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Background: Multifocal atherosclerosis has dramatically increased annual risk of adverse cardiovascular
events than single artery affected. Triglyceride-rich lipoprotein (TRL) has been implicated in the early
development of atherosclerosis.
However, evidence on the effect of remnant cholesterol, a major atherogenic component of TRL, on
multifocal atherosclerosis in Chinese health asymptomatic subjects is insufficient. This study aimed to
investigate the association of remnant cholesterol with intra- and extra-cranial atherosclerosis in Chi-
nese population.
Methods: This study enrolled 3665 participants (median age 52.31 years) from the Asymptomatic Pol-
yvascular Abnormalities Community study. Parameters of intra- and extra-cranial atherosclerosis in-
cludes intracranial artery stenosis (ICAS), carotid plaque, carotid artery stenosis (CAS), and carotid
hypertrophy (intima-media thickness >0.9 mm). Logistic regression was used to assess these
associations.
Results: The prevalence of vascular atherosclerosis significantly increased with increasing remnant
cholesterol quartiles (P for trend <0.0001). In the multivariable-adjusted model, the odds ratio with 95%
confidence interval comparing participants in Q4 versus Q1 of remnant cholesterol was 1.73 (1.29e2.31)
for ICAS, 1.54 (1.22e1.94) for carotid plaque, 1.47 (1.17e1.84) for CAS, and 1.93 (1.48e2.52) for carotid
hypertrophy, respectively. Furthermore, multivariable-adjusted spline regression showed S-shaped as-
sociations between remnant cholesterol and these outcomes.
Conclusion: Individuals with a high level of remnant cholesterol had a higher risk of intra- and extra-
cranial atherosclerosis in Chinese population. Interventions aimed at reducing remnant cholesterol to
prevent atherosclerotic diseases warrant further investigations.
© 2021 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Atherosclerotic diseases occurring in extracranial carotid ar-
teries and intracranial arteries are the major etiology of ischemic
cerebrovascular events, such as stroke and transient ischemic
attack [1]. As a systemic disease, atherosclerosis commonly in-
volves multiple vascular beds simultaneously and the coexisting
atherosclerosis in the intracranial and extracranial carotid arteries
has been found to be prevalent in stroke patients [2,3]. It has been
reported that the prevalence of multifocal atherosclerotic disease is
approximately ranged from 16% to 40% [4,5]. Therefore, early
nder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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detection and reduction of risk factors of atherosclerosis has sig-
nificant implications in the prevention of cerebrovascular diseases.

Remnant cholesterol in triglyceride-rich lipoprotein (TRL) has
been considered as the residual risk of atherosclerotic cardiovas-
cular disease after lowering low-density lipoprotein cholesterol
(LDL-C) to the recommended level [6e12]. Remnant cholesterol is
defined as total cholesterol (TC) minus LDL-C minus high-density
lipoprotein cholesterol (HDL-C) [6], which is composed of very-
low-density lipoprotein and intermediate-density lipoprotein in
the fasting state, and these two lipoproteins together with chylo-
micron remnants in the non-fasting state [13,14]. TRLs are hetero-
geneous and it is not likely that all species are atherogenic, since
human cells can generally degrade triglycerides (TGs) but not
cholesterol, accumulation in the arterial wall of the remnant
cholesterol may play a causal role in atherosclerosis development
[15]. Indeed, prior studies have linked remnant lipoproteins com-
ponents to atherosclerosis, while these studies were mainly con-
ducted in north European [16e18]. Limited studies have
investigated the relationship between remnant cholesterol and
early signs of multifocal atherosclerosis in Chinese healthy
asymptomatic subjects. Therefore, we conducted the current study
to assess the association of remnant cholesterol with intra- and
extra-cranial atherosclerosis based on the Asymptomatic Poly-
vascular Abnormalities in Community (APAC) study in China.

Methods

Study population

The study subjects were recruited from the APAC study, which
targets on the epidemiology of asymptomatic polyvascular abnor-
malities in Chinese adults. The details of the study design can be
referred to previous descriptions [19,20]. A random sample of 5440
participants were included in the APAC study according to the
following inclusion criteria: (1) aged �40 years; (2) no history of
stroke, transient ischemic attack, neurological deficits, and coro-
nary heart disease. Besides, 1775 participants with incomplete in-
formation on TC, LDL-C, HDL-C, or vascular examination results
were further excluded. Finally, a total of 3665 participants were
available in the current study. The study was performed according
to the guidelines from the Helsinki Declaration and was approved
by the Ethics Committees of the Kailuan General Hospital and the
Beijing Tiantan Hospital. Written informed consent was obtained
from all participants.

Laboratory measurements

Fasting blood samples were obtained from antecubital vein after
an 8- to 12-h overnight fast in EDTA tubes. All the biochemical
parameters were measured using Hitachi 747 auto-analyzer
(Hitachi, Tokyo, Japan) in the central laboratory of Kailuan Hospi-
tal. Serum TC and TG were measured using the enzymatic colori-
metric method, HDL-C and LDL-C were measured by direct test
method with the inter-assay coefficient of variation <10% (Mind
Bioengineering Co.Ltd., Shanghai, China). LDL-C was calculated by
the Friedewald equation when TGs were �4 mmol/L, otherwise
LDL-C was measured directly [21]. Remnant cholesterol was
calculated as total cholesterol minus LDL-C minus HDL-C.

Assessment of intra- and extra-cranial atherosclerosis

Intracranial artery stenosis (ICAS) was assessed using trans-
cranial Doppler Ultrasonography by two experienced neurologists
who were blinded to the baseline information of all participants
(EME Company, Nicolet, Madison, WI, USA). The definition of ICAS
21
was according to the peak flow velocity criteria [22,23]: (1)
>140 cm/s for the middle cerebral artery; (2) >120 cm/s for the
anterior cerebral artery and internal carotid siphon; and (3)
>100 cm/s for the posterior cerebral artery and vertebral-basilar. In
addition to the above mentioned criteria, the patients’ age, the
presence of turbulence sound or disturbance in echo frequency, and
whether the abnormal velocity was segmental were also taken into
account for ICAS diagnosis. Subjects without a good temporal
window were considered without stenosis. ICAS was diagnosed if
at least one of the studied arteries showed evidence of stenosis or
occlusion.

Extracranial atherosclerosis was defined as any presence of ca-
rotid plaque, stenosis, and carotid hypertrophy. All participants
underwent a bilateral carotid duplex ultrasound (Philips iU-22 ul-
trasound system, Philips Medical Systems, Bothell, WA) in the su-
pine position of structures including the common carotid artery,
internal carotid artery, external carotid artery, vertebral artery and
subclavian artery. Both sides of carotid artery were assessed for the
presence of carotid artery stenosis (CAS). Carotid plaque was
demonstrated as a thickness of 1.5 mm from the intimaelumen
interface to the mediaeadventitia interface, or defined as a focal
structure encroaching into the arterial lumen of at least 0.5 mm or
50% of the surrounding intima-media thickness (IMT) value. The
initial measurement of carotid IMT was performed at the far wall of
the CCA proximal to the bifurcation, along a plaque-free segment of
�10 mm long at each side, with a quality index of � 0.60. IMT was
defined as the distance from the leading edge of the lumen-intima
interface to the leading edge of the media-adventitia interface. IMT
>0.9 mm was deemed as carotid hypertrophy [24].

Assessment of covariates

Information on demographic variables (age, sex, educational
level, income), lifestyle (smoking status, drinking status, physical
activity), and medical history (hypertension, diabetes, dyslipide-
mia, and medications on these diseases) were collected using
standardized questionnaires. Biochemical indicators were assessed
at Kailuan General Hospital (Hitachi, Tokyo, Japan), including fast-
ing blood glucose (FBG), TC, TG, LDL-C, HDL-C, and high-sensitivity
C-protein (hs-CRP).

Educational level was classified as illiteracy or primary school,
middle school, and high school or above. Income was categorized
into >3000 and �3000 yuan/month. Smoking was defined as at
least 1 cigarette per day for more than 1 year. Drinking was defined
as alcohol intake of at least 90 or 45 g of liquor per day for more
than 1 year for men or women, respectively. Physical activity was
classified as�4 times per week and�20 min at a time, <80 min per
week, or none. BMI was calculated as the ratio of body weight (kg)
divided by the square of body height (m2). Blood pressure was
measured in the in the seated position using a mercury sphygmo-
manometer, and the average of three readings was calculated as
systolic blood pressure (SBP) and diastolic blood pressure (DBP).

Hypertension was defined as SBP �140 mm Hg or DBP �90 mm
Hg, any use of antihypertensive drugs, or a self-reported history of
hypertension. Diabetes was defined as FBG levels �7.0 mmol/L, any
use of glucose-lowing drugs, or any self-reported history of dia-
betes. Dyslipidemia was defined as any self-reported history or use
of lipid-lowering drugs, or TC levels �5.17 mmol/L or TG levels
�1.69 mmol/L or LDL-C levels �3.62 mmol/L or HDL-C level
�1.04 mmol/L.

Statistical analyses

Participants were divided into 4 categories according to quar-
tiles of remnant cholesterol. Continuous variables were described
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as median with interquartile range due to the skewed distribution,
and were compared with Wilcoxon or KruskaleWallis test. Cate-
gorical variables were described as frequency with percentage, and
were compared with chi-square test. Logistic regression models
were constructed to assess the unadjusted and adjusted odds ratios
(ORs) for the association of remnant cholesterol with intra- and
extra-cranial atherosclerosis. In the multivariable analysis, we
adjusted for age, sex, BMI, SBP, DBP, education, income, smoking
status, drinking status, physical activity, history of hypertension,
diabetes mellitus, and dyslipidemia, antihypertensive agents,
antidiabetic agents, lipid-lowering agents, FBG, TC, HDL-C, and hs-
CRP. P-values for trend were computed using quartiles of remnant
cholesterol as ordinal variables. We also analyzed the effect of
remnant cholesterol on the outcomes as a continuous variables
using the restricted cubic splinewith 5 knots (at the 5th, 25th, 50th,
75th, and 95th percentiles). Subgroup analyses were stratified by
age (<60 years and �60 years), sex, history of hypertension, dia-
betes, and dyslipidemia (no and yes), where the interaction of
remnant cholesterol with stratified variables was examined by
likelihood ratio tests. All analyses were conducted using SAS
version 9.4 (SAS Institute Inc., Cary, NC, USA). A two-sided P < 0.05
was considered statistically significant.
Fig. 1. Comparing the differences in remnant cholesterol concentrations between the
event-group and non-event group.
Abbreviations: ICAS, intracranial artery stenosis; CAS, carotid stenosis.
Results

Baseline characteristics

Among the 3665 enrolled participants, the median age was
52.31 years (interquartile range: 45.63e61.94), the median con-
centration of remnant cholesterol was 0.50 mmol/L (interquartile
range, 0.22e1.01). Baseline characteristics of enrolled participants
according to quartiles of remnant cholesterol are presented in
Table 1. Compared with participants in the Q1 group, those with a
higher level of remnant cholesterol were more likely to be older,
men, well educated, have a higher income, more current smokers,
drinkers, active physical activity, a higher prevalence of hyperten-
sion, diabetes, dyslipidemia, more likely to take antihypertensive
agents, antidiabetic agents, have a higher level of BMI, SBP, DBP,
Table 1
Baseline characteristics of participants according to quartiles of remnant cholesterol.

Characteristics Remnant cholesterol, mmol/

Overall (N ¼ 3665) Q1 (<0.22) Q2

Age, years 52.31(45.63e61.94) 50.87(45.13e57.64) 52.
Men, n (%) 2387 (65.13) 498 (54.25) 563
High school or above, n (%) 1549 (42.26) 374 (40.74) 332
Income >3000 RMB/m, n (%) 412 (11.24) 72 (7.84) 76
BMI, kg/m2 24.77(22.77e27.06) 24.46(22.29e26.67) 24.
SBP, mm Hg 130.00(120.00e143.33) 130.00(120.00e140.00) 130
DBP, mm Hg 81.33(79.33e90.00) 80.67(78.00e90.00) 82.
Current smoker, n (%) 1222 (33.34) 254 (27.67) 298
Current alcohol use, n (%) 1254 (34.22) 261 (28.43) 282
Active physical activity, n (%) 1239 (33.81) 278 (30.28) 334
Hypertension, n (%) 927 (25.29) 197 (21.46) 216
Diabetes Mellitus, n (%) 281 (7.67) 50 (5.45) 63
Dyslipidemia, n (%) 329 (8.98) 44 (4.79) 70
Antihypertensive agents, n (%) 675 (18.42) 141 (15.36) 155
Antidiabetic agents, n (%) 217 (5.92) 35 (3.81) 50
Lipid-lowering agents, n (%) 35 (0.95) 7 (0.76) 8 (0
FBG, mmol/L 5.29(4.86e5.88) 5.10(4.75e5.64) 5.2
TC, mmol/L 4.90(4.30e5.58) 4.30(3.90e4.77) 4.7
TG, mmol/L 1.27(0.94e1.83) 1.16(0.85e1.52) 1.0
HDL-C, mmol/L 1.55(1.31e1.88) 1.72(1.49e1.97) 1.5
LDL-C, mmol/L 2.70(2.27e3.13) 2.73(2.35e3.07) 2.8
Hs-CRP, mg/dL 0.99(0.50e2.15) 0.80(0.38e1.31) 1.0

Abbreviation: BMI, body mass index; DBP, diastolic blood pressure; FBG, fasting blood g
cholesterol; hs-CRP, high-sensitivity C-reactive protein; SBP, systolic blood pressure; TC

22
FBG, TC, TG, hs-CRP, and a lower level of LDL-C and HDL-C.
Furthermore, the levels of remnant cholesterol were significantly
higher in patients with intra- or extra-cranial atherosclerosis, as
compared to their counterparts (P < 0.0001, Fig. 1).
Association of remnant cholesterol with intra- and extra-cranial
atherosclerosis

With increasing remnant cholesterol quartiles, the prevalence of
ICAS, carotid plaque, CAS, and carotid hypertrophy increased
significantly (P for trend <0.0001, Fig. 2). Without adjustment for
confounders, as shown in Table 2, compared with the Q1 group, the
Q4 group was associated with an increasing OR for ICAS (OR, 1.82;
95% confidence interval [CI], 1.41e2.36; P for trend<0.0001); ca-
rotid plaque (OR, 2.07; 95% CI, 1.71e2.50; P for trend<0.0001); CAS
(OR, 1.97; 95% CI, 1.63e2.37; P for trend<0.0001); and carotid
L P value

(0.22e0.50) Q3 (0.50e1.01) Q4 (�1.01)

50(45.77e60.48) 53.05(45.83e64.74) 53.37(46.17e67.11) <0.0001
(61.46) 649 (71.08) 677 (73.75) <0.0001
(36.24) 412 (45.13) 431 (46.95) <0.0001

(8.29) 116 (12.71) 148 (16.12) <0.0001
49(22.67e26.73) 25.01(23.03e27.18) 25.04(22.89e27.46) <0.0001
.67(120.00e146.67) 130.00(120.00e146.33) 130.00(120.00e143.67) 0.0017
00(79.33e91.33) 80.67(78.67e90.00) 80.67(79.33e90.00) 0.0005
(32.53) 336 (36.80) 334 (36.38) 0.0001
(30.79) 342 (37.46) 369 (40.20) <0.0001
(36.46) 325 (35.60) 302 (32.90) 0.0460
(23.58) 239 (26.18) 275 (29.96) 0.0002

(6.88) 81 (8.87) 87 (9.48) 0.0040
(7.64) 88 (9.64) 127 (13.83) <0.0001
(16.92) 178 (19.50) 201 (21.90) 0.0017

(5.46) 65 (7.12) 67 (7.30) 0.0043
.87) 12 (1.31) 8 (0.87) 0.6285
7(4.90e5.82) 5.36(4.90e6.00) 5.40(4.91e6.00) <0.0001
9(4.27e5.30) 5.00(4.51e5.66) 5.61(4.98e6.35) <0.0001
8(0.81e1.48) 1.39(1.06e2.01) 1.63(1.10e2.42) <0.0001
5(1.32e1.84) 1.50(1.28e1.84) 1.45(1.25e1.78) <0.0001
1(2.40e3.27) 2.70(2.30e3.26) 2.50(1.91e2.96) <0.0001
2(0.50e2.15) 1.05(0.50e2.30) 1.40(0.63e3.40) <0.0001

lucose; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein
, total cholesterol; TG, triglyceride.



Fig. 2. Prevalence of intra- and extra-cranial atherosclerosis stratified by quartiles of remnant cholesterol.
Abbreviations: ICAS, intracranial artery stenosis.

Table 2
Odds ratio and 95% confidence interval for the association between remnant cholesterol and atherosclerosis.

Outcomes Remnant cholesterol, mmol/L P for trend

Q1 (<0.22) Q2 (0.22e0.50) Q3 (0.50e1.01) Q4 (�1.01) Per 1 mmol/L increase

ICAS
Unadjusted Reference 1.13(0.86e1.50) 1.21(0.92e1.60) 1.82(1.41e2.36) 1.28(1.15e1.42) <0.0001
Adjusted Reference 1.04(0.77e1.40) 1.08(0.81e1.46) 1.61(1.21e2.15) 1.23(1.10e1.38) <0.0001

Carotid plaque
Unadjusted Reference 1.11(0.92e1.33) 1.66(1.38e2.00) 2.07(1.71e2.50) 1.32(1.21e1.43) 0.0695
Adjusted Reference 0.93(0.75e1.16) 1.30(1.04e1.62) 1.60(1.27e2.01) 1.14(1.02e1.26) <0.0001

CAS
Unadjusted Reference 1.06(0.89e1.28) 1.60(1.33e1.92) 1.97(1.63e2.37) 1.31(1.20e1.42) 0.0295
Adjusted Reference 0.88(0.71e1.09) 1.24(1.00e1.54) 1.51(1.21e1.90) 1.14(1.04e1.26) <0.0001

Carotid hypertrophy
Unadjusted Reference 1.02(0.83e1.26) 1.67(1.37e2.05) 2.34(1.92e2.85) 1.47(1.34e1.60) <0.0001
Adjusted Reference 0.79(0.60e1.04) 1.12(0.86e1.46) 1.73(1.33e2.25) 1.30(1.16e1.44) <0.0001

Abbreviations: CAS, carotid artery stenosis; ICAS, intracranial arterial stenosis.
Adjusted for age and sex, body mass index, systolic blood pressure, diastolic blood pressure, education, income, smoking status, drinking status, physical activity, a history of
hypertension, diabetes mellitus, and dyslipidemia, antihypertensive agents, antidiabetic agents, lipid-lowering agents, fasting blood glucose, total cholesterol, high-density
lipoprotein cholesterol, and high sensitivity C-reactive protein.
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hypertrophy (OR, 2.34; 95% CI, 1.92e2.85; P for trend<0.0001).
After adjusted for potential confounders, the associations between
remnant cholesterol and the outcomes remained significant, the
adjusted OR in the Q4 group versus the Q1 group was 1.61 (95% CI,
23
1.21e2.15) for ICAS, 1.60 (95% CI, 1.27e2.01) for carotid plaque, 1.51
(95% CI, 1.21e1.90) for CAS, and 1.73 (95% CI, 1.33e2.25) for carotid
hypertrophy, respectively.

When remnant cholesterol was treated as a continuous variable,
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the adjusted OR for per 1 mmol/L increased of remnant cholesterol
was 1.23 (95% CI, 1.10e1.38) for ICAS, 1.14 (95% CI, 1.02e1.26) for
carotid plaque, 1.14 (1.04e1.26) for CAS, and 1.30 (95% CI, 1.16e1.44)
for carotid hypertrophy. The multivariable-adjusted spline regres-
sion showed there were S-shaped association between remnant
cholesterol and the outcomes (Fig. 3).
Subgroup analyses

Age, sex and other selected risk factors were stratified for
further analysis of the association between remnant cholesterol
levels and the outcomes. The results showed that there was no
significant interaction between remnant cholesterol and the sub-
group factors (P for interaction >0.05; Fig. 4), indicating the asso-
ciation between remnant cholesterol and the outcomes were
consistent across different subgroups.
Discussion

In this study, we found that remnant cholesterol was an inde-
pendent risk factor of atherosclerosis. Step-wise higher remnant
cholesterol concentrations were associated with step-wise higher
risk of intra- and extra-cranial atherosclerosis parameters,
including ICAS, carotid plaque, CAS, carotid hypertrophy among
Chinese healthy asymptomatic adults in the APAC study.

TG and remnant cholesterol are highly correlated, and high TGs
are amarker of high remnant cholesterol concentrations. Therefore,
associations found for remnant cholesterol will be similar for TGs.
High TGs have previously been shown to be play a causal role in the
pathway of atherosclerosis [25e30]. However, because TGs, but not
Fig. 3. Multivariable-adjusted association of remnant cholesterol with intra- and extra-crani
and 95th percentiles of remnant cholesterol.
Abbreviations: ICAS, intracranial artery stenosis; CAS, carotid artery stenosis.
Adjusted for age and sex, body mass index, systolic blood pressure, diastolic blood pressu
hypertension, diabetes mellitus, and dyslipidemia, antihypertensive agents, antidiabetic ag
protein cholesterol, and high sensitivity C-reactive protein.
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cholesterol, can be readily metabolized by most cells of the body,
TGs per se are unlikely to be causal. Importantly, few studies con-
ducted among Chinese healthy asymptomatic have examined the
role of remnant cholesterol in the development multifocal
atherosclerosis, making the present findings novel.

ICAS is the result of atherosclerosis that affects large intracranial
arteries, which was more common in Asian countries than that in
Western nations [31]. The independent role of remnant cholesterol
in the development of ICAS has been rarely investigated. Results
from the Trial of cilOstazol in Symptomatic intracranial Stenosis 2
(TOSS-2) failed to show an independent relationship between
remnant cholesterol and progression of symptomatic ICAS, while
remnant cholesterol along with HDL-C was significantly associated
with symptomatic ICAS [32]. Another cross-sectional study
included 658 consecutive patients with ischemic stroke found that
remnant cholesterol/HDL-C ratio showed a significant association
with ICAS [33]. To address the knowledge limitation, we conducted
the current study, our results showed that remnant cholesterol was
significantly associated with ICAS, independently of TC, HDL-C and
other cardiovascular risk factors. These findings indicated that early
detection and treatment of high remnant cholesterol are necessary
to delay the progression of ICAS and help prevent ischemic events.

Carotid artery stenosis, carotid plaque, as well as IMT, are
important indices on assessing the extracranial atherosclerosis
level of vascular. Increased IMT is a predictive marker for the
atherosclerosis and is always associated with end-organ disease,
carotid plaque is the marker of early stages of atherosclerosis and
advanced arterial injury, which largely reflects the pathological
process in the intima [5,34,35]. The association with remnant
cholesterol and early signs of extracranial atherosclerosis has been
al atherosclerosis based on restricted cubic spines with 5 knots at 5th, 25th, 50th, 75th,

re, education, income, smoking status, drinking status, physical activity, a history of
ents, lipid-lowering agents, fasting blood glucose, total cholesterol, high-density lipo-



Fig. 4. Subgroup analyses for the association of remnant cholesterol with intra- and extra-cranial atherosclerosis.
Abbreviations: ICAS, intracranial artery stenosis; CAS, carotid artery stenosis
Adjusted for age and sex, body mass index, systolic blood pressure, diastolic blood pressure, education, income, smoking status, drinking status, physical activity, a history of
hypertension, diabetes mellitus, and dyslipidemia, antihypertensive agents, antidiabetic agents, lipid-lowering agents, fasting blood glucose, total cholesterol, high-density lipo-
protein cholesterol, and high sensitivity C-reactive protein other than variables for stratification.
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investigated in several studies. Another study consisted of forty-
five patients undergoing carotid endarterectomy provided evi-
dence that TGL remnants significantly affect carotid plaque cellular
composition, in particular macrophages content [18]. Another
Stockholm study investigated the correlation of remnant-like par-
ticle cholesterol levels with subclinical atherosclerosis and
demonstrated that remnant-like particle cholesterol was signifi-
cantly related to increased carotid artery IMT in white middle-age
men [17]. In line with these studies, our findings showed that
remnant cholesterol was significantly associated with CAS, carotid
plaque, and increased IMT, even after adjusting all the mentioned
vascular risk factors, these relationships still exist significant.
Extracranial atherosclerosis is a one of the most common contrib-
utors to ischemic stroke and worthy of attention, although the
prevalence of extracranial atherosclerosis was lower in Asia than
Caucasians [36]. Individuals with high remnant cholesterol warrant
particular vigilance for the existence and development of athero-
sclerosis and the occurrence of stroke.

The plausible path-physiological mechanisms linking remnant
cholesterol to atherosclerosis are summarized as follows. The
components of remnant cholesterol includes very-low-density li-
poprotein and intermediate-density lipoprotein, chylomicron
remnants penetrate the arterial wall and appear to be selectively
retained within the arterial intima, leading to accumulation of
cholesterol, foam cell formation, and development of atheroscle-
rotic plaque [37,38]. Low-grade inflammation caused by remnant
cholesterol may be another reason for the association [15].
Remnant cholesterol could increase the expression of inflammatory
protein levels of adhesion molecules and coagulation factors in
endothelial cells, enhance the recruitment and attachment of
monocytes, promote the formation of foam cells, ultimately
resulting in atherosclerosis progression [39,40].

The current study has several limitations. First, this is a cross-
sectional observational study rather than an interventional study,
which limits what we can infer about the causality of the results.
25
Second, we did not measure remnant cholesterol directly, the in-
direct calculation of remnant cholesterol might have overestimated
its value in comparison to direct measurement. However, the
calculated remnant cholesterol is an affordable and inexpensive
method that could provide valuable data for clinical management,
and it is therefore widely available [14,41e44]. Finally, although we
have adjusted for all the potential covariates, we cannot exclude the
possibility of residual or unmeasured confounding, given the
observational study design of the present analysis.
Conclusions

In conclusion, we found a positive association of remnant
cholesterol with the risk of intra- and extra-cranial atherosclerosis
in Chinese healthy asymptomatic adults. These results indicated
that randomized clinical trials with remnant cholesterol lowering
in individuals with high concentrations, with the aim of reducing
atherosclerosis and preventing ischemic cerebrovascular diseases,
are needed.
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