J Appl Biomed
DOI: 10.32725/jab.2022.018

Journal of Applied Biomedicine 3

Original research article

Neuropsychological tests and prediction of dementia
in association with the degree of carotid stenosis

journal homepage: http://jab.zsf jcu.cz

Ondtej Machaczka 2 *, David Skoloudik 3, Jana Janoutova -4, Martin Roubec 33, Eva Reiterova ?,
Martina Kovalova 2, Anna Zatloukalova %2, Petr Ambroz 2, Vladimir Janout !

* Palacky University Olomouc, Faculty of Health Sciences, Science and Research Centre, Olomouc, Czech Republic

? Palacky University Olomouc, Faculty of Health Sciences, Department of Healthcare Management and Public Health, Olomouc, Czech Republic
3 University of Ostrava, Faculty of Medicine, Medical Research Center, Ostrava, Czech Republic

# Palacky University Olomouc, Faculty of Medicine and Dentistry, Department of Public Health, Olomouc, Czech Republic

> University Hospital Ostrava, Department of Neurology, Ostrava, Czech Republic

Abstract

This study constitutes a cross sectional analysis of the association between cognitive impairment defined by neuropsychological tests
and carotid stenosis. The main objective was to compare the results of the Mini-Mental State Examination (MMSE) and Addenbrooke’s
Cognitive Examination-Revised (ACE-R) with regard to the degree of carotid stenosis. The sample comprised 744 patients who underwent
a carotid duplex ultrasound and cognitive function testing (by ACE-R and MMSE). A multivariable analysis of potential confounding
factors was completed. The significance of the different number of positive (MMSE < 27, ACE-R < 88) and negative (MMSE > 28,
ACE-R 2 89) results of the neuropsychological tests was analysed with regard to the degree of carotid stenosis (50-99%). Neuropsychological
test results were also compared between carotid stenosis of 50-69%, 70-89%, and 90-99%. For both the MMSE and ACE-R, a difference
was observed between positive and negative test results when higher degrees of stenosis were present. However, for the ACE-R only,
more severe stenosis (80-89%, 90-99%) was predominantly associated with positive test results (p-value < 0.017). The same dependence
for ACE-R (although not statistically significant) was observed in the group of patients without an ischemic stroke (confounding factor).
In the case of the MMSE and more severe stenosis, negative results predominated, regardless of the confounding factor. There were no
statistically significant differences in test results between carotid stenosis of 50-69%, 70-89%, and 90-99%. The results suggest that
for assessing the early risk of cognitive impairment in patients with carotid atherosclerosis, the ACE-R appears more suitable than the
MMSE.
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Highlights:

+ MMSE and ACE-R positive and negative results differed in higher degrees of stenosis.
+ As carotid stenosis increases, the number of patients with low ACE-R scores increases.
+ In case of more severe stenosis, normal (physiological) MMSE results predominated.

+ The ACE-R appears more suitable for use in patients with carotid atherosclerosis.

Abbreviations:
ACE-R - Addenbrooke’s Cognitive Examination-Revised; MMSE — Mini-Mental State Examination; MoCA — Montreal Cognitive
Assessment; MCI - mild cognitive impairment

hypothesized that neurodegenerative and vascular lesions co-

Introduction

Arterial atherosclerosis is thought to greatly contribute to the
development of dementia, in particular the two major sub-
types, Alzheimer’s and vascular dementia (ladecola, 2010).
Despite the well-known association between atherosclerosis
risk factors and age-related cognitive decline, the underlying
pathophysiological processes remain elusive. It is currently

exist, playing a synergistic role in the development of cogni-
tive disorders and dementia. The association may be mediated
by cerebrovascular disease such as stroke and small vessel dis-
ease (lacunar infarcts), or may result from cerebral hypoper-
fusion (Harlé and Plichart, 2015; Iadecola, 2010). Moreover,
the carotid artery is ideally placed for ultrasound examination
and assessment of atherosclerosis, potentially enabling early
and intensified risk factor management to preserve cognitive

* Corresponding author: Ondfej Machaczka, Palacky University Olomouc, Faculty of Health Sciences, Science and Research Centre,
Hnévotinska 976/3, 775 15 Olomouc, Czech Republic; e-mail: ondrej.machaczka@upol.cz

http://doi.org/10.32725/jab.2022.018

Submitted: 2022-05-10 + Accepted: 2022-12-02 « Prepublished online: 2022-12-15

J Appl Biomed 20/4: 115-123 « EISSN 1214-0287 « ISSN 1214-021X

© 2022 The Authors. Published by University of South Bohemia in Ceské Budéjovice, Faculty of Health and Social Sciences.

This is an open access article under the CC BY-NC-ND license.



116 Machaczka et al. / J Appl Biomed

function or delay further decline (Thle-Hansen et al., 2021).
According to several studies, cognitive function is strongly
related to the degree of carotid stenosis (Thle-Hansen et al.,
2021; Lal et al., 2017; Martini¢-Popovic et al., 2009; Wang et
al., 2016).

According to the World Alzheimer Report 2019, more than
50 million people worldwide live with dementia (Alzheimer’s
Disease International, 2019). This number nearly doubles
every 20 years and is expected to reach 82 million by 2030 and
152 million by 2050. These new estimates are approximately
10-13% higher than those published in the World Alzheim-
er Report 2016 (Prince et al., 2016). Moreover, Alzheimer’s
Disease International claims that most people currently living
with dementia are not formally diagnosed. In high-income
countries, only 20-50% of dementia cases are recognized and
documented by primary care. The percentage is even smaller in
middle- and low-income countries (Prince et al., 2011). In the
Czech Republic, the 2016 estimate was 155,900 people with
dementia; the actual number is unknown (Matl et al., 2016).

Given the diversity of clinical presentation and complex
neuropathology of dementia, its classification remains con-
troversial. The US National Plan to Address Alzheimer’s Dis-
ease has proposed that Alzheimer’s disease-related dementias
include the following entities: Alzheimer’s disease, dementia
with Lewy bodies, frontotemporal dementia, vascular demen-
tia, and mixed dementias (Raz et al., 2016). Cognitive impair-
ment may not be recognized until it progresses to moderate
or severe stages (Lin et al., 2013; Tsoi et al., 2015). In that
respect, neuropsychological tests (also known as screening
tests, cognitive ability tests, or cognitive tests) are rapid and
useful tools for assessing patients’ cognitive status (Ashford et
al., 2006). The test most commonly used for screening demen-
tia is the Mini-Mental State Examination (MMSE). However,
many other neuropsychological tests have comparable diag-
nostic yield (Tsoi et al., 2015). According to several studies,
Addenbrooke’s Cognitive Examination-Revised test (ACE-R)
is the best alternative neuropsychological test for dementia,
and the Montreal Cognitive Assessment (MoCA) for screening
mild cognitive impairment (MCI) (Tsoi et al., 2015).

The main objective of the study was to compare results of
MMSE and ACE-R with regard to the degree of carotid ste-
nosis. The study constitutes a cross sectional analysis of the
association between cognitive impairment defined by neu-
ropsychological tests and the degree of carotid stenosis. It was
conducted as part of a Czech Health Research Council project
entitled “Possible influence of atherosclerosis on dementia
development”, the main objective of which is to confirm the
hypothesis that atherosclerosis considerably influences cogni-
tive decline and significantly increases the risk of dementia in
various ways.

Materials and methods

Sample

The analysis comprised ANTIQUE (Atherosclerotic Plaque
Characteristics Associated with a Progression Rate of the
Plaque and a Risk of Stroke in Patients with the Carot-
id Bifurcation Plaque Study; ClinicalTrials.gov Identifier:
NCT02360137). The inclusion criteria were (1) age 30-90
years; (2) ultrasonographically detected carotid bifurcation
stenosis of 50-99%, as classified by the NASCET criteria
(North American Symptomatic Carotid Endarterectomy Tri-
al, et al., 1991; von Reutern et al., 2012); and (3) written
informed consent. The exclusion criterion was impairment

not allowing cognitive testing (e.g., severe visual or hearing
impairment). Patient examination and data collection took
place between the years 2015 and 2020. First, all patients un-
derwent an ultrasound examination with an evaluation of the
degree of stenosis (see section Ultrasound examination), and
only then cognitive tests (see section Cognitive testing). For
the purposes of this work, patients were divided according to
the results of neuropsychological tests into a group of cases
and controls (see section Cognitive testing).

The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Ethics Commit-
tee of Faculty of Health Sciences, Palacky University Olomouc
(protocol code UPOL-83451/1040-2018, date of approval
6 June 2018; and protocol code UPOL-90360/1030-2019, date
of approval 12 June 2019).

Clinical examination

On their enrolment in the study, all patients underwent neu-
rological and physical examinations. Their blood pressure was
taken (a single measurement at rest following ultrasound ex-
amination) and demographic and clinical data were recorded
such as age, sex, medical history (arterial hypertension, dia-
betes mellitus, hyperlipidemia, coronary heart disease, atri-
al fibrillation, myocardial infarction or other heart diseases,
stroke including its type, surgery or stenting including that of
carotid, coronary, or leg arteries), smoking, alcohol consump-
tion, and medicines.

Ultrasound examination

All participants underwent a standard ultrasound scan using
the Mindray DC8 duplex ultrasound system (Mindray, Shen-
zhen, China) with a 3-12 MHz linear transducer (L12-3E).
The neck arteries (both carotid and vertebral) were examined
and flow curves were obtained for all intracranial arteries
visible. For all plaques causing carotid bifurcation stenosis
of 50-99%, 10s sequences were recorded in the longitudinal
and cross-sectional planes to assess plaque characteristics
including the thickness, residual lumen, flow curves showing
the peak, median and end-diastolic velocity. The parameters
were used to determine the severity of stenosis expressed as a
percentage, according to previously published criteria (Stege-
huis et al., 2018; von Reutern et al., 2012). The ultrasound was
performed by nationally certified neurologists for performing
neurosonological examinations. Scales were also performed by
neurologists.

Cognitive testing

In all patients, cognitive functioning was assessed with the
MMSE and ACE-R (a revised Czech version). The tests were per-
formed under previously defined standard conditions (Molloy
and Standish, 1997). The raters had long-term experience and
were trained for administration of the tests. The MMSE results
were assessed using a cut-off of < 27 points for early detection
of cognitive impairment. These results were considered pos-
itive for cognitive impairment screening. Scores higher than
27 points were considered negative. In case of the ACE-R, the
cut-off for dementia, or Alzheimer’s disease, early detection
was < 88 points (Mioshi et al., 2006). Scores above 88 points
were deemed negative. Patients with MMSE scores 228 points
and ACE-R scores > 89 points had negative neuropsychological
test results (i.e., normal findings) and thus comprised a control
group (without cognitive impairment). Both test cut off points
were tested for the Czech population in previous studies (Bar-
tos and Raisova, 2016; Bartos et al., 2011; Hummelova-Fan-
frdlova et al., 2009).
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Statistical analysis

The normality of data distribution was evaluated with the
Shapiro-Wilk test. Demographic data are presented as mean
and standard deviation (SD), median and interquartile range,
or number and percentage. A multivariable analysis of poten-
tial confounding factors was completed for quantitative vari-
ables by correlation and regression analysis, and for dichoto-
mous variables by t-test, or nonparametric Mann-Whitney U
test. Further, frequency tables were used to group individual
data concerning stenosis percentages and neuropsycholog-
ical test results. Data on stenosis severity were divided into
groups by 10 percentage points (50-59%, 60-69%, 70-79%,
80-89%, 90-99%). Neuro-psychological test results were clas-
sified according to the following diagnostic criteria for the
presence of cognitive impairment: MMSE < 27 (presence of
dementia MMSE < 24), ACE-R < 88. The significance of differ-
ences between positive (MMSE < 27, ACE-R < 88) and negative
(MMSE > 28, ACE-R > 89) test results with regard to stenosis
groups was evaluated with a z-test. Statistical comparison of

neuropsychological test (MMSE, ACE-R) results among pa-
tients grouped by the degree of stenosis (50-69%, 70-89%,
90-99%) was made with a two-sample z-test. The statistical
tests were performed at a significance level of 5%. The analyses
were achieved using Statistica 13.4 (TIBCO Software Inc, Palo
Alto, USA).

Results

The sample comprised 744 patients. There was a preponderance
of males (70%). The mean age of participants was 68.2 years
(+ SD 7.6). All patients were diagnosed with carotid stenosis
of 50-99%. The mean MMSE and ACE-R scores were 27.5
(+ SD 3.0) and 84.4 (= SD 11.0) points, respectively. Patients
were divided into a group of cases and controls separately ac-
cording to the results of ACE-R and MMSE. The baseline char-
acteristics of the study groups are listed in Table 1.

Table 1. Baseline characteristics of the study groups divided according to the cognitive tests results

Study groups according to the cognitive test results

ACE-R MMSE
Characteristics Cases (n = 427) Controls (n = 317) Cases (n = 254) Controls (n = 490)
Mean * SD or N (%) Mean + SD or N (%) Mean + SD or N (%) Mean + SD or N (%)
Age (years) 69.4+7.5 66.6 + 7.5 69.9+7.6 67.3+7.5
Gender
Female 140 (33) 83 (26) 82 (32) 141 (29)
Male 287 (67) 234 (74) 172 (68) 349 (71)
Ischemic event
In sum 263 (62) 168 (53) 165 (65) 266 (54)
Ischemic stroke 164 (38) 90 (28) 106 (42) 148 (30)
TIA 89 (21) 54 (17) 51 (20) 92 (19)
Amaurosis fugax 20 (5) 26 (8) 12 (5) 34 (7)
Retinal infarction 4 (1) 5(2) 7()
Hypertension 371 (87) 279 (88) 219 (86) 432 (88)
Diabetes 162 (38) 102 (32) 92 (36) 172 (35)
Hyperlipidemia 352 (82) 262 (83) 197 (78) 417 (85)
Coronary heart disease 134 (31) 100 (32) 81 (32) 153 (31)
Myocardial infarction 66 (15) 42 (13) 34 (13) 74 (15)
Atrial fibrillation 35 (8) 19 (6) 23 (9) 31 (6)
Smoking
Smokers 158 (37) 134 (42) 94 (37) 198 (40)
Non-smokers 223 (52) 148 (47) 126 (50) 245 (50)
Ex-smokers 38 (9) 34 (11) 84 (33) 44 (9)
Alcohol consumption
Consumers 183 (43) 157 (50) 115 (45) 225 (46)
Abstainers 225 (53) 153 (48) 128 (50) 250 (51)
Carotid stenosis side
Left 200 (47) 129 (41) 120 (47) 209 (43)
Right 210 (49) 180 (57) 125 (49) 265 (54)

Note: SD - standard deviation.

Fig. 1 shows the relative frequencies of subjects with re-
gard to neuropsychological test results and degrees of carotid
stenosis. It can be seen that with increasing stenosis sever-
ity, the difference (in percent) increases between patients
with positive and negative ACE-R results (cases and controls).

This is because rising stenosis percentages are associated
with higher proportions of positive ACE-R results. For the
MMSE, no significant relationship with stenosis severity was
observed, with negative MMSE results predominating in all
stenosis groups.
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Fig. 1. Relative frequencies of subjects with regard to neuropsychological test results and percentages of carotid stenosis

The results of the multivariable analysis of potential con-
founding factors (Tulita et al., 2018) in the studied sample are
shown in Table 2. Randomized age is a statistically significant
confounding factor for positive results of neuropsychological
tests used (presence of cognitive impairment). For both ste-
nosis and cognitive impairment, ischemic stroke is an espe-
cially statistically significant confounding factor (p < 0.003).

Table 2. A multivariable analysis of potential confounding factors

Based on this finding, follow-up analyses were performed
separately in the group of all patients and in the group of pa-
tients without ischemic stroke. Because neuropsychological
tests are used both for screening of the general population -
regardless of “comorbidities” — and also in the diagnosis in
the case of a specific population, analyses of both groups were
performed.

Stenosis ACE-R positive MMSE positive

Variable
p-value or correlation coefficient (r)

Age-randomized r=0.0599 r=-0.192* r=-0.115*
Ischemic stroke 0.0034* <0.001* 0.003*
TIA NS NS NS
Amaurosis fugax NS 0.028* NS
Retinal infarction NS NS NS
Hypertension NS NS NS
Diabetes mellitus NS NS NS
Hyperlipidemia NS NS NS
Coronary heart disease NS NS 0.006*
Ischemic stroke 0.0034* <0.001* 0.003*

* Statistically significant at p <0.05; NS not statistically significant.

Tables 3 and 4 list absolute and relative numbers of sub-
jects by neuropsychological test (MMSE, ACE-R) results for
the group of all patients and patients without ischemic stroke,
with statistical significance of the difference between positive
and negative test results, for each stenosis severity group. The
results suggest that in the case of the MMSE, statistically sig-
nificant differences between positive and negative results were
observed in all patients with stenosis of 70-79%, 80-89%, and
90-99%. Most of these patients, however, had negative MMSE

results, that is, this test failed to detect cognitive impairment
in most patients with high stenosis percentages. Similarly,
there were statistically significant differences between pos-
itive and negative ACE-R test results in patients with severe
stenosis (namely 80-89% and 90-99%). However, positive
test results predominated, i.e., the proportion of patients de-
tected with cognitive impairment using the test increased with
carotid stenosis severity.
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Table 3. Absolute and relative numbers of subjects by MMSE results, with statistical significance of the difference between positive and

negative test results, for each stenosis severity group

MMSE positive MMSE negative
Total
Stenosis 0-24 pts.? 25-27 pts.P 28-30 pts. p-value
N (%) N (%) N (%) N (%)
Group of all patients (n = 744)
50-59% 3(27.27) 0 (0.00) 8 (72.73) 11 (100) 0.170
60-69% 4(8.89) 12 (26.67) 29 (64.44) 45 (100) 0.063
70-79% 21 (10.66) 26 (13.20) 150 (76.14) 197 (100) <0.001***
80-89% 33(10.78) 83(27.12) 190 (62.09) 306 (100) <0.001***
90-99% 32 (17.30) 40 (21.62) 113 (61.08) 185 (100) 0.003**
Total 93 (12.50) 161 (21.64) 490 (65.86) 744 (100) <0.001***
Group of patients without ischemic stroke (n = 490)
50-59% 2 (50.00) 0 (0.00) 2 (50.00) 4 (100) 1.000
60-69% 2(7.14) 6(21.43) 20 (71.43) 28 (100) 0.037*
70-79% 8 (6.90) 19 (16.38) 89 (76.72) 116 (100) <0.001**
80-89% 15 (7.08) 57 (26.89) 140 (66.04) 212 (100) <0.001***
90-99% 17 (13.08) 22 (16.92) 91 (70.00) 130 (100) <0.001***
Total 44 (8.98) 104 (21.22) 342 (69.80) 490 (100) <0.001***

2 MMSE criterion for dementia; ® MMSE criterion for MCI; *~*** level of statistical significance.

Table 4. Absolute and relative numbers of subjects by ACE-R results, with statistical significance of the difference between positive and

negative test results, for each stenosis severity group

ACE-R positive

ACE-R negative

Total
Stenosis 0-88 pts. 89-100 pts. p-value
N (%) N (%) N (%)
Group of all patients (n = 744)
50-59% 6 (54.55) 5(45.45) 11 (100) 0.764
60-69% 25 (55.56) 20 (44.44) 45 (100) 0.459
70-79% 107 (54.31) 90 (45.69) 197 (100) 0.228
80-89% 174 (56.86) 132 (43.14) 306 (100) 0.017*
90-99% 115 (62.16) 70 (37.84) 185 (100) 0.001**
Total 427 (57.39) 317 (42.61) 744 (100) <0.001***
Group of patients without ischemic stroke (n = 490)
50-59% 2(50.00) 2 (50.00) 4 (100) 1.000
60-69% 11 (39.29) 17 (60.71) 28 (100) 0.268
70-79% 64 (55.17) 52 (44.83) 116 (100) 0.268
80-89% 113 (53.30) 99 (46.70) 212 (100) 0.338
90-99% 73 (56.15) 57 (43.85) 130 (100) 0.164
Total 263 (53.67) 227 (46.33) 490 (100) 0.088

* = ***]evel of statistical significance.

In the case of patients without ischemic stroke, the situa-
tion was similar for MMSE. Statistically significant differences
between positive and negative MMSE results were observed
in patients without ischemic stroke with stenosis of 70-79%,
80-89%, 90-99%, and in addition with stenosis of 60-69%. In
all cases, negative MMSE results prevailed. The opposite situ-
ation was observed for ACE-R results in patients without is-
chemic stroke. No statistically significant difference was found
between positive and negative ACE-R results in all groups of
carotid stenosis, but in higher stenosis positive ACE-R results
prevailed (Table 4).

Table 5 shows the characteristics of MMSE and ACE-R re-
sults, providing a statistical comparison of the results among

patients grouped by the severity of stenosis (50-69%, 70-89%
and 90-99%). This comparison failed to show statistically
significant differences among both patient groups (all pa-
tients and patients without ischemic stroke) and thus various
degrees of stenosis. However, as seen from the mean scores
of neuropsychological tests, the mean MMSE score is nearly
identical to the test cut-off values between positive and nega-
tive results. By contrast, the mean ACE-R score is clearly below
the cut-off for positive test results, except in patients without
ischemic stroke and stenosis 50-69%, where the mean ACE-R
score is nearly identical to the cut off value (88 points).
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Table 5. Characteristics of neuropsychological test results and statistical comparison among patients grouped by the degree of stenosis

Characteristics of neuropsychological test results p-value
Degree of stenosis ) ) Sten. Sten.
Min Mean Med Max SD Variance 70-89% 90-99%

All patients (n = 744)
MMSE

Stenosis 50-69% (n = 56) 17.0 27.5 28.0 30.0 2.7 7.3 0.799 0.444

Stenosis 70-89% (n = 503) 10.0 27.6 29.0 30.0 2.9 8.6 - 0.073

Stenosis 90-99% (n = 185) 12.0 27.1 28.0 30.0 3.2 10.1 - -
ACE-R

Stenosis 50-69% (n = 56) 62.0 85.4 87.5 99.0 9.9 97.4 0.685 0.180

Stenosis 70-89% (n = 503) 36.0 84.8 87.0 100.0 10.5 1111 - 0.128

Stenosis 90-99% (n = 185) 6.0 83.2 86.0 99.0 12.3 151.3 - -
MMSE

Stenosis 50-69% (n = 56) 17.0 27.6 29.0 30.0 3.0 8.8 0.545 0.799

Stenosis 70-89% (n = 503) 16.0 27.9 29.0 30.0 2.3 5.2 - 0.408

Stenosis 90-99% (n = 185) 18.0 27.7 28.0 30.0 2.5 6.1 - -
ACE-R

Stenosis 50-69% (n = 32) 62.0 88.3 91.0 99.0 8.6 74.3 0.132 0.108

Stenosis 70-89% (n = 328) 36.0 85.7 88.0 100.0 9.4 87.3 - 0.750

Stenosis 90-99% (n = 130) 6.0 85.4 87.0 99.0 11.1 123.7 - .

Note: SD - standard deviation.

Discussion

According to epidemiological studies, atherosclerosis (in par-
ticular carotid atherosclerosis) may predict the development
of dementia (Harlé and Plichart, 2015). However, the patho-
physiological pathways are still not completely clear. Multiple
risk factors have been found to be associated with atheroscle-
rosis, for example obesity, cigarette smoking, arterial hyper-
tension, diabetes mellitus or hypercholesterolemia (Hajar,
2017; Janoutova et al., 2020). To a great extent these risk fac-
tors are modifiable. Therefore, they may be addressed by pre-
vention to avoid not only atherosclerosis but also dementia.
With increasing life expectancy, the incidence rates of both
atherosclerosis and dementia are expected to rise. It is there-
fore essential to search for new optimal ways of their modifi-
cation in the population (Janoutovi et al., 2020; Zatloukalova
etal., 2020). From that perspective, an effective approach may
be the use of neuropsychological tests. These are used both to
identify patients with early cognitive impairment (e.g., MCI
or early-stage Alzheimer’s disease) and to stage cognitive im-
pairment, support the diagnosis, determine the initiation of
therapy, and monitor its effect (Janoutova et al., 2018). Given
the reported association between carotid atherosclerosis and
cognitive impairment, the question arises as to how the asso-
ciation is reflected by these neuropsychological tests. Studies
have generally shown that patients with carotid stenosis have
statistically significantly worse neuropsychological test results
than controls (Martinié¢-Popovi¢ et al., 2012). However, there
is a dearth of studies comparing results of various neuropsy-
chological tests in association with the degree of carotid ste-
nosis. The presented study compares MMSE and ACE-R results
with regard to the degree of carotid stenosis.

MMSE is the most commonly test used for screening de-
mentia. According to a systematic review of Tsoi et al. (2015),
the ACE-R is one of the best alternatives with comparable dia-
gnostic effects. The combined sensitivity and specificity for
detection of dementia were 0.81 and 0.89, respectively, for the

MMSE, and 0.92 and 0.89, respectively, for the ACE-R (Tsoi
et al., 2015). Thus, the latter neuropsychological test showed
higher sensitivity and comparable specificity. For screening
MCI, the best possible alternative was found to be the MoCA,
with 0.89 sensitivity and 0.75 specificity (Tsoi et al., 2015).

In a study by Mathiesen et al. (2004), assessing the rela-
tionship between asymptomatic carotid stenosis and neu-
ropsychological tests, subjects with carotid stenosis had sig-
nificantly lower performance in tests of attention, memory,
psychomotor speed, and motor functioning. However, cogni-
tive problems of patients with advanced carotid stenosis are
usually mild and not severe enough to affect their everyday
activities. That is why these problems are not recognized by
patients, their families, or close friends (Sztriha et al., 2009).
Since such cognitive changes do not meet the criteria for dia-
gnosing dementia, they are defined as MCI (Martinié¢-Popovi¢
etal., 2012). Studies report that in these cases, the MMSE has
low sensitivity and is therefore not recommended for scree-
ning MCI (Nasreddine et al., 2005; Tombaugh and McIntyre,
1992). Patients with MCI (e.g., those with carotid artery dise-
ase) find tasks contained in the MMSE rather simple (Marti-
ni¢-Popovic et al., 2012).

This is also consistent with the present study, which failed
to show a relationship between MMSE results and the degree
of carotid stenosis, despite the use of a higher recommended
cut-off for detecting MCI (MMSE < 27) compared to the cut-
-off recommended for detecting dementia (MMSE < 24) (Bar-
tos and Raisova, 2016; Lin et al., 2013). In the entire sample,
negative MMSE results predominated (MMSE > 28, in patients
with higher stenosis percentages p-value < 0.003, see Fig. 1,
Table 3). The opposite was true for the ACE-R (Fig. 1, Table 4).
There was a statistically significant difference between nega-
tive and positive test results in patients with more severe caro-
tid stenosis (namely 80-89% and 90-99%). Unlike the MMSE,
positive test results were more prevalent with the ACE-R (<88,
p-value < 0.017), that is, the proportion of patients detected
with dementia increased with carotid stenosis severity.
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By multivariable analysis of our sample, it was found that
ischemic stroke is a statistically significant confounding factor
for both stenosis and dementia (assessed as a positive result
by ACE-R and MMSE). Based on this finding, a separate sta-
tistical analysis of the group of patients without an ischemic
stroke was performed. In the case of MMSE, the same as in
the group of all patients, negative MMSE results (228) predo-
minated with higher stenosis percentages (p < 0.037, Table 2).
The difference occurred in the case of ACE-R, where compared
to the group of all patients, no statistically significant diffe-
rence was found between positive and negative results in the
group of patients without ischemic stroke. As in the case of the
group of all patients, the positive results of ACE-R still prevai-
led, especially at higher degrees of stenosis. Reduction of the
subject number in the group of patients without ischemic stro-
ke could be the cause of statistical insignificance. There is alack
of knowledge of the isolated impact of neurologically asympto-
matic carotid stenosis (without stroke) on cognitive function.
This is because of concomitant vascular risk factors, which can
confound vascular cognitive impairment, as for example Lal et
al. (2017) state in their work. According to these authors, such
an impairment can be mediated by micro-embolic ischemic
brain injury from an unstable carotid plaque and cerebrovascu-
lar hemodynamic impairment (Lal et al., 2017). A circumscri-
bed ischemia with local flow decrease may result in different
cognitive abnormalities to those with diffuse hypoperfusion
caused by carotid stenosis. According to the study of Scherr et
al. (2012), carotid artery stenosis in stroke-free patients ne-
gatively correlated with measures of verbal fluency, construc-
tional praxis, verbal short-term memory, semantic processing,
speed of cognitive processing, and divided attention.

The ACE-R is a revised version of the original ACE (Mathu-
ranath et al, 2000). The test was developed to overcome
some shortcomings of the MMSE. Compared to the MMSE,
the ACE-R (ACE) contains more memory and visuospatial
ability items, as well as tests of executive function. In their
meta-analysis, Larner and Mitchell (2014) revealed that the
ACE-R has better diagnostic accuracy than the MMSE alone.
The first Czech adaptation of the ACE-R was found to have
1.00 sensitivity for detecting Alzheimer’s disease with a cut-
-off of 88 points and 0.96 sensitivity with a lower cut-off of
83 points (Hummelova-Fanfrdlova et al., 2009). According
to several studies (Alexopoulos et al., 2010; Fang et al., 2014;
Yoshida et al., 2012), the ACE-R (and its various language ver-
sions) is more sensitive and accurate in detecting MCI or mild
Alzheimer’s disease than the MMSE. In that respect, the ACE-
-R seems to be more suitable for the identification of patients
with MCI including, for example, those with carotid artery di-
sease, which is consistent with results in a group of all patients
of the presented study.

Due to potential licensing problems with the ACE-R, ano-
ther version was developed under the name ACE-III (Habib
and Scott, 2019). There are only minimal differences between
the two versions. For example, a study by Hsieh et al. (2013)
analyzing both tests concluded that their correlation is almost
perfect (r = 0.99). Subsequently, an abridged version of the
ACE-III was made, referred to as Mini-ACE (M-ACE). Accor-
ding to a systematic review (Beishon et al., 2019), assessing
the diagnostic accuracy of these two latest versions (ACE-III
and M-ACE) for the detection of dementia, its subtypes and
MCI, there is insufficient information to assess their accuracy
and further research is needed.

The present study also statistically compared MMSE and
ACE-R results among groups of patients with various degre-
es of stenosis. Patients were divided into groups with carotid

stenosis of 50-69%, 70-89%, and 90-99%. This division was
based on the fact that stenosis of 50-70% is associated with
no hemodynamic effects (no reduction in flow rate beyond the
stenosis), unlike stenosis of more than 70% or 75%. Stenosis
of more than 90% or 95% (pre-occlusive stenosis) results in
minimal flow rate per minute and markedly reduced flow ve-
locity (Skoloudik et al., 2003). The comparison failed to show
statistically significant differences in neuropsychological test
results among the patient groups and thus various degrees
of stenosis. However, comparison of the mean total scores
of neuropsychological tests shows that the mean MMSE sco-
re (27.1-27.6 + SD 2.7-3.2) is nearly identical to the cut-off
between positive and negative results. By contrast, the mean
ACE-R score (83.2-85.4 + SD 9.9-12.3) is clearly below the
cut-off for positive test results.

Conclusions

The published studies generally show statistically significantly
worse neuropsychological test results in patients with carotid
stenosis than in control groups. However, there is a dearth of
studies comparing the results of various neuropsychological
tests in association with the degree of carotid stenosis. In the
presented study, only ACE-R corresponded with carotid steno-
sis severity, i.e., a statistically significantly higher proportion
of patients with cognitive impairment (ACE-R < 88) was ob-
served depending on the carotid stenosis severity. The same
dependence for ACE-R (although not statistically significant)
was observed in a group of patients without an ischemic stroke
(as an identified confounding factor). In all groups of stenosis
severity, normal (physiological) MMSE results predominated,
i.e., cognitive changes were not detected, regardless of the is-
chemic stroke as a confounding factor.

Because cognitive problems of patients with advanced
carotid stenosis are usually mild and not severe enough to
be diagnosed as dementia, they are defined as MCI. Studies
report that in these cases, the MMSE has low sensitivity and
is therefore not recommended for screening MCI. Thus, the
study results suggest that for assessing the early risk of cogni-
tive impairment in patients with carotid atherosclerosis, the
ACE-R appears more suitable than the MMSE. Further re-
search is needed to confirm causal dependence.
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