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Background and Aims: This study aimed to evaluate the association of the triglyceride-
glucose (TyG) index with the cardiovascular incidence in patients with type 2 diabetes
mellitus (T2DM).

Methods and Results: Secondary analysis in patients with long-lasting T2DM from the
Action to Control Cardiovascular Risk in Diabetes study was performed. The primary
outcome was the first occurrence of major adverse cardiovascular events (MACEs). The
association between the baseline and trajectories of the TyG index and MACEs was
evaluated by Cox proportional hazards regression analysis. During a median follow-up
period of 8.8 years, 1,815 (17.8%) patients developed MACEs. After traditional
cardiovascular risk factor adjustments, each 1-standard deviation increase in the TyG
index was associated with a 19.00% higher MACE risk, similar to that in the TyG index
quartile characterization. Four distinct trajectories of TyG indexes were identified: low
(16.17%), moderate (40.01%), high (34.60%), and very high (9.30%). In multivariate
analysis, high and very high TyG index trajectories showed a greater risk of future MACE
incidence than the low TyG index trajectory. A similar association was observed between
the TyG index and the occurrence of coronary heart disease.

Conclusions: The baseline and trajectories of the TyG index were significantly associated
with the occurrence of MACEs in patients with T2DM.

Clinical Trial Registration: http://www.clinicaltrials.gov.Unique identifier:NCT00000620.

Keywords: triglyceride-glucose index, cardiovascular disease, type 2 diabetes mellitus, risk factors, insulin
resistance glycated hemoglobin
INTRODUCTION

Type 2 diabetes mellitus (T2DM) is associated with the early onset of atherosclerotic cardiovascular
disease (CVD), often presenting as coronary heart disease (CHD), cerebrovascular disease, and
peripheral arterial disease in these patients (1). Specifically, patients with diabetes typically develop
cardiovascular (CV) abnormalities with greater severity and 14.6 years in advance as compared to
n.org March 2022 | Volume 13 | Article 8582091
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individuals without diabetes mellitus (2, 3). Although the
incidence of T2DM complications has reduced over the years
due to advances in medicine, more than 382 million people
worldwide currently have diabetes, making them more
vulnerable to CVD-related disability and deaths (4). Therefore,
there is a need to prevent CVD in individuals with diabetes. To
achieve this goal, it is necessary to develop effective methods to
predict and diagnose T2DM-related CVD more accurately in the
early stages.

The triglyceride-glucose (TyG) index is related to morbidity
and mortality of CVD in the general population (5); it predicts
the progression of coronary artery calcification (6). Several
studies revealed TyG has associated with insulin resistance (IR)
related diseases, such as nonalcoholic fatty liver disease (7) and
colorectal cancer (8), as well as implicated in the development of
hypertension (9) and atherosclerosis (10). More importantly,
previous studies that evaluate associations of the TyG index with
a predictor of CVD and adverse CV outcomes are inherently
limited by small sample sizes, retrospective study design, or
cross-sectional analysis (5, 11–16). Furthermore, only the
baseline TyG or TyG index at a single time point was used to
study the associations.

To the best of our knowledge, few long-term prospective
studies (17, 18) have explored the relationship between adverse
CV outcomes and the TyG index in patients with T2DM and its
trajectory derived from multiple measurements over time.
Accordingly, we hypothesized that dynamic changes in TyG
during follow-up may modify the development of adverse CV
outcomes. Using the data from the Action to Control
Cardiovascular Risk in Diabetes (ACCORD) study (19) and
ACCORD Follow-On Study (ACCORDION) (20), we aimed to
evaluate the association of the TyG index with adverse CV
outcomes and determine the influence of baseline TyG index
and different trajectory changes over 10 years on the
development of adverse CV outcomes.
MATERIALS AND METHODS

Study Design and Subjects
In this study, a secondary analysis of 10,251 T2DM patients
using published data of the ACCORD/ACCORDION trial
(ClinicalTrials.gov number, NCT00000620), was performed
(21). Briefly, the ACCORD was a 2×2 factorial trial aimed to
test whether strict control of blood glucose, blood pressure, and
lipids could reduce CVD incidence in T2DM patients. The
rationale and design of the ACCORD trial have been described
previously. All subjects were recruited from 77 clinical sites
across North America between January 2001 and October
2005. The study follow-up was conducted in the ACCORD
trial, and closeout visits were completed by June 2009. At the
final trial visits, the study participants were invited to participate
in the post-trial, non-treatment, observation-only ACCORDION
study. The study follow-up ended 60 months after ACCORD
(October 31, 2014) for post-trial observation. This ACCORD/
ACCORDION study design was approved by the Wake Forest
Frontiers in Endocrinology | www.frontiersin.org 2
University, USA (coordinating center) and the institutional
review boards at each center (participating clinical sites).
Written informed consent was obtained from all the participants.

Exclusion Criteria
Participants with missing data for TyG index values at baseline
(n=55) were excluded from our study. This resulted in a final
sample size consisting of 10,196 participants; they were included
for the analysis of the association between the baseline TyG index
and primary and secondary outcomes. Participants with fewer
than three valid TyG indices during the follow-up visits were also
excluded. The remaining 9,697 participants were included for the
analysis of the association between the TyG index group-based
trajectory and adverse CV outcomes (Figure S1).

Outcomes
The primary outcome of the study was occurrence of major
adverse cardiovascular events (MACEs), including non-fatal
myocardial infarction (MI), non-fatal stroke, and death from
CV causes. The secondary outcomes were all-cause mortality,
total stroke, fatal or hospitalized congestive heart failure (CHF)
(fatal congestive heart failure was defined as death due to clinical,
radiological or postmortem evidence of CHF without clinical or
postmortem evidence of an acute ischemic event; hospitalized
congestive heart failure was defined as participant with
documented clinical and radiological evidence), and major
coronary events (CV death, non-fatal MI, or unstable angina).
Participants were followed up every 2-4 months via telephonic
interviews or outpatient clinic visits. Relevant medical
information was collected during each follow-up period. The
first occurrence of adverse CV events in each patient was
determined by the Working Group of the Morbidity and
Mortality subcommittee. In addition, the major adverse CV
events were also collected with follow-up ended on October 31,
2014, or 60 months after ACCORD, in all patients for a total of 5
years of post-trial observation.

Data Collection
The data included patient demographic and clinical
characteristics, age, sex, ethnicity, education, smoking history,
medical history, previous medications, body measurements, and
blood content (i.e., fasting glucose, fasting plasma triglycerides
(TG), cholesterol, low-density lipoprotein cholesterol [LDL-C],
and high-density lipoprotein cholesterol [HDL-C]). Fasting
glucose and fasting triglycerides were collected during follow-
up visits. The TyG index was calculated as ln (fasting TG [mg/
dL] × fasting glucose [mg/dL]/2) (22).

Statistical Analysis
Normally distributed continuous data are expressed as mean ±
SD, non-normally distributed continuous data are expressed as
median (interquartile range), and categorical data are expressed
as numbers (percentage). Differences among groups were
evaluated using analysis of variance or Kruskal–Wallis h-test
when appropriate for continuous variables and the c2 test for
categorical variables. Kaplan–Meier estimates were used to
March 2022 | Volume 13 | Article 858209

https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles


Tai et al. TyG Affects MACEs in T2DM
compute the cumulative incidence of incident MACEs by TyG
index quartiles. The differences in the estimates were compared
using the log-rank test. A Cox proportional hazards regression
model was used to calculate hazard ratios (HRs) and 95%
confidence intervals (CIs) between the TyG index and time for
MACEs. Three multivariate models with progressive degrees of
adjustment were used to adjust for potential confounders of
MACEs and adverse CV events. These models were: Model 1,
adjusted for baseline age, sex, previous CV event, race, body mass
index (BMI), education, systolic blood pressure, and diastolic
blood pressure; Model 2: adjusted for model 1 covariates plus
baseline estimated glomerular filtration rate (eGFR), hemoglobin
A1c (HbA1c), total plasma cholesterol, plasma LDL-C, live
alone, duration of diabetes and depression; and Model 3:
adjusted for model 2 covariates plus statins, biguanide, aspirin,
angiotensin converting enzyme inhibitor/angiotensin-receptor
blocker (ACEI/ARB), and insulin.

Furthermore, we used a restricted cubic spline regression
model with three knots to assess the nonlinear dose-response
association between the baseline TyG index and MACEs. We
used latent class models to identify different longitudinal TyG
index level patterns within the study participants and tested
models with groups ranging from 2 to 5. We examined different
criteria, including Bayesian information criteria, to assess the
optimal number of trajectories. No group included less than 5%
of the participants (see Table S1). All the final models classified
participants into trajectory groups with good discrimination; the
mean probability of final group membership was 0.89. The
trajectory group was included as an independent variable in a
Cox proportional hazards regression model examining
predictors of MACEs at follow-up to estimate the association
of TyG index trajectory groups with MACEs. All analyses were
conducted using SPSS version 23 (SPSS, Inc., Chicago, Illinois)
and Stata 15.1 (Stata Corp LLC, Texas, USA). A two-sided
P value <0.05 was considered statistically significant.
RESULTS

Baseline Characteristics According to
Quartiles of TyG Index
The analysis included 10,196 participants at baseline, 61.48%
men with a mean age of 62.77 ± 6.63 years. The mean TyG index
was 9.49 ± 0.73, and we categorized the included population into
four groups based on the quartiles of the baseline TyG index
(Table 1). Participants with a higher TyG index were younger
and more often male and white. They had higher levels of BMI,
diastolic blood pressure, total cholesterol (TC), LDL-C, TG,
fasting glucose, glycated hemoglobin, eGFR, and serum
creatinine, lower levels of education, and were less frequent
current drinkers (all P<0.001). Likewise, participants in the
higher TyG index quartile had a higher prevalence of CVD
and CHF. They were more prone to taking metformin drugs and
less prone to taking insulin, ACEI/ARB, statin, and cholesterol
absorption inhibitors (all P<0.001). These findings suggested that
a higher TyG index in participants may be associated with more
traditional risk factors.
Frontiers in Endocrinology | www.frontiersin.org 3
Associations Between Baseline TyG
Index and Primary and Secondary
Adverse CV Outcomes
During a median of 8.8 years and a mean of 7.7 years from
randomization, 1,815 patients (17.8%) developed primary
endpoint events. As Table 1 shows, the risk of MACEs
increased with increasing quartiles of TyG index (quartiles 1-4:
389 [15.25%] vs. 429 [16.82%] vs. 460 [18.06%] vs. 537 [21.07%];
P<0.001). In the multivariate model that measured the TyG
index as a continuous variable, a 1-SD increase in the TyG index
was associated with a 19.00% higher risk of MACEs after full
adjustment for potential confounders (HR 1.19, 95% CI 1.11-
1.28; P<0.001; Table 2). The results were similar when we
categorized individuals by TyG index quartiles: the highest risk
of MACEs was observed in the participants with the highest TyG
index quartile, in three different adjusted models (all P<0.05,
Table 2). In the final model, the HR (95% CIs) for MACEs
comparing the fourth quartile of TyG index with the first quartile
was 1.13 (95% CI, 1.06-1.20) (model 3 in Table 2 and Figure 1).
The results were similar when the association between baseline
TyG index and all-cause death, CV death, non-fatal MI, non-
fatal stroke, total stroke, and fatal or hospital CHF (Table S2).
Notably, the HRs (95% CIs) in the final model for major
coronary events comparing the second, third, and fourth
quartiles of the TyG index with the first quartile were 1.22
(95% CI, 1.06-1.41), 1.12 (95% CI, 1.03-1.22), and 1.17 (95%
CI, 1.10-1.24), respectively (all P<0.05, model 3 in Table 2 and
Figure 1). These findings suggest that the baseline TyG index
was significantly correlated with major coronary events,
including CV death, non-fatal MI, or unstable angina.
Figure S2 shows the restricted cubic splines of the risk of
MACEs across TyG index levels. Consistent with the analysis
using quartiles of sample distribution, the risk of incident
MACEs was increased in participants with a higher TyG index
(Figure S2).

Associations Between TyG Index
Trajectories and Adverse CV or Major
Coronary Events
A total of 9,697 participants were included in the trajectory
analysis (Figure S1). Four discrete trajectories with stable TyG
indexes at various levels from visit 1 to visit 11 were identified
(Figure 2): low (n=1,568, 16.17%), moderate (n=3,880, 40.01%),
high (n=3,372, 34.60%), and very high (n=877, 9.30%) TyG
index trajectory groups. The median (interquartile range)
changes in TyG index level during the visits for these
trajectory groups were 0.009 (-0.008-0.02) in the low trajectory
group, 0.007 (-0.02-0.02) in the moderate trajectory group,
-0.007 (-0.03-[-0.003]) in the high trajectory group, 0.007(-0.05
- 0.05) in the very high trajectory group (Tables S3). As shown in
Figure S3, the rates of MACEs were 14.16, 16.57, 19.48, and
22.81% for low, moderate, high, and very high, respectively. TyG
index trajectory groups, respectively (P<0.001). In addition, the
rates of major coronary events were 12.88, 17.22, 19.63, and
25.09% in the low, moderate, high, and very high TyG index
trajectory groups, respectively (P<0.001). Multivariate Cox
March 2022 | Volume 13 | Article 858209
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regression analyses identified those with TyG index trajectory at
high and very high levels as having an even greater risk of
MACEs in three different adjusted models (all P<0.05, Table 3).
In the fully adjusted model, compared with those with a low
trajectory at a low level, the HRs (95% CIs) for associations of
those participants with TyG index trajectories at the moderate,
high, and very high levels with the risk of MACEs were 1.20 (95%
CI, 1.03-1.41; P=0.021), 1.25 (95% CI, 1.15-1.37; P<0.001), and
Frontiers in Endocrinology | www.frontiersin.org 4
1.26 (95% CI, 1.16-1.37; P<0.001), respectively (model 3 in
Table 3). The results were similar when evaluating the risk of
major coronary events for various levels of TyG index trajectory
groups. Thus, long-term trajectories of the TyG index identify
individuals at a higher risk of MACEs and coronary events in
patients with T2DM, indicating that such a population would
benefit from more frequent screening for adverse CV events and
aggressive risk factor management.
TABLE 1 | Baseline characteristics of participants by quartiles of TyG index.

Total Q1 Q2 Q3 Q4 P value

(n=10,196) (n=2,550) (n=2,550) (n=2,547) (n=2,549)

Age, years (mean ± SD) 62.77 ± 6.63 63.512 ± 6.91 63.24 ± 6.61 62.72 ± 6.58 61.57 ± 6.24 <0.001
TyG index 9.49 ± 0.73 8.58 ± 0.35 9.25 ± 0.13 9.70 ± 0.14 10.42 ± 0.43 <0.001
Sex n (%) <0.001
Female 3,928 (38.52%) 1,000 (39.22%) 990 (38.82%) 988 (38.79%) 950 (37.27%)
Male 6,268 (61.48%) 1,550 (60.78%) 1,560 (61.18%) 1,559 (61.21%) 1,599 (62.73%)

Race/ethnicity, n (%) <0.001
White 6,371 (62.49%) 1,162 (45.57%) 1,530 (60.00%) 1,775 (69.69%) 1,904 (74.70)
Non-White 3,825 (60.04) 1,388 (53.43%) 1,020 (40.00%) 772 (30.31%) 645 (25.30%)

Education, n (%)
Less than high school (1) 1,502 (14.73%) 429 (16.82%) 407 (15.96%) 350 (13.74%) 316 (12.40%) <0.001
High school graduate or GED 2,692 (26.40%) 713 (27.96%) 649 (25.45%) 670 (26.31%) 660 (25.89%) <0.001
Some college 3,343 (32.79%) 761 (29.84%) 812 (31.84%) 868 (34.08%) 902 (35.39%) <0.001
College degree or higher 2,652 (26.01%) 644 (25.25%) 679 (26.63%) 658 (25.83%) 671 (26.32%) <0.001

Previous cardiovascular event, n (%) 3,586 (35.17%) 855 (33.53%) 878 (34.43%) 896 (35.18%) 957 (37.54%) 0.019
Previous congestive heart failure, n (%) 489 (4.80%) 105 (4.12%) 107 (4.20%) 127 (4.99%) 150 (5.88%) 0.01
Duration of diabetes, years (mean ± SD) 10.80 ± 7.60 12.22 ± 8.24 10.96 ± 7.61 10.26 ± 7.34 9.77 ± 6.91 <0.001
Live alone, n (%) 2,065 (20.65%) 533 (20.90%) 499 (19.57%) 531 (20.85%) 502 (19.69%) 0.484
Depression, n (%) 2,412 (23.66%) 475 (18.63%) 538 (21.10%) 653 (25.64%) 746 (29.27%) <0.001
Cigarette-smoking status, n (%) <0.001
Yes 5,925 (58.11%) 1401 (54.94%) 1467 (57.53%) 1513 (59.40%) 1544 (60.57%)
No 4,271 (41.89%) 1149 (45.06%) 1083 (42.47%) 1034 (40.60%) 1005 (39.43%)

Alcohol status, n (%) <0.001
Yes 2,434 (23.87%) 556 (21.80%) 636 (24.94%) 626 (24.58%) 616 (24.17%)
No 7,757 (76.08%) 1993 (78.16%) 1912 (74.98%) 1920 (75.38%) 1930 (75.72%)

Weight, kg (mean ± SD) 93.51 ± 18.41 89.94 ± 18.42 93.26 ± 18.11 94.69 ± 18.36 96.29 ± 18.13 <0.001
Waist circumference, cm (mean ± SD) 106.73 ± 13.64 103.63± 13.96 106.59 ± 13.48 107.79 ± 13.35 108.94 ± 13.17 <0.001
Body mass index, kg/m2 (mean ± SD) 32.22 ± 5.42 31.15 ± 5.56 32.18 ± 5.41 32.60 ± 5.31 32.96 ± 5.22 <0.001
Blood pressure, mmHg (mean ± SD)
Systolic 136.36 ± 17.11 136.79 ± 17.22 136.16 ± 16.83 135.52 ± 17.37 136.92 ± 16.99 0.0125
Diastolic 74.88 ± 10.66 73.63 ± 10.61 74.40 ± 10.47 75.10 ± 10.57 76.40 ± 10.81 <0.001
Medications, n (%)
Insulin 3,565 (34.96%) 1,121 (43.96%) 935 (36.67%) 760 (29.84%) 749 (29.38%) <0.001
Metformin 6,519 (63.94%) 1,550 (60.78%) 1,648 (64.63%) 1,695 (66.55%) 1,626 (66.79%) <0.001
ACEI/ARB 7,066 (69.30%) 1,804 (70.75%) 1,810 (70.98%) 1,757 (68.98%) 1,695 (66.50%) 0.001
Aspirin 5,552 (54.45%) 1,412 (55.37%) 1,421 (55.73%) 1,384 (54.34%) 1,335 (52.37%) 0.072
Statin 6,468 (63.44%) 1,732 (67.92%) 1,681 (65.92%) 1,618 (63.53%) 1,437 (56.38%) <0.001

Cholesterol absorption inhibitors 207 (2.03%) 46 (1.80%) 53 (2.08%) 63 (2.47%) 45 (1.77%) 0.251
Glycated hemoglobin, % (mean ± SD) 8.30 ± 1.06 8.04 ± 0.96 8.15 ± 0.96 8.34 ± 1.03 8.67 ± 1.15 <0.001
Fasting plasma glucose, mg/dL (mean ± SD) 175.19 ± 56.17 133.00 ± 38.86 164.79± 42.02 183.60 ± 44.72 219.43± 58.59 <0.001
Potassium, mg/dL (mean ± SD) 4.47 ± 0.47 4.43 ± 0.46 4.47 ± 0.43 4.50 ± 0.54 4.50 ± 0.44 <0.001
Serum creatinine, mg/dL (mean ± SD) 0.91 ± 0.23 0.93 ± 0.23 0.92 ± 0.23 0.91 ± 0.23 0.89 ± 0.24 <0.001
eGFR, (mL/min/1.73m2) (mean ± SD) 91.05 ± 27.15 91.11 ± 24.21 90.58 ± 25.44 89.54 ± 24.66 92.93 ± 33.19 <0.001
Plasma triglycerides, mg/dL (mean ± SD) 190.11 ± 148.40 88.57 ± 29.18 134.60± 36.89 188.78 ± 49.37 348.62 ± 211.93 <0.001
Total plasma cholesterol, mg/dL (mean ± SD) 183.29 ± 41.89 166.51 ± 34.40 175.85 ± 35.50 184.97± 37.50 205.91± 205.9 <0.001
Plasma LDL-C, mg/dL (mean ± SD) 104.89 ± 33.93 100.67 ± 29.79 105.63± 31.92 107.25 ± 34.12 106.04 ± 38.80 <0.001
Incident MACEs, n (%) 1815 (17.80%) 389 (15.25%) 429 (16.82%) 460 (18.06%%) 537 (21.07%) <0.001
March 2022
 | Volume 13 | Article
Quartile ranges are Q1 (6.87 to 9.00), Q2 (9.01 to 9.47), Q3 (9.47 to 9.95), and Q4 (9.95 to 13.36).
P value for test of difference across quartiles of triglyceride-glucose (TyG) index using chi-square test (categorical variables) or analysis of variance (continuous variables) or Kruskal-Wallis
test (nonparametric comparisons).
eGFR, estimated glomerular filtration rate; LDL-C, low-density lipoprotein cholesterol; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; MACEs, major
adverse cardiovascular events.
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DISCUSSION

This study assessed the association between the baseline TyG
index and CV outcomes, which revealed that higher levels of
TyG index were significantly associated with an increased risk
of MACEs in patients with T2DM during ~10 years of follow-
up. More precisely, the TyG index was strongly associated with
major coronary events, suggesting that TyG was closely related
to the formation and development of atherosclerosis and finally
showed a significant increase in the incidence of clinical
coronary events with a high TyG index. Furthermore, we
identified that the four distinct trajectories of the TyG index
confer different risks of MACEs, and a decade trajectory with
an elevated TyG index carries a greater risk of future incident
MACEs. These findings suggest a potential role for a long-
lasting high level of TyG in the pathogenesis of CVD.
Therefore, frequent screening for adverse cardiovascular
events and aggressive risk factor management in these
patients would be highly beneficial.

IR, a key feature of metabolic syndrome and T2DM, is
considered a significant risk factor for CVD (23, 24). It has
been well-established that IR and coexisting hyperinsulinemia
are implicated in the development of dyslipidemia, hypertension,
hypercoagulability, and atherosclerosis (25, 26). These metabolic
changes caused by IR may promote the development of CVD. In
particular, chronic hyperglycemia induced by IR causes oxidative
stress. Subsequently, it triggers an inflammatory response that
promotes vascular cell damage (26–28). IR leads to elevated
plasma triglycerides, reduced plasma HDL-C, and the
appearance of small dense LDL-C particles (29). In addition,
IR has been implicated in decreased fibrinolytic activity and
increased thrombotic events (30, 31). It is worth noting that IR
Frontiers in Endocrinology | www.frontiersin.org 5
could promote atherosclerosis not only through mechanisms
that involve systemic factors, such as dyslipidemia, hypertension,
and a proinflammatory state, but also through the effect of
perturbed insulin signaling at the level of the intimal cells (26,
32). Thus, there is a known concept on the “common soil”
between diabetes mellitus and cardiovascular disease referring to
both conditions share common genetic and environmental
antecedents (33, 34).These studies have indicated the
importance of IR in atherogenesis and advanced plaque
progression (26, 35, 36). However, insulin concentrations are
not routinely measured in clinical settings and are similar in the
ACCORD trial. Therefore, a number of surrogate markers of IR
have been proposed and compared with the gold standard of the
hyperinsulinemic-euglycemic clamp (37). The TyG index, which
is calculated using fasting TG and fasting glucose levels, is a
reliable measure of IR (17, 22). The TyG index has been proven
to be highly correlated with the euglycemic-hyperinsulinemic
clamp formation (22), and thus has a validity similar to HOMA-
IR (38). Thus, the TyG index was used as a biomarker of IR in
this post hoc analysis to study its relationship with the risk of
MACEs in patients with diabetes. Moreover, the TyG index has
the advantage of being easily accessible in any clinical setting and
making our findings usable.

Our study showed that traditional risk factors such as higher
BMI, hypertension, and hyperlipidemia were more obvious
among participants in higher quartiles of the TyG index.
Recently, a mediation analysis was performed to quantify the
magnitude and relative contributions of several traditional or
non-traditional CV risk factors in the pathway from T2DM to
increased CV events, and demonstrated that the most important
pathway contributing to CV events was the presence of IR
assessed by the TyG index, followed by elevated TG, the
TABLE 2 | Risk of incident MACEs and major coronary events for baseline TyG index.

MACEs (a composite of CV death, non-fatal MI, or non-fatal stroke)

TyG index Events/No. at risk Unadjusted P value Model 1 P value Model 2 P value Model 3 P value

HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)

Quartile 1 389/2550 Ref Ref Ref Ref
Quartile 2 429/2550 1.08 (0.94-1.24) 0.250 1.07 (0.93-1.23) 0.318 1.03 (0.90-1.19) 0.645 1.05 (0.91-1.21) 0.505
Quartile 3 460/2547 1.08 (1.01-1.16) 0.023 1.07 (1.00-1.15) 0.041 1.06 (0.98-1.16) 0.134 1.08 (0.99-1.18) 0.055
Quartile 4 537/2549 1.27 (1.08-1.18) <0.001 1.14 (1.09-1,19) <0.001 1.12 (1.06-1.20) <0.001 1.13 (1.06-1.20) <0.001
Per 1 SD 1815/10196 1.14 (1.09-1.19) <0.001 1.16 (1.11-1.22) <0.001 1.17 (1.09-1.26) <0.001 1.19 (1.11-1.28) <0.001

Major coronary events (CV death, non-fatal MI, or unstable angina)

TyG index Events/No. at risk Unadjusted P value Model 1 P value Model 2 P value Model 3 P value

HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)

Quartile 1 368/2550 Ref Ref Ref Ref
Quartile 2 461/2550 1.24 (1.08-1.43) 0.002 1.22 (1.06-1.40) 0.005 1.21 (1.05-1.40) 0.008 1.22 (1.06-1.41) 0.006
Quartile 3 466/2547 1.12 (1.05-1.20) 0.001 1.11 (1.04-1.19) 0.003 1.11 (1.02-1.20) 0.015 1.12 (1.03-1.22) 0.007
Quartile 4 552/2549 1.16 (1.11-1.21) <0.001 1.16 (1.11-1.22) <0.001 1.16 (1.09-1.23) <0.001 1.17 (1.10-1.24) <0.001
Per 1 SD 1847/10196 1.16 (1.11-1.21) <0.001 1.17 (1.11-1.22) <0.001 1.20 (1.12-1.29) <0.001 1.22 (1.14-1.31) <0.001
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Model 1: Adjusted for baseline age, sex, previous cardiovascular event, race, BMI, education, systolic blood pressure, and diastolic blood pressure.
Model 2: Adjusted for model 1 covariates plus baseline eGFR, HbA1c, total plasma cholesterol, plasma LDL-C, live alone, duration of diabetes and depression.
Model 3: Adjusted for model 2 covariates plus treatment with statins, biguanide, aspirin, ACEI/ARB, and insulin.
BMI, body mass index; LDL-C, low-density lipoprotein cholesterol; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CI, confidence interval; HR, hazard
ratio; CV, cardiovascular; MACEs, major adverse cardiovascular events; MI, myocardial infarction; TyG, triglyceride-glucose; HbA1c, hemoglobin A1c.
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FIGURE 1 | Kaplan-Meier survival curves for primary and secondary outcomes based on quartiles of baseline TyG index. (A) MACEs; (B) All-cause death; (C) CV
death; (D) Non-fatal MI; (E) Non-fatal stroke; (F) Total stroke; (G) Fatal or hospital congestive heart failure; (H) Major coronary events. MACEs, Major adverse
cardiovascular events; CV, Cardiovascular; MI, myocardial infarction.
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presence of microalbuminuria, and reduced kidney function, but
not mediated by elevated systolic blood pressure or high LDL-C
(39). These data suggest that TyG may further explain the
increased CV and mortality risk caused by T2DM. In addition,
clinical studies were conducted to investigate the association
between TyG index and CVD morbidity and mortality. A cross-
sectional study, including 888 asymptomatic T2DM patients
without CHD, showed that a higher TyG index was associated
with an increased risk of significant coronary artery stenosis (40).
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Moreover, a nested case-control study of 1,282 T2DM patients
with stable coronary artery disease showed that the TyG index
was positively associated with future CV events, defined as all-
cause death, non-fatal MI, stroke, and post-discharge
revascularization (41). In line with previous studies, our study
showed that individuals with the highest quartile of the baseline
TyG index had a higher risk of MACEs than those with the
lowest quartile. Meanwhile, the association remained statistically
significant after adjusting for all the aforementioned risk factors.
FIGURE 2 | TyG index trajectory groups and percentage of the population in the group. Four discrete trajectories with stable TyG indexes at various levels from visit
1 to visit 11: low (n = 1,568, 16.17%), moderate (n = 3,880, 40.01%), high (n = 3,372, 34.60%), and very high (n = 877, 9.30%) TyG index trajectory groups. TyG,
triglyceride-glucose.
TABLE 3 | Risk of adverse CV and major coronary events for various levels of TyG index trajectory groups.

MACEs (a composite of CV death, non-fatal MI, or non-fatal stroke)

TyG index trajectories Unadjusted P value Model 1 P value Model 2 P value Model 3 P value

HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)

Low Reference Reference Reference Reference
Moderate 1.21 (1.04-1.41) 0.015 1.21 (1.03-1.40) 0.018 1.20 (1.03-1.41) 0.022 1.20 (1.03-1.41) 0.021
High 1.22 (1.13-1.32) <0.001 1.23 (1.14-1.33) <0.001 1.25 (1.15-1.36) <0.001 1.25 (1.15-1.37) <0.001
Very high 1.22 (1.14-1.30) <0.001 1.24 (1.16-1.33) <0.001 1.25 (1.15-1.35) <0.001 1.26 (1.16-1.37) <0.001

Major coronary events (CV death, non-fatal MI, or unstable angina)

TyG index trajectories Unadjusted P value Model 1 P value Model 2 P value Model 3 P value

HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)

Low Reference Reference Reference Reference
Moderate 1.40 (1.19-1.63) <0.001 1.37 (1.17-1.60) <0.001 1.39 (1.18-1.63) <0.001 1.38 (1.18-1.63) <0.001
High 1.28 (1.18-1.39) <0.001 1.29 (1.19-1.40) <0.001 1.31 (1.20-1.43) <0.001 1.32 (1.21-1.44) <0.001
Very high 1.30 (1.22-1.38) <0.001 1.31 (1.22-1.41) <0.001 1.33 (1.23-1.45) <0.001 1.34 (1.24-1.46) <0.001
March 2022
 | Volume 13 | Article
Model 1: Adjusted for baseline age, sex, previous cardiovascular event, race, BMI, education, systolic blood pressure, and diastolic blood pressure.
Model 2: Adjusted for model 1 covariates plus baseline eGFR, HbA1c, total plasma cholesterol, plasma LDL-C, live alone, duration of diabetes and depression.
Model 3: Adjusted for model 2 covariates plus treatment with statins, biguanide, aspirin, ACEI/ARB, and insulin.
BMI, body mass index; LDL-C, low-density lipoprotein cholesterol; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CI, confidence interval; HR, hazard
ratio; CV, cardiovascular; MACEs, major adverse cardiovascular events; MI, myocardial infarction; TyG, triglyceride-glucose; HbA1c, hemoglobin A1c.
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These findings suggest that the clinical management of the TyG
index may have additional effects on CVD development, even
under vigorous control of traditional risk factors.

Given that TyG index levels may vary over time, previous
studies based on the TyG index measured at a single time point
may not reflect long-term exposure. Thus, longitudinal
measurements and recording of TyG indices to identify TyG
index trajectories are required. It is feasible that the participant’s
electronic medical record allows the rapid integration of data
across multiple time points. Because the trajectories of TyG
represent an added value to the baseline levels to plan and
monitor participant follow-up, a recent study evaluated the
influence of baseline TyG index and different trajectory
changes over 20 years on the development of peripheral artery
disease and found that a two-decade trajectory with an elevated
TyG index carried a greater risk of future peripheral artery
disease incidence (42). Therefore, measurements of the long-
term trajectories of the TyG index provide reliable and robust
results. Our study assessed the impact of long-lasting IR at
various levels for the first time using the TyG index for future
MACEs in patients with T2DM. Our findings revealed
heterogeneous patterns of trends in the TyG index within the
ACCORD population. The baseline TyG index levels cannot
fully depict this dynamic change in the trend over time. In
addition, the risk for individuals may change during follow-up.
Thus, the TyG index trajectory reflects the long-term impact of
the TyG index on adverse CV outcomes. In addition, our study
suggests that those trajectory groups with long-term high and
very high TyG index levels are at a greater risk of MACEs over 10
years after adjustment for traditional risk factors. We can graph
trends in the TyG index to identify high-risk individuals who
behave similarly to those with TyG index trajectories at high and
very high levels observed in the present analysis. Such a
population may benefit from earlier and more frequent
screening for adverse CV events and aggressive risk factor
management, such as control of blood pressure, cessation of
smoking, and maintenance of metabolic health.

Nonetheless, this study also has some limitations: First, we
could not exclude the possibility of residual confounders despite
our careful adjustment for the well-known and suspected risk
factors due to the nature of any observational studies. Second,
patients included in the study were mainly Caucasians aged 40-
79 years at baseline. Thus, it may differ outside this age range and
in other ethnicities. Finally, we could not compare the
trajectories of the TyG index with HOMA-IR for predicting
adverse CV events due to missing records of insulin levels in the
ACCORD/ACCORDION study. Despite these limitations that
may interfere with the clinical application of the TyG threshold
found in our study, we show it is necessary to strictly monitor
lipid and glucose levels in T2DM patients during long-term
follow-up.

In conclusion, the TyG index was significantly and positively
associated with adverse CV outcomes, which suggested that the
TyG index may be a valuable predictor of MACEs in patients
with T2DM. More importantly, long-term trajectories of the TyG
index could identify individuals at a higher risk of MACEs
Frontiers in Endocrinology | www.frontiersin.org 8
among patients with T2DM who require specific preventive
and therapeutic approaches.
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Supplementary Figure 2 | Adjusted hazard ratios of primary outcome according to
baseline TyG index. (A) Histograms represent the frequency distribution of baseline TyG
index. (B)Thehazard ratio is adjusted forbaselineage, sex, previouscardiovascular event,
race, BMI, education, systolic blood pressure, diastolic blood pressure, eGFR, HbA1c,
totalplasmacholesterol,plasmaLDL-C, livealone,durationofdiabetes,depression,statin,
biguanide, aspirin,ACEI/ARB,and insulin.Redsolid line represents thehazard ratioof TyG
index across the whole range. Gray dotted lines represent the 95% confidence interval.
BMI, body mass index; eGFR, estimated glomerular filtration rate; HbA1c, hemoglobin
A1c; LDL-C, low-density lipoprotein cholesterol; TyG, triglyceride-glucose; ACEI/ARB,
angiotensin converting enzyme inhibitor/angiotensin-receptor blocker.

Supplementary Figure 3 | Prevalence of cardiovascular events across the TyG
index trajectory groups. (A) Prevalence of MACEs across the TyG index trajectory
groups; (B) Prevalence of major coronary events across the TyG index trajectory
groups. TyG: triglyceride-glucose; MACEs: Major adverse cardiovascular events
Frontiers in Endocrinology | www.frontiersin.org 9
Supplementary Table 1 | Group-based trajectory model fit summary (N=9,697).

Supplementary Table 2 | Risk of incident secondary outcomes for baseline TyG
index. Model 1: Adjusted for baseline age, sex, previous cardiovascular event, race,
BMI, education, systolic blood pressure, and diastolic blood pressure. Model 2:
Adjusted for model 1 covariates plus baseline eGFR, HbA1c, total plasma
cholesterol, plasma LDL-C, live alone, duration of diabetes and depression. Model
3: Adjusted for model 2 covariates plus treatment with statins, biguanide, aspirin,
ACEI/ARB, and insulin. BMI, body mass index; LDL-C, low-density lipoprotein
cholesterol; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin
receptor blocker; CI, confidence interval; HR, hazard ratio; CV, cardiovascular; MI,
myocardial infarction; TyG, triglyceride-glucose; HbA1c, hemoglobin A1c.

Supplementary Table 3 | TyG index at examination visits by trajectory groups of
TyG index. TyG, triglyceride-glucose.
REFERENCES

1. American Diabetes A. 10. Cardiovascular Disease and Risk Management:
Standards of Medical Care in Diabetes-2019. Diabetes Care (2019) 42(Suppl
1):S103–23. doi: 10.2337/dc19-S010

2. Beckman JA, Paneni F, Cosentino F, Creager MA. Diabetes and Vascular
Disease: Pathophysiology, Clinical Consequences, and Medical Therapy: Part
II. Eur Heart J (2013) 34(31):2444–52. doi: 10.1093/eurheartj/eht142

3. Booth GL, Kapral MK, Fung K, Tu JV. Relation Between Age and
Cardiovascular Disease in Men and Women With Diabetes Compared
With non-Diabetic People: A Population-Based Retrospective Cohort
Study. Lancet (2006) 368(9529):29–36. doi: 10.1016/S0140-6736(06)68967-8

4. Guariguata L, Whiting DR, Hambleton I, Beagley J, Linnenkamp U, Shaw JE.
Global Estimates of Diabetes Prevalence for 2013 and Projections for 2035.
Diabetes Res Clin Pract (2014) 103(2):137–49. doi: 10.1016/j.diabres.
2013.11.002

5. Sanchez-Inigo L, Navarro-Gonzalez D, Fernandez-Montero A, Pastrana-
Delgado J, Martinez JA. The TyG Index may Predict the Development of
Cardiovascular Events. Eur J Clin Invest (2016) 46(2):189–97. doi: 10.1111/
eci.12583

6. Park K, Ahn CW, Lee SB, Kang S, Nam JS, Lee BK, et al. Elevated TyG Index
Predicts Progression of Coronary Artery Calcification. Diabetes Care (2019)
42(8):1569–73. doi: 10.2337/dc18-1920

7. Kitae A, Hashimoto Y, Hamaguchi M, Obora A, Kojima T, Fukui M. The
Triglyceride and Glucose Index Is a Predictor of Incident Nonalcoholic Fatty
Liver Disease: A Population-Based Cohort Study. Can J Gastroenterol Hepatol
(2019) 2019:5121574. doi: 10.1155/2019/5121574

8. Okamura T, Hashimoto Y, Hamaguchi M, Obora A, Kojima T, Fukui M.
Triglyceride-Glucose Index (TyG Index) Is a Predictor of Incident Colorectal
Cancer: A Population-Based Longitudinal Study. BMC Endocr Disord (2020)
20(1):113. doi: 10.1186/s12902-020-00581-w

9. Li Y, You A, Tomlinson B, Yue L, Zhao K, Fan H, et al. Insulin Resistance
Surrogates Predict Hypertension Plus Hyperuricemia. J Diabetes Investig
(2021) 12(11):2046–53. doi: 10.1111/jdi.13573

10. Alizargar J, Bai CH, Hsieh NC, Wu SV. Use of the Triglyceride-Glucose Index
(TyG) in Cardiovascular Disease Patients. Cardiovasc Diabetol (2020) 19(1):8.
doi: 10.1186/s12933-019-0982-2

11. Li S, Guo B, Chen H, Shi Z, Li Y, Tian Q, et al. The Role of the Triglyceride
(Triacylglycerol) Glucose Index in the Development of Cardiovascular Events:
A Retrospective Cohort Analysis. Sci Rep (2019) 9(1):7320. doi: 10.1038/
s41598-019-43776-5

12. Alizargar J, Bai CH. Comparison of Carotid Ultrasound Indices and the
Triglyceride Glucose Index in Hypertensive and Normotensive Community-
Dwelling Individuals: A Case Control Study for Evaluating Atherosclerosis.
Med (Kaunas) (2018) 54(5). doi: 10.3390/medicina54050071

13. da Silva A, Caldas APS, Hermsdorff HHM, Bersch-Ferreira AC, Torreglosa
CR, Weber B, et al. Triglyceride-Glucose Index is Associated With
Symptomatic Coronary Artery Disease in Patients in Secondary Care.
Cardiovasc Diabetol (2019) 18(1):89. doi: 10.1186/s12933-019-0893-2

14. Jin JL, Cao YX, Wu LG, You XD, Guo YL, Wu NQ, et al. Triglyceride Glucose
Index for Predicting Cardiovascular Outcomes in Patients With Coronary
Artery Disease. J Thorac Dis (2018) 10(11):6137–46. doi: 10.21037/
jtd.2018.10.79

15. Mao Q, Zhou D, Li Y, Wang Y, Xu SC, Zhao XH. The Triglyceride-Glucose
Index Predicts Coronary Artery Disease Severity and Cardiovascular
Outcomes in Patients With Non-ST-Segment Elevation Acute Coronary
Syndrome. Dis Markers (2019) 2019:6891537. doi: 10.1155/2019/6891537

16. Luo E, Wang D, Yan G, Qiao Y, Liu B, Hou J, et al. High Triglyceride-Glucose
Index is Associated With Poor Prognosis in Patients With Acute ST-Elevation
Myocardial Infarction After Percutaneous Coronary Intervention. Cardiovasc
Diabetol (2019) 18(1):150. doi: 10.1186/s12933-019-0957-3

17. Ma X, Dong L, Shao Q, Cheng Y, Lv S, Sun Y, et al. Triglyceride Glucose Index
for Predicting Cardiovascular Outcomes After Percutaneous Coronary
Intervention in Patients With Type 2 Diabetes Mellitus and Acute
Coronary Syndrome. Cardiovasc Diabetol (2020) 19(1):31. doi: 10.1186/
s12933-020-01006-7

18. Barzegar N, Tohidi M, Hasheminia M, Azizi F, Hadaegh F. The Impact of
Triglyceride-Glucose Index on Incident Cardiovascular Events During 16
Years of Follow-Up: Tehran Lipid and Glucose Study. Cardiovasc Diabetol
(2020) 19(1):155. doi: 10.1186/s12933-020-01121-5

19. Action to Control Cardiovascular Risk in Diabetes Study G, Gerstein HC,
Miller ME, Byington RP, Goff DC Jr, Bigger JT, et al. Effects of Intensive
Glucose Lowering in Type 2 Diabetes. N Engl J Med (2008) 358(24):2545–59.
doi: 10.1056/NEJMoa0802743

20. Group AS. Nine-Year Effects of 3.7 Years of Intensive Glycemic Control on
Cardiovascular Outcomes. Diabetes Care (2016) 39(5):701–8. doi: 10.2337/
dc15-2283

21. Group AS, Buse JB, Bigger JT, Byington RP, Cooper LS, Cushman WC, et al.
Action to Control Cardiovascular Risk in Diabetes (ACCORD) Trial: Design
and Methods. Am J Cardiol (2007) 99(12A):21i–33i. doi: 10.1016/
j.amjcard.2007.03.003

22. Guerrero-Romero F, Simental-Mendia LE, Gonzalez-Ortiz M, et al. The
Product of Triglycerides and Glucose, a Simple Measure of Insulin
Sensitivity. Comparison With the Euglycemic-Hyperinsulinemic Clamp. J
Clin Endocrinol Metab (2010) 95(7):3347–51. doi: 10.1210/jc.2010-0288

23. Laakso M, Kuusisto J. Insulin Resistance and Hyperglycaemia in
Cardiovascular Disease Development. Nat Rev Endocrinol (2014) 10
(5):293–302. doi: 10.1038/nrendo.2014.29

24. Adeva-Andany MM, Martinez-Rodriguez J, Gonzalez-Lucan M, Fernandez-
Fernandez C, Castro-Quintela E. Insulin Resistance is a Cardiovascular Risk
Factor in Humans. Diabetes Metab Syndr (2019) 13(2):1449–55. doi: 10.1016/
j.dsx.2019.02.023

25. Wang T, Zhao Z, Xu Y, Qi L, Xu M, Lu J, et al. Insulin Resistance and Beta-
Cell Dysfunction in Relation to Cardiometabolic Risk Patterns. J Clin
Endocrinol Metab (2018) 103(6):2207–15. doi: 10.1210/jc.2017-02584

26. Bornfeldt KE, Tabas I. Insulin Resistance, Hyperglycemia, and Atherosclerosis.
Cell Metab (2011) 14(5):575–85. doi: 10.1016/j.cmet.2011.07.015

27. Sun Q, Li J, Gao F. New Insights Into Insulin: The Anti-Inflammatory Effect
and its Clinical Relevance. World J Diabetes (2014) 5(2):89–96. doi: 10.4239/
wjd.v5.i2.89

28. Palella E, Cimino R, Pullano SA, Fiorillo AS, Gulletta E, Brunetti A, et al.
Laboratory Parameters of Hemostasis, Adhesion Molecules, and
March 2022 | Volume 13 | Article 858209

https://doi.org/10.2337/dc19-S010
https://doi.org/10.1093/eurheartj/eht142
https://doi.org/10.1016/S0140-6736(06)68967-8
https://doi.org/10.1016/j.diabres.2013.11.002
https://doi.org/10.1016/j.diabres.2013.11.002
https://doi.org/10.1111/eci.12583
https://doi.org/10.1111/eci.12583
https://doi.org/10.2337/dc18-1920
https://doi.org/10.1155/2019/5121574
https://doi.org/10.1186/s12902-020-00581-w
https://doi.org/10.1111/jdi.13573
https://doi.org/10.1186/s12933-019-0982-2
https://doi.org/10.1038/s41598-019-43776-5
https://doi.org/10.1038/s41598-019-43776-5
https://doi.org/10.3390/medicina54050071
https://doi.org/10.1186/s12933-019-0893-2
https://doi.org/10.21037/jtd.2018.10.79
https://doi.org/10.21037/jtd.2018.10.79
https://doi.org/10.1155/2019/6891537
https://doi.org/10.1186/s12933-019-0957-3
https://doi.org/10.1186/s12933-020-01006-7
https://doi.org/10.1186/s12933-020-01006-7
https://doi.org/10.1186/s12933-020-01121-5
https://doi.org/10.1056/NEJMoa0802743
https://doi.org/10.2337/dc15-2283
https://doi.org/10.2337/dc15-2283
https://doi.org/10.1016/j.amjcard.2007.03.003
https://doi.org/10.1016/j.amjcard.2007.03.003
https://doi.org/10.1210/jc.2010-0288
https://doi.org/10.1038/nrendo.2014.29
https://doi.org/10.1016/j.dsx.2019.02.023
https://doi.org/10.1016/j.dsx.2019.02.023
https://doi.org/10.1210/jc.2017-02584
https://doi.org/10.1016/j.cmet.2011.07.015
https://doi.org/10.4239/wjd.v5.i2.89
https://doi.org/10.4239/wjd.v5.i2.89
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles


Tai et al. TyG Affects MACEs in T2DM
Inflammation in Type 2 Diabetes Mellitus: Correlation With Glycemic
Control. Int J Environ Res Public Health (2020) 17(1). doi: 10.3390/
ijerph17010300

29. Ormazabal V, Nair S, Elfeky O, Aguayo C, Salomon C, Zuniga FA. Association
Between Insulin Resistance and the Development of Cardiovascular Disease.
Cardiovasc Diabetol (2018) 17(1):122. doi: 10.1186/s12933-018-0762-4

30. Calles-Escandon J, Mirza SA, Sobel BE, Schneider DJ. Induction of
H y p e r i n s u l i n em i a C omb i n e d W i t h H y p e r g l y c em i a a n d
Hypertriglyceridemia Increases Plasminogen Activator Inhibitor 1 in Blood
in Normal Human Subjects. Diabetes (1998) 47(2):290–3. doi: 10.2337/
diab.47.2.290

31. Sobel BE. Insulin Resistance and Thrombosis: A Cardiologist’s View. Am J
Cardiol (1999) 84(1A):37J–41J. doi: 10.1016/s0002-9149(99)00357-4

32. Giacco F, Brownlee M. Oxidative Stress and Diabetic Complications. Circ Res
(2010) 107(9):1058–70. doi: 10.1161/CIRCRESAHA.110.223545

33. Stern MP. Diabetes and Cardiovascular Disease. The "Common Soil"
Hypothesis. Diabetes (1995) 44(4):369–74. doi: 10.2337/diab.44.4.369

34. La Sala L, Prattichizzo F, Ceriello A. The Link Between Diabetes and
Atherosclerosis. Eur J Prev Cardiol (2019) 26(2_suppl):15–24. doi: 10.1177/
2047487319878373

35. Di Pino A, DeFronzo RA. Insulin Resistance and Atherosclerosis:
Implications for Insulin-Sensitizing Agents. Endocr Rev (2019) 40(6):1447–
67. doi: 10.1210/er.2018-00141

36. Reardon CA, Lingaraju A, Schoenfelt KQ, Zhou G, Cui C, Jacobs-El H, et al.
Obesity and Insulin Resistance Promote Atherosclerosis Through an
IFNgamma-Regulated Macrophage Protein Network. Cell Rep (2018) 23
(10):3021–30. doi: 10.1016/j.celrep.2018.05.010

37. Muniyappa R, Lee S, Chen H, Quon MJ. Current Approaches for Assessing
Insulin Sensitivity and Resistance In Vivo: Advantages, Limitations, and
Appropriate Usage. Am J Physiol Endocrinol Metab (2008) 294(1):E15–26.
doi: 10.1152/ajpendo.00645.2007

38. Simental-Mendia LE, Rodriguez-Moran M, Guerrero-Romero F. The Product
of Fasting Glucose and Triglycerides as Surrogate for Identifying Insulin
Resistance in Apparently Healthy Subjects.Metab Syndr Relat Disord (2008) 6
(4):299–304. doi: 10.1089/met.2008.0034
Frontiers in Endocrinology | www.frontiersin.org 10
39. Sharif S, Groenwold RHH, van der Graaf Y, Berkelmans GFN, Cramer MJ,
Visseren FLJ, et al. Mediation Analysis of the Relationship Between Type 2
Diabetes and Cardiovascular Events and All-Cause Mortality: Findings From
the SMART Cohort. Diabetes Obes Metab (2019) 21(8):1935–43. doi: 10.1111/
dom.13759

40. Lee EY, Yang HK, Lee J, Kang B, Yang Y, Lee SH, et al. Triglyceride Glucose
Index, a Marker of Insulin Resistance, Is Associated With Coronary Artery
Stenosis in Asymptomatic Subjects With Type 2 Diabetes. Lipids Health Dis
(2016) 15(1):155. doi: 10.1186/s12944-016-0324-2

41. Jin JL, Sun D, Cao YX, Guo YL, Wu NQ, Zhu CG, et al. Triglyceride Glucose
and Haemoglobin Glycation Index for Predicting Outcomes in Diabetes
Patients With New-Onset, Stable Coronary Artery Disease: A Nested Case-
Control Study. Ann Med (2018) 50(7):576–86. doi: 10.1080/07853890.
2018.1523549

42. Gao JW, Hao QY, Gao M, Guo YL, Wu NQ, Zhu CG, et al. Triglyceride-
Glucose Index in the Development of Peripheral Artery Disease: Findings
From the Atherosclerosis Risk in Communities (ARIC) Study. Cardiovasc
Diabetol (2021) 20(1):126. doi: 10.1186/s12933-021-01319-1

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Tai, Fu, Zhang, Zhou, Xing and Wang. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.
March 2022 | Volume 13 | Article 858209

https://doi.org/10.3390/ijerph17010300
https://doi.org/10.3390/ijerph17010300
https://doi.org/10.1186/s12933-018-0762-4
https://doi.org/10.2337/diab.47.2.290
https://doi.org/10.2337/diab.47.2.290
https://doi.org/10.1016/s0002-9149(99)00357-4
https://doi.org/10.1161/CIRCRESAHA.110.223545
https://doi.org/10.2337/diab.44.4.369
https://doi.org/10.1177/2047487319878373
https://doi.org/10.1177/2047487319878373
https://doi.org/10.1210/er.2018-00141
https://doi.org/10.1016/j.celrep.2018.05.010
https://doi.org/10.1152/ajpendo.00645.2007
https://doi.org/10.1089/met.2008.0034
https://doi.org/10.1111/dom.13759
https://doi.org/10.1111/dom.13759
https://doi.org/10.1186/s12944-016-0324-2
https://doi.org/10.1080/07853890.2018.1523549
https://doi.org/10.1080/07853890.2018.1523549
https://doi.org/10.1186/s12933-021-01319-1
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

	Impact of Baseline and Trajectory of Triglyceride-Glucose Index on Cardiovascular Outcomes in Patients With Type 2 Diabetes Mellitus
	Introduction
	Materials and Methods
	Study Design and Subjects
	Exclusion Criteria
	Outcomes
	Data Collection
	Statistical Analysis

	Results
	Baseline Characteristics According to Quartiles of TyG Index
	Associations Between Baseline TyG Index and Primary and Secondary Adverse CV Outcomes
	Associations Between TyG Index Trajectories and Adverse CV or Major Coronary Events

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




