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Abstract

Objective Homocysteine (HCY) has been associated with carotid plaque in cross-sectional studies, but the prospec-
tive relationship between HCY and incident carotid plaque has not been well established. The purpose of this study
was to investigate the association between HCY and incidence of novel carotid plaque in a Chinese community-
based population without pre-existing carotid atherosclerosis and to assess the additive effect of HCY and low-
density lipoprotein cholesterol (LDL-C) on the incidence of novel plaque. Methods: At baseline, we measured HCY and
other risk factors in subjects aged > 40 years. All participants underwent carotid ultrasound examinations at baseline
and after an average of 6.8 years of follow-up. Incidence of plaque was identified if plaque was absent at baseline,

but plaque was detected at the end of follow-up. A total of 474 subjects were included in the analysis. Results: The
incidence of novel carotid plaque was 24.47%. Multivariate regression analyses showed that HCY was independently
associated with a 1.05-fold-higher likelihood for incident novel plaque (adjusted odds ratio [OR]=1.05, 95% confi-
dence interval [Cl]: 1.01-1.09, P=0.008). Using tertile 1 and tertile 2 for reference, the top HCY tertile (T3) showed a
2.28-fold-higher likelihood for incident plaque (adjusted OR=2.28, 95%Cl: 1.33-3.93, P=0.002). The combination of
HCY T3 and LDL-C > 3.4 mmol/L had the highest risk for novel plaque formation (adjusted OR=3.63, 95%Cl: 1.67-7.85,
P=0.001) compared to those without either condition. In the LDL-C > 3.4 mmol/L subgroup, HCY was significantly
associated with incidence of plaque (adjusted OR=1.16, 95%Cl: 1.04-1.28, P=0.005, P-interaction =0.023). Conclu-
sion: In the Chinese community-based population, HCY was independently associated with the incidence of novel
carotid plaque. There were additive effect between HCY and LDL-C on the incidence of plaque, the highest risk

was observed in individuals with both high HCY levels and LDL-C > 3.4 mmol/L. Our findings suggest that HCY may
be a potential target for preventing the incidence of carotid plaque, particularly in individuals with elevated LDL-C
levels.
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Background and aims

Atherosclerotic cardiovascular disease (ASCVD) is
the leading cause of mortality globally. Novel carotid
plaque formation is considered a marker of future
carotid atherosclerotic disease and a well-accepted sur-
rogate endpoint for ischemic stroke [1].

While traditional risk factors play a role in predicting
atherosclerotic carotid disease [2—7], some well-estab-
lished biomarkers, such as inflammatory, metabolic,
endothelial, hematologic, lipids, and thrombosis-
related biomarkers [8, 9], may also help in predicting
the risk of atherosclerotic carotid disease. Low-density
lipoprotein cholesterol (LDL-C) is proven to elevate
ASCVD risk. However, some patients remain at signifi-
cantly high residual risk despite intensive statin therapy
[10].

Homocysteine (HCY) is well-documented as a bio-
marker for ASCVD [11]. Worth mentioning is that
hyperhomocysteinemia (HHCY) is accounted for
an increased risk of ischemic stroke in hypertension
patients in China [12]. Studies have shown that HHCY
was associated with carotid plaque presence, burden,
instability, morphology, and total carotid plaque area
(TPA) measured by Doppler ultrasound examination
[13-15], as well as restenosis after carotid endarterec-
tomy [7]. However, most of the prior studies regarding
the association between HCY and carotid atheroscle-
rosis were cross-sectional studies. Prospective data on
HCY predicting plaque development in general popu-
lations were very scarce. and the cellular and molecu-
lar mechanisms linking HCY and atherosclerosis are
not fully understood, which include oxidative stress,
inflammation, DNA hypomethylation, endoplas-
mic reticulum stress, and mitochondrial dysfunction
[16].

Previous studies also established a possible link
between HHCY, dyslipidemia and atherosclerosis. An
inverse association between HCY and high-density
lipoprotein cholesterol (HDL-C) has been described in
human and animal models of HHCY [17, 18]. Few stud-
ies showed that HHCY could accelerate atherosclerosis
when associated with elevated plasma lipids [19]. How-
ever, the mechanisms linking HCY and lipid metabolism
were not thoroughly investigated.

This study aims to investigate whether HCY is associ-
ated with future novel carotid plaque formation in Chi-
nese community subjects without pre-existing carotid
atherosclerosis. The study also aims to assess the addi-
tive effect between HCY and LDL-C on the incidence of
novel carotid plaque. These findings may help in iden-
tifying individuals at higher risk of developing athero-
sclerotic carotid disease and inform the development of
targeted prevention and treatment strategies.
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Methods

Subjects

We enrolled subjects from a cohort in the Gucheng and
Pingguoyuan communities of Shijingshan District in Bei-
jing, China. At baseline (from December 2011 to April
2012), we measured HCY and other risk factors in sub-
jects aged >40 years. All participants underwent carotid
ultrasound examinations at baseline and after an aver-
age of 6.8 years of follow-up (from May 2018 to July
2018). The methods and preliminary results of this sur-
vey have been reported elsewhere [20, 21]. In brief, 708
participants with available data and quantitative carotid
artery measurements for both baseline and follow-up
were enrolled. Subjects at baseline with carotid plaques
and CVD (self-reported coronary heart disease, stroke,
or previous transient ischemic attack) were excluded.
Finally, a total of 474 subjects were ultimately included
in our analysis. This study was approved by Peking Uni-
versity First Hospital ethics committee. The procedures
followed institutional guidelines and the Declaration of
Helsinki principles, and each participant provided writ-
ten informed consent.

Measurements and definitions of the baseline data

We used a standardized questionnaire to interview par-
ticipants to collect information, including their soci-
odemographic status, medical history, past and current
medication use, and personal habits such as cigarette and
alcohol consumption. We obtained a venous blood sam-
ple from every participant’s forearm after at least 12 h of
overnight fast. These samples were used to measure the
total cholesterol (TC), high-density lipoprotein choles-
terol (HDL-C), low-density lipoprotein cholesterol (LDL-
C), triglyceride (TG), fasting blood glucose (FBG), and
the serum creatine (SCR) level. A Cobas 8000 modular
analyzer (Roche Diagnostics, Indianapolis, IN, USA) was
used for all laboratory variable measurements at baseline
in the Peoples Liberation Army General Hospital labora-
tory. The estimated glomerular filtration rate (eGFR) was
calculated using the CKD-EPI equation. The peripheral
blood pressure was measured using the standard method,
and we used the average of three measurements. Hyper-
tension was defined as self-reported hypertension his-
tory, or systolic blood pressure (SBP)>140 mmHg or
diastolic blood pressure (DBP) >90 mmHg or taking anti-
hypertensive medicine. Diabetes mellitus was defined as
self-reported diabetes history, or FBG level >7.0 mmol/L,
or OGTT value>11.1 mmol/L, or taking anti-diabetic
medicine. Dyslipidemia was defined as any self-reported
history of hyperlipidemia, or TG level >1.70 mmol/L, or
TC level >5.18 mmol/L, or LDL-C level > 3.4 mmol/L,
or HDL-C level<1.04 mmol/L, or taking lipid-lowering
medicine, according to the China Adult Dyslipidemia
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Prevention Guide (2007 Edition) criteria [22]. Current
alcohol drinking was defined as drinking at least once
per week for at least half a year, and current smoking was
defined as smoking at least one cigarette per day for at
least half a year. body mass index (BMI) was calculated
using weight (kg) divided by height (m) squared. Cur-
rent medication information for vitamin B supplements,
antihypertension drug, anti-diabetic drug and lipid-low-
ering drug use were collected. The methods and relevant
results of this data have been reported elsewhere [23, 24].

Carotid ultrasonography measurement and definition

for carotid plaque

All participants underwent carotid ultrasound examina-
tions at baseline and after 6.8 years of follow-up. We used
GE Vivid ultrasound system (GE Medical Systems, Mil-
waukee, WI, USA) equipped with an 8-MHz linear array
vascular probe. Carotid ultrasounds were performed by
the standard protocols according to Mannheim carotid
intima-media thickness (CIMT) and Plaque Consensus
[25]. The subjects were supine, with their head turned
slightly away from the probe. We scanned the far wall
and the near wall of the right and left common carotid
artery, the bifurcation (bulb) and the internal carotid
artery for the presence of plaques. A carotid plaque was
defined using the Mannheim standard, as focal structures
encroaching into the arterial lumen at least 0.5 mm or
50% of the surrounding IMT value or demonstrating a
thickness > 1.5 mm as measured from the intima-lumen
interface to the media-adventitia interface [25]. Certified
sonographers performed carotid ultrasonography and
judged the presence of a plaque. Incidence of plaque was
identified if plaque was absent at baseline, but plaque was
detected at the end of the study follow-up. The methods
and relevant results of this data have been reported else-
where [21].

Statistical analysis

Categorical variables were presented by numbers and
percentages. Continuous variables were described by
using means plus standard deviations and medians for
normally distributed data and non-normally distributed
data, respectively. We conducted univariate compari-
sons between groups by using ANOVA for continuous
variables and the x2 test for categorical variables. We
performed both univariate and multivariate logis-
tic regression analyses to determine the relationships
between HCY categories and the incidence of novel
carotid plaque. We adjusted confounding variables in
regression analysis, including age, gender, smoking, alco-
hol drinking, BMI, eGFR, TC, LDL-C, HDL-C, hyperten-
sion, diabetes, vitamin B supplements, antihypertension
drug use, anti-diabetic drug use and lipid-lowering drug
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use (definitions mentioned above). Generalized addi-
tive model (GAM) with a spline smoothing curve was
applied to inspect the relationship between the inci-
dence of plaque and HCY, and a piecewise linear regres-
sion analysis was conducted to fit the smoothing curve.
Stratification analysis and interaction terms were used
to investigate whether the association between HCY and
incident plaque differed according to LDL-C. Analyses
were performed using Empower® (www.empowersta
ts.com, X&Y solutions, Inc., Boston, MA, USA) and R
(http://www.R-project.org). P<0.05 was considered sta-
tistically significant.

Results

Baseline characteristics of the study participants

In this study, 474 Chinese participants without carotid
plaque at baseline were included. As Table 1 showed,
the mean age of the participants was 51.36+4.81 years,
and 28.69% were male. The median level of HCY was
11.22 pmol/L. After an average follow-up period of
6.8 years, 116 of the participants developed carotid
plaques, resulting in an incidence of 24.47%. The baseline
characteristics of the novel plaque group were compared
with those of the no plaque group, and significant differ-
ences were observed. The novel plaque group was found
to be older, more likely to be male, and had lower eGFR
and HDL-C levels. The prevalence rates of smoking,
alcohol drinking, diabetes, and dyslipidemia were also
higher in the novel plaque group. Importantly, the novel
plaque group had a higher level of HCY (12.42 pumol/L
vs. 10.94 pmol/L, P<0.001) compared to the no plaque

group.

The smooth curve of the relationship between HCY

and carotid plaque formation risk

Figure 1 was the result of a generalized additive model
(GAM) with a spline smoothing curve, which was applied
to inspect the relationship between the incidence of
plaque and HCY. The horizontal axis means the values
of HCY, and the vertical axis means the predicted risk
for novel carotid plaque. A higher HCY corresponded
to a higher risk for novel carotid plaque formation after
adjusting for age, gender, smoking, alcohol drinking,
BM]I, eGFR, TG, LDL-C, HDL-C, hypertension, diabetes,
vitamin B supplement, antihypertension drug use, anti-
diabetic drug use and lipid-lowering drug use. The dotted
lines are the 95% confidence interval of the risk values.

Univariate and multivariate regression analyses for HCY
and incidence of novel carotid plaque

Univariate and multivariate regression analyses were
conducted to investigate the potential independent
association between baseline HCY and the incidence of
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Table 1 A comparison of the baseline characteristics of participants between Novel plaque group and No plaque group
No plaque (N=358) Novel plaque (N=116) P value
Age(year-old), mean+SD 50.86+4.72 52.92+4.75 <0.001
Sex, N (%) 0.011
male 922 (25.70%) 44 (37.93%)
famale 266 (74.30%) 72 (62.07%)
eGFR(mI/min), mean + SD 100.57+9.12 97.80+11.30 0.008
BMI (kg/m?), mean + SD 2578 +345 25.96+3.08 0.616
TC (mmol/L), mean +SD 5.27+0.86 5324+1.05 0.655
LDL-C (mmol/L), mean+SD 3.19+0.69 3.29+092 0.261
HDL-C (mmol/L), mean + SD 1.50+040 141+0.38 0.029
TG (mmol/L), median(Q1-Q3) 7 (0.85-1.75) 142 (1.01-1.95) 0.264
SBP (mmHg), mean+SD 127.92+13.80 128.85+14.86 0.594
DBP (mmHg), mean +SD 75424953 7531+£899 0915
FBG(mmol/L), mean +SD 584+133 596+ 1.26 0.388
HCY(umol/L), median(Q1-Q3) 10.94 (9.25-13.01) 1242 (9.71-1542) <0.001
Smoking, N (%) 48 (13.41%) 30 (25.86%) 0.002
Drinking, N (%) 76 (21.23%) ( 17%) 0.048
Hypertension, N (%) 99 (27.65%) 5(30.17%) 0.601
Diabetes, N (%) 41 (11.45%) (1897%) 0.038
Dyslipidemia, N (%) 232 (64.80%) 90 (77.59%) 0.010
Anti-hypertension drugs, N (%) 54 (15.25%) 8 (15.52%) 0.946
Anti-diabetic drugs, N (%) 0 (5.59%) 8 (6496%) 0.588
Lipid-lowering drugs, N (%) 21 (5.95%) 10 (8.62%) 0315
Vitamin B supplement, N (%) 23 (6.42%) 1 (9.48%) 0.267
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Fig. 1 The smooth curve of the relationship between HCY and risk for novel carotid plague formation. Adjusted for: age, gender, smoking, alcohol

drinking, BMI, eGFR, TG, LDL-C, HDL-C, hypertension, diabetes, vitamin B supplement, antihypertension drug use, anti-diabetic drug use and

lipid-lowering drug use



Momin et al. BMC Cardiovascular Disorders (2023) 23:332

novel carotid plaque. The results, which are presented
in Table 2 using HCY levels and tertiles, were adjusted
for several potential confounding factors, including age,
gender, smoking, alcohol drinking, BMI, eGER, TG,
LDL-C, HDL-C, hypertension, diabetes, vitamin B sup-
plement, antihypertension drug use, anti-diabetic drug
use and lipid-lowering drug use. After controlling for
these covariates, the odds ratios (ORs) for the incidence
of novel carotid plaque increased with increasing HCY
levels. Higher HCY was independently associated with
a 1.05-fold increase in the likelihood of incident novel
plaque (adjusted OR=1.05, 95% confidence interval [CI]:
1.01-1.09, P=0.008). When individuals in the top tertile
of HCY (T3) were compared to those in the reference
tertiles 1 and 2 (T1+T2), they showed a 2.28-fold higher
likelihood of developing novel carotid plaque (adjusted
OR=2.28, 95%CI: 1.33-3.93, P=0.002).

Additive effect and interaction analysis between HCY

and LDL-C on the incidence of novel carotid plaque

Table 3 presents the results of the analysis that exam-
ined the joint effect of HCY and LDL-C on the occur-
rence of novel plaque. The analysis was adjusted for
potential confounding variables, including age, gen-
der, smoking, alcohol drinking, BMI, eGFR, TG,
LDL-C, HDL-C, hypertension, diabetes, vitamin B
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supplement, antihypertension drug use, anti-diabetic
drug use and lipid-lowering drug use. The study cre-
ated four new categories based on the combination of
HCY and LDL-C levels, including Group 1 (HCY<T3
and LDL-C<3.4 mmol/L), Group 2 (HCY<T3 and
LDL-C>34 mmol/L), Group 3 (HCY>T3 and
LDL-C<3.4 mmol/L), and Group 4 (HCY>T3 and
LDL-C>3.4 mmol/L). The results indicated that par-
ticipants with both elevated HCY and LDL-C (Group 4)
had a 3.63-fold higher risk of developing novel plaque
compared to those in Group 1 (adjusted odds ratio
(OR)=3.63, 95% confidence interval (CI): 1.67-7.85,
P=0.001). Furthermore, individuals with elevated HCY
and normal LDL-C (Group 3) were 2.15 times more
likely to develop novel plaque compared to those without
either condition (adjusted OR=2.15, 95%CI: 1.10-4.18,
P=0.025). In contrast, those with high LDL-C but nor-
mal HCY (Group 2) did not significantly affect the likeli-
hood of developing novel plaque (P<0.05) compared to
Group 1.

Table 4 presents the results of the analysis that
explored the additive effect and interaction between
HCY and LDL-C on the incidence of plaque. Specifically,
the analysis examined the association between HCY and
plaque incidence in the subgroup of participants with
LDL-C>3.4 mmol/L. The results showed that HCY was

Table 2 Univariate and multivariate regression analysis of the relationship between HCY category and incidence of novel carotid

plaque
Incidence, n(%) Crude analysis Multivariate analysis
OR (95%Cl) P OR (95%Cl) P

HCY(umol/L) 116 (24.5) 1.06 (1.03-1.09) <0.001 1.05 (1.01-1.09) 0.008
HCY Tertile

T1(5.72-9.91) 32(20.3) 1 - 1 -

T2(9.93-12.54) 28(17.8) 0.85 (0.49-1.50) 0.585 0.81(0.43-1.51) 0.506

T3(12.56-50.64) 56 (35.2) 2.14(1.29-3.55) 0.003 2.00 (1.03-3.89) 0.040

T1-T2(5.72-12.54) 60 (19.1) 1 - 1

T3(12.56-50.64) 56 (35.2) 2.31(1.50-3.55) <0.001 2.28(1.33-3.93) 0.002

Adjusted for: age, gender, smoking, alcohol drinking, BMI, eGFR, TG, LDL-C, HDL-C, hypertension, diabetes, vitamin B supplement, antihypertension drug use, anti-
diabetic drug use and lipid-lowering drug use

Table 3 Additive Effect analysis between HCY and LDL-C on incidence of novel carotid plaque

Crude analysis

Multivariate analysis

OR (95%Cl) P OR (95%Cl) P
Group 1 HCY <T3 and LDL-C< 3.4 mmol/L 1.0 - 1.0 -
Group 2 HCY <T3 and LDL-C > 3.4 mmol/L 1.52 (0.86-2.70) 0.152 1.51(0.82-2.77) 0.186
Group 3 HCY >T3 and LDL-C< 3.4 mmol/L 2.53(1.46-4.38) 0.001 2.15(1.10-4.18) 0.025
Group 4 HCY >T3 and LDL-C >3.4 mmol/L 342 (1.73-6.75) <0.001 3.63(1.67-7.85) 0.001

Adjusted for: age, gender, smoking, alcohol drinking, BMI, eGFR, TG, HDL-C, hypertension, diabetes, vitamin B supplement, antihypertension drug use, anti-diabetic
drug use and lipid-lowering drug use
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Table 4 Interaction analysis between HCY and LDL-C on the incidence of novel carotid plaque

HCY LDL < 3.4 mmol/L LDL > 3.4 mmol/L

OR (95%ClI) P OR (95%Cl) P P interaction
Crude analysis 1.05 (1.01- 1.08) 0.009 1.12(1.03,1.21) 0.006 0.107
Multivariate analysis 1.03 (0.99- 1.07) 0.1632 1.16(1.04, 1.28) 0.005 0.023

Adjusted for: age, gender, smoking, alcohol drinking, BMI, eGFR, TG, HDL-C, hypertension, diabetes, vitamin B supplement, antihypertension drug use, anti-diabetic

drug use and lipid-lowering drug use

significantly associated with the incidence of plaque in
this subgroup (adjusted OR=1.16, 95%CI: 1.04-1.28,
P=0.005), and the P-value for interaction was 0.023.

Discussion

The current study aimed to investigate the potential asso-
ciation between HCY levels and the incidence of novel
plaque formation in a previously carotid plaque-free
population. The findings of this study revealed that HCY
was independently associated with the incidence of novel
plaque formation, and these associations differed accord-
ing to LDL-C levels. Specifically, the correlation between
HCY and plaque formation was more significant in indi-
viduals with high LDL-C and HCY levels. To the best
of our knowledge, this is the first prospective study that
has examined the relationship between HCY and carotid
plaque formation in the general population.

Firstly, the results of the current study demonstrated
a linear relationship between HCY levels and the inci-
dence of carotid plaque formation. However, statistical
significance was observed only in the top tertile of HCY
(>12.56umol/L), which may be due to the small sample
size. Thus, further research based on a larger sample size
is warranted to confirm the results of this study.

The relationship between homocysteine (HCY) and
atherosclerosis is still a subject of debate in the medi-
cal field. Several cross-sectional studies have reported a
significant correlation between carotid atherosclerosis
and elevated HCY levels, while others have yielded con-
flicting results. Results from The Cyprus Study found
that elevated HCY levels were associated with total
plaque thickness in the Middle East population [26].
The CUDAS study showed that HCY was an independ-
ent risk factor for increased carotid plaque thickness in a
general population from Western Australia [27]. Ryuichi
et al. confirmed that the association between HCY and
carotid plaque was present in elderly Japanese as well
[28]. A study from Southern China revealed that HHCY
aggravated instability of carotid plaque and carotid artery
stenosis through increasing inflammation [29]. The
Northern Manhattan Study also reported an association
between elevated HCY and carotid plaque morphology
and increased TPA [13]. Moreover, the findings from the
Chinese population suggested that HCY was linked to

advanced carotid plaque [14]. Results in Japanese showed
that higher HCY levels correlated with increased severity
of carotid atherosclerotic plaques and prevalence of lacu-
nar infarction [30]. Similar results were found in chronic
hemodialysis patients [31] and hypertensive patients
[32]. In contrast, numerous cross-sectional studies didn’t
find a significant association between HCY and carotid
plaque in healthy French volunteers [33], non-insulin-
dependent diabetes mellitus subjects [34], Chinese popu-
lation [35, 36], Spain population [15], and patients with
chronic renal failure [37].

Numerous prospective studies have explored the risk
factors for carotid plaque progression [2, 4—6]. However,
the prognostic role of HCY in carotid plaque remains
unclear. Previous cohort studies on HCY and plaque pro-
gression in systemic lupus erythematosus patients have
demonstrated a positive correlation between high HCY
concentrations and atherosclerosis progression [38—40].
However, to our knowledge, this is the first cohort study
investigating the association between HCY and plaque
progression in the general population, thereby providing
valuable evidence to resolve this knowledge gap.

Furthermore, our study found additive effect between
HCY and LDL-C on the incidence of novel carotid
plaque formation. The risk for carotid plaque progres-
sion was more significant in those combined HHCY
and high LDL-C than either alone. We also analyzed
the interaction between HCY and different levels
of LDL-C. The additive effect was significant when
LDL>3.4 mmol/L, whereas LDL2.6>mmol/L was
not. Although the cut-off value of LDL-C is different
according to individual cardiovascular risk, the results
suggested that the combined effect of LDL-C and HCY
was significant at a higher LDL-C level. These findings
were consistent with previous studies. A study includ-
ing 12,683 US subjects showed that individuals with
elevated HCY and hypercholesterolemia have a higher
likelihood to suffer a stroke than those without either
condition [41]. W Herrmann et al. revealed that HCY
improved the predictive value of LDL-C for coronary
disease [19]. Data from a multicenter European case—
control study showed that HCY increased the CVD risk
associated with hyperlipidemia [42]. A case—control
study of Korean men showed that metabolic syndrome
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with HHCY had a more excellent predicting value for
CVD than metabolic syndrome alone [43]. Regard-
ing experimental studies, several findings implied
that HHCY enhanced and accelerated atherosclerosis
induced by hyperlipidemia [44-46].

The present study has some limitations that need to
be acknowledged. Firstly, only a single baseline meas-
urement of plasma HCY was used to predict future car-
diovascular events. Subsequent changes in plasma HCY
levels were not considered, which may have influenced
the results. Secondly, the study sample was relatively
small and was recruited from an urban community in
northern China, which may limit the generalizability of
the findings to other populations. Moreover, other fac-
tors that could contribute to plaque progression, such as
hsCRP, were not taken into account. Additionally, other
indexes of carotid atherosclerosis, including TPA and
plaque number, were not analyzed in this study.

Despite these limitations, our study provides significant
implications for the prevention and assessment of CVD.
Specifically, our findings suggest that testing HCY levels,
especially in individuals with high LDL-C, is crucial for
a comprehensive evaluation of CVD risk. By identifying
individuals with elevated HCY levels, appropriate inter-
ventions, such as lifestyle modifications and pharmaco-
logical therapies, can be initiated to reduce the risk of
future cardiovascular events. These findings have impor-
tant implications for healthcare providers and policy-
makers, as they highlight the need for targeted screening
and prevention strategies to reduce the risk of cardiovas-
cular disease in high-risk populations. Further studies
with larger sample sizes and more comprehensive assess-
ments of atherosclerosis are needed to confirm our find-
ings and guide clinical practice.

Conclusion

In conclusion, this 6.8-year follow-up study showed that
HCY was independently associated with novel carotid
plaque formation in persons with no plaque at baseline.
Combining LDL-C with HHCY increased the predictive
strength for novel carotid plaque. The findings of this
study suggest that it is crucial to comprehensively screen
for HCY in populations with high LDL-C to prevent ath-
erosclerosis. Therefore, interventions targeting HCY lev-
els may be necessary in individuals at risk of developing
atherosclerosis.
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