[ R Endocrine Y Liu, R Chi, Y Jiang et al.

W CONNECTIONS
RESEARCH

TyG index and GDM:

a meta-analysis

10:11 1420-1427

Triglyceride glycemic index as a biomarker for
gestational diabetes mellitus: a systemic
review and meta-analysis

Yusen Liu"*, Ruiwen Chi'*, Yujie Jiang?*, Bicheng Chen', Youli Chen? and Zengrui Chen*

'Department of Cooperation and Communication, The First Clinical Medical College & The First Affiliated Hospital of Wenzhou Medical University,

Wenzhou Medical University, Wenzhou, China

2School of Ophthalmology & Optometry, Wenzhou Medical University, Wenzhou, China
3Wuhan Union Hospital, Tongji Medical College, Huazhong University of Science and Technology, Wuhan, China

“Intensive Care Unit, The People’s Hospital of Yuhuan, Yuhuan, China

Correspondence should be addressed to Z Chen or Y Chen: 848829511@qq.com or chenylpetri@gmail.com

*(Y Liu, R Chi and Y Jiang contributed equally to this work)

Abstract

Background: Triglyceride glycemic (TyG) index is a novel tool for assessing insulin Key Words

resistance (IR). Recently, TyG index as a potential biomarker for gestational diabetes > gestational diabetes
mellitus

mellitus (GDM) has been studied, but its performance is yet inconclusive. Thus, we
performed this systemic review and meta-analysis to evaluate the performance of TyG

index in predicting GDM.

» triglyceride glycemic index
» meta-analysis

Methods: Studies published before March 1, 2021, with comparison of TyG index between
GDM patients and healthy controls were retrieved from multiple databases (PubMed,
Web of Science, The Cochrane Library, and Embase). The mean difference (MD) of TyG
index in GDM patients and healthy controls was pooled using random-effect models.
Results: Differentiation of TyG index between patients with GDM and controls showed
significant results. Overall, there is a four-fold increase in TyG index in GDM patients
compared with controls (MD: 0.22, 95% Cl: 0.07-0.36, P = 0.003; /2= 71%, P = 0.009). In
subgroup analyses according to gestational time, TyG index in the second trimester
predicted GDM with low heterogeneity (MD: 0.26, 95% Cl: 0.15-0.37, P < 0.001; /7= 0%,

P =0.54), while no such correlation was found in the first trimester.

Conclusion: TyG index, especially in the second trimester, could be a promising biomarker

for predicting GDM.

Endocrine Connections
(2021) 10, 1420-1427

Introduction

Gestational diabetes mellitus (GDM), the most common
medical disorder in pregnancy, is defined as glucose
intolerance resulting in hyperglycemia that begins or is
first diagnosed during pregnancy (1). GDM is associated
with adverse pregnancy outcomes such as cesarean
section, birth injury, neonatal adiposity, and large size
for gestational age of infants (1, 2). In addition, children
born by mothers with GDM are more likely to develop

obesity and impaired glucose tolerance (IGT), as well as
type 2 diabetes in childhood or in early adulthood (3).
Currently, the diagnosis for GDM is based on an oral
glucose tolerance test (OGTT) conducted in 24-28 weeks
of pregnancy (4), which could be a disadvantage for early
prevention of adverse outcomes of GDM: metabolic
disorders affecting fetal growth could develop before
the diagnosis of gestational diabetes mellitus (GDM) in
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elderly and obese women (5), and the sensitivity of OGTT
is not satisfactory in early pregnancy (6). Thus, a new early
screening method for GDM is warranted, especially in
high-risk groups.

Available evidence suggests that the main
pathogenesis of GDM is related to decreased insulin
secretion and increased insulin resistance (IR) during
pregnancy (7). Thus, identifying IR status could be
beneficial for diagnosing GDM. However,
assessment methods, hyperinsulinemic-euglycemic
clamp (HEC) and homeostatic model assessment for
insulin resistance (HOMA-IR), are inconvenient to use in
clinical settings because of excessive time and resources
required. HEC requires fasting, taking blood samples
frequently, and i.v. infusion of insulin and glucose, while
HOMA-IR requires overnight fasting and plasma insulin
measurement several times. At present, though many
types of biomarkers have been tested individually or in
predictive models for GDM as well, such as adiponectin,
sex hormone-binding globulin,
protein (8, 9, 10), these parameters are also not
available in most clinics. Therefore, identifying feasible
biomarkers is warranted for predicting GDM in
early pregnancy.

Triglyceride glycemic (TyG, TyG index=(In (fasting
triglycerides (TG) (mg/dL) x fasting glucose (mg/dL)/2)))
index as a biomarker for IR, and GDM is gaining increasing
attention. Studies have shown that TyG index is highly
sensitive in identifying IR, especially for adults and obese
adolescents (11, 12, 13, 14, 15). In several previous studies,
TyG index out-performed HOMO-IR in the Brazilian
population (16) and the Korean population (17) in
predicting the risk of diabetes. Measurement of TyG is also
cheap and convenient (18), which is more accessible in
outpatient settings, and could be a screening tool for large
populations.

However, results from existing studies on the
performance of TyG index in predicting GDM are
inconsistent. Some studies showed a correlation between
TyG index and GDM (19, 20, 21, 22), whereas others
suggested there was no such correlation (23). These
studies are limited in statistical power because of small
study samples. Thus, we performed a systemic review and
pooled these results using a meta-analytical approach.
This study is critical for improving clinical practices
regarding early detection and interventions to prevent
GDM and related pregnancy complications in a cheap and
convenient way, which could be particularly significant
for improving maternal prenatal care in low-income
areas (24).
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Methods
Search strategy

The Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) (25) reporting guideline
was cited to conduct the study. Four databases, PubMed,
Web of Science, The Cochrane Library, and Embase,
were searched in this study up to March 1, 2020.
Keywords used for comprehensive literature search
were 'Gestational Diabetes Mellitus', 'Pregnancy-
Induced Diabetes', 'Gestational Diabetes', and
'triglyceride-glucose index'. There was no language filter
applied. A detailed search strategy is presented in the
Supplementary Materials.

Eligibility criteria and study selection

Full texts of studies were included in this meta-analysis
if they: (i) were cross-sectional study, case-control
study, cohort study, randomized controlled trial, non-
randomized controlled trial, or prospective study
conducted in pregnant women; (ii) compared TyG index
between individuals with GDM and healthy controls;
(iii) reported diagnosis for GDM; (iv) reported sample
size. Exclusion criteria were (i) articles with incomplete or
unmanageable data; (ii) the definition of TyG index and
GDM is not clear or the calculation method of TyG index
was not mentioned; (iii) duplicate studies; (iv) case reports,
comments, conferences, reviews, academic dissertations,
and book chapters.

After removing duplicates, the titles and abstracts of
the papers were independently screened by two researchers
(Y S Liu and R W Chi) to determine whether the study
met the inclusion criteria. The eligibility of the full-text
reports was then assessed by two researchers (Y S Liu and
R W Chi) independently. Any divergence was settled by
discussion or submitted to a third examiner (Y J Jiang)
for arbitration.

Data extraction

Retrieved information consisted of bibliographic
information and study-specific details, including
study location and year of study conduction, patient
characteristics such as age, sex, and BMI. Fasting plasma
glucose, fasting triglycerides (TG), and TyG index were also
extracted for analysis. Any disagreements were discussed
and resolved through consensus.
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Quality assessment

The Newcastle-Ottawa Scale (NOS) was used for assessing
the quality of each study. Briefly, this system evaluates
studies based on participant selection (4 points),
comparability of study groups (2 points), and assessment
of outcome or exposure (3 points) (26). A score > 7 indicates
high quality, and a score < 4 indicates low quality.

Statistical analysis

Continuous variables were expressed as mean (S.D.). Mean
difference (MD) was used to evaluate the difference in TyG
indexbetween patients with GDM and controls. Therandom-
effect model was used. I statistic was used to examine the
heterogeneity of included studies, assigning low, moderate,
and high heterogeneity to corresponding I? values of 25, 50,
and 75%. Additionally, subgroup analysis was performed
regarding the time of pregnancy and study location. The
publication bias was assessed by visual inspection of funnel
charts and Egger’s test, and sensitivity analysis was carried
out to determine the robustness of the results.

The data analysis was performed using the Review
Manager (version 5.4 for Windows; the Cochrane
Collaboration, Oxford, United Kingdom) and Stata 16.1
(StataCorp. 2019. Stata Statistical Software: Release 16.

TyG index and GDM:
a meta-analysis
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StataCorp LLC). P values < 0.05 were considered to be
statistically significant.

Results

Our initial search identified 824 articles, which was
reduced to 665 when duplicates were excluded. Six
hundred fifty-seven articles were excluded based on title
and abstract. From the remaining articles, we excluded
four publications for insufficient data, and finally
identified four eligible articles (Fig. 1).

Characteristics of included studies and
study quality

Four prospective cohort studies were included in the meta-
analysis, involving 1610 participants. Participants in each
study ranged from 140 to 954. Two were conducted in
Mexico, and the rest were in China and Iran. The average
age of the participants ranged from 24.23 to 30.4 years.
All studies had clear recruitment exclusion criteria, and
two studies reported that eligible participants accounted
for 81 (22) and 97% (19) of all enrolled participants,
respectively. Sdnchez-Garcia and Rodriguez-Gutiérrez
(21) collected blood samples during the second trimester

Records identified Records identified Records identified Records identified

through PubMed through Embase through Cocrane through web of science
searching searching searching searching
(n=269) n=27) (n=76) (n=452)

! !

| |

Records after duplicates removed
(n=665)

Records screened by

browsing the title and
abstract
(n=8)

657 Records excluded
1.No connection with Tyg or GDM.
2.Conference abstract or review

Full-text articles assessed for eligibility
(n=8)

4 Records excluded for:
1 for incomplete data.
3 for no available data.

Studies included in meta-analysis
@=4)

[ Included | [ Eligibilty ]  Screening | [ Identification |

Figure 1
Study identification and selection.
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West Asia
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176/778

Cohort

Pazhohan 2019 (13)
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(first trimester)
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(24-28 weeks)
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(24-28 weeks)

IADPSG criteria
2h75-g OGTT Before 14 weeks
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America
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Sanchez-Garcia (2)

2020 (17)
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(13-27 weeks), Liu et al. (22) and Pazhohan et al. (19)
collected blood samples during the first trimester
(<12 weeks), and another study by Sanchez-Garcia &
Rodriguez-Gutiérrez (23) collected blood samples during
both the first and second trimesters. Detailed study
characteristics are shown in Table 1. Detailed assessment of
the quality of studies is presented in Supplementary Table
1 (see section on supplementary materials given at the end
of this article). Study quality ranged from 7 to 8 points out
of 9, indicating that the methodological quality of the
literature included in this study was high.

TyG index and GDM

All four studies reported outcomes of interest. The pooled
TyG index of GDM patients was significantly higher than
that of the control group without GDM (MD: 0.22, 95% CI:
0.07 to 0.36, P=0.003) with a high level of heterogeneity
(2=71%, P=0.009) (Fig. 2A).

Subgroup analysis regarding the time of pregnancy
(first and second trimester) was conducted. No difference in
TyG index was found between GDM patients and healthy
controls in first trimester (MD: 0.22, 95% CI: —0.07 to 0.51,
P=0.14, 2 = 84%) (Fig. 2B), while mid-gestation (second
trimester) maternal TyG index is significantly higher in
GDM patients (MD: 0.26, 95% CI: 0.15 to 0.37, P < 0.001).
When subgroup analysis only included studies measuring
TyG at second trimester, the level of heterogeneity was low
(2=0%) (Fig. 2C).

When subgroup analysis was done according to study
locations (Latin and Asia), the predictive value of TyG
for GDM was non-significant in Asians (MD: 0.45, 95%
CI: -0.10 to 1.01, P=0.11) or Mexicans (MD: 0.16, 95%
CI: -0.02 to —0.34, P=0.08). However, the heterogeneity
decreased in the Asian group (2= 45%, P=0.18) (Fig. 2D).

The results were robust according to sensitivity
analysis (Fig. 3). We used Egger’s test for the detection
of publication bias (Fig. 4), and no significant bias was
detected in included studies ( P > [t| =0.128).

Discussion

TyG index is one of the emerging biomarkers for IR
identification and GDM prediction, which is cheap
and convenient to practice, and could predict GDM
earlier than the OGTT diagnoses (usually 24-28 weeks),
which enables physicians to take early actions to prevent
GDM and to protect patients from the risk of pregnancy
complications. Quantitatively analyzing the possible
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Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Liu 2020 83 0.4 66 8 0.4 286 28.1% 0.30[0.19, 0.41] -
Pazhohan 2019 9.31 6.13 176 8.34 5.04 778 2.0%  0.97 [-0.00, 1.94]
Sanchez-Garcia (2) 2020 8.41 0.35 29 8.4 0.39 135 25.0% 0.01[-0.13,0.15] ——
Sanchez-Garcia (2) 2020 9.01 0.3 29 8.73 0.34 135 26.7% 0.28 [0.16, 0.40] -
Sanchez-Garcia 2020 4.88 0.7 38 4.68 0.19 102 18.2%  0.20[-0.03, 0.43] |
Total (95% ClI) 338 1436 100.0% 0.22 [0.07, 0.36] ’
Heterogeneity: Tau? = 0.02; Chi? = 13.59, df = 4 (P = 0.009); I* = 71% 5_2 _§1 5 i 2=
Test for overall effect: Z = 2.98 (P = 0.003) GDM have a low TyG no GDM have a low TyG
GDM no GDM Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.2.1 First trimester
Liu 2020 83 0.4 66 8 0.4 286 28.1% 0.30[0.19, 0.41] -
Pazhohan 2019 9.31 6.13 176 8.34 5.04 778 2.0%  0.97 [-0.00, 1.94]
Sanchez-Garcia (2) 2020 8.41 0.35 29 8.4 0.39 135 25.0% 0.01[-0.13,0.15] ——
Subtotal (95% CI) 271 1199 55.1% 0.22[-0.07,0.51] e e
Heterogeneity: Tau? = 0.04; Chi? = 12.50, df = 2 (P = 0.002); I> = 84%
Test for overall effect: Z = 1.49 (P = 0.14)
1.2.2 Second trimester
Sanchez-Garcia (2) 2020 9.01 0.3 29 8.73 0.34 135 26.7% 0.28 [0.16, 0.40] -
Sanchez-Garcia 2020 4.88 0.7 38 4.68 0.19 102 18.2%  0.20[-0.03, 0.43] T
Subtotal (95% CI) 67 237 44.9% 0.26 [0.15, 0.37] L 2
Heterogeneity: Tau? = 0.00; Chi® = 0.37,df = 1 (P = 0.54); I> = 0%
Test for overall effect: Z = 4.74 (P < 0.00001)
Total (95% CI) 338 1436 100.0% 0.22 [0.07, 0.36] <o
Heterogeneity: Tau? = 0.02; Chi? = 13.59, df = 4 (P = 0.009); I* = 71% =_2 _51 5 %1 2=
Test for overall effeft: Z=2.98 (P'2= 0.003) , GDM have a low TyG no GDM have a low TyG
Test for subgroup differences: Chi* = 0.07, df = 1 (P = 0.79), I = 0%
GDM no GDM Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Sanchez-Garcia (2) 2020 9.01 0.3 29 8.73 0.34 135 77.0% 0.28 [0.16, 0.40] ‘.‘
Sanchez-Garcia 2020 4.88 0.7 38 4.68 0.19 102 23.0% 0.20[-0.03, 0.43] T
Total (95% CI) 67 237 100.0% 0.26 [0.15, 0.37] L 2
Heterogeneity: Tau? = 0.00; Chi? = 0.37, df = 1 (P = 0.54); I = 0% 5_2 _51 5 i 2=
Test for overall effect: Z = 4.74 (P < 0.00001) no GDM have a high TyG GDM have a high TyG
D GDM no GDM Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
1.4.1 Asia
Liu 2020 8.3 0.4 66 8 0.4 286 28.1% 0.30[0.19, 0.41] -
Pazhohan 2019 9.31 6.13 176 8.34 5.04 778 2.0%  0.97 [-0.00, 1.94]
Subtotal (95% Cl) 242 1064 30.1% 0.45 [-0.10, 1.01] el
Heterogeneity: Tau? = 0.10; Chi? = 1.80, df = 1 (P = 0.18); I = 45%
Test for overall effect: Z = 1.61 (P = 0.11)
1.4.2 Latin America
Sanchez-Garcia (2) 2020 8.41 0.35 29 84 0.39 135 25.0% 0.01[-0.13,0.15] —
Sanchez-Garcia (2) 2020 9.01 0.3 29 8.73 0.34 135 26.7% 0.28 [0.16, 0.40] -
Sanchez-Garcia 2020 4.88 0.7 38 4.68 0.19 102 18.2% 0.20[-0.03, 0.43] T
Subtotal (95% CI) 96 372 69.9% 0.16 [-0.02, 0.34] @
Heterogeneity: Tau? = 0.02; Chi? = 7.91, df = 2 (P = 0.02); I = 75%
Test for overall effect: Z = 1.75 (P = 0.08)
Total (95% Cl) 338 1436 100.0%  0.22 [0.07, 0.36] L 4
Heterogeneity: Tau? = 0.02; Chi? = 13.59, df = 4 (P = 0.009); I> = 71% =_2 _’1 3 t 2’
Test for overall effegt: Z=2.98 (P.Z= 0.003) , GDM has a low TyG no GDM has a low TyG
Test for subgroup differences: Chi* = 0.96, df = 1 (P = 0.33), I’ = 0%
Figure 2

Forest plots. (A) Forest plot of difference of TyG index between GDM patients and healthy controls. (B) Forest plot of difference of TyG index in the first
trimester and second trimester between GDM patients and healthy controls. (C) Forest plot of difference of TyG index only in the second trimester.
(D) Forest plot of difference of TyG index based on study locations.
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relationship between outcomes of GDM and TyG index
levels using a meta-analytical approach could aid clinical
decisions. The strengths of this study are the rigorous
methods used for the comprehensive literature search, and
strict study inclusion criteria. Source heterogeneity among
studies were extensively studied using subgroup analysis
and sensitivity analysis.

Our study suggests that high TyG index may be
a potential predictor for GDM (MD: 0.22, 95% CI:
0.07 to 0.36, P=0.003). A recent study by Song et al. (27)
has concluded that women with the highest TyG category
are at higher risk of subsequent GDM (OR: 2.52, 95% CI:
1.33-4.67;12=65%, P=0.004), especially in Asia (OR: 3.30,
95% CI: 1.50-7.28, P=0.003), using data measured before
pregnancy and during the first trimester. In our study,
continuous data of TyG were preserved in the analyses,
using effect sizes based on MDs instead of ORs. Different
study focus, search strategy, and inclusion criteria
contributed to inconsistency of results between the two
studies. Future studies should complement each other
and provide a wholesome, theoretical basis for subsequent
researchers to continue exploring the predictive value of
TyG. However, the heterogeneity is high across studies
(= 71%, P=0.009). To identify sources of heterogeneity,
we carried out subgroup analyses according to the time of
measurement and study location.

When subgroup analysis was conducted regarding
the time of TyG measurement, heterogeneity among
studies was significantly reduced. A three-fold increase
in TyG index in GDM patients was found compared with
healthy controls (MD: 0.26, 95% CI: 0.15 to 0.37, P < 0.001;
P = 0%, P=0.54). However, TyG index’s performance in
the first trimester remains inconclusive (MD: 0.22, 95%
CIL: -0.07 to 0.51, P=0.14; 2 = 84%, P=0.002). According

Meta-analysis estimates, given named study is omitted
| Lower CI Limit O Estimate | Upper CI Limit

Liu2020 |

Pazhohan2019 |

Sanchez-Garcia2020 | ]

Sanchez-Garcia2020(2)

Sanchez-Garcia2020(2) | |
0.14 0.25 0.37 0.49 ol7s

Figure 3
Sensitivity analysis.
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a meta-analysis

0
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-2
|
\
°

0 1 2 3 4 5
Precision

® Study

regression line
——— 95% ClI for intercept

Figure 4
Egger's test for the publication bias.

to a previous cross-sectional study conducted by Wiznitzer
et al. (28), the levels of TG in a healthy pregnant woman
are fluctuant throughout the pregnancy to meet the needs
of the fetus, which decreases during the first 2 months
of the pregnancy and gradually increased in the next 7
months. Thus, the comparison of TyG index calculated
before or around 2 months could be more sensitive.
Secondly, individual difference of participants could
contribute to the heterogeneity in TyG levels. For example,
racial difference in physiology should be considered. A
previous study (29) found the cut-off values of TyG index
for identifying IR ranged from 8.45 to 8.65, 8.35 to 8.55,
and 8.15 to 8.35 in Mexican American (non-Hispanic
white), Korean, and non-Hispanic black adolescents,
respectively, which showed that reference values of TyG
index could be different in individuals with different racial
backgrounds. Furthermore, though all from Mexico, the
TyG level of two separate cohorts from the same center
showed a significant difference, which could be due to
technical differences in implementing tests. In our study,
though TyG index predicted GDM overall, it showed non-
significant predicative values in either subgroup divided by
study location (Latin America and Asia).

Heterogeneity introduced by individual studies
was inspected using sensitivity analysis. Significantly
higher level of TyG was noted in the cohort reported by
Pazhohan (19), and the lowest level of TyG in Mexico was
reported by Sanchez-Garcia (21). However, the results were
robust according to sensitivity analysis. What would also
contribute to the heterogeneity is the management of
confounding factors when enrolling patients. Sanchez-
Garcia et al. (21, 23) adjusted for age, parity, BMI, systolic
blood pressure, gestational age at OGTT, gestational weight
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gain, and etc. However, in Pazhohan 2019 (19), significant
differences existed between GDM group and control group
in participant’s age, history of diabetes in the first-degree
tamily, and first trimester-BMI. Similarly, participants in
Liu 2020 (22) also owed obvious difference in BMI, physical
activity, etc.

Although this study provides promising results, there
are limitations, which warrant future research. A major
limitation of this study is the small number of existing
research, which may introduce small sample bias, and
restrict some of the analyses such as meta-regression to
control for confounders among studies. Secondly, most
of the included studies were cohort studies; thus, a causal
relationship between TyG and GDM could not be proved.
Additionally, Pazhohan et al. (19) and Liu et al. (22) did not
control for confounders adequately, and owing to ethical
reasons, individual-level data were not available from these
studies, preventing us from doing further adjustments.
Lastly, due to the fact that included studies are just from
Mexico, Iran, and China, the generalizability of these
findings could be limited. To confirm the relationship
between TyG index and GDM, and investigate its potential
mechanisms, more large-size, randomized controlled
trials are needed across different regions. Moreover, future
research should carry out TyG index measurement at
different time points during the pregnancy to optimize its
predicative value of GDM.

In conclusion, considering that it is readily available,
cheap, and convenient, TyG index is a promising
biomarker for predicting GDM, especially in the second
trimester. This could potentially improve the current
practice for better population coverage and earlier
diagnostic time.
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