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Background: Carotid atherosclerosis, especially the rupture of unstable
plaques, plays an important role in the development of stroke. A novel lipid
ratio, the non-high-density lipoprotein cholesterol (non-HDL-C)/high-density
lipoprotein cholesterol (HDL-C) ratio, contains both atherogenic and
anti-atherogenic particle information, and has been shown to be associated
with carotid atherosclerosis. However, there is no data on evaluating the
association between non-HDL-C/HDL-C ratio and carotid plaque stability.

Methods: This study was carried out on 27,436 urban workers aged 20
years or older who participated in a comprehensive health screening between
January 2016 and December 2017. Carotid plaque stability was assessed using
ultrasonography. Multinomial logistic regression models were used to explore
the relationship between the non-HDL-C/HDL-C ratio and carotid plaque
stability by odds ratios (ORs) and 95% confidence intervals (Cls). Subgroup and
sensitivity analyses were performed to verify the robustness of the results.

Results: Carotid plague was detected in 7,161 (26.1%) participants, with
stable and unstable plaque accounting for 3,277 (11.9%) and 3,884 (14.2%),
respectively. The prevalence of stable carotid plaque substantially increased
with increasing non-HDL-C/HDL-C ratio quartile levels (p for trend < 0.001)
and with a similar association for unstable carotid plaque (p for trend < 0.001).
The mean non-HDL-C/HDL-C ratios (mean =+ SD) of non-carotid plaque (2.9
+ 1.1), stable carotid plaque (3.2 £ 1.2), and unstable carotid plaque (3.4 +
1.4) gradually increased (p < 0.001). In multinomial logistic regression, ORs
(95% Cls) for the highest vs. lowest quartile of the non-HDL-C/HDL-C ratio
were 1.70 (1.48-1.95) between stable carotid plagues and no carotid plaque,
2.34 (2.06—2.67) between unstable carotid plaques and no carotid plaque, and
1.38 (1.18-1.61) between unstable carotid plaques and stable carotid plaque,
after adjusting for common cardiovascular risk factors. The results of subgroup
analysis and sensitivity analysis were similar.
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Conclusion: Our findings suggested that the non-HDL-C/HDL-C ratio was
significantly associated with carotid plaque stability and might be a useful
indicator for the early identification of high-risk carotid plaque.

lipid ratio, non-HDL-C/HDL-C, carotid plaque, stability, cross-sectional study

Introduction

Stroke is a leading cause of death and disability worldwide
(1). Carotid plaque stability plays a fundamental role in
the development of ischemic stroke (2, 3). Rupture of
unstable carotid plaque can lead to thrombosis, resulting in
cerebrovascular occlusion and infarction. Approximately, 18-
25% of ischemic stroke thromboembolisms originate from
ruptured carotid plaques (4), and carotid plaque is also
an important cause of cryptogenic stroke (5). However,
carotid ultrasound screening in the general population is not
recommended in the current guideline (6). Therefore, early
identification of carotid plaque stability could help discover
people at high risk of stroke, who might benefit from early
pharmacological or surgical intervention.

It is well-known that high-density lipoprotein cholesterol
(HDL-C) and non-HDL (non-HDL-C)
associated with atherosclerosis (7-9). Non-HDL-C is considered

cholesterol are
to be a key factor underlying the process contributing
(10). The
National Lipid Association has identified non-HDL-C as a
primary therapeutic target (11), HDL-C, which is composed

to cardiovascular disease and atherosclerosis

of the smallest and densest lipoprotein particles, inhibits
atherosclerosis (12). HDL-C is negatively associated with
cardiovascular (CV) events with each 1 mg/dl increase reducing
CV events by 2-3% (7, 13, 14), and it exerts cardiovascular
protective effects mainly through reverse cholesterol transfer,
anti-inflammatory, antioxidant, anti-apoptotic, and vasodilatory
effects (14). A novel lipid ratio, the non-HDL-C/HDL-C ratio,
contains both atherogenic and anti-atherogenic particles
information, and has been shown to be associated with a
variety of dyslipidemia-related diseases such as diabetes mellitus
(15-17), liver disease (18, 19), metabolic syndrome (20), and
previous studies also demonstrated that the non-HDL-C/HDL-
C ratio was associated with carotid atherosclerosis (21-23).
In addition, the Atherosclerosis Risk in Communities (ARIC)
study even found an independent association between non-
HDL-C/HDL-C ratio and carotid plaque lipid core (24). The
thicker the lipid core, the more likely it is to cause expansion of
the necrotic core of the plaque, resulting in plaque rupture (25).
Moreover, recently studies showed that the non-HDL-C/HDL-C
ratio might be a better predictor of cardiovascular events than
traditional lipid indices (26, 27). However, to date, there is no
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data on evaluating the association between non-HDL-C/HDL-C
ratio and carotid plaque stability.

Therefore, we performed this study to clarify whether non-
HDL-C/HDL-C ratio is significantly associated with carotid
plaque stability.

Methods

Participants

The study population consisted of 28,537 Chinese adults
who participated in a health examination in stroke screening
sites of the First Affiliated Hospital of Zhengzhou University
from January 2016 to December 2017. The exclusion criteria
of this study were: subjects with any history of malignancy,
infectious diseases, acute inflammation, liver disease, or renal
disease. We also excluded subjects with missing data on TC
or fasting blood glucose (FBG). After applying our exclusion
criteria, a total of 27,436 participants were enrolled in this study.

Data collection

We collected individual sociodemographic information
(e.g., sex, age, and education), history of chronic diseases (e.g.,
diabetes, dyslipidemia, hypertension, coronary heart disease,
and stroke), and lifestyle factors (e.g., smoking, drinking,
vegetable and fruit consumption, physical activity, etc.) via
a standard questionnaire by trained interviewers. Definition
of history of stroke and coronary artery disease: previously
diagnosed by a medical specialist or provided imaging data to
support the diagnosis. Smoking, defined as smoking 1 cigarette
per day for more than 1 year. Drinking, defined as alcoholic
drink of at least >45g each time per day during the last year.
Vegetable consumption and Fruit consumption were divided
into two groups (=5 days/week and <5 days/week) using a
standard consumption of 200 g per day. Physical activity, defined
as regular exercise for at least 30 min per time in no less than 3
times per week. We measured weight, height, and resting blood
pressure such as systolic blood pressure (SBP) and diastolic
blood pressure (DBP). Obesity was defined as BMI > 28 kg/m?.

In addition, overnight fasting blood samples were obtained
from all subjects. Fasting blood glucose was measured using the
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glucose oxidase method. Lipid levels including total cholesterol
(TC), triglyceride (TG), HDL-C, and low-density lipoprotein
cholesterol (LDL-C) were measured using Olympus Au5400
automated biochemistry analyzer (First Chemical Co, Ltd,
Japan). Hypertension was defined as SBP and/or DBP >
140/90 mmHg, or the usage of antihypertensive medications.
Dyslipidemia was defined as TG > 2.26 mmol/L, TC > 6.22
mmol/L, HDL-C < 1.04 mmol/L, LDL-C > 4.14 mmol/L,
self-reported history, or taking lipid-lowering drugs. Diabetes
mellitus (DM) was defined as self-reported history, FPG > 7.0
mmol/L, or taking antidiabetic agents.

Assessment of carotid plaque stability

Ultrasound technologists evaluated carotid plaques by
qualified sonographers using the iU22 (Philips Healthcare),
HA500 (Hitachi Healthcare), and DC-8 (Mindray), ultrasound
system with 5-10 MHz
qualified sonographers measured each participant separately;

transmission frequency. Two

discrepancies in measurement data were resolved by consensus.
We examined plaques of bilateral common carotid artery,
internal carotid artery, external carotid artery, and bulb. Carotid
plaque was defined as a focal structure encroaching into the
arterial lumen by at least 0.5mm or 50% of the surrounding
CIMT value, or CIMT > 1.5mm (28, 29). Stable carotid
plaques had a high level of homogeneous echogenicity and
homogeneous texture with a regular smooth morphology.
Unstable carotid plaques had an incomplete fibrous cap or
ulceration with low level or heterogeneous echogenicity (30).

Statistical analysis

The population was divided into four groups based on the
quartiles of the non-HDL-C/HDL-C ratio. Categorical variables
were presented as frequency (%), which was compared using
chi-square analysis. Continuous variables were described as
the median with an interquartile range owing to the skewed
distribution, which were compared by variance (ANOVA) or
Mann-Whitney U-tests for continuous variables.

When participants were divided into 3 groups according
to carotid plaque stability (non-carotid plaque, stable carotid
plaque, and unstable carotid plaque), multinomial logistic
regression models were used to explore the relationship between
the non-HDL-C/HDL-C ratio and carotid plaque stability. To
adjust for potential confounders, two models were developed:
Model 1, adjusted for age, sex, education, smoking status,
drinking status, vegetable consumption, fruit consumption,
physical activity, BMI > 28 kg/m? (yes or no), stroke, coronary
heart disease, hypertension, antihypertensive agents, diabetes
mellitus, antidiabetic agents, lipid-lowering agents; Model 2,
further adjusted for TG and FBG. The results were presented as
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odds ratios (ORs) and 95% confidence intervals (CIs). To verify
the robustness of the relationship between non-HDL-C/HDL-
C ratio and carotid plaque stability, analyses were carried out
for different subgroups. In view of the effect of lipid-lowering
agents on non-HDL-C/HDL-C ratio and carotid plaque stability,
sensitivity analysis was performed after excluding people taking
lipid-lowering agents.

All analyses above were conducted using R software
(version 3.6.3). A two-sided p < 0.05 was considered
statistically significant.

Results

Baseline characteristics

A total of 27,436 participants were recruited, 12,866 (46.9%)
of them were male. The median (IQR) age of overall participants
was 48 (41-55) years, and the median non-HDL-C/HDL-C ratio
was 2.82 (IQR: 2.16-3.60). Compared with participants in the
lowest quartile of non-HDL-C/HDL-C ratio, those with higher
non-HDL-C/HDL-C ratio were more likely to be older and
male; to be smoking, drinking, vegetable, and fruit consumption,
active physical activity, obesity; to have a higher prevalence of
hypertension, diabetes, and dyslipidemia; to have higher use of
antidiabetic, antihypertensive, and lipid-lowering agents use, to
have a higher level of SBP, DBP, FBG, TC, TG, LDL-C, and non-
HDL level, while more likely to have a lower level of HDL-C.
The characteristics of participants according to quartiles of the
non-HDL-C/HDL-C ratio are presented in Table 1.

Non-HDL-C/HDL-C ratio and carotid
plaque stability

Carotid plaque was detected in 7,161 (26.1%) respondents,
with stable and unstable plaque accounting for 3,277 (11.9%)
and 3,884 (14.2%), respectively. As non-HDL-C/HDL-C ratio
levels increased from the lowest quartile to the highest quartile,
the prevalence was increased from 8.2 to 16% for stable carotid
plaque (p for trend < 0.001) and from 7.7 to 20.8% for unstable
carotid plaque (p for trend < 0.001). The mean non-HDL-
C/HDL-C ratios of non-carotid plaque (mean + SD, 2.9 & 1.1),
stable carotid plaque (mean £ SD, 3.2 £ 1.2), and unstable
carotid plaque (mean & SD, 3.4 £ 1.4) increased gradually and
this trend was statistically significant (p < 0.001; Figure 1).

In multinomial logistic regression model 1 compared stable
carotid plaques with no carotid plaque, the ORs (95% ClIs)
for the highest quartile of the non-HDL-C/HDL-C ratios were
1.71 (1.51-1.94). For every 1 unit increase in the non-HDL-
C/HDL-C ratio, the prevalence of stable carotid plaque increased
by 1.17 times. Compared unstable carotid plaques with no
carotid plaque, the ORs (95% CIs) for the highest quartile of
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TABLE 1 Baseline characteristics of the study participants.

Characteristics Overall Quartiles of the Non-HDL-C/HDL-C ratio P-value'

Q1(<2.16) Q2(2.16-2.82) Q3 (2.82-3.60) Q4 (>3.60)

No. of patients 27,436 6,858 6,857 6,863 6,858

Age, years 48.0 (41.0-55.0) 44.0 (39.0-52.0) 48.0 (41.0-55.0) 49.0 (43.0-56.0) 50.0 (44.0-57.0) <0.001
Male, sex 12,866 (46.9) 1,812 (26.4) 2,785 (40.6) 3,641 (53.1) 4,628 (67.5) <0.001
High school or above, 1 (%) 17,032 (62.1) 4,819 (70.3) 4,367(63.7) 4,046 (59.0) 3,800 (55.4) <0.001
Smoking, n (%) 6,548 (23.9) 803 (11.7) 1,335 (19.5) 1,785 (26.0) 2,625 (38.3) <0.001
Drinking, n (%) 5,401 (19.7) 690 (10.1) 1,165 (17.0) 1,547 (22.5) 1,999 (29.1) <0.001
Vegetable (<5d/w), n (%) 12,940 (47.2) 2,692 (43.3) 2,878 (46.3) 2,982 (47.9) 3,060 (49.2) <0.001
Fruit (<5d/w), n (%) 22,734 (82.9) 5,555 (81.0) 5,586 (81.5) 5,747 (83.7) 5,844 (85.2) <0.001
Active physical activity, n (%) 19,798 (72.2) 4,805 (70.1) 5,046 (73.6) 5,005 (72.9) 4,942 (72.1) <0.001
BMI > 28 (kg/m?) 4,595 (16.7) 457 (6.7) 869 (12.7) 1,301 (19.0) 1,968 (28.7) <0.001
Hypertension, 1 (%) 11,236 (41.0) 1,992 (29.0) 2,510 (36.6) 3,090 (45.0) 3,644 (53.1) <0.001
Diabetes, 1 (%) 2,914 (10.6) 389 (5.7) 553 (8.1) 746 (10.9) 1,226 (17.9) <0.001
Dyslipidemia, (%) 10,403 (37.9) 370 (5.4) 1,226 (17.9) 2,997 (43.7) 5,810 (84.7) <0.001
Antihypertensive agents, n (%) 3,580 (13.0) 615 (9.0) 790 (11.5) 973 (14.2) 1,202 (17.5) <0.001
Antidiabetic agents, n (%) 1,305 (4.8) 191 (2.8) 273 (4.0) 348 (5.1) 493 (7.2) <0.001
Lipid-lowering agents, 1 (%) 731 (2.7) 110 (1.6) 162 (2.4) 165 (2.4) 294 (4.3) <0.001
Stroke, 1 (%) 487 (1.8) 129 (1.9) 108 (1.6) 123 (1.8) 127 (1.9) 0.520

Coronary heart disease, 1 (%) 617 (2.2) 151 (2.2) 146 (2.1) 144 (2.1) 176 (2.6) 0.224

Carotid plaque <0.001
No carotid plaque, n (%) 20,275 (73.9) 5,768 (84.1) 5,238 (76.4) 4,936 (71.9) 4,333 (63.2)

Stable carotid plaque, n (%) 3,277 (11.9) 564 (8.2) 748 (10.9) 869 (12.7) 1,096 (16.0)

Unstable carotid plaque, n (%) 3,884 (14.2) 526 (7.7) 871 (12.7) 1,058 (15.4) 1,429 (20.8)

DBP, mm Hg 81.0 (73.0-90.0) 77.0 (70.0-85.0) 80.0 (72.0-89.0) 83.0 (75.0-91.0) 85.0 (77.0-94.0) <0.001
Fasting blood glucose, mmol/L 5.20 (4.80-5.70) 5.00 (4.70-5.40) 5.10 (4.75-5.60) 5.20 (4.80-5.70) 5.40 (4.90-6.10) <0.001
Total cholesterol, mmol/L 4.62 (4.07-5.24) 4.06 (3.62-4.52) 4.46 (4.00-4.96) 4.76 (4.29-5.29) 5.27 (4.74-5.88) <0.001
Triglyceride, mmol/L 1.26 (0.89-1.86) 0.82 (0.66-1.04) 1.10 (0.87-1.43) 1.43 (1.11-1.90) 2.11 (1.58-2.96) <0.001
HDL cholesterol, mmol/L 1.20 (1.03-1.41) 1.48 (1.31-1.67) 1.28 (1.14-1.43) 1.14 (1.02-1.27) 0.98 (0.88-1.10) <0.001
LDL cholesterol, mmol/L 2.70 (2.21-3.23) 2.16 (1.84-2.51) 2.66 (2.28-3.03) 2.94 (2.51-3.38) 3.21 (2.66-3.76) <0.001
Non-HDL cholesterol, (mmol/l) 3.38 (2.82-4.00) 2.57(2.24-2.91) 3.18 (2.84-3.56) 3.61 (3.25-4.04) 4.28 (3.82-4.80) <0.001

BMI, body mass index; Continuous variables are expressed as median (interquartile range). Categorical variables are expressed as frequencies (percentage); T P-values were derived from
Mann-Whitney U-tests for continuous variables, and Chi-square tests for categorical variables.
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FIGURE 1

(A) The mean non-HDL-C /HDL-C ratios of non-carotid plaque, stable carotid plaque, and unstable carotid plaque (mean + SD) increased
gradually and this trend was statistically significant. (B) Prevalence of stable carotid plaque stratified by quartile the non-HDL-C/HDL-C ratio. (C)
Prevalence of unstable carotid plagque stratified by quartile the non-HDL-C/HDL-C ratio. **** p < 0.001.
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TABLE 2 Multinomial logistic odds ratios (ORs) (95% CI) of the association of the non-HDL-C/HDL-C ratio with carotid stability.

Outcomes

Q1 (<2.16) Q2 (2.16-2.82)
Stable vs. non-carotid plaque
Crude model Reference 1.45 (1.28-1.65)
Model 1 Reference 1.24 (1.09-1.42)
Model 2 Reference 1.24 (1.09-1.41)
Unstable vs. non-carotid plaque
Crude model Reference 1.86 (1.64-2.12)
Model 1 Reference 1.51 (1.33-1.71)
Model 2 Reference 1.52 (1.35-1.73)
Unstable vs. stable carotid plaque
Crude model Reference 1.29 (1.08-1.53)
Model 1 Reference 1.22 (1.04-1.42)
Model 2 Reference 1.23 (1.05-1.44)

Quartiles of the Non-HDL-C/HDL-C ratio

P-trend Per 1
Q3 (2.82-3.60) Q4 (>3.60) unit increase
1.73 (1.52-1.95) 2.37 (2.10-2.67) <0.001 1.28 (1.24-1.33)
1.29 (1.13-1.47) 1.71 (1.51-1.94) <0.001 1.17 (1.13-1.21)
1.29 (1.13-1.47) 1.70 (1.48-1.95) <0.001 1.21 (1.15-1.27)
2.32 (2.04-2.63) 3.43 (3.04-3.88) <0.001 1.36 (1.32-1.41)
1.62 (1.44-1.83) 2.21 (1.96-2.49) <0.001 1.21 (1.18-1.25)
1.66 (1.47-1.88) 2.34 (2.06-2.67) <0.001 1.35 (1.30-1.41)
1.34 (1.14-1.59) 1.45 (1.24-1.70) <0.001 1.06 (1.03-1.10)
1.26 (1.08-1.46) 1.29 (1.12-1.50) 0.002 1.04 (1.00-1.08)
1.29 (1.11-1.51) 1.38(1.18-1.61) <0.001 1.12 (1.07-1.18)

Model 1: adjusted for age, sex, education, smoking status, drinking status, vegetable consumption, fruit consumption, physical activity, BMI > 28 kg/m? (yes or no), stroke, coronary heart

disease, hypertension, antihypertensive agents, diabetes mellitus, antidiabetic agents, lipid-lowering agents.

Model 2: further adjusted for Triglyceride, Fasting blood glucose.

the non-HDL-C/HDL-C ratios were 2.21 (1.96-2.49). Moreover,
for every 1 unit increase in the non-HDL-C/HDL-C ratio, the
prevalence of unstable carotid plaque increased by 1.21 times.
Compared to unstable carotid plaques with stable carotid plaque,
the ORs (95% CIs) for the highest quartile of the non-HDL-
C/HDL-C ratios were 1.29 (1.12-1.50). Moreover, for every 1
unit increase in the non-HDL-C/HDL-C ratio, the prevalence of
unstable carotid plaque increased by 1.04 times.

Further adjustment for TG and FBG in model 2 did
not change the association between the non-HDL-C/HDL-
C ratio and carotid plaque stability. The corresponding ORs
(95% ClIs) for the highest vs. lowest quartile of the non-
HDL-C/HDL-C ratio were 1.70 (1.48-1.95) between stable
carotid plaques and no carotid plaque, 2.34 (2.06-2.67) between
unstable carotid plaques and no carotid plaque, and 1.38
(1.18-1.61) between unstable carotid plaques and stable carotid
plaque (Table 2).

Subgroup analysis and sensitivity analysis

When the non-HDL-C/HDL-C ratio was considered as
a continuous variable, subgroup analysis was conducted by
stratification according to sex, age, BMI, hypertension, and
diabetes. After the full adjustment variables, the association
between non-HDL-C/HDL-C ratio and carotid plaque stability
remained significant in gender, age, hypertension, and diabetes
subgroups. While in a subgroup analysis of BMI > 28 (kg/m?),
there was no statistical significance between unstable carotid
plaques and no carotid plaque (OR 1.06, 95% CI 0.95-1.17;
Figure 2).
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This sensitivity analysis was performed to assess the
relationship between non-HDL-C/HDL-C ratio and carotid
plaque stability in the subsample without taking lipid-lowering
agents. After multivariable adjustment for the risk factors,
sensitivity analyses showed similar results (Table 3).

Discussion

This is the first population-based study to explore the
relationship between non-HDL-C/HDL-C ratio and carotid
plaque stability. We found that the prevalence of both
stable and unstable carotid plaque increased significantly with
increasing non-HDL-C/HDL-C ratios, independent of other
relevant factors. Meanwhile, the mean non-HDL-C /HDL-
C ratio gradually increased for non-carotid plaques, stable
carotid plaques, and unstable carotid plaques; and this trend
was statistically significant. Our findings, for the first time,
demonstrated that non-HDL-C /HDL-C ratio was associated
with carotid plaque stability in the general population.

Early atherosclerosis occurs mainly in the peripheral
vasculature, such as the femoral and carotid arteries (31).
The burden of carotid atherosclerosis has been increasing.
A systematic review revealed the global burden of carotid
atherosclerotic disease, with 21.1% of people aged 30-79 years
suffering from carotid plaque in 2020, equivalent to 815.76
million people (32), and it was known that unstable plaque was
an important factor in the development of cardiovascular disease
(33). Moreover, many studies had shown that early preventive
treatment and risk factor intervention were beneficial (34-36).
However, carotid ultrasound screening in the general population
is not recommended in the current guideline (6). Therefore,
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Subgroup 0dds ratio (95% CI) 0dds ratio (95% CI) 0dds ratio (95% CI)
sex
male 1.15 (1.09-1.22) —— 1.28(1.21-1.34) —e—i 1.11(1.04-1.18) ——t
female 1.27 (1.17-1.38) —— 1.52(1.40-1.64) ——— 1.19(1.08-1.32) ———
age
<60 years 1.28 (1.21-1.35) ——t 1.39(1.32-1.45) —— 1.09(1.02-1.16) —i
>60 years 1.15 (1.05-1.26) —— 1.38(1.25-1.52) gy 1.20(1.10-1.32)
BMI
<28 kg/m2  1.22 (1.16-1.29) e 1.40(1.33-1.47) —e—t 1.14(1.07-1.21) e
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FIGURE 2

the non-HDL-C/HDL-C ratio and carotid stability.

Subgroup analysis was conducted by stratification according to sex, age, BMI, hypertension, and diabetes, when the non-HDL-C/HDL-C ratio
was considered as a continuous variable. After the fully adjustment, the same variables as Model 3 in Table 2, the odds ratios (ORs; 95% Cls) of

TABLE 3 Sensitivity analysis'.

Outcomes Quartiles of the Non-HDL-C/HDL-C ratio index P-trend Per 1

Q1 (<2.16) Q2 (2.16-2.82) Q3 (2.82-3.60) Q4 (>3.60) Unit increase
Stable vs. no carotid plaque
Crude model Reference 1.45 (1.28-1.63) 1.81 (1.61-2.03) 2.64 (2.36-2.96) <0.001 1.28 (1.24-1.33)
Model 1 Reference 1.23 (1.08-1.41) 1.28 (1.12-1.46) 1.73 (1.52-1.97) <0.001 1.17 (1.13-1.21)
Model 2 Reference 1.23 (1.07-1.41) 1.27 (1.11-1.45) 1.70 (1.48-1.96) <0.001 1.21 (1.15-1.27)
Unstable vs. no carotid plaque
Crude model Reference 1.82 (1.62-2.04) 2.40 (2.15-2.69) 3.61 (3.24-4.03) <0.001 1.36 (1.32-1.41)
Model 1 Reference 1.50 (1.32-1.71) 1.64 (1.45-1.86) 2.18 (1.93-2.46) <0.001 1.21 (1.18-1.25)
Model 2 Reference 151 (1.33-1.72) 1.67 (1.48-1.89) 2.28 (2.00-2.60) <0.001 135 (1.30-1.41)
Unstable vs. stable carotid plaque
Crude model Reference 1.25(1.07-1.47) 1.33 (1.14-1.55) 1.37 (1.18-1.58) <0.001 1.06 (1.03-1.10)
Model 1 Reference 1.22 (1.04-1.43) 1.29 (1.10-1.50) 1.26 (1.08-1.47) 0.002 1.04 (1.00-1.08)
Model 2 Reference 1.23 (1.05-1.45) 1.32 (1.13-1.54) 1.34 (1.14-1.58) <0.001 1.12 (1.07-1.18)

Multinomial logistic ORs (95% CI) of the association of the non-HDL-C/HDL-C ratio with carotid plaque and its stability.
Model 1: adjusted for age, sex, education, smoking status, drinking status, vegetable consumption, fruit consumption, physical activity, BMI >28 kg/m? (yes or no), stroke, coronary heart

disease, hypertension, antihypertensive agents, diabetes mellitus, antidiabetic agents, lipid-lowering agents.

Model 2: further adjusted for Triglyceride, Fasting blood glucose.
T Sensitivity analysis was performed in participants without taking lipid-lowering agents.

simple and accessible biomarkers for early determination of
carotid plaque stability can help improve the understanding
of the pathophysiology of cardiovascular disease and identify
high-risk patients who may benefit from early intervention.

Our study found a gradual increase in the prevalence
of carotid plaque as the non-HDL-C/HDL-C ratio gradually
increased. As with our findings, the previous studies had shown
that the non-HDL-C/HDL-C ratio was associated with carotid
atherosclerosis (21-23). Qin et al. (21) found that carotid
intima-media thickness gradually increased in the quartile of
non-HDL-CHDL-C ratio in Chinese individuals of metabolic

Frontiersin Neurology

06

syndrome (p trend < 0.05). A multicenter study (22) found
that postmenopausal women with higher non-HDL-C/HDL-C
ratios had a greater chance of developing carotid atherosclerotic
plaque (OR: 1.30, 95% CI: 1.07-1.58, p = 0.009) when adjusted
for other cardiovascular risk factors. Recently, studies found
that the non-HDL-C/HDL-C ratio might be a more accurate
predictor of cardiovascular disease (26, 27). In addition, an
asymptomatic polyvascular abnormalities in Community study
(37) found that the odds of unstable carotid plaques at non-
HDL-C levels in the middle and highest trilaterals were 1.02
(95% CI, 0.84-1.23) and 1.50 (95% CI, 1.23-1.82), respectively,
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after adjusting for confounders. Moreover, ARIC (24) study even
found an independent association between non-HDL-C/HDL-
C ratio and carotid plaque lipid core. It is well-known that
plaque rich in lipid core is unstable and easy to rupture (25).
All the above studies indirectly supported our findings that
the non-HDL-C/HDL-C ratio might be associated with carotid
plaque stability.

As a clinically easily accessible biomarker, the non-HDL-
C/HDL-C ratio collects information on all atherogenic and
antiatherogenic lipid particles. Non-high-density lipoprotein
cholesterol (non-HDL-C) level is calculated by subtracting high-
density lipoprotein cholesterol (HDL-C) from TC. Non-HDL-
C consists of LDL-C, very low-density lipoprotein (VLDL-
C), intermediate-density lipoprotein (IDL-C), chylomicrons,
and their TG-rich lipoprotein remnants, and the protein
mainly contains apolipoprotein B, which is a strong indicator
of atherogenicity (13, 38). Non-HDL-C is considered to be
a key factor underlying the process contributing to most
cardiovascular diseases (10). The National Lipid Association has
identified non-HDL-C as a primary therapeutic target (11), and
the ESC/EAS guidelines for the management of dyslipidemia
also recommended the inclusion of non-HDL in the assessment
of cardiovascular disease risk (39). HDL-C is composed of the
smallest and densest lipoprotein particles and mainly contains
apolipoprotein A-I (APOA-I), which inhibits the production
and mobilization of inflammatory cells and promotes the
reversal of cholesterol transport (RCT) to inhibit atherosclerosis
(12). HDL-C is thought to be negatively associated with
cardiovascular disease events (7). The non-HDL-C/HDL-C ratio
can reflect the balance between atherogenic and anti-atherogenic
lipid particles, which may be the underlying mechanism for its
relationship with plaque stability.

There are several limitations in our study. First, this is
a cross-sectional study and no conclusions can be drawn on
the causal relationship between non-HDL-C/HDL-C ratio and
carotid plaque stability. Second, carotid plaque stability is
assessed using ultrasound, which is not as accurate as MRI or
angiography and cannot be verified with pathological specimens.
However, we corrected for bias with a two-person blinded
assessment. Third, our study did not collect information on HDL
functionality, which is a better predictor of CV risk than HDL-C
levels (40, 41), and it may be useful for high-risk carotid plaque
identification. Finally, we did not collect follow-up information,
which limited our ability to prospectively study, the impact of
baseline non-HDL-C/HDL-C ratio on the evolution of plaque
stability and cardiovascular events. Therefore, future prospective
cohort studies are clearly needed.

Conclusions

In conclusion, this study found that the non-HDL-C/HDL-
C ratio was associated with carotid plaque stability in the general
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population. The non-HDL-C/HDL-C ratio was highest in those
with unstable carotid plaque, followed by those with stable
carotid plaque and lowest in those with no carotid plaque. Our
findings suggest that an elevated non-HDL-C/HDL-C ratio is
independently associated with carotid plaque and its stability.
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