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ABSTRACT

Background and purpose Cerebral large artery

and small vessel diseases are related to different
pathogenetic mechanisms and have different risk factor
profile. Lipoprotein(a) (Lp(a)) was shown to promote
atherosclerosis but data was limited on its association with
cerebral small vessel diseases (cSVD). The objective of this
study was to assess the associations of Lp(a) level with the
two types of cerebrovascular diseases.

Methods Community-dwelling subjects aged 5075 years
from the baseline survey of The PolyvasculaR Evaluation
for Cognitive Impairment and vaScular Events study

were included. Lp(a) concentrations was measured and
categorised into three groups according to the tertiles.
Eligible participants were scanned by a 3.0T MRI scanner
and assessed for intracranial atherosclerosis and cSVD
burden based on four imaging markers.

Results This study included 3059 subjects. The average
age of the participants was 61.2+6.7 years, and 53.5%
(1636) were female. Compared with the first tertile,
subjects with the second and third tertiles of Lp(a)
concentrations were associated with an increased odds of
presence of intracranial plaque (18.7% vs 15.4%, adj.OR
1.37,95% CI 1.08 t0 1.75; 18.9% vs 15.4%, adj.OR 1.34,
95% Cl 1.05 to 1.72). Similar associations were observed
for intracranial atherosclerotic burden. Whereas, subjects
with the third tertile of Lp(a) level had a decreased odds of
presence of cSVD (25.9% vs 31.7%, adj.OR 0.74, 95% Cl
0.60 to 0.92) and lower ¢SVD burden (adj.cOR 0.76, 95%
Cl 0.62 to 0.94).

Conclusions In this study, Lp(a) concentrations were
positively associated with presence and burden of
intracranial atherosclerosis, but was inversely associated
with ¢SVD.

Trial registration number NCT03178448.

INTRODUCTION

Cerebrovascular diseases, including both
cerebral large artery and small vessel diseases,
were shown to be contribute to impairment of
cognition and brain health.! Although struc-
turally connected,2 cerebral large artery and
small vessel diseases are related to different
pathogenetic mechanisms.” Previous studies
showed that these two types of cerebrovas-
cular diseases may have different risk factor
proﬁle.45
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Lipoprotein(a) (Lp(a)) may promote atherosclerotic
cardiovascular diseases, but the association be-
tween Lp(a) and cerebral small vessel diseases is
uncertain.

WHAT THIS STUDY ADDS

= We demonstrate that elevated Lp(a) level is positive-
ly associated with presence and burden of intracra-
nial atherosclerosis, but is inversely associated with
cerebral small vessel diseases.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE AND/OR POLICY

= Further investigation may be required for optimal
level of Lp(a) in clinical practice and underlying
mechanisms of double-sided role of Lp(a) level on
cerebral arteries.

Lipoprotein(a) (Lp(a)) contains apoli-
poprotein  B100 and glycoprotein apoli-
poprotein(a).6 Lp(a) was shown to be
proatherogenic and may promote athero-
sclerotic cardiovascular diseases.”"" Previous
studies also have demonstrated that high
Lp(a) level was related to carotid athero-
sclerosis,12 13 atherothrombotic stroke'* and
ischaemic stroke.” ®°16 In contrast, few study
investigated the association of Lp(a) level
with cerebral small vessel diseases (cSVD).
Some previous small-scale studies found lower
Lp(a) level in patients with ¢SVD but with
inconclusive results."* 7 ' A recent Mende-
lian randomisation study demonstrated an
inverse association of Lp(a) level with small
vessel stroke.'? This indicates that there may
be differential relationships of Lp(a) concen-
trations with cerebral large artery and small
vessel diseases. However, the relationships
of Lp(a) level with cerebral large artery
and small vessel diseases have not been well
elucidated.

In this cross-sectional study, we comprehen-
sively investigated the associations of Lp(a)
concentrations with cerebral large artery and
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small vessel diseases in a community population in south-
eastern China.

METHODS

Study design and participants

We derived data from the PRECISE (The PolyvasculaR
Evaluation for Cognitive Impairment and vaScular
Events) study. The design and baseline data of PRECISE
have been previously published.” In brief, PRECISE is
a community-based cohort study recruited community-
dwelling adults aged 50-75 years from 6 villages and 4
communities of Lishui city in southeastern China. These
selected sites were all living communities (living with
general population instead of people with same sort of
work) with stable populations. All the eligible subjects
in these villages and communities without contraindica-
tions for MRI and CT angiography (CTA) scanning were
recruited and subjects were excluded only when they still
refused after being reached at home by at least 3 attempts
over 3 days. The baseline data collection of PRECISE
was performed from May 2017 to September 2019 and
enrolled 3067 participants. Participants in this study had
similar baseline characteristics as samples of nationwide
survey in China.”

Baseline characteristics collection

Data collection for all participants was conducted at Lishui
Hospital via face-to-face clinical interviews and medical
examinations. Data collection was performed by trained
research coordinators with standardised questionnaires.”
Baseline demographics, medical history and medication
use were collected at the baseline survey. Those partic-
ipants who smoked one cigarette per day or more on
average during the last month was considered as current
smokers.”! Blood pressure was measured three times in
seated position after resting for 5 min and the mean of
the second and third measurements was recorded. Hyper-
tension was defined as systolic blood pressure 2140 mm
Hg, diastolic blood pressure290 mm Hg, self-reported
previously diagnosed hypertension or current on antihy-
pertensive treatment.” For participants without history of
diabetes, the oral glucose tolerance test was conducted.
Diabetes was defined as fasting glucose >7.0 mmol/L,
2-hour postload glucose >11.1 mmol/L, haemoglobin
Alc26.5%, self-reported previously diagnosed diabetes or
current on antidiabetic treatment.*

Fasting blood samples were collected at baseline survey.
Lp(a) level was tested by immunoturbidimetric method
with an Abbott C16000 analyzer (Abbott Laboratories,
Chicago, USA). Lp(a) concentrations were further cate-
gorised into three groups according to the tertiles.

MRI acquisition and assessment

Eligible subjects without contraindications for MRI were
scanned by a 3.0T scanner (Ingenia 3.0T, Philips, Best,
The Netherlands) at baseline survey. Imaging data were
collected and central adjudicated at the Imaging Research
Centre at Beijing Tiantan Hospital by well-trained and

experienced personnel who were blinded to clinical
information. Images with poor quality or technical fail-
ures were excluded from analysis.

The presence of intracranial atherosclerotic plaque as
well as degree of arterial stenosis were analysed by two
raters (YD and HL). The presence of intracranial athero-
sclerotic plaque was defined as eccentric wall thickening
on 3D-TOF MRA or black-blood T1w vessel wall images.**
Detectable plaques in each arterial segment of distal
internal carotid, middle cerebral (M1 and M2), ante-
rior cerebral (Al and A2), posterior cerebral (P1 and
P2), basilar and vertebral arteries (V4) was recorded.
Lumen stenosis was assessed according to the Warfarin-
Aspirin Symptomatic Intracranial Disease Trial criteria.*®
The atherosclerotic lesions for each arterial segment
were graded as 0-3 score for no stenosis, stenosis <50%,
50%-99% and occlusion. The degree of atherosclerotic
burden was measured by summing the total score of the
involved vessels and further categorised into scores of 0, 1,
2-3 and >4, respectively.”® The interrater reproducibility
was studied by replicating the assessment of all partici-
pants by the two raters. Inconsistencies were determined
by another senior neurologist (J]J). Good reproducibility
was found for the presence of plaque and artery stenosis
with kappa coefficient of 0.97 and 0.79, respectively.

Four neuroimaging markers of ¢SVD, that is, white
matter hyperintensity (WMH), lacunes, cerebral
microbleeds (CMBs) and enlarged perivascular spaces
(EPVS), were graded by trained raters according to the
STandards for Reportlng Vascular changes on nEuro-
imaging criteria.”” WMH was defined as hyperintense
on T2-weighted and fluid-attenuated inversionrecovery
(FLAIR) sequences and evaluated according to the
Fazekas scale.”® Lacunes were defined as lesion in the
subcortical, basal ganglia or brainstem, with diameter of
3-15 mm and cerebrospinal fluid signal density on T2
and FLAIR sequences without increased signal on DWIL
CMBs were defined as circular, hypodense foci within
brain parenchyma on SWI sequences, up to 10 mm in
diameter.”” EPVSs were defined as <3 mm in diameter,
cerebrospinal fluid-isointense lesions along the pene-
trating arteries on all sequences. The total cSVD burden
was rated as 0—4 scores, by allocating 1 point to confluent
WMH (ie, periventricular WMH of Fazekas scale 3 or
deep WMH of Fazekas scale 2-3), presence of lacunes,
CMBs and basal ganglia PVS >10.” Imaging assessment
was assessed by two readers who were trained and blinded
to subjects’ characteristics. Inconsistencies were deter-
mined by another reader (YY). Good interobserver repro-
ducibility was found for each cSVD marker between raters
(kappa=0.80 for lacune, 0.82 for WMH, 0.90 for EPVS
and 0.80 for CMB, respectively).

Statistical analysis

Categorical variables are presented as frequency with
proportion and continuous variables as the mean+SD
as appropriate. Comparison of baseline characteristics
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among Lp(a) tertile groups were performed by analysis
of variance and % test as appropriate.

We used multivariable binary logistic regression to
examine the relationships between Lp(a) concentrations
and the presence of intracranial atherosclerotic plaque
and c¢SVD using the first tertile as the reference. For each
model, ORs with their 95% CIs were calculated. We used
multivariable ordinal logistic regression to examine the
associations between the Lp(a) level and a shift in the
direction of a higher intracranial atherosclerotic or cSVD
burden using the first tertile as the reference. Common
ORs with their 95% CIs were evaluated. For each depen-
dent variable, two adjusted regression models were
conducted. We only adjusted for age and sex in the first
model. Then, in model 2, we further adjusted for body
mass index, histories of hypertension, diabetes and atrial
fibrillation, current smoking, current drinking, total
cholesterol, low density lipoprotein (LDL) cholesterol,
high-density lipoprotein (HDL) cholesterol, antihyper-
tensive, antidiabetic, lipid-lowering and anticoagulant
agents use.

To assess the pattern and magnitude of relationship
between Lp(a) level and presence of intracranial athero-
sclerotic plaque, cSVD, the intracranial atherosclerotic
and cSVD burden, a binary or ordinal logistic regression
model with restricted cubic splines for Lp(a) concen-
trations was performed. Lp(a) level of 40 mg/L (33rd
percentile) was set as the reference.

Data related to the analysis are available to researchers
on request by contacting the corresponding author. A
two-sided p<0.05 was considered to be statistically signifi-
cant. All analyses were performed with SAS software V.9.4
(SAS Institute).

RESULTS

Baseline characteristics

The PRECISE study enrolled 3067 community-dwelling
adults at baseline. After excluding 6 subjects with missing
or poor quality of MR images to assess cSVD or intrac-
ranial atherosclerosis and 2 subjects without Lp(a) data,
a total of 3059 subjects were included in this analysis
(figure 1).

Baseline demographics of the included participants
according to tertiles of Lp(a) concentrations are shown
in table 1. The average age was 61.2+6.7 years, and 53.5%
(1636) were female. Participants with high Lp(a) concen-
trations were less likely to be current drinker or have
history of diabetes, with lower fasting plasma glucose level
but higher lipid level.

Association of Lp(a) concentrations with intracranial plaque
and cSVD

Among all the 3059 included subjects, 541 (17.7%)
participants had intracranial atherosclerotic plaque,
among whom 304 (9.9%), 200 (6.5%) and 37 (1.2%)
had intracranial atherosclerotic burden score of 1, 2-3
and >4, respectively. There were 933 (30.5%) participants

| 3067 subjects enrolled in the PRECISE study |

8 subjects excluded
4 subjects without imaging sequences for
assessing cSVD markers
2 subjects with poor imaging quality for
assessing intracranial atherosclerosis

2 subjects without Lp(a) data

3059 subjects included in this analysis

Figure 1 Flow chart of the participant selection. CSVD,
cerebral small vessel disease; Lp(a), lipoprotein(a); PRECISE,
PolyvasculaR Evaluation for Cognitive Impairment and
vaScular Events.

having at least one of the four ¢SVD neuroimaging
markers (16.6%, 5.6%, 10.2% and 9.8% had presence
of confluent WMH, lacunes, CMBs and BG-PVS >10),
among whom 678 (22.2%), 176 (5.8%) and 79 (2.6%)
had cSVD burden score of 1, 2 and 3—4, respectively.

Distribution of intracranial atherosclerotic and cSVD
burden by tertiles of Lp(a) concentrations are presented
in figure 2. Compared with the first tertile, subjects with
the second and third tertiles of Lp(a) concentrations
were associated with an increased odds of presence of
intracranial atherosclerotic plaque (18.7% vs 15.4%, adj.
OR 1.37, 95% CI 1.08 to 1.75; 18.9% vs 15.4%, adj.OR
1.34,95% CI 1.05 to 1.72) (figure 3). Similar associations
were observed for intracranial atherosclerotic burden
(T2 vs T1: adj.cOR 1.36, 95% CI 1.07 to 1.73; T3 vs T1:
adj.cOR 1.36, 95% CI 1.06 to 1.73). Whereas, compared
with the first tertile, subjects with the third tertile of Lp(a)
level were associated with a decreased odds of presence
of ¢SVD (25.9% vs 31.7%, adj.OR 0.74, 95% CI 0.60 to
0.92) and lower cSVD burden (adj.cOR 0.76, 95% CI 0.62
to 0.94). The third tertile of Lp(a) level was numerically
associated with a reduced odds of presence of confluent
WMH, lacunes and BG-PVS >10 although all were not
significant (figure 4).

Using a binary or ordinal logistic regression with
restricted cubic spline for Lp(a) concentrations, we
found that subjects with elevated Lp(a) concentrations
had higher odds of presence of intracranial plaque and
higher intracranial atherosclerotic burden, but lower
odds of presence of ¢SVD and lower cSVD burden
(figure 5).

DISCUSSION

In the cross-sectional baseline study of a population-based
cohort, we observed differential associations of Lp(a)
level with cerebral large artery and small vessel diseases.
We found that higher Lp(a) concentrations was related
to a higher odds of presence of intracranial plaque and
higher intracranial atherosclerotic burden, but a lower
odds of presence of cSVD and lower cSVD burden.
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Table 1 Baseline demographic and clinical characteristics according to tertiles of Lp(a) level
Tertiles of the Ip(a) level
Characteristics Total (n=3059) T1 (n=1002) T2 (n=1027) T3 (n=1030) P value
Age, years 61.2+6.7 61.2+6.8 61.1+6.5 61.3+6.7 0.95
Female sex, n (%) 1636 (53.5) 513 (51.2) 546 (53.2) 577 (56.0) 0.09
BMI, kg/m? 23.8+3.0 23.9+3.2 23.7+2.9 23.7+3.1 0.17
Current smoker, n (%) 626 (20.5) 221 (22.1) 207 (20.2) 198 (19.2) 0.27
Current drinker, n (%) 573 (18.7) 217 (21.7) 174 (16.9) 182 (17.7) 0.01
Medical history, n(%)
Hypertension 1316 (43.0) 444 (44.3) 430 (41.9) 442 (42.9) 0.54
Diabetes mellitus 660 (21.6) 269 (26.8) 203 (19.8) 188 (18.3) <0.001
Dyslipidaemia 613 (20.0) 201 (20.1) 190 (18.5) 222 (21.6) 0.22
Stroke 87 (2.8) 24 (2.4) 34 (3.3) 29 (2.8) 0.46
Coronary artery disease 13 (0.4) 2(0.2) 8(0.8) 3(0.3) 0.10
Atrial fibrillation 26 (0.8) 8 (0.8) 12 (1.2) 6 (0.6) 0.34
SBP, mmHg 129.3+16.3 129.3+16.3 129.0+16.6 129.5+16.2 0.66
DBP, mmHg 75.2+9.0 75.2+9.2 75.2+9.1 75.3+8.9 0.72
Fasting plasma glucose, mmol/L 5.96+1.58 6.09+1.66 5.98+1.78 5.81+1.25 <0.001
TC, mmol/L 5.28+0.99 5.09+0.98 5.28+0.95 5.47+1.01 <0.001
LDL-C, mmol/L 2.78+0.79 2.60+0.81 2.77+0.75 2.96+0.79 <0.001
HDL-C, mmol/L 1.37+0.34 1.33+0.35 1.36+0.32 1.40+0.34 <0.001
Medication use, n(%)
Antihypertensive 820 (26.8) 264 (26.3) 266 (25.9) 290 (28.2) 0.47
Antidiabetic 273 (8.9) 107 (10.7) 89 (8.7) 77 (7.5) 0.04
Lipid lowering 120 (3.9) 40 (4.0 33 (3.2 47 (4.6) 0.29
Anticoagulants 4 (0.1) 1(0.1) 3(0.3) 0(0.0) 0.18
Imaging markers, n(%)
Intracranial plaque 541 (17.7) 154 (15.4) 192 (18.7) 195 (18.9) 0.06
Cerebral small vessel diseases 933 (30.5) 318 (31.7) 348 (33.9) 267 (25.9) <0.001
Confluent WMH 509 (16.6) 177 (17.7) 183 (17.8) 149 (14.5) 0.07
Lacune 170 (5.6) 58 (5.8) 67 (6.5) 45 (4.4) 0.10
Cerebral microbleeds 313 (10.2) 90 (9.0) 121 (11.8) 102 (9.9) 0.10
BG-PVS >10 300 (9.8) 111 (11.1) 99 (9.6) 90 (8.7) 0.20

P value tests difference of baseline characteristics among Lp(a) tertile groups by analysis of variance for continuous variables and y2 test for
categorical variables. Tertiles of Lp(a): T1, <40 mg/L; T2, 40-105 mg/L; T3, >106 mg/L.

BG-PVS, basal ganglia-enlarged perivascular spaces; BMI, body mass index; DBP, diastolic blood pressure; HDL-C, high-density lipoprotein
cholesterol; LDL-C, low-density lipoprotein cholesterol; Lp(a), lipoprotein(a); SBP, systolic blood pressure; T, tertile; TC, total cholesterol;

WMH, white matter hyperintensity.

Mendelian randomisation and observational studies
have shown that elevated Lp (a) concentrations are proath-
erogenic and contribute to atherosclerotic cardiovas-
cular/cerebrovascular disease.” 11 1216 However, previous
studies on cerebrovascular diseases mostly included all
ischaemic stroke regardless of aetiological subtypes,”® ' '°
and study on the relationship of Lp(a) level with specific
subtype of ischaemic stroke, intracranial atherosclerosis
or ¢SVD is limited. It was reported that apolipopro-
tein(a) genetic sequence variants (LPA) of rs10455872
and rs3798220 were only correlated to large artery stroke

but not significant for small vessel stroke.” Previous two-
sample Mendelian randomisation study showed that
Lp(a) level was positively associated with large artery
stroke but inversely associated with small vessel stroke and
Alzheimer disease.” Another study observed a positive
correlation between Lp(a) level and the extent of intra-
cranial stenoses identified on transcranial Doppler in 166
first-ever TIA or patients who had a stroke.” Previous
studies showed a high Lp(a) level in large artery stroke
but low Lp(a) level in small vessel stroke, suggesting that
Lp(a) may promote atherothrombotic stroke but not
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Figure 2 Distribution of intracranial atherosclerotic and
cSVD burden by tertiles of Lp(a) level. Grades 0-4 indicate
intracranial atherosclerotic burden score of 0, 1, 2-3 and >4,
or total cSVD burden score of 0, 1, 2, 3-4, respectively.
cSVD, cerebral small vessel disease; Lp(a), lipoprotein(a); T,
tertile.

small vessel stroke.' '® * Another study also observed
an insignificant lower Lp(a) in patients with ¢SVD than
those without cSVD."” Few study focused on the associa-
tion of Lp(a) with WMH, although some,34 but not all,35
studies showed that dyslipidaemia was associated with
presence and progression of WMH. However, the sample
size of these studies' " '3 yya relatively small and most
based on hospitalised patients rather than representative
community population. Consistent with the previous
studies,’” *' the current study adds the cross-sectional
evidence of distinct relationships of Lp(a) level with

Model 1* Model 2t
Outcome Lp(a) level N n
Adj. OR/COR (95% CI)* P value Adj. OR/cOR (95% CD* P value
Presence of intracranial T1 (<40 mg/L) 1002 Ref. Ref.
plague T2 (40-105 mg/L) 1027 —e— 1.2901.02-1.63) 0.04 ——— 1.37(1.08-1.75)  0.01
T3(=106mg/L) 1030 —=—— 1.30(1.03-1.64) 0.03 ——— 134(1.05-1.72) 0.02
Intracranial atherosclerotic T (<40 mg/L) 1002 Ref. Ref.
burden$ T2 (40-105 mg/L) 1027 —ea—— 1.28(1.01-1.62) 0.04 ——a—— 1.36(1.07-1.73)  0.01
T3 (=106 mg/L) 1030 [——— 1.31(1.04-1.65) 0.02 ——a—— 1.36(1.06-1.73)  0.01
Presence of cSVD TI(<40mg/l) 1002 Ref. Ref.
T2 (40-105 mg/L) 1027 4 L14(0.94-139) 019 e—  117(0.96-1.44) 0.12
T3 (106 mg/) 1030 —w— 0.74(0.60-0.90) 0.003 —m— 0.74(0.60-0.92) 0.006
€SVD burden! TI(<40mg) 1002 Ref. Ref.
T2 (40-105 mg/L) 1027 P - 1.100.91-1.33)  0.34 i — 1.13(0.93-1.37) 022
T3(106mglL) 1030 —a— 0.75(0.62-0.92) 0.005 —a— 0.76(0.62-0.94)  0.01
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Figure 3 Association of intracranial plaque and cSVD

with Lp(a) level. *Model 1 adjusted for age and sex. "Model
2 adjusted for age, sex, body mass index, histories of
hypertension, diabetes and atrial fibrillation, current smoking,
current drinking, TC, LDLC, HDLC, antihypertensive,
antidiabetic, lipid-lowering and anticoagulant agents use.
*OR and 95% Cl for the presence of intracranial plaque and
cSVD by binary logistic regression, whereas COR and 95%
ClI for intracranial atherosclerotic burden and cSVD burden
by ordinal logistic regression. $The degree of intracranial
atherosclerotic burden was graded as scores of 0, 1, 2-3
and >4, respectively. Hhe degree of cSVD burden was
graded as scores of 0, 1, 2 and 3-4, respectively. COR,
common OR; cSVD, cerebral small vessel disease; HDLC,
high-density lipoprotein cholesterol; Lp(a), lipoprotein(a);
LDLC, low-density lipoprotein cholesterol; Ref., reference; T,
tertile; TC, total cholesterol.
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Figure 4 Forest plots for the association between Lp(a) level
and cSVD imaging markers. The plots showed the OR and
their 95% Cls. BG-PVS, basal ganglia-enlarged perivascular
spaces; CMBs, cerebral microbleeds; cSVD, cerebral small
vessel disease; Lp(a), lipoprotein(a); T, tertile; WHM, white
matter hyperintensities.

intracranial atherosclerosis (positive association) and
c¢SVD (inverse association) in a large-scale community-
based population with advanced MRI imaging test. We
also observed a trend of reduced odds of presence of
neuroimaging markers of cSVD like BG-PVS, WMH and
lacunes in those with high Lp(a) level. The different
directions of association between the second and third
tertiles of Lp(a) for lacunes and WMH, and overall insig-
nificance for the association of individual neuroimaging
markers of cSVD may possibly be due to the small sample
size for each neuroimaging marker.

A Presence of intracranial plaque B Intracranial atherosclerotic burden

20 20

0Odds Ratio

H
[
common Odds Ratio

0.5 0.5
0 50 100 150 200 250 300 350 400 450 500 0 50 100 150 200 250 300 350 400 450 500

Lp(a) (mg/L) Lp(a) (meg/L)

C Presence of cSVD D cSVD burden
20 20

.5

Odds Ratio
e
n
common Odds Ratio
N

0.5
0 50 100 150 200 250 300 350 400 450 500 0 50 100 150 200 250 300 350 400 450 500

Lp(a) (mg/L) Lp(a) (mg/L)
Figure 5 ORs/ common ORs of intracranial plaque and
cSVD according to Lp(a) level. (A) Presence of intracranial
plaque; (B) intracranial atherosclerotic burden; (C) presence
of cSVD; (D) cSVD burden. Lp(a) level of 40 mg/L (33™
percentile) was set as reference. Data were fitted using
a binary or ordinal logistic regression with restricted
cubic spline. cSVD, cerebral small vessel disease; Lp(a),
lipoprotein(a).
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Lp(a) is composed of apolipoprotein B100 and apoli-
poprotein(a).® Lp(a) has shown to be proinflammatory,
proatherogenic, prothrombotic, and antifibrinolytic
potential, and promote atherosclerosis.” Recent studies
demonstrated that elevated (Lp(a)) concentrations was
correlated to greater degree of carotid artery stenosis and
plaque progression.”” ' Our study further demonstrated
that elevated Lp(a) was associated with high odds of pres-
ence and burden of intracranial atherosclerosis. Whereas,
the underlying mechanism that elevated Lp(a) level was
correlated with lower risk of ¢SVD is poorly understood.
Potential explanations may reveal this inverse associa-
tion. First, high LDL cholesterol level was reported to be
correlated with a reduced WMH volume.” Lp(a) may
have similar mechanism as LDL cholesterol since Lp(a)
and LDL cholesterol both contain apolipoprotein B100.
Second, previous study showed that Lp(a) was present in
cerebrospinal fluid and correlated with serum Lp(a) level.™
Lipoproteins, such as ApoA-I, may take part in the regu-
lation of cholesterol metabolism in cerebrospinal fluid.”’”
It is suspected that Lp(a) may contribute to lipoprotein
metabolism in the brain and glioneurovascular unit mainte-
nance.” Third, apolipoprotein (a), primary determiner of
the plasma Lp(a) level, may modify ApoE isoform metab-
olism, which is a key player in lipid metabolism.” Previous
study showed that APOE €2 and APOE €4 were associated
with MRI markers of cSVD.* Nevertheless, more researches
are warranted to further elucidate the mechanisms for the
inverse associations between Lp(a) level and cSVD.

The strength of the study is comprehensive assess-
ment of intracranial atherosclerosis and ¢SVD through
advanced imaging techniques in a large-scale community-
based population. The participants in this study had
similar demographic characteristics as does nationwide
survey in China.”’ This enables extrapolation of the find-
ings to the general population. Inclusion of both cerebral
large artery and small vessel diseases may help compre-
hensive assessment of the influence of Lp(a) level on the
cerebral arteries. This study demonstrated that elevated
Lp(a) level may be deleterious for cerebral large arteries
but protective for cerebral small vessels. Considering the
potential double-sided role of Lp(a), further investiga-
tion may be warranted on the optimal level of Lp(a) in
clinical practice.

Several limitations should be considered in this study.
First, this study is a cross-sectional analysis of a baseline
survey of the PRECISE cohort and, therefore, cannot yet
investigate the association for progression of intracra-
nial atherosclerosis and cSVD. Longitudinal follow-up
data of the cohort may provide us with an opportunity
to investigate disease progression. Potential unmeasured
confounders and reverse causation may exist in an obser-
vational study. Second, selection bias may still exist as the
study population was all recruited from the Lishui city.
Finally, the participants in this cohort were restricted to
Chinese elderly adults. Further large-scale investigation
is required before extrapolation of the findings to other
populations.

CONCLUSIONS

In this community-based population, we observed differ-
ential associations of Lp(a) level with cerebral large
artery and small vessel diseases. We found that elevated
Lp(a) concentrations was positively associated with pres-
ence and burden of intracranial atherosclerosis, but was
inversely associated with cSVD. This suggests that elevated
Lp(a) concentrations may be deteriorating for cerebral
large arteries but protective for cerebral small vessels.
The clinical relevance and underlying mechanisms of
the double-sided role of Lp(a) level on cerebral arteries
requires further investigation.
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