (2017)

Tanner stage: Pré-
pubertal (stage 1) ou
Pubertal (stage 2-4).

of 141 children),
HOMA-IR (sub-
sample), Dietary
patterns, age, per
capita, screen time,
physical activity level,
EMT

DV: Increased

TyG index.

IV: Sociodemographic
characteristics; High
TyG (4.65 and 4.72 in
children and
adolescents
respectively.); BMI,
age, WG, Sex, BP,
FBG, CT, HDL-¢, TG;
DV: Presence of CVR
(occurrence of at
least one of the
following: SBP or
DBP > P90 according
to age, sex and
height; TG > 100mg
/ dI; HDL-c <40mg /
dl; and FBG >100mg
/ dl;

CF: age, sex, BMI, WC

VI: HE clamp
(subsample), TyG,
HOMA-IR, BMI, TG,
FBG, Fl, TMGT;

DV: IR by Clamp:
TMGT > 125mg /
m2min;

IR by HOMA-IR:>
P95 according to age
and gender.

Ln [Fasting triglycerides

(mg/dL) x fasting
glucose (mg/dL)]/2

Ln [Fasting triglycerides

(mg/dL) x fasting
glucose (mg/dL)1/2

"Chocolate Milk and
Milk", "Snacks",
"Healthy";
> "unhealthy" PD
adherence positively
associated with TyG;
AF was negatively
associated with the
index;
T of 1 pcs in the 4
IACs evaluated > TyG
TyG > quintile
participants had
higher FBG, TG and
lower HDL vs. lower
quintiles;
Significant
association between
TyG index, T TG, |
HDL-C and FBG.

Coef. Pearson’s
correlation between
TyG and TMGT:
—0.725 (<0001)
prepubertal and
—0.695 (p <0.0005)
pubertal
Correlation between
TyG and TMGT was
similar between girls
(-0.726) and boys
(-0.733) and nOB
(-0.785) and Ob
(-0.910);

K-statistic between
TyG and HOMA-IR:
high agreement for
prepubertal F and M

Pré-pubertal group:
4.65 (5:83.1%;
Spe:74.5%);
Pubertal group:

F: 4.75 (5:88.5%;
Spe:78.1%)

M: 4.70

(S:88%; Spe:76.8%)

(continued)
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Author/year

Group

Independent Variables
(IV), Dependent (DV)
and Confounding
Factors (CF)

Formula

Main results

Cutoff point

Moon et al. (2017)

Kang et al. (2017)

Kim et al. (2016)

Mohd Nor et al. (2016)

Mexican-American (MA),
White non-Hispanics
(WNH), Black non-
Hispanics (BNH),
Koreans (KO)

Insulin-resistant (IR)
and non-insulin-
resistant
(non-IR)

MetS by Cook et al.
(2003), De Ferranti
et al. (2004) and
IDF (2007)

156 OB-NGT; 37 OB-
preDM; 32 OB-T2DM

WC, BP, TG, HDL-c,
FBG, TyG index.

VD: MetS (Cook et al.

(2003), De Ferranti
et al. (2004) and IDF
(2007); CF:

sex, ethnicity.

IV: Age, sex, WC, BP,
BMI, %BF e LM (BIA),
FBG, FI, TC, TG, HDL-
¢, LDL-c, HOMA-IR;
TyG, TG/HDL-c;

DV: Age, sex, WC,
BP, BMI, %BF e LM
(BIA), FBG, FI, TC, TG,
HDL-¢, LDL-c, HOMA-
IR; TyG, TG/HDL-c;

IV:Age, WC, BMI, BP,
FBG, TG, HDL-c, FI,
HOMA-IR, TyG index;

DV: MetS (Cook et al.

(2003), De Ferranti
et al. (2004) and
IDF (2007).

IV: Z-score BMI, WC,
race, gender, serum
lipids (TC, LDL-c,
HDL-c, TG), FBG and
insulin. 2h OGTT. 3h
HE clamp.

DV: IR: Insulin
stimulated Rd
<4.9mg/kg/min. IR
Markers: TyG Index,
TG/HDL, 1/FI

CF Age, Tanner

Ln [Fasting triglycerides
(mg/dL) x fasting
glucose (mg/dL)/2]

Ln [Fasting triglycerides
(mg/dL) x fasting
glucose (mg/dL)/2]

Ln [Fasting triglycerides
(mg/dL) x fasting
glucose (mg/dL)/2]

Ln [Fasting triglycerides
(mg/dL) x fasting
glucose (mg/dL)/2]

(0.910 and 0.902)
and pubertal (0.932
and 0.925)

TyG index of BNH and
KO was lower vs. MA
and WNH;

Modest correlation
between TyG and
HOMA-IR;

TyG index was higher in
group IR vs. non-IR
group (8.43+0.45 vs.
8.05+0.41);

HOMA-IR correlated
positively with TyG
index (r =041, p
<0.001) and TG /
HDL-C (r = 0.40, p
<0.001), similarly
TyG and TG / HDL-C
had a strong positive
correlation. (r = 0.84,
p <0.001);

HOMA-IR average: 2.97
total, 2.92M and
3.03F. TyG average:
8.13 total, 8.11M
and 8.15F

TyG average: 8.5+0.5;
TyG > in OB-T2DM
and OB-preDM, white
and M;

OB-NGT < TG / HDL-c
ratio> 1/Fl;

Coef. Spearman’s
correlation between
TyG and Rd in blacks
was —0.366 (p
<0.0001) and in
whites —0.530 (p

Cook et al.: 8.55 (MA;
WNH); 8.35 (BNH;
KO): 8.35
S: 89.4-97.3%

Spe: 76.6-86.7%
(min-max)

De Ferranti et al.:
8.45 (MA e WNH);
8.15 (BNH); 8.35 (KO)
S$:85.1-93.8%
Spe: 72.6-84.6%
IDF: 8.65 (MA e
WNH); 8.15 (BNH)
and 8.55 (KO)

S: 82.1-91.1%
Spe: 73.2-87.7%

TyG: 8.18 (5:77.4%;
Spe:64.8%)

TG/HDL: 1.16
(5:72.7%; Spe:61.8%)

HOMA-IR and TyG
index, respectively:
Cook et al.:
Total: 3.29; 8.48
F: 3.49; 8.48
M: 2.98; 8.48.

S: 73.3-76.5%;
94.4-96.3%
Spe: 66.2-75.4%;
78.8-81.1%
Ferranti et al.:
Total: 2.96; 8.41;
F: 2.96; 8,38;

M: 2,86; 8,40.

S: 71.1-74.9%;
85-88.2%

Spe: 61.3-64.7%;
76.3-81.8%

IDF:

Total: 3.54; 8.66;
F: 3.69; 8.61;

M: 3.54; 8.66.

S: 79.2-82.1%;
89.3-95.8%
Spe:
77.7-79.3%;
84.1-86.5%

8.52
(S5:69.1%; Spe:71.7%)

(continued)
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Table 3. Continued.

Independent Variables
(IV), Dependent (DV)
and Confounding
Factors (CF)

Author/year Group

Formula Main results Cutoff point

Stage, Sex, BMI (z-
score),
glycemic group.

<0.0001);

51.4% of the
variance in Rd (p
<0.0001) was
explained by TyG,
BMI, gender,
glycemic group,
and race,;

FA: daily time spent on active activities; HE clamp: Hyperinsulinemiceuglycemic clamp; EBF: Exclusive breastfeeding; WNH: Non-Hispanic Whites; KO: Koreans; TC:
total cholesterol; DM: Diabetes Melittus; F: Female; CF: Confounding factors; FBG: Fasting blood glucose; IAC: indicators of body adiposity; BMI: Body Mass
Index; Fl: Fasting insulin; BNH: Non-Hispanic Blacks; M: Male; MA: Mexican American; LM: lean mass; BIA: bioimpedance; Ob: Obesity; OB-NGT: Obese with nor-
mal TOG; OB-preDM: Obese with pre-diabetes; OB-T2DM: Obese with type 2 DM; BP: blood pressure; S: sensitivity; Spe: specificity; SBP: systolic blood pressure;
DBP: diastolic blood pressure; WC: Waist circumference; HC: Hip Circumference; NW: normal weight; IR: Insulin resistance; CVR: Cardiovascular risk; WHtR: waist/
height ratio; MetS: metabolic syndrome; SP: Overweight; TOG: oral glucose tolerance; TG: Triglycerides; TMGT: Total Glucose Metabolism Rate; TTOG: Oral
Glucose Tolerance Test; IV: Independent variables; DV: Dependent variables; % GC: Percentage of body fat.

Unbhealthy
DP

Sedentary
lifestyle

Dislipyde-
mia

1 TyG index
THOMA-

R Obesity

Pre-DM e

Hiperhs T2DM

cemia

Figure 2. Risk factors related to higher TyG index values.
DM: Diabetes Mellitus; T2DM: Type 2 Diabetes Mellitus; HOMA-IR: Homeostasis
Model of Assessment; DP: dietary pattern.

HDL-c concentrations, which corroborates with the relation-
ship among obesity, IR and dyslipidemia in this age group.

In addition to all these factors, an unhealthy diet and life-
style contribute to the development of obesity, IR, type
2DM and other chronic diseases. Unhealthy dietary
patterns, characterized by lower consumption of fresh or
minimally processed foods and higher processed and ultra-
processed foods, are one of the main causes of obesity and
type 2 DM (Perkison, Adekanye, and de Oliveira Otto 2018).
A Brazilian study with children aged 4 to 7years have
shown a positive association of “unhealthy” and “traditional”
dietary patterns with indicators of body adiposity (BMI and
total body fat) and central adiposity (WtHR and central fat)
(Vieira-Ribeiro et al. 2019).

According to the ROC curve cutoff analysis for predic-
tion of IR and MetS, TyG index values ranged from 4.65 to
8.66 in all groups (Kim et al. 2016; Mohd Nor et al. 2016;
Moon, Park, and Ahn 2017; Kang et al. 2017; Vieira-Ribeiro

et al. 2018, Angoorani et al. 2018). We highlight that the
specificity for the cutoff points established was mostly lower
in relation to the sensitivity (Kim et al. 2016; Mohd Nor
et al. 2016; Moon, Park, and Ahn 2017; Kang et al. 2017;
Rodriguez-Moran, Simental-Mendia, and Guerrero-Romero
2017; Vieira-Ribeiro et al. 2018, Angoorani et al. 2018), not-
ing the importance of performing other more specific tests
to confirm the diagnosis, if the IR risk is determined by the
TyG index (Vieira-Ribeiro et al. 2018).

The studies included in this review used different for-
mulas to obtain the TyG index values. The original formula
is Ln [fasting triglycerides (mg/dL) x fasting glucose (mg/
dL)]/2 (Simental-Mendia, Rodriguez-Moran and Guerrero-
Romero 2008), which generates results close to 4. However,
most of the studies (Angoorani et al. 2018; Kang et al.
2017; Kim et al. 2016; Mohd Nor et al. 2016; Moon, Park,
and Ahn 2017; Vieira-Ribeiro et al. 2018) calculated the Ln
after dividing the product of triglycerides and fasting glu-
cose by 2, which result in values around 8. Moreover, the
values of the TyG index can be influenced by several char-
acteristics, mainly by ethnicity (Mohd Nor et al. 2016;
Moon, Park, and Ahn 2017; Kang et al. 2017; Rodriguez-
Moran, Simental-Mendia, and Guerrero-Romero 2017),
degree of sexual maturation (Kim et al. 2016; Mohd Nor
et al. 2016; Rodriguez-Moran, Simental-Mendia, and
Guerrero-Romero 2017) and sex (Mohd Nor et al. 2016;
Angoorani et al. 2018), which explains the variation in the
cutoff points found by the studies. Therefore, TyG index
cutoff points already proposed in the literature should be
carefully evaluated in clinical practice and epidemiological
studies, and it is necessary to consider the kind of formula
used, ethnicity, sex and the degree of puberty when choos-
ing a reference value.

Few studies have used the HE clamp method as a refer-
ence for analysis (Mohd Nor et al. 2016; Rodriguez-Moran,
Simental-Mendia, and Guerrero-Romero 2017), and a nega-
tive correlation between the TyG index and the clamp evalu-
ation units have been demonstrated. It is noteworthy that
the implementation of this gold standard method to deter-
mine IR is laborious, time-consuming, expensive, and inva-
sive, especially when used in child public(Chiarelli and



Marcovecchio 2008; Levy-Marchal et al. 2010). For this rea-
son, many studies have used HOMA-IR as a reference
method to determine cutoff points (Kim et al. 2016; Moon,
Park, and Ahn 2017; Kang et al. 2017; Vieira-Ribeiro et al.
2018, Angoorani et al. 2018).

When compared to other IR predictors such as triglycer-
idess/HDL-c ratio and HOMA-IR, TyG index presented
strong correlation with TG/HDL-c ratio, high agreement
and moderate positive correlation with HOMA-IR (Moon,
Park, and Ahn 2017; Kang et al. 2017; Rodriguez-Moran,
Simental-Mendia, and Guerrero-Romero 2017). The TyG
index has the advantage of being based on fasting glucose
levels, which has been shown to be directly related to the
development of IR, beta cell dysfunction, pre-DM and type
2DM in young adults. Thus, the fasting glycemic compo-
nent of the TyG index may potentiate it for the prediction
of diabetes in relation to lipid ratio (Kang et al. 2017;
Nguyen et al. 2010; O’Malley et al. 2010).

The TyG index is easier to measure than the HOMA-IR,
based on the components of its mathematical formulas. The
TyG index appears to mainly reflect on muscle IR, since a
possible increase in plasma triglycerides may be able to
interfere in the normal muscle glucose metabolism, causing
reduced insulin sensitivity.In contrast, HOMA-IR seems to
reflect hepatic IR, asit expresses the ability of basal insulin
to suppress hepatic glucose production in fasting situations
(Trace et al. 2013; Kelley, Goodpaster, and Storlien 2002; Lee
et al. 2014). The main limitation of this review is the lack of
studies evaluating the TyG index in children/adolescents
with different ethnicities and degrees of puberty. The lack of
consensus on the definition of MetS, especially in children
under 9years of age, is also a limiting factor. In addition,
due to the heterogeneity of the studies regarding the age,
ethnicity, and methods of investigation of the variables, it
was not possible to perform a meta-analysis of the data.
Nevertheless, this review adds new information to literature,
has the advantage of being based on the PRISMA guidelines,
peer-review, and having a study quality assessment through
the NHLBI method.

We concluded that the use of the TyG index to predict
the IR risk and other cardiometabolic risk factors appears to
be advantageous, as it is a noninvasive method that uses
common components to clinical practice, making it access-
ible and low cost. Also, because it has a positive association
with other methods, it is considered an important predictor
for the IR risk and can be used to screen children and ado-
lescents for the prevention of cardiovascular disease
in adulthood.
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