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ABSTRACT

Background Remnant cholesterol (RC) is considered to
be one of the most significant and important risk factors
for atherosclerotic cardiovascular disease (ASCVD).
Nonetheless, the association between RC and unstable
carotid plaque remains unclear. Our primary objective

is to ascertain whether RC exhibits an independent and
significant association with unstable carotid plaque in a
neurologically healthy population.

Methods In the cross-sectional study, we enrolled
neurologically healthy participants who visited our centre
for health checkups between 2021 and 2022. All eligible
participants underwent a standardised questionnaire,
physical examinations and laboratory testing. The carotid
plaque was evaluated with a standard carotid ultrasound
and an advanced ultrasound imaging technique called
superb microvascular imaging. The correlation between
lipids and unstable carotid plague was primarily assessed
utilising univariate and multivariate logistic regression.
Results The study totally enrolled 1100 participants who
had an average age of 57.00 years (IQR: 49.00-63.00),
with 67.55% being men. Among the participants, 321
(29.18%) had unstable carotid plaque. In the multivariate
logistic regression analysis, higher RC had an independent
association with an elevated incidence of unstable carotid
plaque compared with the lowest concentrations of RC
(OR=1.673, 95%Cl 1.113 t0 2.515, p=0.0134), but not
other lipids. In addition, apolipoprotein A1 was negatively
related to unstable carotid plaque (OR=0.549, 95% Cl
0.364 to 0.830, p=0.0045).

Conclusions Elevated concentrations of RC are
independently and excellently correlated with unstable
carotid plaque within a neurologically healthy population.

INTRODUCTION

Ischaemic stroke emerges as a primary disease
leading to disability and mortality in China.'
A growing number of studies showed that
unstable plaque constituted a significant
factor in atherosclerotic vascular disease.
Occlusion and embolism due to unstable
plaque are the main causes of vascular
disease episodes, including myocardial infarc-
tion, ischaemic stroke and limb ischaemia.’
Approximately 20% of ischaemic strokes
are attributed to the rupture of vulnerable
carotid plaques situated at the carotid bifur-
cation.” Intraplaque neovascularisation (IPN)

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Remnant cholesterol (RC) is seen as an import-
ant atherogenic factor and its progression factor.
Atherosclerotic cardiovascular disease was found to
be correlated with RC.

WHAT THIS STUDY ADDS

= Higher RC concentrations are an independent and
excellent risk factor for unstable carotid plaque with-
in a neurologically healthy population.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= RC is independently associated with unstable carot-
id plaque, even in those with normal or low-density
lipoprotein cholesterol levels. Thus, we proposed to
give more attention to those with a higher RC lev-
el for stroke prevention in a neurologically healthy
population.

is a characteristic of unstable carotid plaques
and has gained widespread interest.” IPN is
the crucial component in the transformation
of stable plaque into unstable plaque and
plaque rupture and is related to intraplaque
haemorrhage (IPH) and secondary plaque
rupture.’ * Superb microvascular imaging
(SMI) is an advanced and non-invasive ultra-
sound imaging technique for assessment of
carotid plaque stability that can display IPN
without the use of intravenous contrast.”
Dyslipidaemia is the main risk factor
for atherosclerotic cardiovascular disease
(ASCVD) and cerebrovascular disease,
featured as increased low-density lipoprotein
cholesterol (LDL-C), triglycerides (TG) or
decreased high-density lipoprotein choles-
terol (HDL-C).” The incidence of ASCVD
has declined with excellent outcomes due
to the advent of statins. However, there was
residual ASVCD risk in the population that
accepted statin therapy and had lower levels
of LDL-C.' In recent studies, lower concen-
trations of TGrich lipoproteins (TRLs) or
TRL remnants were associated with a reduced
incidence of ASCVD or ASCVD residual risk.
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RC, the cholesterol within TRLs, is seen as an important
atherogenic factor and its progression factor, resulting in
arterial wall plaques in patients with ASCVD."" However,
the correlation between unstable carotid plaque and
RC has been scarcely assessed, particularly in healthy
populations.

In our cross-sectional observational study, we will inves-
tigate whether RC correlates with the unstable carotid
plaque in a neurologically healthy population.

METHODS

Participants and design

This was an observational study based on a healthy
medical examination population. We used a healthy
check-up registry at the Beijing Tiantan Hospital Health
Management Center, Capital Medical University, from
October 2021 to September 2022 to select the eligible
participants. For this study, inclusion criteria were (1)
the participants were aged at least 18 years old; (2) they
completed a standardised questionnaire for this study;
(8) they finished carotid ultrasonography and SMI exam-
ination and completed blood tests for routine labora-
tory biomarkers (including lipid parameters); (n=1212).
Exclusion criteria were (1) history of central nervous
system diseases (eg, cerebrovascular disease including
cerebral infarction, transient ischaemic attack, cerebral
haemorrhage, etc) or severe neurologic deficit (n=30);
(2) lipid parameters were incomplete (n=33); (3) demo-
graphic characteristics, personal history or medical
history were incomplete (n=49).

Ultimately, the study included 1100 eligible partic-
ipants (figure 1). This study followed the guidelines of
the Helsinki Declaration and obtained approval from
the central ethics committee of Beijing Tiantan Hospital.
Informed and written consent was obtained from all
participants.

Laboratory measurements

Fasting blood samples were acquired from the antecubital
vein at least after an 8-hour to 12-hour overnight fast. All
biomarkers were performed within 2 hours after sampling,
including estimated glomerular filtration rate (eGFR),
fasting blood glucose (FBG) and lipid parameters: TG,

Atotal of 1,212 participants with age = 18 years completed a
healthy checkup (such as SMI examination and blood testing)
in our center from October 2021 to September 2022

30 participants were excluded because they had a history of
central nervous system diseases (for example, cerebrovascular
disease including cerebral infarction, transient ischemic attack.
cerebral hemorrhage, etc) or severe neurologic deficit

33 participants were excluded because of incomplete lipid
parameters

49 participants were excluded because their demographic
characteristics, personal history. or medical history were
incomplete

1.100 eligible participants were included

Figure 1 The flowchart of this study. SMI, superb
microvascular imaging.

total cholesterol (TC), HDL-C, LDL-C, apolipoprotein
B (ApoB) and apolipoprotein Al (ApoAl). The samples
were collected, preserved and processed in accordance
with the policies and procedures of the clinical laboratory
at Beijing Tiantan Hospital.

Using an autoanalyzer (Hitachi 008/008AS; Hitachi,
Tokyo, Japan), TG was assessed using the glycerol phos-
phate oxidase-HMMPS-glycerol blanking method. TC was
quantified by the cholesterol oxidase-HMMPS method.'
LDL-C was measured using a direct test-select protection
method. The measurement of HDL-C was assessed by a
direct test-antibody blocking method. The concentra-
tions of ApoAl and ApoB were measured using immu-
noturbidimetric assays. Non-HDL-C was computed using
the following formula: TC-HDL-C."” RC was determined
using the following formula: RC=non-HDL-C-LDL-C."*

The FBG was measured with the hexokinase/glucose-
6-phosphate dehydrogenase method. In this study, the
Chronic Kidney Disease Epidemiology Collaboration
creatinine equation with an adjusted coefficient of 1.1
was used to calculate eGFR. The measurement of serum
creatinine levels at admission was conducted using the
Jaffe method."

Ultrasonography and SMI examination

The high-resolution ultrasound machine (Aplio A500,
Canon Medical Systems Corporation, Japan) with an
1114 linear array probe (frequency range, 4-11 MHz)
was used to perform carotid artery ultrasonography and
SMI examination. SMI is an advanced ultrasound imaging
technique that is designed to surpass the constraints
of traditional Doppler ultrasound while avoiding the
requirement for intravenous contrast to display IPN.?
Experienced radiologists who have many years of expe-
rience in carotid ultrasonography performed the carotid
arteries on both sides of all participants and were blinded
to the participant histories and lipid levels.

In longitudinal and transverse sections, the maximal
thickness and length of each plaque were determined
by dynamically scanning them in grayscale mode. The
distance from the lumen-intima to the media-adventitia
ultrasound interfaces comprises the intimamedia thick-
ness (IMT). Carotid plaques are characterised as focal
structures that encroach into a thickness of >1.5mm
IMT."

After completing the standard ultrasound examination,
we will adjust the ultrasound scanner settings to display
the target plaque in both grayscale and SMI modes. An
SMI-specific region of interest box was placed on the
whole plaque. Several technical parameters will be modi-
fied as follows: dynamic range, mechanical index, frame
rate and SMI velocity range. Plaques were initially exam-
ined in both transverse and longitudinal sections over a
2min interval. Subsequently, the dynamic video images
were saved on the device’s hard disk.'® After finishing the
scan, we checked the video and observed whether there
was neovascularisation with the plaque. IPN was detected
using a strip-like or shortline hyperintense echo."”
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Following the repeated SMI scans in various orientations,
the segment exhibiting the greatest quantity of neo-
vessels was selected for intraplaque neo-vessel classifica-
tion. Blood flow signals are graded according to SMI as
follows: IPN 0 (indicating a stable carotid plaque without
blood flow signals in the plaque) and IPN 1 (indicating
an unstable carotid plaque with intraplaque blood flow
signals) are the grading criteria.

Assessment of covariates

We interviewed all participants using a standardised ques-
tionnaire designed specifically for this study, including
demographic characteristics (sex, age, waist circumfer-
ence, hip circumference, height and weight), smoking
history and medical history (diabetes mellitus, hyperten-
sion, cardiovascular disease and dyslipidaemia). Beijing
Tiantan Hospital assessed the whole set of biochemical
indicators: LDL-C, TC, HDL-C, TG, ApoB, ApoAl, FBG
and eGFR.

There are two types of smoking status: being a former or
current smoker, or never smoking. The body mass index
(BMI) was computed using the formula: BMI=weight
(kg) /height (m?). The waist-to-hip ratio (WHR) was
determined by the formula: waist circumference (cm)/
hip circumference (cm). Using an electronic sphygmo-
manometer to measure blood pressure when participants
were in a seated position, the results were treated as
diastolic blood pressure (DBP) and systolic blood pres-
sure (SBP).

Hypertension was defined as any self-reported history
of hypertension, or SBP >140mm Hg or DBP >90mm
Hg."® Diabetes mellitus was characterised by the inclusion
of individuals with a self-reported history of diabetes, util-
ising hypoglycaemic medication or having typical symp-
toms plus a random plasma glucose >11.1 mmol/L or
FBG >7.0mmol/L, haemoglobin Alc >6.5%," glycated
albumin >17.1%. Dyslipidaemia was defined as the inclu-
sion of individuals with either the use of lipid-lowering
drugs or any selfreported history. The definition of
cardiovascular disease followed the guidelines of the
European Society of Cardiology.*’ All clinical and labora-
tory factors were fully assessed for all participants.

Statistical analyses

Continuous variables for baseline characteristics were
presented as median (IQR) and assessed using Wilcoxon
or Kruskal-Wallis tests. For categorical variables, they were
described as frequency (percentage) and were compared
with the XQ test. According to the quartiles of RC, TG, TC,
HDL-C, LDL-C, ApoAl, ApoB and non-HDL-C, all partic-
ipants were separately divided into four categories. We
evaluated the correlation between baseline characteristics
and RC and further assessed the correlation of RC and
other lipids with unstable carotid plaque. The study used
univariate and multivariate logistic regression models to
assess the correlation between IPN and lipids. Model 1
was adjusted for age and sex. Model 2 was further adjusted
for BMI, SBP, DBP, WHR, FBG, eGFR, smoking history,

hypertension, cardiovascular disease, dyslipidaemia and
diabetes mellitus. Moreover, restricted cubic spline (RCS)
was used to explore the non-linear correlation between
lipids and unstable carotid plaque based on model 2.

All statistical analyses were conducted using R software
V.4.2.2 (R Foundation for Statistical Computing, Vienna,
Austria) and SAS V.9.4 (SAS Institute, Cary, North Caro-
lina). In all tests, a two-sided p<0.05 was deemed statisti-
cally significant.

RESULTS

Participants’ baseline characteristics

The study ultimately enrolled 1100 eligible neurologically
healthy participants with an average age of 57.00 years
(IQR, 49.00-63.00) and 67.55% were men. The median
(IQR) concentration of RC was 0.42 (0.32-0.55) mmol/L.
Table 1 presented the baseline characteristics of healthy
participants categorised according to the quartiles of
RC. According to quartiles of RC, the participants with a
higher concentration of RC were more likely to be older,
men and smokers. Additionally, they had higher levels of
BMI, WHR, SBP, DBP, TG, TC, LDL-C, ApoB, non-HDL-C,
eGFR, FBG as well as a higher prevalence of diabetes
mellitus (all p<0.05). Conversely, they had lower concen-
trations of HDL-C and ApoAl. The various quartiles of
RC not exhibited any statistically significant differences
concerning the history of hypertension, dyslipidaemia or
cardiovascular disease.

Association between clinical characteristics and unstable
carotid plaque

Table 2 illustrated that 779 of these participants
(70.82%) with IPN=0 had stable carotid plaque, and
321 participants (29.18%) with IPN=1 had unstable
carotid plaque. Meanwhile, it revealed the associa-
tions of baseline characteristics, RC and other lipids
with unstable carotid plaque. Compared with partici-
pants with IPN=0, those with IPN=1 had a higher possi-
bility of being male (77.57% vs 63.41%, p<0.0001)
and smokers (34.89% vs 23.23%, p<0.0001). Further-
more, they had higher WHR (0.91 (IQR, 0.86-0.94)
vs 0.89 (0.84-0.94), p=0.0073) and RC concentrations
(0.45 (IQR, 0.35-0.58) vs 0.41 (0.30-0.55), p=0.0010)
and conversely lower concentrations of HDL-C (1.39
(IQR, 1.19-1.63) vs 1.44 (1.24-1.66), p=0.0473) and
ApoAl (1.43 (IQR, 1.29-1.60) vs 1.51 (1.36-1.68),
$<0.0001). Table 2 also demonstrated unstable
carotid plaque not related to SBP, DBP, age, BMI, TG,
LDL-C, TC, non-HDL-C, ApoB, FBG, eGFR, diabetes
mellitus, hypertension, cardiovascular disease or
dyslipidaemia.

Table 3 demonstrated the correlation between
unstable carotid plaque and lipids. The crude model
of univariate logistic regression analysis showed that
RC (per Immol/L increase) was correlated with
a 43.7% increased risk of unstable carotid plaque
(95% CI 1036 to 1.994, p=0.0299). Compared with
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Table 2 Association of clinical characteristics and unstable carotid plaque

IPN
Characteristics Total IPN=0 (n=779) IPN=1 (n=321) P value
Risk factors
Age, year 57.00 (49.00-63.00) 57.00 (50.00-63.00) 55.00 (49.00-63.00) 0.3721
Male, N (%) 743 (67.55) 494 (63.41) 249 (77.57) < 0.0001
BMI, kg/m? 25.02 (22.92-27.12) 25.11 (22.86-27.14) 24.93 (23.17-27.06) 0.6327
WHR 0.89 (0.85-0.94) 0.89 (0.84-0.94) 0.91 (0.86-0.94) 0.0073
SBP, mm Hg 128.00 (117.00-139.00) 127.00 (117.00-138.00) 130.00 (117.00-142.00) 0.1029
DBP, mm Hg 78.00 (71.00-86.00) 78.00 (71.00-86.00) 78.00 (71.00-86.00) 0.9920
Smoking history, N (%) 293 (26.64) 181 (23.23) 112 (34.89) < 0.0001
Hypertension, N (%) 399 (36.27) 271 (34.79) 128 (39.88) 0.1106
Diabetes mellitus, N (%) 230 (20.91) 152 (19.51) 78 (24.30) 0.0759
Dyslipidaemia, N (%) 181 (16.45) 136 (17.46) 45 (14.02 ) 0.1619
Cardiovascular disease, N (%) 68 (6.18) 46 (5.91) 22 (6.85) 0.5526
Baseline lipid parameters
TC, mmol/L 4.95 (4.27-5.55) 4.90 (4.29-5.52) 5.02 (4.23-5.60) 0.5893
TG, mmol/L 1.31 (0.93-1.96) 1.31 (0.92-1.96) 1.32 (0.95-1.97) 0.7515
HDL-C, mmol/L 1.42 (1.23-1.65) 1.44 (1.24-1.66) 1.39 (1.19-1.63) 0.0473
LDL-C, mmol/L 3.00 (2.34-3.55) 2.98 (2.34-3.51) 3.05 (2.32-3.60) 0.7016
Non-HDL-C, mmol/L 3.46 (2.79-4.07) 3.42 (2.79-4.03) 3.51 (2.80-4.12) 0.2876
RC, mmol/L 0.42 (0.32-0.55) 0.41 (0.30-0.55) 0.45 (0.35-0.58) 0.0010
ApoAT1, g/L 1.49 (1.34-1.66) 1.51 (1.36-1.68) 1.43 (1.29-1.60) < 0.0001
ApoB, g/L 0.90 (0.77-1.06) 0.90 (0.77-1.05) 0.91 (0.77-1.08) 0.3249
Others
FBG, mmol/L 5.24 (4.89-5.92) 5.24 (4.88-5.85) 5.27 (4.90-6.06) 0.2561
eGFR, mL/min 109.42 (101.96-116.84) 109.16 (102.10-116.70) 110.44 (101.23-117.11)  0.4753

ApoA1, apolipoprotein A1; ApoB, apolipoprotein B; BMI, body mass index; DBP, diastolic blood pressure; eGFR, estimated glomerular
filtration rate; FBG, fasting blood glucose; HDL-C, high-density lipoprotein cholesterol; IPN, intraplaque neovascularisation; LDL-C, low-
density lipoprotein cholesterol; RC, remnant cholesterol; SBP, systolic blood pressure; TC, total cholesterol; TG, triglycerides; WHR, waist-to-

hip ratio.

the Q1 (the lowest quartile) group of RC, the Q3
(the third quartile) and Q4 (the highest quartile)
were significantly related to unstable carotid plaque
(OR=1.976, 95%CI 1.343 to 2.909, p=0.0006and
OR=1.883, 95% CI 1.286 to 2.756, p=0.0011; p for
trend=0.0016). After fully adjusting for all poten-
tial covariates, including sex, age, BMI, WHR, SBP,
DBP, FBG, eGFR, smoking history, hypertension,
diabetes mellitus, cardiovascular disease and dyslip-
idaemia, the positive correlation between higher RC
concentration and an increased incidence of unstable
carotid plaque remained significant (OR=1.930,
95% CI: 1.292 to 2.882, p=0.0013; OR=1.673, 95% CI:
1.113 to 2.515, p=0.0134). In model 2, the trend test
indicated that the prevalence of unstable carotid
plaque increased with higher quartiles of RC (p for
trend=0.0164). Through continuous analysis, we
observed that RC concentrations were significantly
correlated with unstable carotid plaque.

Table 3 also shows that ApoAl was significantly
correlated with a reduced risk of unstable carotid plaque
(OR=0.277, 95% CI 0.157 to 0.490, per 1g/L increase,
p<0.0001). Similar trends can be observed in the quartile-
based categorisation of ApoAl (Q2 (the second quar-
tile) vs QI: OR=0.651, 95% CI 0.454 to 0.934, p=0.0197;
Q3 vs Ql: OR=0.548, 95% CI 0.382 to 0.787, p=0.0011;
Q4 vs Q1: OR=0.461, 95% CI 0.319 to 0.668, p<0.0001; p
for trend <0.0001). Moreover, the same outcomes also
occurred in multivariable-adjusted logistic regression
analyses. Notably, we observed that RC concentrations
still had a positive linear correlation with unstable carotid
plaque after further adjusting LDL-C and ApoAl based
on model 2 (Q3 vs Q1: OR=1.786, 95% CI 1.190 to 2.680,
p=0.0051; Q4 vs Ql: OR=1.526, 95% CI 1.007 to 2.312,
p=0.0463) (table 4). In figure 2, we used multivariable-
adjusted RCS analyses to flexibly visualise and model the
non-linear relations between unstable carotid plaque and
lipid parameters. The outcomes further suggested a linear
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Table 4 The relationship between unstable carotid plague and RC concentrations

Model 2+LDL-C

Model 2+LDL-C+ApoA1

RC, per 1 mmol/L increase
Quartiles of RC
Q1 (< 0.32) Ref.
Q2 (0.32<0.42)
Q3(0.42<0.55)
Q4(>0.55)

p for trend 0.0189

1.288 (0.912-1.819) 0.1511

1.378 (0.915-2.073) 0.1245
1.922 (1.286-2.873) 0.0014
1.663 (1.104-2.505) 0.0150

1.249 (0.886-1.760) 0.2043

Ref.

1.337 (0.887-2.016) 0.1654
1.786 (1.190-2.680) 0.0051
1.526 (1.007-2.312) 0.0463
0.0624

Model 2: adjusted for age, sex, BMI, WHR, SBP, DBP, FBG, eGFR, smoking history, dyslipidaemia, hypertension, cardiovascular disease, and

diabetes mellitus.

ApoA1, apolipoprotein A1; BMI, body mass index; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; FBG, fasting
blood glucose; LDL-C, low-density lipoprotein cholesterol; RC, remnant cholesterol; SBP, systolic blood pressure; WHR, waist-to-hip ratio.

correlation between RC concentrations and unstable
carotid plaque (p for non-linearity=0.055). In a neuro-
logically healthy population, an elevated risk of unstable
carotid plaque was observed at higher RC concentra-
tions. Furthermore, ApoAl concentrations were non-
linearly correlated with unstable carotid plaque (p for
non-linearity=0.041), not TG, TC, HDL-C, LDL-C, non-
HDL-C and ApoB (p for non-linearity> 0.05). According
to the piecewise linear models, there was inverse and
linear evidence of association at ApoAl concentrations
below 1.49g/L, whereas there was little evidence of such
correlation at higher concentrations.

A B,
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DISCUSSION

In this observational study, we found that RC concen-
trations were independently correlated with unstable
carotid plaque, using SMI to assess intraplaque neovascu-
larisation in a neurologically healthy population.

Our findings in the study, consistent with the previous
studies, displayed that RC had an association with unstable
carotid plaque. A retrospective study showed that non-
HDL-C and RC were excellent risk factors for carotid
plaque vulnerability in participants with acute ischaemic
stroke. The study used the acoustic characteristics of

1 Dy
Pron-linearity =0. 831 Pron-linearity =0. 891
3 3
=} (e}
b 2
< [
~ 2 i /= 2 J
j2} 12
= =
=} 5=
(=] (=]
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TG, mmol/L LDL-C, mmol/L
1 Hoy

Pnon*linearity =0. 041 Pnorrlinearity =0. 835

0dds Ratio
Odds Ratio

—

14 |

0= T T T T
0.50 0.75 1.00 1.25 1.50
ApoB, g/L

195 1.50 1.75 2.00
ApoAl, g/L

Figure 2 The nonlinear relationship between lipid parameters and unstable carotid plaque. RC, remnant cholesterol; TC,
total cholesterol; TG, triglycerides; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol;
ApoA1, apolipoprotein A1; ApoB, apolipoprotein B. Adjusted for: sex, age, BMI, WHR, SBP, DBP, FBG, eGFR, smoking history,
hypertension, diabetes mellitus, dyslipidaemia, and cardiovascular disease.
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the plaques in ultrasound to define unstable plaques.”!

Zambon et al showed that very low-density lipoprotein
(VLDL) and intermediate-density lipoprotein (IDL)
exhibited a significant correlation with macrophage
content within the carotid plaque-a biomarker of unstable
plaque-in participants with severe internal carotid artery
stenosis.”” Furthermore, in the population with stable
angina, RC was verified to be related to coronary plaque
vulnerability, not LDL-C or HDL-C levels.”

Consistent with our results, in the previous studies, RC
had an association with the incidence of ASCVD but not
LDL-C, even if the population received statin therapy
and had lower LDL-C concentrations.***’ Castafier and
colleagues analysed the data from the PREDIMED trial,
and their results demonstrated that the concentrations
of RC and TG were related to cardiovascular outcomes,
not LDL-C, in a group of Mediterranean participants who
had high cardiovascular risks.*® Furthermore, one of the
recent prospective studies suggested that in individuals
without known ASCVD, elevated RC concentrations had
an association with ASCVD but not non-HDL-C, ApoB
or LDL-C. Compared with the participants with concor-
dance, an elevated risk of ASCVD was found in the group
with discordant high RC/low LDL-C, which did not
occur in those with low RC/high LDL-C discordance.?
Furthermore, studies have shown that higher RC concen-
trations have a correlation with an increased risk of isch-
aemic stroke and vascular stenosis. A cohort-based study
showed higher concentrations of RC were correlated
with increased risk of ischaemic stroke and myocardial
infarction, especially peripheral artery disease-a fivefold
increase in it.

RC is the cholesterol content of TRLs, which consists
of chylomicron remnants in the non-fasting state and
VLDL and IDL in the fasting state.” ** The following
mechanisms may explain the correlation between RC and
unstable carotid plaque: first, RC mechanistically carries
a bigger load of cholesterol than LDL-C. It preferentially
is trapped via attachment to extracellular proteoglycans
and enters into and deposits arterial intima. In addition,
RC is absorbed by macrophages directly without oxida-
tive modification, effectively resulting in the formation of
macrophage foam cells. Finally, the activity of lipoprotein-
lipase on the RC surface contributes to the release of
monoacylglycerols, free fatty acids and other molecules
that will contribute to local damage and inflamma-
tion.” ' # ¥ Inflammatory hypoxic and destabilising
microenvironments in the plaque lead to neovasculari-
sation, and plaque destabilisation is likely to be caused
by the neovascularisation and IPH inside the plaque.”
These changes will increase the plaque’s vulnerability and
explain the correlation between RC and unstable carotid
plaque.

In our study, we found a negative correlation between
ApoAl concentrations and unstable carotid plaque. A
study showed that low concentrations of ApoAl were
related to carotid plaque in populations with metabolic
syndrome.”” The underlying mechanisms by which lower

ApoAl concentrations lead to an increased incidence
of unstable carotid plaque may be attributed to the
crucial role of ApoAl in reverse cholesterol transport.”
In addition, the ability of ApoAl to restrain necroptosis
in macrophages and inhibit the formation and develop-
ment of necrotic cores in atherosclerosis may contribute
to those mechanisms.™

Study limitations and strengths

There are some limitations in the study. First, our study
was a single-centre and cross-sectional study in China, and
our results may not generalise outcomes to other racial
groups or other populations and should be confirmed
in further large multicentre prospective studies. Second,
we used the fasting samples to calculate the levels of RC,
but some studies showed that non-fasting RC was more
strongly correlated with ASCVD* * than fasting and
was a reliable biomarker of plasma atherogenic lipopro-
tein concentrations.’ Finally, in our study, we used the
formula to indirectly calculate the concentrations of
RC. Compared with RC-direct, this method may perhaps
underestimate the value of RC.*

Our study also has some strengths. First, RC is easily
available from a standard lipid profile and does not
require extra cost,” so it can be widely implemented in
clinics. Second, we use SMI to evaluate and categorise
IPN, and its accuracy is comparable to contrast-enhanced
ultrasound (CEUS). SMI provides a non-invasive substi-
tute for CEUS in assessing the vulnerability of carotid
plaque.® Finally, the current study elaborates on the
association between unstable carotid plaque and RC in a
neurologically healthy Chinese population. Our findings
can provide assistance for those who are neurologically
healthy in the primary prevention of stroke.

CONCLUSIONS

Increased RC concentrations were positively related to
unstable plaque, not LDL-C or ApoB. This implies that
elevated RC causes unstable carotid plaque. RC is a supe-
rior biomarker to assess unstable carotid plaque and
carotid artery atherosclerosis risk. We are supposed to give
more attention to RC in the neurologically healthy popu-
lation, especially when LDL-C concentrations achieve
clinical standards. In the future, not only in primary
and secondary prevention but also in related studies, we
should put more focus on lowering RC concentration to
avoid clinical events such as ischaemic stroke and myocar-
dial infarction and their recurrence.
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