Pan et al. BMC Neurology ~ (2024) 24:328 BMC Neu ro|ogy
https://doi.org/10.1186/512883-024-03835-5

Check for
updates

Risk factor differences in five-year progression
of Intracranial artery stenosis and cerebral
small vessel disease in general population
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Abstract

Background Intracranial artery stenosis (ICAS) and cerebral small vessel disease (CSVD) are associated with a heavy
socioeconomic burden; however, their longitudinal changes remain controversial.

Methods We conducted a longitudinal analysis on 756 participants of Shunyi Cohort who underwent both baseline
and follow-up brain magnetic resonance imaging (MRI) and MR angiography in order to investigate the risk factors for
ICAS and CSVD progression in community population. Incident ICAS was defined as new stenosis occurring in at least
one artery or increased severity of the original artery stenosis. CSVD markers included lacunes, cerebral microbleeds
(CMB), and white matter hyperintensities (WMH).

Results After 5.58+0.49 years of follow-up, 8.5% of the 756 participants (53.7£8.0 years old, 65.1% women) had
incident ICAS. Body mass index (BMI) (OR=1.09, 95% Cl=1.01-1.17, p=0.035) and diabetes mellitus (OR=2.67, 95%
C1=1.44-4.93, p=0.002) were independent risk factors for incident ICAS. Hypertension was an independent risk factor
for incident lacunes (OR=2.12,95% Cl=1.20-3.77, p=0.010) and CMB (OR=2.32,95% Cl=1.22-4.41,p=0.011), while
WMH progression was primarily affected by BMI (3=0.108, SE=0.006, p=0.002). A higher LDL cholesterol level was
found to independently protect against WMH progression (3 = —0.076, SE=0.027, p=0.019).

Conclusions Modifiable risk factor profiles exhibit different in patients with ICAS and CSVD progression. Controlling
BMI and diabetes mellitus may help to prevent incident ICAS, and antihypertensive therapy may conduce to mitigate
lacunes and CMB progression. LDL cholesterol may play an inverse role in large arteries and small vessels.
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Introduction

Intracranial artery stenosis (ICAS) and cerebral small
vessel disease (CSVD) are common causes of stroke
worldwide and result in a heavy socioeconomic burden
[1, 2]. They may have a long asymptomatic period, which
can only be detected via vascular or structural brain
imaging examinations [3]. Therefore, characterizing their
progression and investigating their risk factors are clini-
cally valuable.

Prior investigations have mainly estimated large arter-
ies using computed tomography or ultrasonography once
at baseline [4, 5]; therefore, a more precise and dynamic
assessment of ICAS through magnetic resonance angiog-
raphy (MRA) is meaningful. To date, studies investigating
the deterioration of intracranial large arteries and small
vessels in the general population, based on a longitudinal
community cohort, are scarce [5].

Thus, based on the prospective Shunyi Cohort Study,
we aimed to describe the five-year longitudinal changes
and investigate the risk factors differences in progression
of ICAS and CSVD.

Methods

Population

The present study is a longitudinal analysis of an ongoing
community-based Shunyi Cohort Study in China [6]. All
residents aged >35 years living in the five villages of Shu-
nyi were invited to participate. Figure 1 presents a flow-
chart of the participant inclusion and exclusion. From
June 2013 to April 2016, 1257 individuals finished base-
line magnetic resonance imaging (MRI) examinations.
After an average period of 5.58 years (standard deviation
[SD]=0.49, Pys—P,.:5.22-5.92, max=7.20, min=4.34),
756 stroke-free participants with both baseline and fol-
low-up MRI and MRA were included in the final analysis.
The research was conducted according to the Declaration
of Helsinki. Written informed consent was obtained from
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all the participants. All study protocols were approved by
the Ethical Committee of Peking Union Medical College
Hospital (reference number: B-160).

Brain MRI and imaging analysis

MRI was performed using a single 3-T Siemens Skyra
scanner (Siemens, Germany). All CSVD imaging mark-
ers were defined in accordance with the Standards for
Reporting Vascular Changes in Neuroimaging [7]. In
brief, lacunes were defined as focal fluid-filled cavities
3-15 mm in diameter situated in the basal ganglia, sub-
cortical white matter, or brainstem. CMB were defined as
small, round, or ovoid hypointense lesions observed on
susceptibility-weighted imaging. White matter hyperin-
tensities (WMH) were automatically segmented by the
lesion growth algorithm as implemented in the lesion
segmentation tool (LST) toolbox (http://www.statistical-
modelling.de/Ist.html) for Statistical Parametric Mapping
at k=0.15 [8].

Arterial stenosis was assessed using MRI at the site
with the most severe degree of stenosis on MRA [9].
ICAS was defined as any degree of stenosis in at least one
of the following arteries: internal carotid artery, middle
cerebral artery, anterior cerebral artery, intracranial seg-
ment of the vertebral artery, basilar artery, or posterior
cerebral artery.

Incident lacunes and CMB were defined as one or
more new lesions observed during follow-up imaging.
WMH progression was described as the annualized vol-
ume change ([follow-up WMH volume—baseline WMH
volume]/follow-up duration). Incident ICAS was defined
as new stenosis occurring in at least one artery or an
increase in the severity of the original arterial stenosis
compared to that at baseline. Figure 2 showed illumi-
nation of incident ICAS. Trained physicians who were
blinded to all clinical data independently evaluated the
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Fig. 2 lllumination of incident intracranial artery stenosis (ICAS). Figure 2A shows a participant without ICAS at baseline and Fig. 2B shows incident steno-
sis in the bilateral posterior cerebral arteries at follow-up (arrow). Figure 2C shows a participant with stenosis in the left middle cerebral artery at baseline,
while Fig. 2D shows worsened stenosis in the left middle cerebral artery at follow-up (arrowhead)

ICAS, lacunes, and CMB. Intra-rater agreements have
been described elsewhere [10].

Assessments of covariates

Baseline demographics and vascular risk factors were
estimated using structured interviews, physical examina-
tions, and laboratory tests. Blood pressure was measured
three times, and the mean value was used. Venous blood
samples, routinely drawn after overnight fasting, were
analyzed for plasma glucose and lipid levels. Hyperten-
sion was defined as self-reported hypertension, treatment
with antihypertensive medication, systolic blood pres-
sure >140 mmHg, or diastolic blood pressure>90 mmHg.
Diabetes mellitus was defined as self-reported diabetes,
use of oral hypoglycemic drugs or insulin, fasting serum
glucose>7.0 mmol/L, or hemoglobin Alc>6.5%.

Statistical analysis

Data are presented as mean (SD), median (P,;—P,s), or
number (percentage). We applied multivariable linear
or logistic regression models to investigate the poten-
tial independent risk factors for incident ICAS and
progressive CSVD markers, as appropriate. Based on

medical knowledge, previous reports, and univariate
analysis results, the following variables were considered
candidate risk factors: age; sex; and conventional vas-
cular risk factors, including body mass index, baseline
hypertension, diabetes mellitus, high-density lipoprotein
(HDL) cholesterol, low-density lipoprotein (LDL) cho-
lesterol, and current smoking. WMH progression was
corrected to the baseline brain parenchymal fraction to
quantify WMH volumetric changes over time. Statistical
significance was set at a two-sided p<0.05. All analyses
were performed using SPSS version 19.0 (IBM Co., USA).

Results

Table 1 presents the baseline and follow-up character-
istics of the study population. Altogether, 756 partici-
pants with a mean age of 53.7 years (SD=8.0), of whom
492 were women (65.1%), were included in the analysis.
Among the 492 females, 287 (58.3%) had gone through
the menopause. Table S1 showed the demograph-
ics of participants with and without both the baseline
and follow-up MRI. Compared with participants with
both the baseline and follow-up MRI imaging (n=784),
people without both the baseline and follow-up MRI



Pan et al. BMC Neurology (2024) 24:328

Table 1 Characteristics of the study population, N=756

All par-

ticipants

(N=756)

Baseline clinical characteristics

Age, years, mean(SD) 53.7 (8.0)
Male, n (%) 264 (34.9%)
Female, n (%) 492 (65.1%)
BMI, kg/m?, mean (SD) 265 (3.8)
Hypertension, n (%) 353 (47.0%)
SBP, mmHg, mean (SD) 131 (18)
DBP, mmHg, mean (SD) 79(11)
Diabetes mellitus, n(%) 100 (13.3%)
LDL cholesterol, mmol/L, mean (SD) 2.93(0.75)
HDL cholesterol, mmol/L, mean (SD) 1.29 (0.30)

Current smoker, n (%) 159 (21.8%)

Baseline intracranial large arteries stenosis

ICAS, n (%) 81 (10.7%)
<50% stenosis 49 (6.4%)
>50% stenosis 32 (4.2%)

Baseline cerebral small vessel disease status

Lacunes present, n (%) 88 (11.6%)

CMB present, n (%) 70 (9.3%)

WMH volume, cm?®, M (P,s-P5.) 272

(1.81-4.45)
Follow-up time, year, mean (SD) 5.58 (0.49)
Longitudinal intracranial large arteries changes

Follow-up ICAS, n (%) 133 (17.6%)

Incident ICAS, n (%) 64 (8.5%)
<50% stenosis 51(6.7%)
>50% stenosis 82 (10.8%)

Longitudinal cerebral small vessel disease changes *

Incident lacunes, n (%) 78 (10.3%)

Incident CMB, n (%) 62 (8.2%)

Follow-up WMH volume, cm? M (P,s-P5c) 430

(2.73-7.13)

Annualized AWMH volume, cm3/y, mean (SD) 044 (0.61)

AbbreviationsBMI=bodymassindex; SBP=systolicblood pressure; DBP =diastolic
blood pressure; LDL=low-density lipoprotein; HDL=high-density lipoprotein;
CSVD=cerebral small vessel disease; CMB=cerebral microbleeds; WMH=white
matter hyperintensities; ICAS=intracranial artery stenosis. Data were described
as mean (SD), median (P,5-P;5) or number (percent). * 756 participants were
included for estimation of lacunes and CMB, among them, 730 had adequate
qualities of WMH automatic segmentation via lesion segmentation tool.
Follow-up ICAS and WMH indicated the cross-sectional status at the time of
follow-up. Incident ICAS, lacunes, and CMB indicated longitudinal changes
compared to baseline

examination (#=802) had more advanced age (59.5 vs.
53.8, p<0.001); higher portion of men (44.3% vs. 35.6%,
p<0.001); and a higher prevalence of baseline hyperten-
sion (58.3% vs. 47.7%, p<0.001), diabetes mellitus (20.9%
vs. 14.0%, p<0.001), and current smoker (26.8% vs.
21.2%, p<0.011).

At baseline, 10.7% (81/756) of the participants had
ICAS. The prevalence of ICAS increased from 3.4%
(8/236) at 35—50 years to 11.6% (52/447) at 50—65 years,
and further increased to 28.8% (21/73) at 265 years. In
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Table 2 Multivariable logistic regression analysis for risk factors
of incident ICAS

Potential risk factors OR (95% Cl) p

Age at initial MRI, per year 1.05 (1.02-1.10) 0.004
Male 1.12(0.52-2.41) 0.756
BMI, per l<g/m2 1.09 (1.01-1.17) 0.035
Hypertension 0.97 (0.55-1.73) 0.927
Diabetes mellitus 2.67 (1.44-4.93) 0.002
LDL cholesterol, per mmol/L 1.26 (0.89-1.81) 0.209
HDL cholesterol, per mmol/L 1.15(0.43-3.05) 0.780
Current smoker 1.42 (0.60-3.36) 0.426
Baseline ICAS 0.81(0.35-1.89) 0.627

Abbreviations Cl=confidence interval; OR=o0dds ratio; ICAS=intracranial artery
stenosis; BMI=body mass index; LDL=low-density lipoprotein; HDL=high-
density lipoprotein. All listed potential risk factors and follow-up time were
included in multiple logistic regression analysis

total, 11.6% (88/756) and 9.3% (70/765) of the partici-
pants had baseline lacunes and CMB, respectively. The
baseline WMH volume was 2.72 (1.81-4.45) cm?. After
an average of 5.58 years (SD=0.49) of follow-up, 8.5%
(64/756) of the participants had incident ICAS; there-
fore, 55 participants had new artery stenosis and 9 had
increased severity of the original artery stenosis. The
incident rate also significantly increased with age, which
was 4.7% (11/236), 8.9% (40/447), 17.8% (13/73) for
35<age<50 years, 50<age<65, and age =65 years, respec-
tively. A total of 10.3% (78/756) of the participants had
incident lacunes, and 8.2% (62/756) had incident CMB.
The mean follow-up WMH volume was 4.30 (2.73-7.13)
cm?®. The annual increase in the WMH volume increase
was 0.44 (0.61) cm®/y. Detailed data on the progression of
CSVD in different age groups are listed in Table S2.

Risk factors of incident ICAS

Table 2 presents the multivariable logistic regression
results of incident ICAS, and all independent vari-
ables of the multiple logistic regression analysis, except
for the follow-up time. Age (per year, OR=1.05, 95%
CI=1.02-1.10, p=0.004), BMI (per kg/m? OR=1.09,
95% CI=1.01-1.17, p=0.035), and diabetes mellitus
(OR=2.67, 95% CI=1.44-4.93, p=0.002) were indepen-
dent risk factors for incident ICAS.

Risk factors of CSVD progression

Table 3 summarizes the multivariate logistic regression
results for CSVD progression. Hypertension (OR=2.12,
95% CI=1.20-3.77, p=0.010) and baseline lacunes bur-
den (OR=3.91, 95% CI=2.09-7.31, p < 0.001) were inde-
pendent risk factors for incident lacunes. Age (per year,
OR=1.04, 95% CI=1.01-1.08, p=0.029), hypertension
(OR=2.32, 95% CI=1.22-4.41, p=0.011), and baseline
CMB (OR=4.16, 95% CI=2.13-8.14, p < 0.001) were risk
factors for incident CMB. WMH progression was pri-
marily influenced by age (=0.076, SE=0.003, p=0.046),
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Table 3 Multivariable logistic regression or linear regression analysis for risk factors of CSVD progression

Incident lacunes Incident CMB WMH progression
Potential risk factors OR (95% Cl) p OR (95% CI) p B+SE p
Age at initial MRI, per year 1.03 (1.00-1.07) 0.090 1.04 (1.01- 8) 0.029 0.076+0.003 0.046
Male 28 (0.64-2. 61) 0482 05 (0.5 19) 0.887 -0.014+0.056 0.741
BMI, per kg/m? 03 (0.96-1.11) 0421 (O 96-1.13) 0.327 0.108 £0.006 0.002
Hypertension 2(1.20-3. 77) 0.010 2.32(1.22- 441) 0.011 -0.061+0.042 0.073
Diabetes mellitus, 61 (0.84-3.08) 0.155 02 (0.47-2. 24) 0.961 0.060+0.057 0.059
LDL cholesterol, per mmol/L 0.76 (0.54-1.08) 0.128 0.81 (0.55-1.19) 0.278 -0.076+0.027 0.019
HDL cholesterol, per mmol/L 6 (0.57-3. 23) 0492 0.98 (0.35-2. 71) 0.963 0.036+£0.068 0.283
Current smoker 2.05 (O 96-4.36) 0.063 0.84 (0.34-2.05) 0.694 0.062 +0.064 0.142
Corresponding baseline CSVD marker * 3.91(2.09-7.31) <0.001 416 (2.13-8.14) <0.001 0.553+0.031 <0.001

Abbreviations Cl=confidence interval; OR=o0dds ratio; SE=standard error; CSVD =cerebral small vessel disease; BMI=body mass index; LDL=low-density lipoprotein;
HDL=high-density lipoprotein; CMB=cerebral microbleeds; WMH=white matter hyperintensities. * Adjusted baseline lacunes for incident lacunes, baseline CMB
for incident CMB, In (baseline WMH volume) for WMH progression. WMH progression was defined as (follow-up WMH volume-baseline WMH volume)/follow-
up duration. All listed potential risk factors were included in multiple logistic or linear regression analysis. In (baseline BPF) was additionally adjusted for WMH

progression

BMI (per kg/m? B=0.108, SE=0.006, p=0.002), and
baseline WMH volume ($=0.553, SE=0.031, p<0.001).
Interestingly, LDL cholesterol (per mmol/L, p = —0.076,
SE=0.027, p=0.019) was identified as an independent
protective factor for WMH progression. Hypertension
was significantly associated with WMH progression.

Discussion

In this community-based longitudinal study, we inves-
tigated the progression of intracranial large artery and
cerebral small-vessel disease, and their association. This
study has three important findings. First, the progression
of ICAS and MRI markers of CSVD was remarkable in
this population. Second, incident ICAS and CSVD pro-
gression have different risk factor profiles. A higher BMI
and the presence of diabetes mellitus increased the risk
of incident ICAS, whereas hypertension elevated the risk
of incident lacunes and CMB. Third, a higher LDL cho-
lesterol level was identified as an independent protective
factor against WMH progression.

The cross-sectional prevalence of ICAS in population-
based studies has been reported as 6-13% [1]. The preva-
lence of this condition among East Asian people is higher
than that among Western populations [1]; the prominent
growth rate might be explained by the racial characteris-
tics of Asians [11-13] and the poor management of vas-
cular risk factors [12]. However, limited data are available
on ICAS progression in community populations. Ryu
et al. reported that in 12% (8/65) of Korean participants
(mean age, 64 years) with asymptomatic ICAS, the con-
dition progressed after a 5.7-year follow-up [14]. In the
present longitudinal study, baseline ICAS progressed
in 11% (9/81) of the participants. The incidence rates of
ICAS in the population with baseline ICAS were similar.

The Rotterdam Study (mean age, 71 years) reported
that 8% of patients aged 60-70 years had an inci-
dent lacunar infarction after a 3.4-year follow-up [15].

Compared to the corresponding age group, 20% (34/165)
had incident lacunes in our study. The Rotterdam Study
also reported that 7.6% of patients aged 6070 years had
incident CMB, [16] whereas the rate in our study was
16.4% (27/165). Although the follow-up duration was
longer than that of the Rotterdam Study, the incidence
rates of lacunes and CMB in the same age range were
significantly higher. The Framingham Offspring Study
revealed an annualized WMH volume change of 0.11
(0.22) cm®/y in patients aged <65 years and 0.42 (0.64)
cm?®/y in those aged >65 years [17]. Meanwhile, the annu-
alized WMH volume change in our study was 0.49 (0.70)
cm®/y in the 50<age<65 group and 0.74 (0.70) cm’/y
in those aged>265. Overall, the progression of CSVD in
the Shunyi Study was more remarkable than that in the
Western population, which is consistent with previous
research demonstrating that Asians have a higher risk of
CSVD.

Previous cross-sectional studies have indicated that
hypertension, diabetes mellitus, hypercholesterolemia,
and smoking are common modifiable vascular risk fac-
tors for ICAS [1, 18]. A cross-sectional investigation
revealed a similar conclusion that hypertension, diabetes
mellitus, higher LDL cholesterol levels, and lower HDL
cholesterol levels were associated with ICAS [10]. How-
ever, in this longitudinal study, BMI and diabetes mel-
litus were the only modifiable risk factors for incident
ICAS, whereas hypertension and hypercholesterolemia
were not. This confirmed the adverse effect of metabolic
disturbance in intracranial large arteries, [19] implying
that the influence of glucolipid metabolism on ICAS was
prominent within 5 years, and highlighted that the pri-
mary prevention for this population should focus on the
management of blood glucose and weight.

Our previous cross-sectional study on CSVD indi-
cated that hypertension and diabetes mellitus were inde-
pendently associated with lacunes, while no significant
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association was identified between vascular risk factors
and CMB. In this follow-up study, hypertension was
independently associated with the incidence of lacunes
and CMB [20]. These longitudinal results were similar to
those of the Rotterdam Study, which demonstrated that
hypertension was the only independent vascular risk
factor for incident CMB but no vascular risk factor for
incident lacunes was determined [15, 16]. Previous lon-
gitudinal population-based studies have reported that
hypertension or higher systolic blood pressure is signifi-
cantly associated with WMH progression [15, 21-23].
The Framingham Offspring Study even observed that
hypertension at midlife was associated with an annual
WMH volume increase [17]. Hypertension was related to
baseline WMH volume, but not to WMH progression in
the Shunyi Study. In contrast, BMI was an independent
risk factor for WMH progression. The influence of blood
pressure on WMH may involve long-term accumula-
tion, whereas obesity can aggravate WMH progression
in the short term. Moreover, higher LDL cholesterol lev-
els prevented WMH progression. Several cross-sectional
studies have reported a similar conclusion [24, 25]. A lon-
gitudinal population-based Cardiovascular Health Study
also identified a negative correlation between LDL lev-
els and worsening WMH grade and even observed that
the use of statins aggravated WMH progression during
a 5-year follow-up [22]. LDL cholesterol plays an essen-
tial role in the development of the central nervous system
and in the creation and maintenance of new synapses [26,
27]. Additionally, it may share some genetic burden with
WMH [28, 29]. Although the detailed pathogenesis of
LDL cholesterol and WMH merits further investigation,
it indicates a different mechanism for small- and large-
vessel diseases and warrants more cautious consideration
for intensive lipid-lowering therapy.

According to the results of our investigation, the pro-
gression of ICAS and CSVD had different modifiable risk
factor profiles, which led to inconsistent characteristics
between the intracranial large arteries and small vessels.
Distinct risk factor profiles were also observed among
MRI markers of CSVD, which raised an alarm for non-
specific prophylactic treatment when CSVD was consid-
ered a disease entity.

This study has several limitations. First, bias may have
been caused by participants without complete longi-
tudinal imaging detection because they had a higher
prevalence of vascular risk factors and worse status
of both large and small vessels. Second, we did not
include patients with extracranial carotid atherosclero-
sis in this analysis because the proportion of people with
carotid stenosis was low (5.5%) in the Shunyi Study [30].
Although previous studies have demonstrated that the
prevalence of extracranial atherosclerotic disease embo-
lism is relatively uncommon in the study population and
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likely plays a minor causative role in the burden of lacu-
nes, [31] it may provide an overall insight into cervico-
cerebral large artery stenosis. Third, MRA could not be
used to visualize the arterial wall. Therefore, lumen-based
measurements may underestimate both the atheroscle-
rotic burden and plaque-related outward remodeling.

Conclusions

The 5-year progression of ICAS and CSVD has different
modifiable risk factor profiles. Large arteries may be vul-
nerable to glucolipid metabolism disorder, whereas small
vessels are susceptible to hypertension. LDL cholesterol
may play an opposite role in large arteries and small ves-
sels. Further intensive lipid-lowering therapy should be
targeted and refined.

Abbreviations
ICAS Intracranial artery stenosis

CSVD  Cerebral small vessel disease
CMB Cerebral microbleeds
WMH  White matter hyperintensities

MRI Magnetic resonance imaging
MRA Magnetic resonance angiography
BMI Body mass index

SBP Systolic blood pressure

DBP Diastolic blood pressure

LDL Low-density lipoprotein

HDL High-density lipoprotein

LST Lesion segmentation tool
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