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Background and Purpose: Intracranial atherosclerosis has gained increasing attention
due to the high risk of recurrent clinical or subclinical ischemic events, while the
relationship between low-density lipoprotein cholesterol (LDL-C) measured at a single
time point and intracranial atherosclerotic stenosis (ICAS) is inconsistent. This study aims
to assess the association between cumulative exposure to increased LDL-C and the
prevalence of asymptomatic ICAS.

Methods: The Asymptomatic Polyvascular Abnormalities Community study was
investigated on the epidemiology of asymptomatic polyvascular abnormalities in Chinese
adults. In this study, we included 4,523 participants with LDL-C measured at 3
examinations in 2006, 2008, and 2010. Cumulative exposure to increased LDL-C was
calculated as following: LDL-C burdensgos—2008 = [(LDL-Coppg-1.8) + (LDL-Cogos-1.8)]/2
* timeogos—_2008; LDL-C burden = LDL-C burdensgos_2008 + LDL-C burdensggs—2010-
Transcranial doppler ultrasonography was performed in 2010 to detecting the ICAS.

Results: Of the 4,347 patients, 13.3% (580/4,347) were diagnosed with ICAS. In
univariate analysis, the association between LDL-C burden and ICAS prevalence was
significant, the odds ratios (95% confidence interval) from the lowest to the highest
quartile were 1 (reference), 1.30 (0.99-1.70), 1.32 (1.01-1.73), and 2.14 (1.66-2.75),
respectively (P < 0.05). After adjustment for potential confounding factors, the same
result was reached.

Conclusions: Cumulative exposure to increased LDL-C is concentration-dependently
associated with increased prevalence of asymptomatic ICAS, especially in those under
the age of 65 y or free of hypertension, diabetes mellitus, and hyperlipidemia.
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INTRODUCTION

Stroke has now become the most common and disabling
disease in China, and ischemic stroke is the primary type (1,
2). Intracranial atherosclerosis has gained increasing attention
due to the high risk of recurrent clinical, subclinical ischemic
events, and its association with cognitive deficits, especially
in non-whites (3, 4). Extracranial atherosclerotic stenosis
(ECAS) is more prevalent in the Caucasian population, while
intracranial atherosclerotic stenosis (ICAS) is one of the leading
causes of ischemic stroke in Asian populations due to the
differences in race and lifestyle (1, 2, 5, 6). Some studies
have shown that hyperlipidemia, especially increased low-density
lipoprotein cholesterol (LDL-C), is an independent risk factor
for atherosclerotic stenosis and vulnerable plaque of ECAS (7-
9). However, the relationship between the lipid levels measured
at a single time point and ICAS is still inconsistent (10-
13). Some studies suggested that higher LDL-C levels might
be associated with increased risk of ICAS (14). Therefore,

this community-based, epidemiological and observational study
was conducted to explore the association between cumulative
exposure to increased LDL-C and the prevalence of ICAS
in the Asymptomatic Polyvascular Abnormalities Community
(APAC) study.

MATERIALS AND METHODS

Study Design and Population

The APAC study is a subset of the Kailuan study, investigating
the prevalence and associations of asymptomatic multivascular
abnormalities in a large industrial population in China (15). A
total of 5,440 participants met the inclusion criteria of the APAC
study: (1) aged > 40 years; (2) without a history of cardiovascular
or cerebrovascular disease. After excluding 917 participants with
missing data of LDL-C at 2006, 2008 or 2010 time points, and
176 participants with poor temporal window, 4,347 participants
(2,638 men and 1,709 women) were eventually included with full
baseline data collected from 2006 to 2010 (Figure 1).

Participants included in APAC study
(N=5440)

A 4

The participants who finished three times
of health examination of 2006-2007,
2008-2009, 2010-2011 together with one
times of TCD in 2010 (N=5440)

Excluded:
People with missing data of the LDL-C at

A

Participants who met the inclusion criteria
at baseline and were included in the
current analysis (N=4523)

A 4

2006, 2008 or 2010 time points (N= 917)

Excluded:

A 4

Participants who met the inclusion criteria
at baseline and were included in the
current analysis (N=4347)

FIGURE 1 | Study flow chart.

People with poor temporal window (N=
176)
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Measurement of Lipid Levels

Peripheral blood samples were taken from the antecubital vein
under fasting conditions and analyzed within 4 h using an auto-
analyzer (Hitachi 747; Hitachi, Tokyo, Japan). Lipid parameters,
including LDL-C, high-density lipoprotein cholesterol (HDL-C),
total cholesterol (TC), and triglyceride (TG), were measured at
three examinations in 2006, 2008, and 2010. The specific methods
of lipid levels measurement had been described in published
articles (8, 9).

Calculation of LDL-C Burden

Cumulative exposure to increased LDL-C was calculated as the
weighted sum of the average LDL-C level:

LDL-C burden2006_2008 = [(LDL—CZOOG-I.S) + (LDL—Czoog—
1.8)]/2 * timez006—2008;

LDL-C burdenzo()g,zmo = [(LDL—Czoog—l.S) + (LDL—CZOI()—
1.8)]/2 * timezpos—20105
LDL-C  burden =
LDL-C burdenjgog—2010-

LDL-C  burdensgos—_2008 +

The cutoft value of LDL-C is set at 1.8 mmol/L (70 mg/dL)
according to the SPARCL study, which indicated that achieving
an LDL-C level of <1.8 mmol/L was associated with a significant
reduction in risk of stroke (16). Participants were classified into
four groups (Q1, Q2, Q3, and Q4) according to the interquartile
range of LDL-C burden.

Measurement of Potential Covariates at

Baseline

Demographic information, past medical history, and current
medications were collected at baseline through a standard
questionnaire. Current smoker refers to smoking at least one
cigarette per day. Body mass index (BMI) was calculated
according to the following equation based on the weight and
height: BMI = weight (kg)/square of height (m?). Physical
activity was categorized as none, seldom, and always. Except
for the lipid indicators, systolic and diastolic blood pressure,
fasting blood glucose (FBG, hexokinase/glucose-6-phosphate
dehydrogenase method) and uric acid (UA, uricase-peroxidase
method) were also measured.

Assessment of Intracranial Atherosclerosis

Stenosis

Transcranial doppler ultrasonography (TCD), as a reliable
method to diagnose ICAS, was performed by two experienced
technicians (blinded to the baseline information of the
participants) in 2010 for the detection of ICAS using portable
devices (EME Companion, Nicolet, Madison, WI, USA). ICAS
was diagnosed according to the peak flow velocity criteria which
was published and validated against MR angiography and clinical
outcomes (17, 18). Details were described in a previous study.
In brief, ICAS was diagnosed if a peak systolic flowing velocity
> 140 cm/s for the middle cerebral artery; >120 cm/s for
the anterior cerebral artery and internal carotid siphon; and
>100 cm/s for the posterior cerebral artery and vertebral-basilar.
Also, we considered age, the presence of segmental abnormal
velocity, disturbance in echo frequency, or turbulence sound in

the diagnosis of ICAS. In this study, the ICAS was diagnosed
if stenosis or occlusion was found in one of the studied cranial
arteries by TCD, and the participants with poor temporal window
were excluded.

Statistical Analysis

The statistical analysis was performed using a commercial
statistical software package (SAS 9.1, Cary, NC, USA). T-test
or analysis of variance (continuous variables) and chi-squared
tests (categorical variables) were used to analyze the differences
of baseline characteristics between patients with and without
ICAS. Chi-squared tests and logistic regression were used to
evaluate the relationship between LDL-C burden levels and
ICAS prevalence. Differences of p value < 0.05 were considered
statistically significant for two-tailed tests.

RESULTS

Prevalence of ICAS
Of the 4,347 participants, 580 (13.3%) of them were detected as
having asymptomatic ICAS based on the TCD results. The overall
distribution and proportion of ICAS in each vessel have been
described previously (10, 19).

Baseline Characteristics

Compared to those without ICAS, the subjects with ICAS were
older, with larger BMI, fewer daily activities, higher prevalence
of hypertension, DM, hyperlipidemia and current medication
in use; and higher levels of systolic or diastolic blood pressure
and FBG (p < 0.05, Table 1). In addition, when comparing the
baseline characteristics according to quartile of LDL-C burden,
there were significant differences in age, sex, BMI, physical
activity, income status, hypertension, hyperlipidemia, smoking,
drinking, systolic and diastolic blood pressure, FBG, and UA.

Correlation Between LDL-C Burden and

the Prevalence of Asymptomatic ICAS

There were significant differences in LDL-C levels measured
in 2006, 2008, and 2010 between participants with ICAS and
those without ICAS (p < 0.05) (Table2). There were also
significant differences in LDL-C burden, LDL-C burden;ggs—2008»
and LDL-C burdenjgos—2010 between participants with ICAS
and those without ICAS (p < 0.01) (Table2). In univariate
analysis, the association between LDL-C burden and prevalence
of asymptomatic ICAS was significant (p < 0.01). Compared with
participants in the Q1 group, the Q2, Q3, and Q4 groups had
significantly increased prevalence of asymptomatic ICAS with
ORs of 1.30 (0.99-1.70), 1.32 (1.01-1.73), and 2.14 (1.66-2.75),
respectively (p < 0.05). In multivariate analysis, after adjustment
for age, gender, smoking, drinking, BMI, hypertension, diabetes
mellitus (DM), hyperlipidemia, physical activity, income status,
antihypertensive medication, antidiabetic medication, and lipid-
lowering medication, similar and significant associations were
also observed with ORs of 1 (reference), 1.33 (1.01-1.76), 1.41
(1.07-1.87), and 2.12 (1.63- 2.76) from the lowest to the highest
quartile (p < 0.05) (Table 3).
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TABLE 1 | Baseline characteristics of the participants with or without ICAS.

Variables Total patients Non-ICAS ICAS P-value
N 4,347 3,767 580

Age, years 53.90 £ 10.92 53.03 £ 10.40 59.54 + 12.41 <0.01
Male, n (%) 2,638 (60.69%) 2,282 (60.58%) 356 (61.38%) 0.713
BMI, kg/m? 24.88 + 3.36 24.84 +3.38 25.16 &+ 3.20 0.006
Physical activity <0.01
None 668 (15.37%) 556 (14.76%) 112 (19.31%)

Seldom 3,104 (71.41%) 2,742 (72.79%) 362 (62.41%)

Always 575 (13.23%) 469 (12.45%) 106 (18.28%)

Income status 0.893
<600 1,438 (33.08%) 1,249 (33.16%) 189 (32.59%)

600-800 2,162 (49.74%) 1,869 (49.62%) 293 (50.52%)

800-1,000 365 (8.40%) 314 (8.34%) 51 (8.79%)

>1,000 382 (8.79%) 335 (8.89%) 47 (8.10%)

Hypertension, n (%) 494 (11.36%) 366 (9.72%) 128 (22.07%) <0.01
Diabetes mellitus, n (%) 125 (2.88%) 89 (2.36%) 36 (6.21%) <0.01
Hyperlipidemia, n (%) 307 (7.06%) 243 (6.45%) 64 (11.03%) <0.01
Current smoker, n (%) 1,239 (28.50%) 1,086 (28.83%) 153 (26.38%) 0.224
Current drinker, n (%) 1,589 (36.55%) 1,409 (37.40%) 180 (31.03%) <0.01
Antihypertensive medication, n (%) 438 (10.08%) 323 (8.57%) 115 (19.83%) <0.01
Antidiabetic medication, n (%) 106 (2.44%) 74 (1.96%) 32 (5.52%) <0.01
Lipid-lowering medication, n (%) 38 (0.87%) 25 (0.66%) 13 (2.24%) <0.01
Systolic blood pressure, mmHg 126.43 + 19.23 124.81 £ 18.39 136.89 + 21.15 <0.01
Diastolic blood pressure, mmHg 81.11 £10.95 80.69 £+ 10.80 83.81 £ 11.50 <0.01
Fasting blood glucose, mmol/L 5.41 +1.47 5.8356 +1.37 5.79 £ 2.00 <0.01
Uric acid, pmol/L 287.88 + 86.02 286.72 + 85.78 295.43 + 87.26 0.031
ICAS, intracranial atherosclerotic stenosis; BMI, body mass index.

TABLE 2 | LDL-C and LDL-C burden levels of the participants with or without ICAS.

Variables Total patients Non-ICAS ICAS P-value
N 4,347 3,767 580

LDL-Cog0s, mmol/L 2.31+£0.79 2.30 +£0.77 2.37 £ 0.86 0.04
LDL-Cog0g, mmol/L 2.56 & 0.96 2.53 +£0.97 2.74 £ 0.91 <0.01
LDL-Cop10, mmol/L 2.60+0.73 259 +0.72 2.69 £0.77 <0.01
LDL-C burdengoos—2008, (MmMol/L)*year 1.32+1.56 1.26 +1.52 1.65+1.73 <0.01
LDL-C burdengoos—2010, (MmMol/L)*year 1.47 £1.32 1.44 +£1.33 1.69 + 1.31 <0.01
LDL-C burden, (mmol/L)*year 2.79+2.68 2.70 + 2.66 3.34 +£2.79 <0.01

ICAS, intracranial atherosclerotic stenosis; LDL-C burdenspos—2008 = [(LDL-Copos — 1.8) + (LDL-Copps — 1.8)J/2 * timezpos—2008; LDL-C burdenzoos—2010 = [(LDL-Copog — 1.8) +
(LDL-Cgmo - 7.8)]/2 * tfmegogg_go7g,' LDL-C burden = LDL-C bdeengogg_goog + LDL-C bufdeﬂgogg_gmo.

In the sensitivity analysis, after excluding the subjects with age
> 65 y or the subjects with a history of hypertensive, DM, or
hyperlipidemia, the association between LDL-C burden and the
prevalence of asymptomatic ICAS was still statistically significant
(p < 0.01), additional information was demonstrated in Table 3.

DISCUSSION

To the best of our knowledge, this is the first investigation using
the LDL-C burden to demonstrate the association between LDL-
C levels and the asymptomatic ICAS prevalence. In this large

and retrospective cohort study, we disclosed that cumulative
exposure to increased LDL-C was concentration-dependently
associated with asymptomatic ICAS prevalence, especially in
those under the age of 65 years or free of hypertension, DM,
and hyperlipidemia.

ICAS had been reported to account for about 30-50%
of ischemic stroke or transient ischemic attacks in Asia and
often results in poor prognosis (3, 13). Confronting with the
situation, there is a considerable need to identify and control
risk factors of ICAS. It was suggested that hyperlipidemia and
higher LDL-C levels were associated with increased risk of
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TABLE 3 | Association between LDL-C burden and the prevalence of asymptomatic ICAS.

Qi Q2 Q3 Q4 P for trend

(-5.07, 1.07) (1.08, 2.72) (2.72, 4.24) (4.24, 57.32)
Events, n (%) 106 (9.76%) 134 (12.33%) 136 (12.51%) 204 (18.77%)
Univariate analysis, OR (95% Cl) 1 1.30 (0.99-1.70) 1.32 (1.01-1.73) 2.14 (1.66-2.75) <0.01
Model 1, OR (95% Cl) 1 1.35 (1.03-1.78) 1.46 (1.11-1.92) 2.17 (1.68-2.81) <0.01
Model 2, OR (95% Cl) 1 1.34 (1.01-1.77) 1.41 (1.07-1.87) 2.12 (1.63-2.76) <0.01
Model 3, OR (95% Cl) 1 1.33 (1.01-1.76) 1.41 (1.07-1.87) 2.12 (1.63-2.76) <0.01
Model 4, OR (95% Cl) 1 1.47 (1.05-2.07) 1.59 (1.13-2.24) 2.47 (1.78-3.43) <0.01
Model 5, OR (95% Cl) 1 1.33 (0.96-1.84) 1.51 (1.09-2.08) 2.29 (1.68-3.12) <0.01

OR (95% CI): odds ratio (95% confidence interval).
Model 1: adjusted by age and sex on the basis of univariate analysis.

Model 2: adjusted by smoking, drinking, BMI, history of hypertension, diabetes mellitus and hypercholesterolemia, physical activity, income status on the basis of Model 1.
Model 3: adjusted by antihypertensive medication, antidiabetic medication, lipid-lowering medication on the basis of Model 2.

Model 4: excluding subjects with age > 65 y on the basis of Model 3.

Model 5: excluding subjects with a history of hypertensive, diabetes mellitus, hyperlipidemia on the basis of Model 3.

ICAS in previous studies based on TCD, computed tomography
angiography (CTA), and high-resolution magnetic resonance
angiography (HR-MRA) (14, 20, 21). While, no significant
association was found in the Chinese Intracranial Atherosclerosis
(CICAS) study (22), and only the highest quintile of LDL-
C, measured at a single time point, was associated with the
prevalence of ICAS in the APAC study (19). The fact that
LDL-C levels fluctuate over time within individuals was ignored
by previous studies based on a single time point assessment
and likely to generate biased estimates of its association with
ICAS. Although the LDL-C level has been the primary target
for lipid-lowering treatment in the prevention of cardiovascular
and cerebrovascular disease in clinical practice, the role of
LDL-C in ICAS remains to be elucidated (3, 23-25). The
strengths of this study relate to the large sample size of
subjects to find the significant association of sustained and
increased LDL-C with an elevated risk of ICAS prevalence.
As we know, LDL-C levels will be affected by some factors
such as participants’ short-term diet and physical activity, so
one single time point measurement of LDL-C level could not
reflect the participants’ long-term actual LDL-C level. Instead,
LDL-C burden, calculated as the weighted sum of the average
LDL-C levels, is a more reliable indicator of long-term LDL-
Clevels.

The critical process involved in arteriosclerosis is the retention
and accumulation of cholesterol-rich lipoproteins (especially
LDL) within the arterial intima at sites of predilection for
plaque formation (26-29). When the concentration of LDL-
C increases to a certain extent, the probability of intimal
retention of LDL and the initiation or progressive development
of atherosclerosis increases (27, 29, 30). As a well-established risk
factor of atherosclerosis, LDL-C has been actually proved not
merely a biomarker of increased risk but a causal factor in the
pathophysiology of atherosclerotic cardiovascular disease (26),
which has prompted us to further investigate the association of
LDL-C with the prevalence of ICAS.

Considering that old age, hypertension, DM, hyperlipidemia
are previously documented risk factors for ICAS, we performed
further sensitivity analysis (13, 21, 31). After excluding the

subjects with age > 65 y or those with a history of hypertensive,
DM, or hyperlipidemia, the same result was obtained with higher
ORs in concentration-depend manners, which indicated that
LDL-C burden was concentration-dependently associated with
the prevalence of asymptomatic ICAS, especially in those with
age < 65y and those without a history of hypertension, DM,
or hyperlipidemia.

Based on the current research results, LDL-C appears to be
associated with asymptomatic ICAS. Although LDL-C has been
a primary target for lipid-lowering therapy in the prevention of
ischemic stroke, whether there is a causal relationship between
LDL-C and asymptomatic ICAS remains unclear. Miao et al.
reported that the degree of stenosis in asymptomatic ICAS
can be alleviated with intensive lipid-lowering therapy using
statin for Chinese patients with asymptomatic ICAS (32). Chung
et al. found that high-dose statin treatment can significantly
decrease the LDL-C levels and effectively stabilize symptomatic
intracranial atherosclerotic plaques as documented by HR-MRI
(33). Evidence above suggests that LDL-C may play a role in the
formation and progression of ICAS, and maintaining LDL in a
normal range may be the right choice for preventing ICAS in
clinical practice. Given the high prevalence of ICAS and increased
risk of ischemic stroke, more researches on mechanisms and
prospective intervention studies are needed to provide insight
into their relationship.

There were some limitations in our study. First, some
participants with nonatherosclerotic diseases may also be
included in the presumed ICAS group. Second, our study was
based on a randomly selected subgroup of participants of the
Kailuan Study that included employees and retirees of the
Kailuan Co. Ltd. and the study population was selected using
a stratified random sampling method by age and sex. It may
not be representative of the population of the Tangshan area in
Hebei province despite the large study sample. Third, ICAS was
only determined at a single time point in 2010 and no baseline
assessment of ICAS was made in 2006 among the participants.
Forth, we just investigated the cumulative effect of blood lipid
but not other factors on ICAS. Despite these limitations, this was
the first large, cohort study to our knowledge that investigate
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the correlation between LDL-C burden and asymptomatic ICAS
so far.

In conclusion, our data show that cumulative exposure
to increased LDL-C is concentration-dependently associated
with increased prevalence of asymptomatic ICAS, especially
in those with age < 65 y and free of hypertension, DM,
and hyperlipidemia.
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