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Abstract
Purpose No study has comprehensively assessed the relationship of metabolic factors including insulin resistance, hyper-
tension, hyperuricemia, and hypercholesterolemia with the development of carotid plaque. Therefore, we constructed
metabolic scores based on the above metabolic factors and examined its association with carotid plaque in young and older
Chinese adults.
Methods This study included 17,396 participants who underwent carotid ultrasound examinations, including 14,173 young
adults (<65 years) and 3,223 older adults (≥65 years). Individual metabolic score was calculated using triglyceride-glucose
(TyG) index, mean arterial pressure (MAP), uric acid, and total cholesterol (TC). Logistic regression models were conducted
to examine the role of metabolic score and its components in the prevalence of carotid plaque. The nonlinear relationship
was examined using restricted cubic spline regression. Meanwhile, subgroup, interaction, and sensitivity analyses were
conducted.
Results The multivariate logistic regression analysis showed that TyG (OR: 1.088; 95%CI: 1.046-1.132), MAP (OR: 1.121;
95%CI: 1.077–1.168), TC (OR: 1.137; 95%CI: 1.094–1.182) and metabolic score (OR: 1.064; 95%CI: 1.046–1.082) were
associated with carotid plaque prevalence in young adults rather than older adults. The nonlinear association was not
observed for metabolic scores and carotid plaque. Subgroup analyses showed significant associations between metabolic
scores and carotid plaque prevalence in men, women, normal-weight, and overweight young adults. No interaction of
metabolic score with sex and BMI were observed.
Conclusions The results support that control of TyG, MAP, TC, and metabolic scores is a key point in preventing the
prevalence of carotid plaque in the young adults.
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Introduction

Cardiovascular disease has become the leading cause of
disability and premature death worldwide. By 2030, about
23.6 million people are expected to die of cardiovascular
disease each year globally [1]. Cardiovascular disease is

no longer confined to high-income countries. In recent
decades, the prevalence of cardiovascular disease has
surged significantly in low-income and middle-income
countries, resulting in over 80 percent of cardiovascular
disease deaths transpiring in these regions [2]. Athero-
sclerosis is the main pathologic process underlying most
cardiovascular disease, which can begin early in life and
remain latent and asymptomatic for long periods of time
before entering advanced stages of life [3]. Plaque rupture
and thrombosis are major causes of stroke and myocardial
infarction, resulting in atherosclerosis is an independent
risk factor for cardiovascular disease [4]. Carotid plaque is
present in 20.2% of Chinese adults aged 30–80 years,
according to a systematic review [5]. Therefore, early
identification and intervention of risk factors associated
with carotid plaque can help to reduce the burden of
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carotid atherosclerosis and cardiovascular disease on the
public [6].

Many studies have shown that metabolic syndrome,
defined as a group of interrelated metabolic risk factors
(including abdominal obesity, elevated fasting glucose,
hypertriglyceridemia, hypertension, and low high-density
lipoprotein (HDL) cholesterol levels), can increase the risk
of atherosclerosis and cardiovascular disease [7, 8]. Various
metabolic components have also been associated with
increased carotid artery stiffness and plaque volume [9].
Recent scientific interest has focused on the association of
insulin resistance with involvement in carotid plaque, and
the triglyceride-glucose (TyG) index has emerged as a
valuable biomarker of insulin resistance [10, 11]. Some
studies have shown that an elevated TyG index increases
the likelihood of plaque formation in public carotid arteries
[12]. However, Zhao et al. reported no association between
these two variables, and there was no general consensus on
whether TyG index has a substantial relationship with the
incidence of carotid plaque [13]. In addition, a 7-year pro-
spective cohort study found that carotid plaque was asso-
ciated with higher blood pressure, pulse pressure, and mean
arterial pressure (MAP) [14]. Observational studies suggest
that high blood uric acid (UA) levels may also be a risk
factor for carotid plaque [15, 16]. Previous clinical studies
have consistently demonstrated a significant association
between metabolic syndrome and the incidence of ischemic
stroke [7, 17]. However, no study has comprehensively
examined the relationship between various metabolic fac-
tors and carotid plaque.

In this study, we utilized four metabolic factors (TyG
index, MAP, UA, and total cholesterol (TC)) to establish a
metabolic score to reflect the overall metabolic status of the
body. Similar to previous studies, four metabolic factors
were chosen a priori without any data exploration [18].
Then, we estimated the effect of each of the major factors
involved in metabolic score on the prevalence of carotid
plaque in young and older adults. The associations between
metabolic score and carotid plaque in young and older
adults were also examined, which will contribute to the
development and implementation of preventive measures
against carotid plaque.

Methods

Setting and participants

In this cross-sectional study, we extracted 42,900 records
from individuals who participated in the annual physical
examination and underwent carotid symmetry ultrasound
examinations at the Health Management Center of a tertiary
hospital in Henan Province from 2017 to 2020. We further

excluded data with missing data on the blood pressure,
blood lipid, blood glucose, UA, or BMI (n= 4339). Last,
one recent examination record for each participant was
retained for this study and 17,396 available participants
were finally analyzed. The flowchart for the screening of
participants was shown in Supplement Fig. 1. This study
was approved by the Ethics Committee of the First Affili-
ated Hospital of Zhengzhou University (2018-KY-56) and
all subjects had informed consent.

Physical examination

All participants were asked to complete a physical assess-
ment, laboratory investigations, and carotid symmetry
ultrasound. Physical assessment, including height, weight,
and blood pressure, were performed by trained medical
workers in line with standard instruments and protocols. All
participants were asked to rest for at least 5 min in a quiet
environment before blood pressure was measured. Trained
staff members measured blood pressure two times using a
standard mercury sphygmomanometer to average the
values, and recorded systolic blood pressures (SBP) and
diastolic blood pressures (DBP). After 12 h of fasting, 5 mL
of blood was drawn by venipuncture in the morning for
measurement of biochemical indices including TC, trigly-
ceride (TG), HDL, fasting plasma glucose (FPG), and UA.
Senior clinicians performed and reported on physical
examination, laboratory tests, and bilateral carotid ultra-
sound. The participants were sequentially examined on both
sides of the main carotid artery, common carotid artery
bifurcation, internal carotid artery, external carotid artery,
and subclavian artery using high-resolution B-mode ultra-
sound. Carotid plaque are focal structures encroaching into
the arterial lumen of at least 0.5 mm or 50% of the sur-
rounding intima-media thickness value or demonstrates a
thickness >1.5 mm as measured from the intima-lumen
interface to the media-adventitia interface. According to
expert consensus, the overall diagnostic accuracy could
reach 90% [19].

Definitions

BMI was calculated as weight divided by height squared
(kg/m2). The mean arterial pressure (MAP) was calculated
as DBP+ 1/3(SBP-DBP). The TyG index was considered a
surrogate for identifying insulin resistance and determining
metabolic health status. The calculation formula of TyG
was ln[TG(mg/dL)*FPG(mg/dL)/2] [20, 21]. Then, we
constructed metabolic score as the sum of the z-transformed
values of TyG index, MAP, UA, and TC. It is important to
note that the UA Z-scores for men and women are calcu-
lated separately because of the differences in the reference
ranges of UA for men and women. The continuous
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variables of TyG index, MAP, UA, TC, and metabolic score
were transformed into categorical variables using quartile
methods.

Statistical analysis

Since the data distribution was skewed, the continuous
variables were shown using median and interquartile range
(P50 (P25–P75)), while categorical variables were expressed
using frequency (%). The distribution difference of baseline
demographics and other covariables among different age
group was estimated by chi-square test for a categorical
variable and by Wilcoxon rank-sum test for a continuous
variable. Logistic regression models were performed to
estimate the association of carotid plaque prevalence with
TyG index, MAP, TC, UA, and metabolic score in young
adults and older adults. Odds ratios (ORs) with 95% con-
fidence intervals (CIs) were calculated with and without
adjustment for covariates. The trend test is performed by
assigning medians to each quartile of the index and entering
them as continuous variables in the model. In model 1, no
confounders were adjusted; in model 2, age, sex, and BMI
were adjusted based on model 1. The potential nonlinear
relationship was examined using restricted cubic spline
(RCS) regression (knots on the 25th, 50th, and 75th per-
centiles). RCS analyses were performed to avoid the
potential effects of inappropriate linearity and to examine
the precise dose-response association relationships between
predictor and response variable. Stratified analysis was
conducted by sex (male or female), and BMI (<18.5,
18.5–23.9, 24–27.9, or ≥28 kg/m2). The multiplicative
interaction of metabolic score with sex and BMI was esti-
mated respectively using the likelihood ratio test, with a

comparison of the likelihood scores of the two models with
and without the interaction terms. For sensitivity analyses,
we reconstructed metabolic scores by deleting variables that
were not meaningful for carotid plaque prevalence. All
statistical analyses were performed using R 4.1.2. Tests
were two-tailed and a P value less than 0.05 was considered
statistically significant.

Results

Characteristics of the study population

A total of 17,396 participants were included in this study,
which was consisted of 10,742 (61.75%) participants with
carotid plaque, 11,486 (66.03%) males, and 14,173
(81.47%) participants less than 65 years of age (Table 1). Of
all participants, the P50 (P25–P75) of age, BMI, FPG, TG,
TyG index, SBP, DBP, MAP, TC, HDL, UA, and metabolic
score was 55 (48–62) year, 24.89 (22.82–26.92) kg/m2,
5.30 (4.93–5.82) mmol/L, 1.34 (0.95–1.90) mmol/L, 8.67
(8.29–9.07), 127 (116–141) mmHg, 77 (69–86) mmHg,
94.33 (85.67–103.67) mmHg, 4.65 (4.04–5.28) mmol/L,
1.28 (1.09–1.53) mmol/L, 325 (270–383) mmol/L and
−0.09 (−1.72 to 1.61). More participants in the ≥65 years
group than in the <65 years group were carotid plaque and
male, were high MAP, low TC, UA, and metabolic score.

Relationship of the metabolic score and its
components with carotid plaque

The results of univariate and multivariate logistic regression
analysis of TyG, MAP, UA, TC, and metabolic score with

Table 1 Characteristics of
participants in the study

Characteristic Total <65 years ≥65 years P

(n= 17,396) (n= 14,173) (n= 3223)

Carotid plaque 10,742 (61.75%) 7770 (54.82%) 2972 (92.21%) <0.001

Age (years) 55 (48–62) 52 (46–57) 76 (69–83) <0.001

Male 11,486 (66.03%) 9302 (65.63%) 2184 (67.76%) 0.021

BMI (kg/m2) 24.89 (22.82–26.92) 24.91 (22.85–26.93) 24.78 (22.69–26.88) 0.065

FPG (mmol/L) 5.30 (4.93–5.82) 5.25 (4.89–5.72) 5.57 (5.13–6.43) <0.001

TG (mmol/L) 1.34 (0.95–1.90) 1.36 (0.96–1.96) 1.25 (0.92–1.7) <0.001

SBP (mmHg) 127 (116–141) 124 (114–137) 143 (130–157) <0.001

DBP (mmHg) 77 (69–86) 77 (69–86) 77 (69–84) <0.001

HDL (mmol/L) 1.28 (1.09–1.53) 1.28 (1.09–1.52) 1.29 (1.10–1.56) <0.001

TyG index 8.67 (8.29–9.07) 8.67 (8.29–9.08) 8.66 (8.32–9.03) 0.861

MAP (mmHg) 94.33 (85.67–103.67) 93.33 (84.67–102.67) 98.67 (90.67–107.67) <0.001

UA (μmol/L) 325 (270–383) 326 (270–385) 318 (267–374) <0.001

TC (mmol/L) 4.65 (4.04–5.28) 4.68 (4.11–5.31) 4.4 (3.68–5.14) <0.001

Metabolic score −0.09 (−1.72–1.61) −0.10 (−1.78–1.64) −0.06 (−1.45–1.53) 0.858

Data are presented as P50 (P25–P75) or n(%)
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the prevalence of carotid plaque were consistent, as shown
in Table 2. When adjusting for age, sex, and BMI, our study
found that TyG (OR: 1.088; 95%CI: 1.046–1.132), MAP
(OR: 1.121; 95%CI: 1.077–1.168), TC (OR: 1.137; 95%CI:
1.094–1.182) and metabolic score (OR: 1.064; 95%CI:
1.046–1.082) were associated with the prevalence of carotid
plaque rather than UA (OR: 1.015; 95%CI: 0.970–1.062) in
young adults. When continuous variables were transformed
into categorical variables using quartile methods, compared
with the lowest metabolic score group (<−1.72), partici-
pants with metabolic score at Q3 (−0.09–1.61) and Q4
(≥1.61) was significantly associated with a higher pre-
valence of carotid plaque with OR (95% CI) of 1.240
(1.109–1.386) and 1.434 (1.275–1.612), respectively.
Whether or not confounders were adjusted, our study did
not find TYG, MAP, UA, TC, and metabolic score were
associated with the prevalence of carotid plaque in older
adults. Figure 1 displayed the non-linear associations of
carotid plaque prevalence with metabolic score through the
RCS curve, and no significant non-linear associations were
found. For the age <65 years, Pnonlinear was= 0.561, and for
the age ≥65 years, Pnonlinear was= 0.641.

Subgroup analyses and interaction analyses

Figure 2 showed the results of subgroup analyses for the
association between the continuous TyG index, MAP, UA,
TC, metabolic score, and the carotid plaque prevalence.
Relationships between TyG index, MAP, TC, metabolic
score, and carotid plaque prevalence were observed in men,
women, and normal-weight (18.5–23.9 kg/m2) and over-
weight (24–27.9 kg/m2) participants when participants were
younger than 65 years. When the age of the participants was
≥65 years, the relationship between TyG index, MAP, TC,
metabolic score, and carotid plaque prevalence was not
observed in subgroup analyses. Figure 3 showed the results
of the interaction between metabolic score and sex or BMI
on the prevalence of carotid plaque. The results showed no
interaction of metabolic score with sex and BMI in either
the age <65 years, or ≥65 years population
(Pinteraction > 0.05).

Sensitivity analyses

Because the associations between UA and carotid plaque
prevalence was not statistically significant in the previous
analysis, we constructed metabolic scores using three index,
TyG index, MAP, and TC, in a sensitivity analysis (Sup-
plement Table 1). Our study found that elevated metabolic
scores were a risk factor for the prevalence of carotid plaque
in people younger than 65 years with OR (95%CI)= 1.084
(1.063–1.106), regardless of whether or not adjusted for
confounding factors. Similarly, compared with the lowest

metabolic score group (<− 1.40), participants with meta-
bolic score at Q2 (−1.40 to −0.07), Q3 (−0.07–1.30), and
Q4 (≥1.30) was significantly associated with a higher pre-
valence of carotid plaque. However, in those population
aged >65 years, without adjusting for confounders, elevated
metabolic score reduced the risk of developing carotid
plaque, and this association disappeared after adjusting for
age, sex, and BMI.

Discussion

The present study demonstrated a strong correlation
between TyG index, MAP, TC, metabolic score, and the
prevalence of carotid plaque among the Chinese young
adults. Subgroup analyses showed significant associations
between metabolic scores and carotid plaque prevalence in
men, women, normal-weight, and overweight young adults.

According to a large-scale study conducted in China, the
TyG index was easier to use and better for identifying
metabolically unhealthy individuals and those with a high
likelihood of cardiometabolic disease [22]. However, the
TyG index is only a valid proxy for insulin resistance and
does not provide a comprehensive picture of other meta-
bolic indicators in the body. In addition, it has been sug-
gested that indicators of hypertension may induce carotid
plaque through a variety of potential mechanisms, including
genetic processes, endothelial dysfunction, or neurohu-
moral, humoral, and metabolic pathways [23]. Several stu-
dies have shown elevated UA leads to impaired vascular
function and atherosclerosis, and hyperuricemia has also
been suggested as a candidate risk factor for metabolic
syndrome [24, 25]. Therefore, we established a new index,
metabolic score, to synthesize the metabolic status of the
body using TyG index, MAP, UA, and TC, and found a
correlation between these indices and the prevalence of
carotid plaque in young adults. But, in older adults, we did
not find this association. A possible explanation is that
aging is a significant risk factor for the prevalence of carotid
plaque, which in our study was also found to be 92% in
those ≥65 years of age [26]. A previous study found that
87% of Norwegian cohort participants aged 63 to 65 years
had carotid plaque, consistent with our study [27]. In
addition, using the RCS, we found that after adjusting for
confounders, metabolic score had a linear rather than a
nonlinear association with carotid plaque prevalence, the
risk of carotid plaque prevalence to increase with an
increasing score.

Subgroup analyses found that the TyG index, MAP, UA
metabolic score was also significantly associated with the
progression of carotid plaque in men, women, and normal-
weight and overweight populations aged <65 years but not
among individuals aged ≥65 years. Our study was
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Fig. 3 The interaction between
metabolic score, sex, and BMI
on the prevalence of carotid
plaque ((a) Interaction of
metabolic score and sex in the
population <65 years; (b)
Interaction of metabolic score
and sex in the population ≥65
years; (c) Interaction of
metabolic score and BMI in the
population <65 years; (d)
Interaction of metabolic score
and BMI in the population ≥65
years). The population of
individuals with underweight
status (BMI < 18.5 Kg/m2) is
relatively small, and therefore,
this particular group is not taken
into consideration in the analysis
of interactions

Fig. 2 Subgroup analyses on the association between TyG index, MAP, UA, TC, metabolic score, and the prevalence of carotid plaque.
Adjustment for age, sex, and BMI

Fig. 1 Restricted cubic spline of the relationship of carotid plaque risk
with metabolic score, ((a) Age < 65 years, (b) Age ≥ 65 years).
Potential nonlinear relationships were examined using restricted cubic

splines (knots on the 25th, 50th, and 75th percentiles). The dash line
represents the OR equals to 1. The ORs were adjusted for age, sex, and
BMI
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consistent with a previous study, which showed a higher
prevalence in male than in female patients with the pre-
valence of carotid plaque [28]. Possible reasons for this are
the different levels of sex hormones in men and women,
which affect vascular reactivity, inflammation, and lipo-
protein metabolism, all of which contribute to the devel-
opment of carotid plaque [29]. Besides, it is interesting that
the association of metabolic score, TYG index, MAP, and
TC with carotid plaque prevalence disappeared in the obese
population (BMI ≥ 28 kg/m2). One possible explanation is
that the association between the metabolic score, TyG
index, MAP, and the prevalence of carotid plaque is more
pronounced in the normal population. When the body is in a
relatively unhealthy state, such as obesity or aging, the
prevalence of carotid plaque increases significantly,
regardless of normal metabolic status. In the future, it may
be necessary to develop tailored interventions for different
metabolic populations in order to reduce the occurrence of
carotid plaque. The associations between UA and carotid
plaque prevalence were not observed in young and older
people. A previous study also supported our conclusion that
UA level can be considered as an important risk factor for
arterial stiffness in the Korean population, however, none of
the carotid intima-media thicknesses were associated with
UA [30]. Therefore, we removed UA to reconstruct the
metabolic score and also found a strong association between
the metabolic score and the incidence of carotid plaque in
young adults in the sensitivity analyses.

There were some limitations of this study. First, the study
design was cross-sectional, and all the collected data were
based on carotid plaque prevalence. The causal relationship
between metabolic score and prevalence of carotid plaque
could not be clarified. Second, the lack of information on
certain covariates, such as socioeconomic status and life-
style, limited the reliability of the conclusions. Third, we
only assessed the presence or absence of plaque, whereas
assessing the stability of carotid plaque may provide more
detailed information. Nonetheless, the presence of plaque in
the carotid artery provided important information about the
risk of cardiovascular events. Fourth, the population inclu-
ded in this study was those who had annual medical
checkups at a tertiary care hospital, and the extent to which
this finding applies to all populations deserves further
exploration.

Conclusions

TyG index, MAP, TC, and metabolic score were modifiable
risk factors for the prevalence of carotid plaque in young
adults. Accordingly, the potential significance of metabolic
factors controls in combating carotid plaque need to be
emphasized.
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