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Abstract 

Objective  To investigate cognitive dysfunction in patients with carotid artery stenosis (CAS) and 
potential risk factors related to cognitive-especially memory-dysfunction. 

Methods  Forty-seven patients with carotid artery stenosis were recruited into our study cohort. The 
Mini-Mental State Examination (MMSE) and the Montreal Cognitive Assessment (MoCA) were adopted 
to assess cognitive function, the Wechsler Memory Scale (WMS) to assess memory function, 
high-resolution MRI and enhanced ultrasound to evaluate carotid plaques, and computed tomography 
perfusion (CTP) imaging to evaluate intracranial blood perfusion. Single-factor analysis and 
multiple-factor regression analysis were used to analyze potential risk factors of cognitive impairment. 

Results  Mini-Mental State Examination test results showed that 22 patients had cognitive impairment, 
and MoCA test results showed that 10 patients had cognitive impairment. Analysis of various risk factors 
indicated that the average memory quotient of female patients was higher than that of males (P = 0.024). 
The cognitive and memory performance of those with an educational background above high school were 
significantly better than those of participants with high school or lower (P = 0.045). Patients with abnormal 
intracranial perfusion performed worse on the MMSE test (P = 0.024), and their WMS scores were 
significantly lower (P = 0.007). The MMSE scores and the memory quotients were significantly lower in 
patients with a history of cerebral infarction (MMSE, P = 0.047, memory quotient score, P = 0.018). 

Conclusion  A history of cerebral infarction and abnormal cerebral perfusion are associated with 
decline in overall cognitive function and memory in patients with carotid stenosis. Being female and 
having an educational background above high school may be protective factors in the development of 
cognitive dysfunction. 
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INTRODUCTION 

arotid artery stenosis (CAS) can lead to 
chronic cerebral hypoperfusion, recurrent 
ischemic stroke, and even disability or 

death, making it a serious threat to people's life and 
health. Studies have shown that approximately 50% 
of patients with severe carotid stenosis have 
associated cognitive decline[1,2]. Approximately 1 in 6 
patients with cognitive dysfunction may suffer an 
acute stoke, which leads to a huge financial burden on 
the family and society[3]. A previous study showed that 
cognitive dysfunction can be used as a predictor of 
mortality[4], and an investigation of carotid stenosis 
patients with cognitive dysfunction is necessary. 

Coronary artery stenosis can lead to various 
forms of cognitive impairment. Although several 
published studies investigated potential risk factors 
of cognitive impairment in patients with CAS, 
inconsistent results were found[5-7]. The current 
study aimed to investigate potential risk factors of 
cognitive dysfunction in CAS patients. In addition to 
general cognitive function, we also considered 
memory function. 

MATERIALS AND METHODS 

Study Design and Participants 

This was a cross-sectional, single-center study to 
evaluate potential risk factors of cognitive dysfunction 
in CAS patients. The study protocol was approved by 
the Institutional Review Board of Beijing Tiantan 
Hospital, Capital Medical University. Forty-seven CAS 
patients diagnosed by computed tomography 
angiography (CTA) in our institute from 2016 to 2018 
were recruited. All CAS patients had stenosis ≥ 70%. 
The diagnostic criteria were based on the guidelines 
for CAS (criteria of the North American Symptomatic 
Carotid Endarterectomy Trial[8]), and the procedures 
followed were in accordance with the institution’s 
guidelines. Patients were examined 1 week before the 
operative procedure. Written informed consent was 
obtained from all patients. 

Risk Factor Selection 

Age, gender, history of hypertension, diabetes, 
hyperlipidemia, smoking history, and other general 
characteristics were evaluated as potential risk 
factors. A history of infarction was defined as having 
once suffered a clinically diagnosed ischemic stroke. 
Abnormal blood perfusion, the degree of carotid 

stenosis, carotid artery plaque characteristics and 
potency of the Willis circle were also analyzed for 
their relationship with cognitive dysfunction. A 
potent Willis circle was defined as an anterior 
communicating artery, and at least one post 
communicating artery was sufficient. 

Demographic Examination  

All patients were examined by carotid CTA to 
evaluate the severity of carotid stenosis. A total of 
40 patients agreed to undergo intracranial CTA to 
assess the Willis circle and intracranial arteries.  

A total of 39 patients underwent computed 
tomography perfusion (CTP) examination to evaluate 
intracranial perfusion. Thirty-six patients underwent 
contrast-enhanced ultrasonography to determine 
whether plaques were vulnerable. In 19 patients, 
carotid artery high-resolution MRI was used to 
evaluate whether carotid artery plaques were 
ulcerated. The imaging findings were assessed and 
analyzed by experienced imaging specialists. 

Cognitive Function Assessment 

We used the Mini-Mental State Examination 
(MMSE) and Montreal Cognitive Assessment (MoCA) 
to assess overall cognitive function. The Wechsler 
Memory Scale (WMS) was used to evaluate memory 
function. An MMSE scale score of less than 27 points 
or an MoCA score of less than 26 points was defined as 
cognitive dysfunction[9-11]. A memory quotient score of 
less than 70 was defined as a memory disorder[12,13]. 
Scale tests and analyses were performed by the same 
experienced clinical psychologist. 

Statistical Analysis 

All statistical analyses were performed with SPSS 
23.0 (Windows version 23.0, IBM). Normally and 
non-normally distributed continuous data were 
compared using the Student’s t-test and the 
Wilcoxon rank-sum test test, respectively. Multiple 
factor analysis was performed by logistic regression. 
Pearson correlation analysis was used to assess the 
relation between risk factors and cognitive 
impairment. A probability value of P < 0.05 was 
considered to indicate significance. 

RESULTS 

Baseline Data  

A total of 47 patients were enrolled in the study, 
among which 10 (21.28%) were female and 36 
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(78.72%) were male. The average age of the enrolled 
patients was 62 ± 0.41 years (range: 44 to 73 years). 
Thirty-two (68.1%) patients were diagnosed with 
hypertension, 16 (34.0%) with diabetes, 12 (25.5%) 
with heart disease, and 8 (17.0%) with 
hyperlipidemia. Twenty-eight patients (59.6%) had a 
history of cerebral infarction, 22 (46.8%) had a 
history of alcohol drinking, and 27 (57.4%) had a 
history of smoking. Seventeen (36.2%) patients had 
completed education above high school. 

Imaging Evaluation Results 

To determine the impact of the potency of the 
Willis circle on cognition, a total of 40 patients 
underwent intracranial CTA examination, and 19 
(40.4%) of them showed a potent Willis circle. 
Considering that the degree of stenosis may influence 
cognitive function, patients were categorized as having 
severe stenosis (carotid stenosis > 70%) or occlusion 
(carotid stenosis ≥ 99%). Thirty-nine (83.98%) patients 
were found to have severe stenosis and 8 (16.02%) 
had carotid occlusion. A total of 39 patients underwent 
CTP examination to assess intracranial perfusion. 
Results showed that 8 (20.51%) patients had normal 
CTP, and the other 31 (79.49%) patients showed 
abnormal intracranial perfusion. Thirty-six patients 
underwent contrast-enhanced ultrasonography to 
determine vulnerable plaques, and 25 (72.22%) 
patients were found to have vulnerable plaques. The 
characters of plaques were analyzed using 
high-resolution MRI, and 7 (36.84%) of 19 patients 
showed ulceration in their carotid plaques.  

Cognitive Scale Results  

A total of 47 patients agreed to undergo 
cognitive function assessment. Results of the MMSE 
showed that 22 people (46.8%) had cognitive 
impairment. MoCA test results showed that 10 
people (21.3%) had an impaired cognitive function 
(Figure 1). The WMS test showed that 1, 2, and 9 
patients had severe, moderate, and mild memory 
impairment, respectively (Figure 2). We conducted 
an independent-sample t-test to evaluate the 
relationships between various risk factors and each 
test score. We found that the average memory 
quotient of females was 81.70, significantly higher 
than that of males (P = 0.024). Cognitive and 
memory performance was significantly better in 
patients with a higher vs. a lower educational 
background (P = 0.045). The MMSE scores of 
patients with abnormal intracranial perfusion were 
worse (P = 0.024) than those of patients with normal 

perfusion. Patients with abnormal blood perfusion 
scored an average of 76.97 on the WMS, significantly 
lower than those with normal perfusion, who scored 
an average of 92.25 (P = 0.007). Patients with a 
history of brain infarction also obtained a lower 
score on the MMSE (P = 0.047) and WMS (P = 0.018). 
As for other potential risk factors, no significant 
relation was found between any of the factors and 
the decreased score (Table 1). Moreover, no 
statistical significance was found when the above 
risk factors were analyzed via binary logistic 
regression analysis. In an analysis of the relationship 
between risk factors and cognitive impairment by 
Pearson correlation analysis, cerebral hypoperfusion 
was found to be a risk factor by MoCA (P = 0.015) 
and a history of infarction was a risk factor for 
memory impairment (P = 0.031) (Table 2). 
 

 
Figure 1. The general cognitive function of 
patients in this study. The MMSE results showed 
that 22 people (46.8%) had cognitive impairment. 
The MoCA test results showed that 10 people 
(21.3%) had impaired cognitive function. 

 

 
Figure 2. Results of WMS in 47 patients with CAS. 
One patient had severe memory impairment, 2 
had moderate memory impairment, 9 had mild 
memory impairment, 8 were in a borderline 
condition, 12 had subnormal and 15 had normal 
memory. 
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Studies focused on the degree of carotid stenosis, 
plaque characteristics, and cerebral perfusion have 
been conducted to determine the relationship 
between cognitive dysfunction and carotid stenosis. 
However, a more comprehensive study is needed to 
identify potential factors that may lead to cognitive 
impairment in patients with carotid stenosis. 

Both the MMSE and the MoCA scale are 
currently used to assess the overall cognitive 
performance of adults, and both scoring systems 
have their merits and drawbacks. The MMSE is more 
suitable for patients with moderate or severe 
dementia, but the test is also appropriate for 
patients with impaired cognitive domains other than 
the main complaint of memory loss. In contrast, the 
MoCA scale is more suitable for patients with mild 
cognitive impairment, especially those with 
impairment of individual cognitive domains, such as 
memory impairment. A combined use of the two 
scales may improve diagnostic sensitivity, which will 
help to uncover more potential risk factors of 
cognitive impairment. 

After assessing age, gender, education level, 
hypertension, diabetes, tobacco use, and alcohol use, 
we found that patients with an educational 
background above high school performed better, 
and females scored higher on the WMS test. Other 
factors showed no significant correlation with 
cognitive impairment. Although differences in 
cognitive performance between male and female 
patients were not found in several previous 
studies[14,15], one study suggested that anti-estrogen 
endocrine therapy in patients with breast cancer is 
associated with aberrant verbal learning/memory[16]. 
Another study indicated that estrogen could improve 
spatial memory by vasodilation and increased 
cerebral blood flow[17]. We speculated that estrogen 
may act as a protective factor of patients’ memory 
function. We found that those with a level of 
education above high school scored higher on the 
MMSE and WMS, in agreement with an earlier 
study[18]. People with higher education may have 
more active minds, which may slow down the 
decline of cognitive function. Although other studies 
have shown the possibility of a correlation between 
other factors and cognitive impairment, no 
significant association was found in our study[19-22]. 

Cognitive function is closely related to the 
degree of carotid stenosis. Previous studies have 
shown that patients with severe carotid stenosis 
scored significantly lower on the MMSE than those 
with moderate carotid stenosis[23]. A study found 

that attention, memory, visual spatial ability, and 
language fluency were significantly lower in patients 
with carotid stenosis than in healthy controls and 
negatively related to the degree of carotid artery 
stenosis[24]. We predicted that carotid artery 
occlusion may lead to a more severe decrease in the 
cerebral blood supply compared with severe stenosis, 
which is likely to be one of the factors responsible 
for aggravated cognitive dysfunction. No significant 
difference in cognitive function was found between 
patients with or without carotid occlusion. We 
speculated that a sufficient collateral blood supply 
has formed in the process of carotid occlusion, which 
results in the stabilization of cerebral blood 
perfusion in the process.  

According to the Gray-Weale classification, 
vulnerable plaques are highly susceptible to rupture 
and eventually lead to clinical events, especially 
subtle cognition impairment[25]. Microthrombosis 
and quickly accentuated carotid stenosis caused by 
plaques were thought to be the reason for impaired 
cognition. Vulnerable plaques have a strong 
relationship with cognitive impairment among 
stroke-free patients[26,27]. We identified vulnerable 
plaques using contrast-enhanced ultrasound, but no 
significant correlation between plaque vulnerability 
and impaired cognition was found. We expected that 
ulcerated plagues would be more likely to cause 
microthrombosis, so we used high-resolution MRI to 
assess the characters of carotid plaques. 
Interestingly, ulcerated plaques were not associated 
with the decline of cognition. Patients with a history 
of cerebral ischemia were not excluded, which may 
have led to the lack of correlation between 
vulnerable or ulcerated plagues and cognitive 
disfunction. Further research should be carried out 
to determine in more detail the role of plagues in 
the progression of cognitive impairment. 

Studies have demonstrated that patients with 
ischemic stroke have a better prognosis when they 
have a collateral blood supply than when they do not. 
In addition, patients with a high collateral 
compensative capacity would have a better response 
to revascularization surgery[28,29]. There are usually 
three types of collateral circulation, including the 
Willis circle, one of the most efficient ways[29]. We 
expected that a potent Willis circle could improve 
the blood supply and alleviate the decline of 
cognitive function. However, no obvious relationship 
between a potent Willis circle and cognitive function 
was observed in the current study. One study 
indicated that without considering the factor of age, 
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atherosclerosis of the Willis circle is associated with 
dementia[30]. In another study, although the role of 
the Willis circle in the process of cognitive 
impairment was not explained, it was noted that 
occlusion of the Willis circle is one of the 
independent risk factors for early postoperative 
cognitive impairment[31], indicating that the Willis 
circle could influence cognitive function. 
Furthermore, other types of collateral arteries may 
impact the progress of cognitive impairment in CAS 
patients. Further studies should be conducted to 
determine the association between collateral 
circulation and cognitive dysfunction. 

Cerebral atherosclerosis may lead to decreased 
cerebral vascular reserve capacity and decreased 
cerebral blood flow, which can result in abnormal 
brain function as well as cognitive dysfunction[32]. 
Currently, some scholars propose that long-term 
hypoperfusion leads to the white matter disorder, 
which may lead to cognitive impairment[33]. Other 
studies have shown that hypoperfusion may lead to 
decreased neuronal activity, abnormal brain 
connections, and hence, to cognitive dysfunction[34]. 
In this study, we also found that patients with 
normal intracranial perfusion had significantly higher 
MoCA scores and memory quotients than those with 
abnormal perfusion. It is clear that cerebral 
hypoperfusion in patients with carotid artery 
stenosis is one of the most important factors leading 
to cognitive dysfunction. But this study did not 
clarify the association between the specific area of 
low perfusion and decreased cognitive function.  

LIMITATION 

As this was a cross-sectional study, the role of 
various potential factors in the development of 
cognitive impairment could not be clearly defined, 
and potential factors such as the role of ulcerated 
plagues in the progress of stenosis may have been 
omitted. In addition, we had a relatively small 
sample size of 47 patients, which may undermine 
the power of the correlation between these risk 
factors and cognitive impairment in CAS patients. 

CONCLUSION 

This study aims to identify factors associated 
with cognitive dysfunction in patients with carotid 
stenosis. We found that a history of cerebral 
infarction and abnormal cerebral perfusion were 
associated with a decline in overall cognitive 

function and memory. Being female and having an 
education level above high school may be protective 
factors in the progress of cognitive dysfunction. 
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