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Abstract

Background: The triglyceride glucose (TyG) index is closely associated with

subclinical atherosclerosis. However, the association remains inconclusive

among obese and nonobese individuals.

Methods: This prospective study was conducted in 5751 adults with normal

carotid intima-media thickness (CIMT) at baseline. We divided the population

into four groups based on the TyG index, which was calculated by the following

formula: Ln (fasting triglycerides [mg/dL] � fasting glucose [mg/dL]/2). Infor-

mation on CIMT was acquired by ultrasonography. Incident elevated CIMT was

defined as IMT values greater than 0.9 mm at follow-up. Odds ratios (ORs) and

95% confidence intervals (CIs) of the associations between TyG index and

elevated CIMT were estimated using multivariable logistic regression models.

Results: After a median follow-up of 4.3 years, 722 (12.6%) individuals had

progressed to elevated CIMT. Compared with the second quartile of the TyG

index, the first and fourth quartile both conferred higher risks of elevated

CIMT after adjusting for potential confounders. In the total population, the

ORs for the first and fourth quartile were 1.29 (95% CI, 1.00-1.66) and 1.42

(95% CI, 1.11-1.83), respectively. Restricted cubic splines demonstrated an

approximately U-shaped association between TyG index and elevated CIMT

among the total and nonobese adults (P for nonlinearity <.05), but not in those

with general or abdominal obesity.
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Conclusions: A U-shaped association was observed between TyG index and

elevated CIMT only among nonobese Chinese adults.
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Highlights

• Many studies have reported that the triglyceride glucose (TyG) index is an

inexpensive biochemical marker to assess metabolic and cardiovascular

diseases.

• Our findings indicate that the TyG index is nonlinearly associated with the

risk of new-onset elevated carotid intima-media thickness (CIMT) during a

follow-up of 4.3 years. We further evaluated such relationship in partici-

pants by body size phenotypes. A U-shaped association between TyG index

and elevated CIMT only existed among those without general or abdominal

obesity.

1 | INTRODUCTION

Cardiovascular diseases (CVDs) remain the major threat
to public health and the primary cause of all deaths
throughout the world,1,2 among which atherosclerotic
vascular diseases account for the largest part of health
lost.1 The carotid intima-media thickness (CIMT), a sur-
rogate indicator for the presence and progression of ath-
erosclerosis, is associated with future cerebrovascular
and cardiovascular events.3,4 Assessment of CIMT is now
widely used in clinical practice.

Insulin resistance (IR) is an important pathophysio-
logical mechanism of metabolic diseases and CVDs.5

The triglyceride glucose (TyG) index is a plausible and
inexpensive biochemical marker to assess IR, compared
with hyperinsulinemic-euglycemic clamp (HIEC).6

Numerous studies have found that a high TyG index is
closely related to type 2 diabetes mellitus,7 metabolic
syndrome,8 and CVD.9 However, the risk is debatable
at lower levels of TyG index.10,11 No significant increase
in the risk of CVD is observed with a TyG index lower
than 8.45 in the Vascular Metabolic CUN (VMCUN)
cohort.12 But a J-shaped relationship of baseline TyG
index with the risk of myocardial infarction exists.10 In
addition, conclusions regarding the correlation between
TyG index and the risk of CIMT are still controversial.
For example, Zhao et al reported that the TyG index
had no significant correlation with carotid hypertrophy
(CIMT > 0.9 mm) in the Northern Shanghai Study
(NSS),13 whereas a higher TyG index was associated
with carotid atherosclerosis in patients with ischemic
stroke.14

Moreover, obesity has a detrimental effect on the car-
diovascular system and is strongly linked with CVD.15 A
previous study found that participants with either overall
or central obesity had a higher risk of elevated CIMT
among physically inactive participants.16 Nevertheless,
Hong et al showed that the risks of both incident stroke
and myocardial infarction for the highest quartile of the
TyG index in the subgroup of body mass index (BMI)
< 25 kg/m2 were even higher than in the subgroup of
BMI ≥ 25 kg/m2.17 Yet, the relationships between TyG
index and CIMT among individuals with different body
size phenotypes were not specified.

To address this gap, we investigated the association
between TyG index and the risk of elevated CIMT based
on a prospective cohort of Chinese community residents.
Furthermore, we examined whether the TyG index was a
risk factor for elevated CIMT in participants across differ-
ent body size phenotypes.

2 | METHODS

2.1 | Study population

This population-based study was carried out among
adults living in Jiading District, Shanghai, China. The
study design has been described elsewhere.18,19 Briefly,
during February to August 2010, 10 375 men and women
aged ≥40 years were enrolled to complete a comprehen-
sive examination of cardiometabolic health. From 2014 to
2015, we invited all eligible participants to come back for
a follow-up visit. For the current analysis, participants
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diagnosed with CVD (n = 850) at baseline were excluded.
We further excluded participants who had missing data
on CIMT measurements at both baseline (n = 74) and
follow-up (n = 3618) and elevated CIMT at baseline
(n = 82). Finally, a total of 5751 subjects were included
in the current analysis.

The study conformed to the Institutional Review
Board of the Ruijin Hospital, Shanghai Jiaotong Univer-
sity School of Medicine. All participants provided written
informed consent.

2.2 | Data collection and clinical
evaluation

At baseline and follow-up, trained staff from the local
community collected data following a standard guideline.
The information on sociodemographic characteristics,
medical history, and behavioral factors were captured
using a comprehensive questionnaire. Current smokers
or drinkers were defined according to their daily habits
as those who had frequently consumed cigarettes or any
alcohol in the past 6 months. Body weight, height, and
hip and waist circumference (WC) were measured during
visits. WC was measured at the umbilical level in the
standing position. BMI was calculated as the weight in
kilograms divided by the height in meters squared
(kg/m2). Waist-to-hip ratio (WHR) was computed by
dividing the WC by hip circumference. Three systolic and
diastolic blood pressure (SBP and DBP) measurements,
acquired after ≥5 minutes of rest, were completed by an
automated electronic device (OMRON Model HEM-752
FUZZY; Omron Company, Dalian, China). For the ana-
lysis, the average of the three corresponding values was
taken. Uniformly trained sonographers with adequate clini-
cal experience used a high-resolution B-mode tomographic
ultrasound (Esaote Biomedica SpA, Genoa, Italy) to detect
and measure both sides of CIMT during two visits. The
distance from the first to the second leading edge of
the echogenic line was regarded as CIMT of either side.
We adopted the value of maximum CIMT in the analysis.

All participants were asked to fast at least 10 hours
before taking the 75-g oral glucose tolerance test. Fasting
plasma glucose (FPG) and 2-hour plasma glucose concen-
trations were quantified by applying an autoanalyzer
(Modular P800; Roche, Basel, Switzerland) and the glu-
cose oxidase or hexokinase method at local hospitals. The
level of glycated hemoglobin (HbA1c) was measured by
using the method of high-performance liquid chromatog-
raphy (D-10; Bio-Rad, Hercules, California). Fasting
levels of triglycerides (TGs), total cholesterol (TC), low-
density lipoprotein cholesterol (LDL-C), and high-density
lipoprotein cholesterol (HDL-C) were also analyzed by

an automated analyzer (Modular Analytics P800 and
Modular E170; Roche, Basel, Switzerland).

2.3 | Definitions and diagnostic criteria

Participants with a BMI ≥ 28.0 kg/m2 were defined as
generally obese according to the characteristics of the
Chinese population.20 Abdominal obesity was considered as
a WC ≥ 90 cm or a WHR > 0.90 for men and a WC ≥ 80 cm
or a WHR > 0.85 for women.21,22 The TyG index was
calculated as Ln (fasting TGs [mg/dL] � fasting glucose
[mg/dL]/2).23 Individuals with a CIMT greater than
0.9 mm at follow-up but a low CIMT at baseline were
considered to have new-onset elevated CIMT.24 Diabetes
was defined as FPG ≥ 126 mg/dL (7.0 mmol/L), or
2-hour plasma glucose ≥200 mg/dL (11.1 mmol/L), or
HbA1c ≥ 6.5% (48 mmol/mol), or a self-reported previ-
ous diagnosis of diabetes by physicians and using insulin
or taking antidiabetic medications.25 Hypertension was
defined as SBP ≥ 140 mm Hg, DBP ≥ 90 mm Hg, the
use of antihypertensive medication or previous diagnosis
of hypertension by health-care professionals. The history
of diagnosed liver (eg, viral or autoimmune hepatitis,
cirrhosis, liver cancer, or other) and kidney (eg, kidney
stone, glomerulonephritis, nephropathy, or other) diseases
was self-reported.

2.4 | Statistical analysis

Baseline characteristics were presented by the quartiles
of the TyG index. Continuous variables were expressed in
means (standard deviations). Categorical variables were
expressed as numbers (percentages). To compare the dif-
ferences of baseline characteristics between groups, we
conducted one-way analyses of variance and chi-square
tests. In the current study, we used the TyG index at
baseline (2010) to predict the subsequent risk of new-
onset elevated CIMT. The odds ratios (ORs) and 95% con-
fidence intervals (CIs) were calculated by a logistic
regression model and adjusted for baseline age, sex, cur-
rent smoking status, current drinking status, physical
activity, HDL-C, BMI, and glucose-lowering therapy.

Stratified analyses were further performed to evaluate
the above-mentioned relationships by BMI (<28 and
≥28 kg/m2), WC (<90/80 and ≥90/80 cm for males
and females, respectively), and WHR (<0.90/0.85 and
≥0.90/0.85 for males and females, respectively). All tests
were two sided, and a P value <.05 was considered statis-
tically significant. All of the above statistical analyses
were performed using SAS version 9.4 (SAS Institute,
Cary, North Carolina).
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We also used R version 4.0.5 (R Foundation for
Statistical Computing, Vienna, Austria) to construct
restricted cubic spline models with four knots to detect
whether there was a nonlinear relationship between
TyG index and the risk of elevated CIMT after full
adjustment.

3 | RESULTS

Baseline characteristics of the 5751 participants are dis-
played by TyG index quartiles in Table 1. The mean TyG
index quartiles were 8.02 ± 0.22, 8.48 ± 0.11, 8.86 ± 0.12,
and 9.54 ± 0.45, respectively. As expected, SBP, DBP,

TABLE 1 Baseline characteristics of participants according to quartiles of TyG index

Characteristic
Quartile 1
(n = 1438)

Quartile 2
(n = 1437)

Quartile 3
(n = 1439)

Quartile 4
(n = 1437) P

Age (y) 56.2 ± 9.1 57.6 ± 8.6 57.9 ± 8.3 58.0 ± 8.2 <.001

Male (n, %) 506 (24.2) 521 (24.9) 526 (25.1) 541 (25.8) .592

BMI (kg/m2) 23.8 ± 3.0 24.8 ± 3.0 25.7 ± 3.1 26.4 ± 3.0 <.001

Waist circumference (cm) 77.91 ± 8.22 81.48 ± 8.07 83.81 ± 8.38 86.33 ± 8.04 <.001

Hip circumference (cm) 92.09 ± 5.58 93.58 ± 5.46 94.72 ± 5.63 95.38 ± 5.61 <.001

Waist-to-hip ratio 0.85 ± 0.06 0.87 ± 0.06 0.88 ± 0.06 0.91 ± 0.05 <.001

Current smoker (n, %) 279 (20.6) 274 (20.2) 289 (21.5) 309 (22.7) .400

Current drinker (n, %) 147 (10.9) 136 (10.0) 129 (9.5) 162 (11.9) .189

High school education or above
(n, %)

302 (21.0) 285 (19.8) 271 (18.8) 265 (18.4) .451

Glucose-lowering therapy (n, %) 18 (1.3) 45 (3.1) 111 (7.7) 214 (14.9) <.001

SBP (mm Hg) 134.8 ± 19.2 139.6 ± 19.2 142.5 ± 19.4 146.9 ± 19.1 <.001

DBP (mm Hg) 79.9 ± 10.1 82.6 ± 9.9 83.7 ± 10.0 86.2 ± 10.1 <.001

TC (mg/dL) 189.26 ± 31.54 203.35 ± 34.97 210.91 ± 35.69 222.25 ± 44.75 <.001

LDL-C (mg/dL) 108.72 ± 26.05 124.13 ± 29.78 131.47 ± 31.15 128.66 ± 39.06 <.001

HDL-C (mg/dL) 58.18 ± 12.45 53.02 ± 11.72 49.37 ± 10.77 44.82 ± 10.27 <.001

TGs (mg/dL) 70.53 ± 14.57 105.81 ± 16.19 146.06 ± 26.02 276.54 ± 185.08 <.001

FPG (mg/dL) 88.46 ± 10.08 93.27 ± 12.51 99.24 ± 18.51 117.13 ± 41.35 <.001

PBG (mg/dL) 113.64 ± 37.65 126.31 ± 48.11 148.81 ± 66.93 195.66 ± 103.98 <.001

TyG index 8.02 ± 0.22 8.48 ± 0.11 8.86 ± 0.12 9.54 ± 0.45 <.001

CIMT (mm) 0.56 ± 0.09 0.57 ± 0.09 0.58 ± 0.09 0.58 ± 0.09 <.001

Note: Data are presented as means (standard deviations) or medians (interquartile ranges) for continuous variables or numbers (percentages) for categorical

variables.
Abbreviations: BMI, body mass index; CIMT, carotid intima-media thickness; DBP, diastolic blood pressure; FPG, fasting plasma glucose; HDL-C, high-density
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; PBG, postprandial blood glucose; SBP, systolic blood pressure; TC, total cholesterol; TGs,
triglycerides; TyG, triglyceride glucose.

TABLE 2 Odds ratios (95% CI) for risk of elevated CIMT according to quartiles of TyG index

Quartile 1 Quartile 2 Quartile 3 Quartile 4

Cases (incidence, %) 165 (11.5) 152 (10.6) 193 (13.4) 212 (14.8)

Model 1 1.10 (0.87-1.38) 1 (ref ) 1.31 (1.04-1.64) 1.46 (1.17-1.83)

Model 2 1.19 (0.94-1.51) 1 (ref) 1.31 (1.04-1.64) 1.46 (1.16-1.83)

Model 3 1.29 (1.00-1.66) 1 (ref) 1.24 (0.97-1.59) 1.42 (1.11-1.83)

Note: Model 1 was an unadjusted model. Model 2 was adjusted for baseline age. Model 3 was adjusted for baseline age, sex, current smoking status, current
drinking status, physical activity, HDL-C, BMI, and glucose-lowering therapy. The bold values indicated statistical significance.
Abbreviations: BMI, body mass index; CIMT, carotid intima-media thickness; HDL-C, high-density lipoprotein cholesterol; TyG, triglyceride glucose.
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TGs, FPG, and CIMT were more likely to increase across
the quartiles. There was no significant difference in the
lifestyle factors (smoking and drinking) and education
level among the four groups.

After a median follow-up of 4.3 years, 165 (11.5%),
152 (10.6%), 193 (13.4%), and 212 (14.8%) participants
had elevated CIMT in four quartiles of the TyG index,
respectively. As presented in Table 2, we explored the
associations by quartiles of the TyG index, with the sec-
ond quartile serving as the reference. After adjusting for
potential confounding variables (model 3), the ORs of
elevated CIMT were 1.29 (95% CI, 1.00-1.66), 1.24 (95%
CI, 0.97-1.59), and 1.42 (95% CI, 1.11-1.83) for the first,

third, and fourth TyG index quartile, respectively. Similar
results were observed when we further adjusted for dia-
betes mellitus, hypertension, and liver and kidney dis-
eases (Table S1). These results indicate a nonlinear
association between TyG index and elevated CIMT.

Subgroup analyses for obese and nonobese partici-
pants are shown in Table 3. The association between TyG
index and CIMT was only significant in those without
general or abdominal obesity. In the multivariable model,
the second quartile of the TyG index had the lowest risk
of elevated CIMT among participants with BMI < 28 kg/
m2. Compared to the second quartile, the risk increased
significantly in both quartile 1 (OR 1.96; 95% CI,

TABLE 3 Subgroup analyses for

risk of elevated CIMT by TyG index
Quartile 1 Quartile 2 Quartile 3 Quartile 4

BMI

<28 kg/m2

Model 1 1.35 (1.03-1.77) 1 (ref) 1.59 (1.22-2.07) 1.80 (1.39-2.33)

Model 2 1.46 (1.11-1.93) 1 (ref) 1.54 (1.18-2.01) 1.75 (1.35-2.27)

Model 3 1.60 (1.20-2.15) 1 (ref) 1.56 (1.17-2.07) 1.89 (1.41-2.52)

≥28 kg/m2

Model 1 1.17 (0.72-1.90) 1 (ref) 1.00 (0.61-1.65) 1.04 (0.63-1.70)

Model 2 1.15 (0.70-1.88) 1 (ref) 0.96 (0.58-1.60) 1.07 (0.65-1.76)

Model 3 1.32 (0.79-2.19) 1 (ref) 0.85 (0.50-1.45) 0.87 (0.51-1.48)

WC

<90/80 cm

Model 1 1.56 (1.13-2.16) 1 (ref) 1.42 (1.02-1.97) 1.80 (1.31-2.47)

Model 2 1.82 (1.30-2.54) 1 (ref) 1.43 (1.02-2.00) 1.90 (1.37-2.64)

Model 3 1.96 (1.37-2.79) 1 (ref) 1.41 (0.99-2.02) 1.95 (1.36-2.79)

≥90/80 cm

Model 1 0.90 (0.64-1.26) 1 (ref) 1.23 (0.90-1.69) 1.19 (0.86-1.63)

Model 2 0.95 (0.67-1.33) 1 (ref) 1.21 (0.87-1.66) 1.20 (0.87-1.66)

Model 3 1.08 (0.75-1.54) 1 (ref) 1.10 (0.78-1.55) 1.05 (0.74-1.50)

WHR

<0.90/0.85

Model 1 1.49 (1.03-2.16) 1 (ref) 1.14 (0.78-1.69) 1.74 (1.22-2.50)

Model 2 1.75 (1.19-2.57) 1 (ref) 1.18 (0.79-1.76) 1.78 (1.22-2.58)

Model 3 1.91 (1.27-2.86) 1 (ref) 1.19 (0.78-1.81) 1.92 (1.28-2.90)

≥0.90/0.85

Model 1 0.98 (0.73-1.31) 1 (ref ) 1.27 (0.96-1.68) 1.08 (0.81-1.44)

Model 2 0.99 (0.73-1.32) 1 (ref) 1.27 (0.96-1.68) 1.11 (0.83-1.48)

Model 3 1.11 (0.81-1.52) 1 (ref) 1.19 (0.88-1.60) 1.04 (0.76-1.43)

Note: Obesity was defined as a BMI of 28.0 kg/m2 or higher. Abdominal obesity was defined as WC ≥ 90 cm
or WHR > 0.90 in men and WC ≥ 80 cm or WHR > 0.85 in women. Model 1 was an unadjusted model.
Model 2 was adjusted for baseline age. Model 3 was adjusted for baseline age, sex, current smoking status,
current drinking status, physical activity, HDL-C, BMI, and glucose-lowering therapy. The bold values
indicated statistical significance.

Abbreviations: BMI, body mass index; CIMT, carotid intima-media thickness; HDL-C, high-density
lipoprotein cholesterol; TyG, triglyceride glucose; WC, waist circumference; WHR, waist-to-hip ratio.
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1.37-2.79) and quartile 4 (OR 1.95; 95% CI, 1.36-2.79) of
the TyG index in individuals with normal WC (<90 cm
in men and <80 cm in women). Similarly, the fully
adjusted ORs (95% CI) for elevated CIMT among partici-
pants with normal WHR (<0.90 in men and <0.85 in
women) were 1.91 (1.27-2.86) and 1.92 (1.28-2.90) in
quartile 1 and quartile 4, respectively. The risk estimates
did not change significantly in sensitivity analysis with

further adjustments for diabetes mellitus, hypertension,
and liver and kidney diseases (Table S1), whereas there
was no relationship between TyG index and elevated
CIMT in obese participants.

Restricted cubic splines were additionally applied to
model and display the association between TyG index and
elevated CIMT, with confounders adjusted (Figure 1). There
was an approximately U-shaped association among the
total and nonobese population. As presented in Figure 1A,
the risk of elevated CIMT reached a nadir when TyG indi-
ces were within the interval of 7.95 to 8.66 in the total pop-
ulation. The association was negative below these values,
but positive above (P for nonlinearity = .0039). In nonobese
participants (Figure 1B), a marked increase in risk was
observed at both low and high levels of the TyG index.
Among individuals with BMI < 28 kg/m2, we noticed that
the risk of elevated CIMT was significantly reduced at TyG
indices in the range of 7.91 to 8.60 (P for nonlinear-
ity = .0003). Also, a strong nonlinear relationship existed in
participants with WC < 90/80 cm or WHR < 0.90/0.85
(P for nonlinearity < .0001). The risk touched the bottom
when the TyG index was around 8.33 and 8.31, respectively.
However, no apparent association was found in the sub-
groups of BMI ≥ 28 kg/m2, WC ≥ 90/80 cm, and
WHR ≥ 0.90/0.85 (P for nonlinearity = .9475, .8846 and
.9707, respectively) (Figure 1C).

4 | DISCUSSION

In the current study, we found a nonlinear association
between the baseline TyG index and risk of new-onset
elevated CIMT. Moreover, the relationship was only sig-
nificant among those without general or abdominal obe-
sity. Our finding provides evidence that the TyG index is
useful in identifying those at high risk of subclinical ath-
erosclerosis, especially among nonobese individuals.

Substantial studies have reported that a high baseline
TyG index is associated with elevated CIMT. Recently, a
study of 631 subjects demonstrated that subclinical ath-
erosclerosis, defined as CIMT > 0.9 mm, correlated with
the TyG index.26 In addition, a prospective study based
on the Beijing Health Management Cohort (BHMC) and
the Beijing Physical Examination Cohort (BPEC) indi-
cated that the highest quartile of the TyG index increased
the risk of carotid plaque compared with those in the
lowest quartile.27 In accordance with these studies, we
also find that a higher TyG index is associated with
higher risk of elevated CIMT. In addition, our finding
indicates that the relationship is mostly significant in
nonobese individuals.

The TyG index is a surrogate indicator of IR, which is
generally recognized as the driving force of CVD events.

FIGURE 1 The association between baseline TyG level
and incident elevated CIMT based on restricted cubic
splines. The solid lines represent a fitted relationship and the

shadows represent the 95% confidence interval among (A) total,

(B) non-obese and (C) obese population. Model was adjusted for

baseline age, sex, current smoking status, current drinking status,

physical activity, HDL-C, BMI and glucose-lowering therapy.
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Endothelial cells (ECs) are the other target tissue linked
to IR, as are liver and skeletal muscle.28 Increasing oxida-
tive stress in ECs with significant contributions from
NADPH oxidase, mitochondria, and uncoupled eNOS
results in decreasing availability of NO.29,30 Impaired
endothelium-derived NO might fail to inhibit both leuko-
cyte adhesion and related promoters,31 driving athero-
sclerotic development.

Moreover, the current analysis shows that the TyG
index is U-shaped associated with the risk of elevated
CIMT, and those in the second quartile have the lowest
risk. Numerous publications indicate that there is a
nonlinear relationship between TyG index and cardio-
vascular mortality.32 Meanwhile, among the middle-aged
and elderly US population in the National Health
and Nutrition Examination Survey (NHANES), the second
quartile of the TyG index encompasses the lowest risk
of cardiovascular mortality (hazard ratio 0.62; 95% CI,
0.43-0.88) when compared with the first quartile.33 Lower
TyG index also demonstrates higher risk.

We notice that participants in the first quartile of the
TyG index with lower BMI, TGs, and FPG at baseline
have higher risk of CIMT progression, compared with
those in the second quartile of the TyG index. Several
potential mechanisms underlying this association have
been postulated. Very low levels of TGs or FPG, approxi-
mately equal to a low TyG index, may produce an
adverse effect on the occurrence of CVD. It was reported
previously that FPG was nonlinearly related to CVD, and
lower FPG was slightly associated with increased risk of
stroke and atherosclerotic CVD.34,35 Animal experiments
demonstrate that repeated hypoglycemia enhances neoin-
tima formation after vascular injury,36 indicating that
lower blood glucose predisposes to elevated CIMT.
Moreover, low TG levels may play a negative role on the
vascular endothelium. For example, low cholesterol
levels could increase the permeability of erythrocyte
membranes.37 As determined by the two parameters, a lower
TyG index may show an increased risk of elevated CIMT.

Given that adiposity substantially affects insulin
sensitivity,38 different levels of adiposity might influence
the status of IR.39 To explore whether there is an associa-
tion between TyG index and elevated CIMT, we intro-
duced subgroup analyses. The current study shows that
higher levels of TyG index are significantly associated
with the risk of new-onset elevated CIMT, but only in
those without general or abdominal obesity. In other
words, the TyG index may have a better predictive value
in nonobese individuals. Similarly, a recent cross-
sectional study of 473 postmenopausal women stratified
by BMI has shown that there is an increased risk of sub-
clinical atherosclerosis with TyG index only in lean
women.40

However, the association which is mainly signifi-
cant in nonobese individuals has not been elucidated.
Nevertheless, there are several speculations. First, the
TyG index is a predictor of metabolic dysregulation and
may better reflect the risk of metabolic diseases in non-
obese individuals.41 But obese individuals, who typi-
cally have several metabolic risk factors,42 have a
greater burden than lean participants, which would
obscure the predictive role of the TyG index in elevated
CIMT. Moreover, the TyG index may be more reflective
of muscle-related IR and correlates strongly with
homeostasis model assessment of insulin resistance
(HOMA-IR) in healthy nonobese individuals,43,44 as
increased intramyocellular TG accumulation would
impair glucose uptake and insulin signaling in mus-
cle.45,46 On the other hand, obese people have strong
liver47 rather than muscle IR. Finally, inherited genetic
factors could partly explain that the TyG index is signif-
icant in nonobese individuals. A two-stage genome-
wide association meta-analysis identified a locus near
insulin receptor substrate 1 (IRS1) gene that is associated
with reduced body fat percentage but also with
an impaired metabolic profile, including increased IR
and risk of coronary artery disease.48

Previous studies have pointed out that age is
strongly and linearly associated with CIMT.49 An
increase in CIMT with age can be expected. As shown
in Table S2, CIMT increased during follow-up, while
the risk attributed to increasing age may be similar
across the four groups.49 Despite the fact that age has
an inevitable effect on CIMT progression, the TyG
index itself even works after adjustment for baseline
age (Table 2).

The main strengths of this study include the prospec-
tive design, large sample size, and comprehensive
assessment of covariates. In addition, the results of com-
bined subgroup analyses can provide further informa-
tion on the predictive value for certain groups.
Nevertheless, we acknowledge that several limitations
exist in our study. First, the statistical power might be
slightly compromised due to the shorter follow-up. Sec-
ond, the assessment of CIMT and TyG index is con-
ducted at baseline and follow-up, ignoring the dynamic
changes of the TyG index. Long-term investigations
might address this issue. Third, although many studies
have reported that CIMT measurements are useful in
the evaluation of CVD risk, the effectiveness is still
uncertain. Fourth, the findings could not be extended to
younger populations, given our study is consisted of a
Chinese population over 40 years.

In conclusion, we report that the baseline TyG index
is nonlinearly associated with the risk of elevated CIMT
in middle-aged and elderly nonobese Chinese adults,
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suggesting that this simple index might be useful in pre-
venting subclinical atherosclerosis.
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