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Does cerebral large-artery disease contribute to cognitive impairment?
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A B S T R A C T

Purpose: Although many patients with cerebral large-artery disease (CLAD) show impaired cognitive perfor-
mance, the risk factors remain unclear in this population. The objective of this study was to evaluate cognitive
impairment and its risk factors in patients with CLAD.
Methods: We recruited non-demented patients with CLAD from our hospital. CLAD was defined as occlusion or
stenosis of over 50% in the carotid artery or middle cerebral artery. We collected patients' biographical data and
vascular lesion and imaging data, including periventricular hyperintensity (PVH) and cerebral perfusion. The
patients were divided into two groups: cognitive impairment-plus (CoI+) and normal (CoI−) groups, according
to their Montreal Cognitive Assessment (MoCA) scores, with a cut-off value of 26. The factors associated with
cognitive impairment were examined.
Result: Of the 176 patients with CLAD (mean age 70.2 ± 8.3, 40 female), 136 (77.2%) were classified as
cognitively impaired. Multivariate analysis indicated that the CoI+ group was associated with older age (odds
ratio (OR): 1.09, P= 0.011), drinking habit (OR: 7.15, P= 0.003), increased PVH (OR: 3.46, P= 0.003), and
decreased cerebral perfusion (OR: 0.897, P= 0.007). Analyses of the MoCA subscores indicated that attention,
memory, and orientation were impaired in the CoI+ group.
Conclusion: Impaired cognition was observed in some of the non-demented patients with CLAD. Older age,
drinking habit, severe PVH and decreased cerebral perfusion contributed to their poor cognitive performance.
Strict treatment of atherosclerosis and intervention for CLAD might be necessary to prevent cognitive decline in
these patients.

1. Introduction

Along with the increasingly elderly population in Japan, both vas-
cular dementia and Alzheimer's disease are important issues to be
tackled. Vascular dementia includes small-vessel, infarct, hemorrhagic,
and hereditary vascular dementia, and Alzheimer's disease with cardi-
ovascular disease [1]. Studies have investigated whether cerebral large-
artery disease (CLAD) and atherosclerotic risk factors contribute to mild
cognitive decline or vascular dementia [1–6]. These findings are im-
portant because they allow us to decide which patients with CLAD
should be treated by strictly controlling their atherosclerotic risk factors
or should be considered for intervention. However, they have not been
sufficiently tested [2,3]. CLAD might induce cognitive decline because
of the risk of ischemic stroke, cerebral hypoperfusion, white matter
lesions, and microembolization. It also remains uncertain which of
these factors modifies which cognitive function.

The purpose of the current study was to elucidate the prevalence
and characteristics of impaired cognitive performance in patients with

CLAD.

2. Material and methods

We prospectively registered patients who were admitted to Fukuoka
University Hospital from October 2011 to December 2013 to identify
those with cerebrovascular diseases. CLAD was defined as stenosis or
occlusion of 50% or more in either the carotid artery (CA) or middle
cerebral artery (MCA). The degree of stenosis was measured by com-
puted tomography angiography or carotid ultrasound. We excluded
patients who fulfilled the diagnostic criteria for dementia according to
the Diagnostic and Statistical Manual of Mental Disorders, Fourth
Edition [7]. The study protocol was approved by the Ethics Committee
of Fukuoka University Hospital. Written informed consent was obtained
from all patients.

We reviewed patients' medical records to record atherosclerotic risk
factors such as age, gender, hypertension, diabetes mellitus, hyperlipi-
demia, current smoking habit, and current drinking habit. Hypertension
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was defined as systolic blood pressure of> 140 mmHg, diastolic blood
pressure of> 90 mmHg, or current use of antihypertensive agents.
Diabetes mellitus was diagnosed as a fasting glucose level of over
126 mg/dl, a hemoglobin A1c concentration higher than 6.5%, or
current use of hypoglycemic medication. Hyperlipidemia was de-
termined as a total cholesterol concentration higher than 220 mg/dL or
current use of cholesterol-lowering medication. With respect to current
smoking and drinking habits, those who had not smoked or drank al-
cohol for over a year were categorized as non-smokers and non-drin-
kers, respectively. We collected data on the number of years of edu-
cation, as this may also influence the risk of cognitive impairment.
Neurological deficits within 120 days were also determined. Patients
with CLAD on both sides were defined as having bilateral lesions. CLAD
was categorized as right, left, or bilateral. The presence of tandem le-
sions was determined in those with both CA and MCA lesions on either
side.

Cerebral perfusion was measured by Tc-99 m ECD SPECT. The
SPECT scan was started 5 min after the administration of 600 MBq of
Tc-99 m ECD, and data were collected for 20 min using a 3-head
gamma camera. All of the patients included in this study underwent an
MRI scan. Deep subcortical white matter hyperintensity (DSWMH) and
periventricular hyperintensity (PVH) were evaluated using fluid-atte-
nuated inversion recovery images. The severities of DSWMH and PVH
were stratified according to the report by Shinohara et al. [8]. The
assessments were performed by two experienced neurologists (S.K. and
T.O.) and agreements were reached between them in all cases.

The Montreal Cognitive Assessment (MoCA) is a well-refined tool
for examining cognitive function, especially in patients with cognitive
impairment related to stroke. The MoCA is useful for the precise eva-
luation of impaired cognitive performance in CLAD patients [9–11]. To
address patients' cognitive functions, the Japanese version of the MoCA
was administered by an experienced speech therapist (J.W.) [9]. The
MoCA is a 10-min cognitive screening tool used to detect impaired
cognitive performance. One additional point was added to the scores of
patients with 12 years of education or less [12]. The MoCA was ad-
ministered before patients who were due to undergo carotid en-
darterectomy or carotid arterial stenting received the intervention.
Cognitive impairment was defined as a MoCA score of 25 or less. The
patients were divided into two groups: CoI+ and CoI−. Total MoCA
scores were divided into six subscores according to the previous report
[13]: visuospatial (4 points), executive (4 points), attention (6 points),
language (5 points), memory (5 points), and orientation (6 points).

2.1. Statistics

First, univariate analyses were conducted to assess the differences in
patients' background characteristics, vascular lesion characteristics, and
imaging findings between the CoI+ and CoI− groups. The factors that
were associated with cognitive impairment with P values of< 0.10 in
the univariate analyses were then entered into a logistic regression
analysis. Patients were divided on the basis of each factor associated
with cognitive impairment, and all of the MoCA subscores were then
compared. The data were analyzed using the Statistical Package for the
Social Sciences (SPSS) version 22.0, and P values of 0.05 were con-
sidered statistically significant.

3. Results

We registered 176 patients with CLAD in our study. Of these, 136
(77.2%) belonged to the CoI+ group, while the remaining 40 (22.8%)
scored 26 or more and were assigned to the CoI− group.

Table 1 compares the background characteristics, vascular lesion
characteristics, and imaging findings between the CoI+ and CoI−
groups. Univariate analyses indicated that those in the CoI+ group
were significantly older, had fewer years of education, and were more
likely to have a drinking habit. Patients in the CoI+ group were more

likely to have CA lesions than MCA lesions. Concerning the imaging
findings, the degree of stenosis did not statistically differ between the
two groups. However, cerebral perfusion was more diminished in the
CoI+ group (P < 0.001), and PVH and DSWMH were more severe in
the CoI+ group (P < 0.001, P= 0.014, respectively).

Logistic regression analysis indicated that the factors associated
with cognitive impairment were age (odds ratio (OR): 1.09, P = 0.011),
drinking habit (OR: 7.15, P = 0.003), PVH (OR: 3.46, P = 0.003), and
cerebral perfusion (OR: 0.897, P= 0.007) (Table 2).

The MoCA subscores were compared after dividing patients by age
(under 65, 65 to 74, and 75 or older: Fig. 1), drinking habit, PVH se-
verity (0, 1 to 2, and 3 to 4: Fig. 3) or cerebral perfusion (under 30, 30
to 39.9, and 40 or more: Fig. 2), and drinking habit (Fig. 4). Attention,
memory, and orientation scores were significantly associated with age,
PVH severity, and cerebral perfusion, but none of the subscores was
associated with drinking habit.

4. Discussion

The purpose of the current study was to assess the prevalence of

Table 1
Patient characteristics and imaging findings in the CoI+ and CoI− groups.

CoI+ (n= 136) CoI– (n = 40) P

Age (years) 72 (67–78) 66 (58–71) < 0.001*
Sex (man %) 106(78%) 30(75%) 0.399
Hypertension 114(84%) 29(73%) 0.107
Diabetes mellitus 52(38%) 15(38%) 0.933
Dyslipidemia 89(65%) 26(65%) 1
Smoking habit 38(28%) 10(25%) 0.714
Drinking habit 43(32%) 4(10%) 0.007
Years of education 12 (9–14) 12 (12–16) 0.005*
Neurological deficits within

120 days
51(38%) 20(50%) 0.157

Tandem lesion 15(11%) 3(8%) 0.576
Opposite lesion 50(37%) 16(40%) 0.709
Lesion of CA or MCA – – 0.001
MCA 15(11%) 14(35%)
CA 98(88%) 18(60%)
Tandem lesion 1(0.7%) 1(2.5%)

Side of the stenosis – – 0.841
Right 59(43%) 18(45%)
Left 54(40%) 14(35%)
Bilateral 23(17%) 8(20%)

Cerebral perfusion (ml/min/
100 g)

34.3 (31.5–37.9) 37.7 (34.9–44.6) < 0.001*

Degree of ICA stenosis (%) 80.0 (62.8–95.0) 73.5 (56.0–100) 0.692*
PVH 1.0 (0–1) 0.0 (0–0) < 0.001*
DSWMH 2.0 (1–3) 2.0 (1–2) 0.014*

Data are median (range) or no. (%) of patients. * indicates that the Mann-Whitney U test
was used. MCA; middle cerebral artery, CA; carotid artery, PVH; periventricular hyper-
intensity, DSWMH; deep subcortical white matter hyperintensity.

Table 2
Logistic regression analysis for the risk factors associated with cognitive impairment.

OR CI P

Age 1.09 1.02–1.16 0.011
Sex 0.77 0.23–2.63 0.68
Hypertension 1.03 0.31–3.40 0.96
Duration of education 0.85 0.71–1.03 0.107
Current drinking habit 7.15 1.93–26.46 0.003
Neurological deficits within 120 days 0.48 0.18–1.28 0.15
Lesion (ICA) 1.27 0.45–3.55 0.65
Lesion side 1.15 0.62–2.15 0.66
PVH 3.46 1.53–7.85 0.003
DSWMH 0.64 0.33–1.25 0.19
Cerebral perfusion (ml/100 g/min) 0.897 0.83–0.97 0.007

OR; odds ratio, CI; confidential interval.
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cognitive decline in patients with CLAD and the associated risk factors.
The results indicated a surprisingly high prevalence of cognitive de-
cline. The factors associated with total MoCA scores were age, drinking
habit, PVH, and cerebral perfusion. An analysis of MoCA subscores
indicated that attention, memory, and orientation were significantly
affected by older age, severe PVH, and cerebral hypoperfusion, but not
drinking habit.

Several studies have addressed the association between the patho-
physiology of cognitive decline and the occurrence of ischemic stroke,
chronic hypoperfusion in the brain parenchyma, and white-matter le-
sions in patients with CLAD that were possibly caused by subcortical

ischemia and micro-embolization [14,15]. A meta-analysis in patients
with asymptomatic CA stenosis also reported a significant association
between poor cognitive performance and hypoperfusion and white-
matter lesions as well as age, sex, and education [16]. Although the
severity of white-matter lesions is strongly associated with poor cog-
nitive performance [17], atherosclerosis of medullary vessels is in-
variably found in areas of white-matter lesions, including in our study.
These changes in the small arteries are mainly related to ageing and
atherosclerotic risk factors [6,18,19]. Patients with CLAD occasionally
have these risk factors, and hence they could develop white-matter
lesions and cognitive decline. Furthermore, a recent study reported that

Fig. 1. MoCA subscores by age category. Attention, memory, and orientation scores were significantly lower in the older than the younger age group.

Fig. 2. MoCA subscores by cerebral perfusion category. Visuospatial, executive function, attention, memory, and orientation scores were significantly lower in patients with cerebral
hypoperfusion.

Fig. 3. MoCA subscores by severity of PVH. Visuospatial, attention, memory, and orientation scores were significantly lower in patients with severe PVH.

Fig. 4. MoCA subscores by drinking habit. None of the scores significantly differed between patients who did and did not drink alcohol.
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CA stenosis exacerbates cerebral hypoperfusion, which may subse-
quently cause brain atrophy, cognitive decline, and dementia [20].
Although it is well known that strict treatment of atherosclerotic risk
factors and intervention for CLAD are important to reduce the occur-
rence of ischemic stroke, such management might also be necessary to
prevent a progressive decline in cognitive performance.

However, it is still unclear why drinking habit contributed to the
poor cognitive performance of patients with CLAD. Hippocampal vo-
lume was reported to be significantly decreased in chronic alcoholism
[21], and a recent report suggested that cortical and subcortical
shrinkage was more evident in those with alcohol-use disorders than
healthy controls [22]. Dehydration in those with CLAD may increase
the hypoperfusion, which might worsening patients' cognition. The fact
that none of the MoCA subscores differed between patients who did and
did not drink alcohol suggests that the influence of alcohol might be
insignificant. This is an inconclusive issue that requires further re-
search.

The analysis of MoCA subscores revealed that attention, memory,
and orientation were the common factors significantly associated with
age, PVH, and cerebral perfusion. Attention, motivation, and orienta-
tion are controlled by the prefrontal-subcortical circuit, which is oc-
casionally affected by ischemic lesions [6]. Frontal hypoperfusion
contributes to impaired attention in vascular dementia [23]. Thus, age,
PVH, and hypoperfusion might cause frontal lesions, especially in the
prefrontal-subcortical circuit, resulting in attention, memory, and or-
ientation impairments. In contrast, circulatory failure and hypoxia
frequently occur in patients with multiple atherosclerosis, which might
lead to lower hippocampal volumes and the occurrence of Alzheimer's
disease [24,25]. We did not assess the patients longitudinally and were
unable to determine whether CLAD directly caused the cognitive de-
cline or induced the early stage of Alzheimer disease. Further studies
are needed to assess the role of atherosclerosis in cognitive decline and
the onset of dementia.

The study was subject to some limitations. First, the number of
patients was small. Second, we performed a simple evaluation of cog-
nitive performance rather than using a more complex test battery. A
multicenter prospective observational study should be conducted to
confirm the results using various batteries. Third, this was a cross-sec-
tional, observational study, and a longitudinal follow-up was not con-
ducted. This may have led to under-diagnosis of cognitive impairment.
Finally, although we speculated that patients' impaired cognitive per-
formance was due to frontal hypoperfusion and dysfunction of the
prefrontal-subcortical circuit, we could not prove this in this study.

In conclusion, a high percentage of patients with CLAD showed
cognitive impairments that were associated with older age, current
drinking habit, severe PVH, and cerebral hypoperfusion.

References

[1] J.T. O'Brien, A. Thomas, Vascular dementia, Lancet 386 (10004) (2015)

1698–1706.
[2] E.B. Mathiesen, K. Waterloo, O. Joakimsen, et al., Reduced neuropsychological test

performance in asymptomatic carotid stenosis: the Tromso study, Neurology 62 (5)
(2004) 695–701.

[3] S.C. Johnston, E.S. O'Meara, T.A. Manolio, et al., Cognitive impairment and decline
are associated with carotid artery disease in patients without clinically evident
cerebrovascular disease, Ann. Intern. Med. 140 (4) (2004) 237–247.

[4] I.M. Popovic, V. Seric, V. Demarin, Mild cognitive impairment in symptomatic and
asymptomatic cerebrovascular disease, J. Neurol. Sci. 257 (1–2) (2007) 185–193.

[5] I.M. Popovic, A. Lovrencic-Huzjan, A.M. Simundic, et al., Cognitive performance in
asymptomatic patients with advanced carotid disease, Cogn. Behav. Neurol. 24 (3)
(2011) 145–151.

[6] G.C. Román, T. Erkinjuntti, A. Wallin, et al., Subcortical ischaemic vascular de-
mentia, Lancet Neurol. 1 (7) (2002) 426–436.

[7] American Psychiatric Association, Diagnostic and Statistical Manual of Mental
Disorders (DSM-IV), ed. 4, American Psychiatric Association, Washington, DC,
1994.

[8] Y. Shinohara, H. Tohgi, S. Hirai, et al., Effect of the ca antagonist nilvadipine on
stroke occurrence or recurrence and extension of asymptomatic cerebral infarction
in hypertensive patients with or without history of stroke (PICA study). 1. Design
and results at enrollment, Cerebrovasc. Dis. 24 (2–3) (2007) 202–209.

[9] J. Watanabe, T. Ogata, O. Hamada, et al., Improvement of cognitive function after
carotid endarterectomy–a new strategy for the evaluation of cognitive function, J.
Stroke Cerebrovasc. Dis. 23 (6) (2014) 1332–1336.

[10] M. Ihara, Y. Okamoto, R. Takahashi, Suitability of the Montreal cognitive assess-
ment versus the mini-mental state examination in detecting vascular cognitive
impairment, J. Stroke Cerebrovasc. Dis. 22 (6) (2013) 737–741.

[11] T.B. Cumming, J. Bernhardt, T. Linden, The Montreal cognitive assessment: short
cognitive evaluation in a large stroke trial, Stroke 42 (9) (2011) 2642–2644.

[12] Y. Fujiwara, H. Suzuki, M. Yasunaga, et al., Brief screening tool for mild cognitive
impairment in older Japanese: validation of the Japanese version of the Montreal
cognitive assessment, Geriatr. Gerontol. Int. 10 (3) (2010) 225–232.

[13] Z.S. Nasreddine, N.A. Phillips, V. Bédirian, et al., The Montreal cognitive assess-
ment, MoCA: a brief screening tool for mild cognitive impairment, J. Am. Geriatr.
Soc. 53 (4) (2005) 695–699.

[14] J.T. O'Brien, T. Erkinjuntti, B. Reisberg, et al., Vascular cognitive impairment,
Lancet Neurol. 2 (2) (2003) 89–98.

[15] L.K. Sztriha, D. Nemeth, T. Sefcsik, et al., Carotid stenosis and the cognitive func-
tion, J. Neurol. Sci. 283 (1–2) (2009) 36–40.

[16] X.L. Chang, H.Q. Zhou, C.Y. Lei, et al., Association between asymptomatic carotid
stenosis and cognitive function: a systematic review, Neurosci. Biobehav. Rev. 37
(8) (2013) 1493–1499.

[17] N.D. Prins, E.J. van Dijk, T. den Heijer, et al., Cerebral white matter lesions and the
risk of dementia, Arch. Neurol. 61 (10) (2004) 1531–1534.

[18] L. Pantoni, J.H. Garcia, The significance of cerebral white matter abnormalities 100
years after Binswanger's report. A review, Stroke 26 (7) (1995) 1293–1301.

[19] A. Furuta, N. Ishii, Y. Nishihara, et al., Medullary arteries in aging and dementia,
Stroke 22 (4) (1991) 442–446.

[20] M. Muller, Y. van der Graaf, A. Algra, et al., Carotid atherosclerosis and progression
of brain atrophy: the SMART-MR study, Ann. Neurol. 70 (2) (2011) 237–244.

[21] B.J. Nagel, A.D. Schweinsburg, V. Phan, et al., Reduced hippocampal volume
among adolescents with alcohol use disorders without psychiatric comorbidity,
Psychiatry Res. 139 (3) (2005) 181–190.

[22] X. Yang, F. Tian, H. Zhang, et al., Cortical and subcortical gray matter shrinkage in
alcohol-use disorders: a voxel-based meta-analysis, Neurosci. Biobehav. Rev.
(2016).

[23] K. Akanuma, K. Meguro, Y. Kato, et al., Impaired attention function based on the
Montreal Cognitive Assessment in vascular dementia patients with frontal hypo-
perfusion: the Osaki-Tajiri project, J. Clin. Neurosci. 28 (6) (2016) 128–132.

[24] C. Zarow, H.V. Vinters, W.G. Ellis, et al., Correlates of hippocampal neuron number
in Alzheimer's disease and ischemic vascular dementia, Ann. Neurol. 57 (6) (2005)
896–903.

[25] C.R. Wendell, S.R. Waldstein, L. Ferrucci, et al., Carotid atherosclerosis and pro-
spective risk of dementia, Stroke 43 (12) (2012) 3319–3324.

S. Kimura et al. eNeurologicalSci 8 (2017) 5–8

8

http://refhub.elsevier.com/S2405-6502(17)30020-5/rf0005
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf0005
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf0010
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf0010
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf0010
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf0015
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf0015
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf0015
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf0020
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf0020
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf0025
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf0025
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf0025
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf0030
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf0030
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf0035
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf0035
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf0035
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf0040
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf0040
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf0040
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf0040
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf0045
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf0045
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf0045
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf0050
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf0050
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf0050
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf0055
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf0055
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf0060
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf0060
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf0060
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf0065
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf0065
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf0065
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf0070
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf0070
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf0075
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf0075
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf0080
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf0080
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf0080
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf0085
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf0085
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf0090
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf0090
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf0095
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf0095
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf0100
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf0100
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf0105
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf0105
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf0105
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf0110
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf0110
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf0110
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf201706221415183264
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf201706221415183264
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf201706221415183264
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf0120
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf0120
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf0120
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf0125
http://refhub.elsevier.com/S2405-6502(17)30020-5/rf0125

	Does cerebral large-artery disease contribute to cognitive impairment?
	Introduction
	Material and methods
	Statistics

	Results
	Discussion
	References




