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Aims: To investigate the association of chronic kidney disease (CKD) and intracranial artery stenosis (ICAS), as 
well as its effects on ICAS distribution in the middle-aged and elderly population.

Methods: Data from the China Hypertension Survey in Beijing was analyzed. Estimated glomerular filtration 
rate (eGFR) was used to evaluate CKD, and ICAS was assessed by transcranial doppler. Clinical and biochemical 
variables were compared between the ICAS group and the non-ICAS group, as well as in different vascular distri-
bution groups. Univariable and multivariable logistic regression analyses were introduced to demonstrate the 
association between CKD and ICAS.

Results: A total of 3678 subjects were included in this study, with a mean age of 62 years old. Of which, 19.2% 
presented with decreased eGFR (eGFR ＜60 ml/min/1.73 m2) and 17.4% for ICAS. The percentage of anterior 
circulation ICAS was 3.5 times than that of posterior circulation (10.9% vs. 3.1%). In multivariable regression 
analysis, eGFR ＜45 ml/min/1.73 m2 was independently associated with ICAS after correction for covariates, 
odds ratio (OR)=1.69, 95% confidence interval (CI) (1.08, 2.65); in particular, this association had a preference 
for posterior circulation but not anterior circulation ICAS with OR=2.29, 95% CI (1.28, 4.07) and OR=1.44, 
95%CI (0.89, 2.33), respectively.

Conclusion: Severe eGFR decline is associated with ICAS in the middle-aged and elderly population, and this 
correlation is more related to posterior circulation ICAS.

Chronic kidney disease (CKD) is becoming a 
rapidly growing global disease with the aging of popu-
lation and has been reported to be associated with 
increased cardiovascular risk3, 4). It has been known 
that CKD is also a nontraditional risk factor of isch-
emic stroke5). Stroke patients with CKD usually have 
a poor outcome and high recurrence risk6, 7). As for 
the possible causes, some studies indicated that sub-
jects with CKD have a higher incidence of atrial fibril-
lation; thus, cardiac embolism could be the most 
important mechanism8, 9), while others proposed that 

Introduction

Intracranial artery stenosis (ICAS) account for 
nearly 30%–50% of ischemic stroke cases. Subjects 
with ICAS have higher stroke risk and recurrence 
rate1, 2). To identify the potential causes of ICAS is of 
paramount importance in stroke prevention. At the 
same time, to distinguish the risk factors particularly 
related to certain vascular distribution will provide a 
better understanding of relevant pathophysiological 
mechanisms, as well as prognosis evaluation.
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representativeness in demographic characteristics.
A predefined standardized questionnaire was 

administered by experienced researchers to obtain rel-
evant information on demographic characteristics and 
cardiovascular risk factors. In addition to the standard 
questionnaire, subjects over 35 years old were also 
required to complete the blood and urine biochemical 
testing, as well as cerebral vascular evaluation by 
carotid ultrasound and transcranial doppler (TCD) as 
secondary analysis for atherosclerosis. To ensure the 
quality of the survey, all of the investigators received 
standard training before participation, including the 
TCD operators. All physical examination and the lab-
oratory testing were conducted as the protocol  
required.

As a result, a total of 6906 subjects over 35 years 
old were recruited in the CHS in the Beijing site. Of 
which, 3953 subjects completed the TCD vascular 
evaluation. After excluding those without creatinine 
tests, or subjects with transient kidney dysfunction 
caused by dehydration or use of nephrotoxic drugs 
(275 subjects in total), 3678 subjects were finally 
included in this analysis, which includes 1583 males 
and 2095 females (Fig.1). The baseline characteristics 
of the subjects included and excluded are shown in 
Supplemental Table 1. 

The protocol of the study design was approved 
by the Ethics Committee of Xuanwu Hospital of the 
Capital Medical University and Fuwai Hospital 
(National Center for Cardiovascular Disease). Written 
informed consent was obtained from all participants 
before enrollment.

Data Collection and Risk Factor Definition
Baseline characteristics, including demographics 

and cardiovascular risk factors, were collected by the 
investigators (trained neurologists or graduates) 
through face-to-face interview and recorded in a pre-
defined questionnaire. Hypertension was defined as 
systolic blood pressure ≥ 140 mmHg and/or diastolic 
blood pressure ≥ 90 mmHg, or have been on anti-
hypertensive medication. Diabetes mellitus was diag-
nosed in those who have a previous history of diabetes 
or on insulin or oral hypoglycemic medication; sub-
jects with fasting glucose levels of over 7 mmol/L were 
also counted. Hyperlipidemia was diagnosed accord-
ing to the adult treatment panel III guidelines16) (Total 
cholesterol ≥ 6.1 mmol/L or Triglyceride [TG] ≥ 2.26 
mmol/L) or who have been on lipid-lowering medica-
tions. Atrial fibrillation, coronary heart disease, and 
previous stroke history were identified according to 
the self-report history, and participants were also diag-
nosed as atrial fibrillation if the ECG indicated posi-
tive findings in this survey. Previous stroke events were 

it is atherosclerosis that contributes to stroke in sub-
jects with CKD. However, evidence regarding CKD 
and cerebral atherosclerosis is limited. Some studies 
established the association of CKD and carotid ath-
erosclerosis by retrospective analysis and their results 
revealed that subjects with CKD usually have much 
more severe atherosclerosis burden, which could be 
seen in both the stroke and non-stroke population10). 
There was also a study indicated that subjects with 
CKD are more likely to suffer from asymptomatic 
ICAS, but this association is limited to subjects over 
60 years old11).

Despite the population-based study results, the 
debate of CKD and ICAS persists regarding their rela-
tionship. Some scholars believed  that CKD and ICAS 
share some risk factors; thus, this association could be 
the result of common risk factors. While others against 
that CKD is an independent risk factor of ICAS. The 
purpose of this study was to investigate the association 
of CKD and ICAS, considering the selectivity of the 
risk factors on ICAS distribution12, 13), we would focus 
on the association of CKD and ICAS distribution. A 
thorough investigation of the association between CKD 
and ICAS will facilitate the understanding of stroke 
mechanism and identification of a high-risk popula-
tion, as well as help us develop a better preventive 
strategy.

Methods

Study Design and Subjects
Data were derived from the Beijing subgroup of 

the “China Hypertension Survey” (CHS), supported 
by the Ministry of Science and Technology of the Peo-
ple’s Republic of China. The study design had been 
published elsewhere14), and the main findings were 
also reported15). Briefly, a stratified multistage multi-
centered national cross-sectional survey was conducted 
during 2012–2015 to investigate the prevalence of 
hypertension in subjects over 15 years old from 31 
provinces in China. Beijing, as one of the most impor-
tant part, was included.

For this sub-survey, the sampling process in Bei-
jing was briefly summarized here: First, 3 cities in the 
urban area (Xicheng, Fangshan, and Tongzhou) and 1 
county from the rural area (Yanqing) were selected 
using the probability proportional to size method; 
Second, 2–3 districts or 2 townships were selected 
within each urban area or county respectively by the 
simple random sampling (SRS) method. Then, using 
the same method above, 3 communities or villages 
were chosen within each district(urban) or township 
(rural) individually. Lastly, the SRS method was used 
again in the final selection of participates to ensure the 
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by the standard protocol and each vessel in the intra-
cranial artery was detected, including bilateral anterior 
cerebral artery (ACA), middle cerebral artery (MCA), 
posterior cerebral artery (PCA), terminal of internal 
carotid artery (ICA), vertebral artery (VA), and basilar 
artery (BA). The diagnosis of ICAS is referred to 
Wong’s criteria based on peak systolic flow velocity 
(Vp)19). The cut-off value of Vp for ICAS diagnosis 
was 140 cm/s in MCA, 120 cm/s in ACA and the 
internal carotid siphon, and 100 cm/s in PCA and the 
vertebral-basilar artery. Additional criteria of stenosis 
in MCA were: Vp ranging from 140 to 160 cm/s, 
together with disturbance in echo frequency and tur-
bulence, or Vp reduction by ≥ 30% compared with 
the contralateral depth-corresponding homologous 
segment. Apart from the velocity criteria, the subjects’ 
age was also considered. In the absence of good tem-
poral windows, intracranial blood flow signals were 
detected via the orbital window. Any cerebral arteries 
that could not be detected via both temporal and 
orbital windows were considered non-stenotic. As a 
result, a total of 310 subjects (8.4%) were considered 
as non-stenotic due to the failed detection of blood 
flow by both temporal and orbital windows. The 
ICAS distribution was classified as anterior circulation 
and posterior circulation according to anatomy. The 
operators and reviewers of the TCD studies were blind 
to the clinical information.

Statistical Analysis
Variables distribution according to eGFR levels 

and between different groups were presented as num-
bers (percentages) for categorical variables and mean± 

judged by the neurologist or the physician from medi-
cal history and neuroimaging (CT or MRI) according 
to the AHA criteria. Smoking and drinking habits 
were recorded in self-report history. Smoking was con-
firmed for those who have been smoking for over 
1-year period and those who are current smokers; 
Drinking was confirmed for those with moderate or 
heavy alcohol consumption (≥ 2 standardized alcohol 
drinks per day). All of the laboratory measurements 
were completed in Fuwai Hospital, National Center 
for Cardiovascular Disease according to predefined 
protocols to ensure the accuracy and controllability of 
the results.

CKD Assessment
Baseline serum creatinine level was tested to cal-

culate the estimated glomerular filtration rate (eGFR) 
using the Jaffe method. In this study, eGFR was 
acquired by the CKD epidemiology collaboration cre-
atinine equation with an adjusted coefficient of 1.1 
for the Asian population17). Subjects were divided into 
four groups according to eGFR level: eGFR ＜45, 
45–59, 60–89, and ≥ 90 ml/min/1.73 m2 18). Partici-
pants with CKD were defined as those with eGFR ＜
60 ml/min/1.73 m2 in this study. In order to increase 
the reliability of the renal function assessment, we also 
measured urinary microalbumin levels as reference.

Assessment of ICAS
TCD was performed by two independent vascu-

lar ultrasound practitioners with more than 5 years’ 
experience using portable machines (TC 8080, EME, 
Germany). All procedures were carried out as required 

ICAS(n=641) Non-ICAS(n=3037) 

275 excluded due to 
missing Scr test or 
transient eGFR decline 

6906 subjects over 35 years old from CHS in Beijing

3953 completed TCD and biochemical test 

2953 missing TCD  

3678 subjects were included 

Fig.1. Flow chart of subjects screening
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top two risk factors in this population, with a preva-
lence of 58.4% and 60.8% respectively.

The baseline characteristics and risk factors 
according to the classification of eGFR are shown in 
Table 1. Subjects with different eGFR levels differ in 
age, gender, and cardiovascular risk factors. Compared 
with other groups, subjects with low eGFR were much 
older, more likely to be female, had a higher percent-
age of hypertension, diabetes, atrial filtration, coro-
nary heart disease, and had previous stroke history (all 
p＜0.01). As for biochemical results, glucose, low-
density lipoprotein cholesterol (LDL-C), high-density 
lipoprotein cholesterol (HDL-C), and TG also differ 
among different groups (p＜0.01). Correspondingly, 
the level of urinary microalbumin and serum creati-
nine were increasing along with the decline of eGFR. 
The mean systolic pressure was increasing and dia-
stolic pressure decreasing with the deterioration of 
renal function (both p＜ 0.01). In addition, we can 

standard deviation or median (interquartile range) for 
continuous variables. Chi-square test or t-test was used 
to compare variables between groups. Univariate and 
multivariate logistic regression analyses were per-
formed to calculate the odds ratio (OR) and corre-
sponding 95% confidence interval (95%CI). All of 
the statistics were two-sided and p＜0.05 was consid-
ered statistically significant in this analysis. All data 
analysis was conducted by SPSS 19.0.

Result

Basic Characteristics of Subjects Included According 
to eGFR Level

Of the included 3678 subjects, the mean age was 
62 years old (range from 35 to 94 years old), and 57% 
were female. The overall prevalence of CKD (eGFR 
＜60 ml/min/1.73 m2) was 19.2% (95%CI, 17.9%–
20.4%). Hypertension and hyperlipidemia were the 

Table 1. Baseline characteristics of subjects included according to eGFR category

Total
(n =3678)

eGFR, ml/min/1.73 m2

p-value
≥ 90

(n =552)
60-89

(n =2421)
45-59

(n =599)
＜45

(n =106)

eGFR (ml/min/1.73 m2)
Age (year), M±SD
Male, n (%)
Risk factors, n (%)

Hypertension
Diabetes
Hyperlipidemia
Atrial fibrillation
CAD

Previous history of stroke
Smoking
Drinking

BMI (kg/m2)
Glucose(mmol/L)
TC (mmol/L)
LDL-C (mmol/L)
HDL-C (mmol/L)
TG (mmol/L)
Scr (umol/L)
UMA (mg/L)＊

Bp(mmHg)
Sp
Dp

ICAS, n (%)

73.31±15.27
62±13

1583 (43.0)
 

2127 (58.4)
816 (22.2)

2235 (60.8)
85 (2.4)

333 (9.1)
330 (9.0)

1104 (30.0)
968 (26.3)

25.78±3.83
6.23±1.77
4.92±2.34
2.88±0.84
1.41±0.37
1.37±0.83

85.93±19.15
12.5 (24.1)

 
135±18

76±11
641 (17.4)

96.50±5.84
52±11

304 (55.1)
 

210 (38.5)
74 (13.4)

315 (57.1)
5 (1.00)

28 (5.1)
15 (2.7)

225 (40.8)
209 (37.9)

25.60±3.86
5.93±1.73
4.82±0.96
2.73±0.82
1.44±0.34
1.40±0.98

70.90±11.42
11.4 (21.4)

 
130±17

78±10
82 (14.9)

74.28±8.47
62±12

1037 (42.8)
 

1384 (57.7)
521 (21.5)

1478 (61.0)
47 (2.1)

190 (7.9)
202 (8.3)
726 (30.0)
645 (26.6)

25.81±3.83
6.23±1.74
4.94±0.99
2.90±0.82
1.43±0.37
1.35±0.79

83.71±11.47
11.9 (20.9)

 
135±18

76±11
405 (16.7)

54.32＋4.08
73±8

205 (34.2)
 

443 (74.8)
180 (30.1)
374 (62.4)

28 (4.8)
90 (15.2)
85 (14.2)

124 (20.7)
106 (17.7)

25.79±3.79
6.46±1.82
4.91±1.04
2.93±0.88
1.35±0.35
1.39±0.68

99.43±13.27
15.7 (32.1)

 
138±19

73±11
117 (19.5)

37.71＋7.20
77±8

37 (34.9)
 

90 (87.4)
41 (38.7)
68 (64.2)

5 (5.1)
25 (24.5)
28 (26.4)
29 (27.4)

8 (7.5)
26.03±3.83
6.64±2.21
4.82±1.23
2.86±0.96
1.20±0.29
1.68±1.54

138.74±54.43
36.3 (116.3)

 
140±19

70±11
37 (34.9)

＜0.001
＜0.001
＜0.001

 
＜0.001
＜0.001

0.216
＜0.001
＜0.001
＜0.001
＜0.001
＜0.001

0.610
＜0.001

0.067
＜0.001
＜0.001

0.001
＜0.001
＜0.001

 
＜0.001
＜0.001
＜0.001

＊: M (IQR)
eGFR=estimated glomerular filtration rate; CAD: coronary heart disease; BMI: body mass index; TC: total cholesterol; LDL-C: Low-density lipo-
protein cholesterol; HDL-C: High-density lipoprotein cholesterol; TG: triglyceride; Scr: serum creatinine; UMA: urinary microalbumin; Bp: blood 
pressure; Sp: Systolic pressure; Dp: Diastolic pressure; ICAS: intracranial artery stenosis
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tion statuses. As the results suggested, subjects with 
ICAS tended to be older, more likely to have hyper-
tension, diabetes, coronary heart disease and previous 
stroke history, lower HDL-C, and higher LDL-C, glu-
cose, and serum creatinine (all p＜0.05). Of particular, 
the mean eGFR in the ICAS group was significantly 
lower than that in the non-ICAS group (70.64 vs. 
73.87 ml/min/1.73 m2, p＜0.05), but urinary micro-
albumin had no significant difference between the two 
groups.

As for the risk factors affecting ICAS distribu-
tion, subjects with posterior circulation vascular steno-
sis were older, had higher proportion of coronary heart 
disease, previous stroke history, and declined eGFR (p
＜0.05); other risk factors seemed to have no signifi-
cant distinctions between different vascular stenosis 

also see the increasing prevalence of ICAS with the 
decrement of eGFR (p＜ 0.01).

ICAS Distribution and Associated Risk Factors
A total of 641 subjects (17.4%) suffered from 

ICAS in this population. Of all the intracranial vessels 
tested, the terminal of ICA and MCA were mostly 
involved, with a total prevalence of 9.5% (350 sub-
jects), followed by ACA (9.3%, 343), VA (5.4%, 199), 
and PCA (1.8%, 65). BA (1.7%, 64) was the least 
affected. The incidence of ICAS in the anterior circu-
lation was significantly higher than that in the poste-
rior circulation (10.9% vs. 3.1%).

Table 2 generalizes the demographic characteris-
tics and risk factors comparison between subjects with 
or without ICAS, as well as in different ICAS distribu-

Table 2. Risk factors associated with ICAS status and distribution

Variables ICAS Status (n =3678)

p-value

Distribution of ICAS (n =513)

p-value
Present 

(n =641)
Absent 
(3037)

Anterior 
（n =400）

Posterior 
（n =113）

Age (year), M±SD
Male, n (%)
Risk factors, n (%)

Hypertension
Diabetes
Hyperlipidemia
Atrial fibrillation
CAD
Previous stroke

history
Smoking
Drinking

BMI (kg/m2)
Glucose (mmol/L)
TC (mmol/L)
LDL-C (mmol/L)
HDL-C (mmol/L)
TG (mmol/L)
Scr (ummol/L)
UMA (mg/L)
Bp (mmHg)

Sp
Dp

eGFR (ml/min/1.73 m2)
eGFR as   ≥ 90
category    60-89
variable,    45-59
n (%)         ＜45

66±11
327 (51.0)

 
464 (73.1)
202 (31.5)
398 (62.1)

12 (2.0)
81 (12.7)

101 (15.8)
 

221 (34.5)
170 (26.5)

25.55±3.58
6.64±2.22
4.94±1.07
2.93±0.88
1.36±0.37
1.41±0.84

89.35±24.01
13.1 (30.2)

 
140±19

75±11
70.64±15.94

82 (12.8)
405 (63.2)
117 (18.3)

37 (5.8)

62±13
1256 (41.4)

 
1663 (55.3)

614 (20.2)
1837 (60.5)

73 (2.5)
252 (8.4)
229 (7.5)

 
883 (29.1)
798 (26.3)

25.83±3.88
6.15±1.65
4.91±0.99
2.87±0.83
1.42±0.37
1.37±0.83

85.21±17.88
12.4 (22.7)

 
133±17

76±11
73.87±15.07

470 (15.5)
2016 (66.4)

482 (15.9)
69 (2.3)

＜0.001
0.004

 
＜0.001
＜0.001

0.450
0.393
0.001

＜0.001
 

0.007
0.898
0.088

＜0.001
0.589
0.074

＜0.001
0.249

＜0.001
0.697

 
＜0.001

0.008
＜0.001
＜0.001

64±12
204 (51)

  
271 (68.3)
108 (27.0)
233 (58.3)

7 (1.8)
37 (9.3)
35 (8.8)

  
134 (33.5)
105 (26.3)

25.69±3.51
6.52±2.18
4.94±1.07
2.91±0.86
1.38±0.39
1.39±0.87

87.07±20.81
12.9 (24.7)

 
139±18

75±11
73.10±15.30

64 (16.0)
264 (66.0)

57 (14.3)
15 (3.8)

69±11
59 (52.2)

  
84 (75.7)
39 (34.5)
71 (62.8)

1 (1.0)
18 (16.2)
26 (23.0)

  
35 (31.0)
33 (29.2)

25.44±3.47
6.67±2.07
4.88±1.06
2.93±0.90
1.32±0.31
1.35±0.59

91.22±23.98
11.4 (25.9)

 
141±20
75±10

68.09±15.97
10 (8.8)
70 (61.9)
23 (20.4)
10 (8.8)

＜0.001
0.820

 
0.132
0.128
0.381
0.531
0.038

＜0.001
 

0.614
0.532
0.574
0.496
0.985
0.816
0.137
0.622
0.071
0.377

0.295
0.952
0.002
0.017

CAD: coronary heart disease; TC: total cholesterol; LDL-C: Low-density lipoprotein cholesterol; HDL-C: High-density lipoprotein cholesterol; 
TG: triglyceride; Scr: serum creatinine; UMA: urinary microalbumin; Bp: blood pressure; Sp: Systolic pressure; Dp: Diastolic pressure
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(1) Both CKD and ICAS are prevalent in the middle-
aged and elderly population; (2) Subjects with severe 
eGFR decline (eGFR＜45 ml/min/1.73 m2) were inde-
pendently associated with ICAS, even after adjusted 
for confounders; (3) Most importantly, we found that 
CKD, as a risk factor of ICAS, had a preference for 
posterior circulation vascular distribution; (4) Despite 
the higher proportion of atrial fibrillation in the 
elderly population with CKD, stroke mechanism 
should be explained with caution. These results could 
add some knowledge to the association of CKD and 
ICAS, and provide solid data about the contribution 
of CKD in cerebrovascular disease.

Association between CKD and Atherosclerosis
Previous epidemiological studies have already 

recognized CKD as a risk factor of cardiovascular dis-
ease and ischemic stroke20-22). CKD could significantly 
increase stroke risk and have an effect on stroke prog-
nosis, especially in large artery atherosclerosis stroke23). 
As we know, the association of CKD and carotid ath-
erosclerosis had been verified in previous studies with 
ischemic stroke10, 24, 25). Subjects with CKD usually 
have a much severe luminal stenosis and higher per-
centages of vulnerable plaques in the carotid artery. 
Both of these could result in ischemic stroke. As for its 
association with ICAS, Li Z reported the association 
of CKD and asymptomatic ICAS in Kailuan Study- a 
community-based non-stroke population in 2016, 
and  found that declined eGFR is associated with 

distribution groups.

Association of CKD and ICAS, ICAS Distribution 
by Logistic Regression Analysis

Table 3 shows the association of CKD and ICAS 
in different eGFR levels by univariate and multivariate 
regression analyses. When the group of eGFR ≥ 60 
ml/min/1.73 m2 was taken as a reference group, mod-
erate eGFR decrease (45 ≤ eGFR ＜60 )was not asso-
ciated with ICAS in univariate analysis, OR=1.24, 
95%CI (0.99, 1.55), nor in multivariate regression 
analysis, OR=0.88, 95%CI (0.69, 1.14); However, 
subjects with a severe decrease in eGFR (eGFR＜45) 
were independently associated with ICAS even after 
correction for age, gender, and related atherosclerosis 
risk factors in multivariate analysis, OR=1.69, 95%CI 
(1.08, 2.65).

As a further analysis of CKD and ICAS distribu-
tion, we found that a severe decrease in eGFR (eGFR 
＜45 ml/min/1.73 m2) was associated with posterior 
circulation but not anterior circulation vessel stenosis. 
The OR was 5.90, 95%CI (3.54, 9.85) and 2.29, 
95%CI (1.28, 4.07) before and after adjusted covari-
ables, respectively (Table 4).

Discussion

This study investigated the association of CKD 
and ICAS as well as its distribution in the middle-aged 
and elderly population. The results demonstrated that: 

Table 4. Association of CKD and ICAS distribution

 

eGFR (ml/min/1.73 m2)

Location of ICAS distribution

Anterior circulation Posterior circulation

Univariate regression
OR (95%CI)

Multivariate regression
OR (95%CI)

Univariate regression
OR (95%CI)

Multivariate regression
OR (95%CI)

≥ 60
45-59
＜45

1.00 (reference)
1.19 (0.94, 1.52)
2.16 (1.38, 3.39)

1.00 (reference)
0.91 (0.70, 1.19)
1.44 (0.89, 2.33)

1.00 (reference)
2.27 (1.66, 3.10)
5.90 (3.54, 9.85)

1.00 (reference)
1.22 (0.86, 1.73)
2.29 (1.28, 4.07)

Adjusted for age, gender, hypertension, diabetes, hyperlipidemia, coronary heart disease, previous stroke history, smoking, drinking and BMI in 
multi-variables regression analysis.

Table 3. Association of CKD and ICAS by regression analysis

eGFR
(ml/min/1.73 m2)

Model I
OR (95%CI)

Model II
OR (95%CI)

Model III
OR (95%CI)

≥ 60
45-59
＜45

1.00 (reference)
1.24 (0.99, 1.55)
2.74 (1.82, 4.13)

1.00 (reference)
0.93 (0.73, 1.19)
1.85 (1.20, 2.85)

1.00 (reference)
0.88 (0.69, 1.14)
1.69 (1.08, 2.65)

Model I: unadjusted, crude model; Model II: adjusted for age and gender; Model III: adjusted for age, gender, hyper-
tension, diabetes, hyperlipidemia, coronary heart disease, previous stroke history, smoking, drinking, and BMI.
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hyperlipidemia13). While another study indicated that 
metabolic syndrome is associated with posterior circu-
lation ICAS30), there were also studies suggesting that 
hypertension and diabetes are more related to poste-
rior circulation vessel stenosis31). However, the results 
are not conclusive due to the heterogeneous subjects 
and potential risk factors included. In this study, the 
prevalence of hypertension and diabetes had no signif-
icant difference between anterior and posterior circu-
lation in univariate analysis, while in multivariate 
analysis, CKD was an independent risk factor of pos-
terior circulation vessel stenosis after correction of all 
covariates. Thus, there must be some undetermined 
mechanism that needs to be clarified in the future to 
explain this association. Considering the anatomy dif-
ference, we assumed that some hemodynamic factors 
could possibly play a role in this pathophysiological 
process.

Possible Mechanisms of CKD in the Contribution 
of Cerebrovascular Disease

The mechanism of CKD in contributing to car-
diovascular disease is seldom explored. It has been 
known that subjects with CKD are usually accompa-
nied with vascular calcification, which results in 
decreased arterial compliance and present as widening 
pulse pressure32). This phenomenon could also be veri-
fied in our study. A similar study also demonstrated  
that the decreased vascular reserve capacity and cere-
bral autoregulation could be the interconnection 
between CKD and stroke33, 34), subjects with CKD 
usually have increased arterial stiffness35), and conse-
quently  decreased cerebrovascular reactivity. Integrat-
ing with the evidence at present, the contribution of 
CKD in ischemic stroke could be assumed that CKD 
could promote atherosclerosis vessel stenosis, decrease 
vascular reactivity, and further reduce vascular reserve 
in case of ischemia. All of these could contribute to 
the cerebrovascular events.

In addition to ICAS, subjects with CKD usually 
have a higher percentage of atrial fibrillation36) and 
correspondingly , a higher risk of embolism. We can 
also see the increasing trend of atrial fibrillation with 
the decrease of eGFR in our study; however, we did 
not find any difference of atrial fibrillation in the 
ICAS and non-ICAS group, which also suggested that 
atrial fibrillation could not be a confounding factor 
between CKD and ICAS.

Strengths and Limitations
The strength of this study is (1) the large sample 

size and randomly sampled population; (2) the associ-
ation of CKD and ICAS were comprehensively clari-
fied in this study, including its association with ICAS 

asymptomatic ICAS in this population11). This is quite 
consistent with our results. However, compared with 
their results, several innovations could be identified in 
our study. First, our study focused on the middle-aged 
and elderly populations, which were sampled by 
demographics. Some bias could be avoided in this 
process. Second, the ICAS distribution was also pre-
sented in our study, and the association of CKD and 
ICAS distribution was analyzed; this would definitely 
provide much more meaningful information to 
explain clinical correlation and explore the possible 
pathophysiological mechanism.

In fact, the association between CKD and ICAS 
has not been conclusive so far. Some scholars prefer to 
contribute this association to their common risk fac-
tors. There is no doubt that both CKD and ICAS 
share some traditional risk factors to some degree26, 27), 
including age, hypertension, and diabetes. CKD could 
be a complication of these diseases; conversely, kidney 
dysfunction could also result in hypertension, and 
they are connected in some way. However, in our mul-
tivariable regression analysis, CKD was independently 
associated with ICAS after adjustment for these vari-
ables. Meta-analysis about CKD and cardiovascular 
disease also exemplified that CKD is a risk factor for 
CVD mortality independent of diabetes and hyper-
tension28, 29). From the results above, we can conclude 
that despite the fact that older age, hypertension, and 
diabetes could be common in both the CKD and 
ICAS population, their contribution in the association 
between CKD and ICAS need to be explained with 
caution. A prospective cohort study about CKD and 
ICAS need to be conducted in the future to settle the 
argument.

CKD and ICAS Distribution
Of all the results presented above, what needs to 

be outlined is that we found CKD was more related to 
posterior circulation vascular stenosis in this popula-
tion. To our knowledge, this is the first study about 
the association of CKD and ICAS distribution. For 
one thing, its preference for posterior circulation ICAS 
could possibly provide some evidence for the worse 
prognosis in stroke patients with CKD. For another, 
the selectivity of CKD on posterior circulation vessels 
might also suggest certain pathophysiological mecha-
nisms different from anterior circulation.

Previous studies concerning risk factor and ICAS 
distribution were quite inconsistent. Some researchers 
proposed that the distribution of ICAS location differs 
among different risk factor groups by summarizing the 
data from the Warfarin–Aspirin Symptomatic Intra-
cranial Disease study. They found that subjects with 
BA stenosis are older and much more likely to have 
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Supplemental Table 1. Demographics and risk factors comparison between subjects included and excluded

Variables 
(n, % or M±SD)

Total 
(n=6,906)

Inclusion 
(n=3,678)

Exclusion 
(n=3,228) p-value

Age (year)
Male
Risk factors

Hypertension
Diabetes
Hyperlipidemia
Atrial filtration
CAD
Previous stroke history
Smoking
Drinking
BMI (kg/m2)

61±14
3,089 (44.7)

 
3,653 (53.7)
1,260 (18.4)
3,178 (53.0)

114 (2.3)
530 (7.8)
585 (8.5)

2,090 (33.1)
1,960 (29.2)
25.57±3.77

62±13
1,583 (43.0)

 
2,127 (58.4)

816 (22.2)
2,235 (60.8)

85 (2.4)
333 (9.1)
330 (9.0)

1,104 (30.0)
968 (26.3)

25.78±3.83

59±15
1,506 (46.7)

 
1,526 (48.2)

444 (14.0)
943 (40.0)

29 (2.1)
197 (6.2)
255 (7.9)
986 (33.1)
992 (31.7)

25.26±3.68

＜0.001
0.003

 
＜0.001
＜0.001
＜0.001

0.409
＜0.001

0.110
0.007

＜0.001
＜0.001

CAD: coronary heart disease
In summary, subjects included were much older (mean age 62 vs 59, p＜0.05),more likely to have hypertension (58.4% vs 48.2%, p＜
0.05),diabetes (22.2% vs 14.0%, p＜0.05), hyperlipidemia (60.8% vs 40.0%, p＜0.05), and coronary disease (9.1% vs 6.2%, p＜0.05), 
but the proportion of male is much lower than in those  excluded (43.0% vs 46.7%, p＜0.05), accordingly, the percentage of smoking 
(30.0% vs 33.1%) and drinking (27.0% vs 31.7%).
Several factors contribute to the unmatched difference. First, some risk factors are age-related, thus older subjects have a much higher 
percentage of risk factors; Second, subjects with more risk factor seems to more willing to participate the biochemistry testing and vascu-
lar assessment. Third, the risk factors diagnosis was based on self-reported medical history in the exclusion group, lack of laboratory test 
might possibly result in the underestimation of diagnosis, such as diabetes and hyperlipidemia. Finally, the gender difference between the 
two groups could explain part of the unbalance of smoking and drinking.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 350
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <>
    /CHT <>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /KOR <>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /JPN <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


