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Correlation Between Montreal Cognitive
Assessment and Functional Outcome in
Subacute Stroke Patients With
Cognitive Dysfunction
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Objective To investigate the correlation between the Montreal Cognitive Assessment (MoCA) and functional
outcome among subacute stroke patients with cognitive dysfunction.

Methods Records of 61 inpatients were reviewed. Patients were divided into two groups based on their initial
MoCA score. MoCA score of 11 was set as the differentiating criterion. We compared the improvements in
Modified Barthel Index (MBI) from initial assessment to discharge between the two groups.

Results There were no significant differences between the two groups in relation to age, duration from onset
to admission, hospitalization period, or years of education. In a comparison of the results of Mini-Mental
Status Examinations (MMSE) administered at admission and again at discharge, there was significantly more
improvement in MMSE scores in the group with low MoCA scores than in the group with high MoCA scores.
However, the group with high MoCA scores also showed high MBI scores at discharge and exhibited greater MBI
improvement.

Conclusion Higher initial MoCA scores (which reflect preservation of executive function) indicate better
functional outcome in the subacute stroke phase.
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INTRODUCTION

Seventy-five percent of stroke survivors experience mo-
bility difficulties, fatigue, emotional distress, and cogni-
tive impairment [1]. Cognitive and motor impairments
are of particular interest, as these two factors may influ-
ence the recovery of functional status during rehabilita-
tion. Problems in the two areas prolong rehabilitation,
undermine the ability to independently engage in daily
activities, and diminish quality of life [2].

The primary goal of stroke patients’ treatment is to re-
solve these problems and to enhance survivors’ indepen-
dence. In other words, the objective of rehabilitation is to
enhance functional independence of daily activities and
help survivors return to a fully functioning lifestyle [3].

Identified predictors that define functionality following
a stroke include the patient’s age, the stroke mechanism,
the location and volume of lesions, and comorbidities
[4]. The relationship between cognitive function and
functional status has been studied recently by compara-
tively analyzing patients with normal cognitive function
and patients with decreased cognitive function [5]. The
results of these studies indicate that cognitive abilities
have functional implications and can predict functional
outcomes in stroke and various other diseases. Cognitive
dysfunction is a common complication of stroke, affect-
ing 35% of all stroke survivors and 31% to 91% in acute
and subacute stroke patients [6,7]. Cognitive dysfunc-
tion such as decreased memory and executive function,
dyspraxia, and lack of attention are common in stroke
patients [8,9]. Studies have been conducted on the rela-
tionship between initial post-stroke cognitive function
and functional prognosis [10,11].

The Mini-Mental Status Examination (MMSE) and the
Montreal Cognitive Assessment (MoCA) are two repre-
sentative tools for assessing general cognitive function.
However, most previous studies used MMSE to examine
the relationship between cognitive function and func-
tional outcomes in stroke patients [12,13].

MMSE is the most commonly used screening test for
cognitive evaluation, but MMSE is not sensitive enough
to find cognitive impairments in stroke patients nor is it
able to precisely identify the domain and severity of cog-
nitive defects [14]. MMSE’s limited ability to distinguish
mild cognitive impairment (MCI) is well documented
and can be attributed to lack of complexity and execu-

tive function items (including inhibitory control, working
memory, and cognitive flexibility) [15].

Conversely, MoCA was found to be more sensitive to
detecting cognitive dysfunction [16]. Furthermore, MMSE
was, in fact, initially designed to assess psychiatric dis-
orders; as such, MoCA is gaining prevalence in assessing
dementia. However, existing studies on MoCA and func-
tional outcome were mostly performed on elderly pa-
tients with heterogeneous diseases and mild functional
impairment. Durant et al. [17] found that lower a MoCA
score was associated with greater functional impairment
in neurodegenerative diseases, including Alzheimer
disease, mild cognitive impairment, cognitive disorder,
Lewy body dementia, vascular dementia, etc. However,
these studies had the limitation of being a heterogeneous
clinical sample, focusing on current function rather than
the recovery of the patient’s function. The results of the
current study, though it specifically targeted stroke pa-
tients, were similar to those of existing neurodegenera-
tive diseases.

Recently, studies by Toglia et al. [18] have shown that
MoCA shows stronger correlation to functional outcome
in patients with subacute stroke than MMSE does. The
studies have demonstrated that MoCA has less ceiling
effect and stronger internal reliability than MMSE. How-
ever, the results of the study cannot be applied to the
entire stroke population; the subjects of the study exhib-
ited very mild cognitive deficits (mean MMSE score, 25).
In addition, the sample primarily comprised Caucasian
males with a high level of education [18].

Therefore, the aim of this study is to investigate the
relationship between MoCA and functional outcome in
subacute stroke patients with mild to moderate/severe
cognitive deficit and broad levels of education.

MATERIALS AND METHODS

Study subjects

The study was conducted using records of 212 patients
diagnosed with cerebrovascular diseases admitted to the
Department of Physical Medicine and Rehabilitation,
Inje University Ilsan Paik Hospital. The data accumula-
tion period was January 2014 to February 2017. Of the
212 patients, 61 were recruited for eligibility screening.
The group consisted of 36 patients with right hemisphere
damage (RHD) and 25 patients with left hemisphere

WWW.e-arm.org 27



Kil-Byung Lim, et al.

damage (LHD).

The inclusion criteria were as follows: (1) ‘probable
vascular dementia’ diagnosed in accordance with the
NINDS-AIREN criteria [19], (2) cerebrovascular disease
only in the right or left hemisphere (e.g., pons, midbrain,
and cerebellum lesions are excluded), (3) MMSE score of
<26, and (4) Clinical Dementia Rating scale (CDR) 0.5 to
2 [20,21].

The exclusion criteria were (1) major disability (modi-
fied Rankin Scale [mRS] >4), (2) significant aphasia or
dysarthria that impeded cognitive assessment, (3) major
and active psychiatric illness and pre-existing dementia/
previous stroke history, and (4) presence of cerebrovas-
cular disease in both hemispheres. All patients received
conventional physical and occupational therapy five
times per week (Fig. 1).

Measures

On the first day of hospitalization, subjects underwent
medical-history submission, physical examination, ac-
tivities of daily living (ADL) evaluation using Modified
Barthel Index (MBI), and cognition evaluation using the
Korean versions of the MMSE (K-MMSE) and the MoCA
(K-MoCA, K2-Chuncheon). MoCA is a cognitive screen-
ing tool requiring approximately 10 minutes to adminis-
ter (Fig. 2). It can evaluate frontal lobe executive function
and abstractive function that cannot be evaluated by
conventional cognitive testing tools [22]. Since K-MoCA
differentiates cognition levels in patients with mild de-
mentia from those with severe dementia, K-MoCA is

Stroke patients with

more sensitive than K-MMSE in detecting MCI [23]. The
test can be administered by various levels of health care
providers. MoCA consists of 12 individual tasks grouped
into cognitive domains including (1) visuospatial/execu-
tive functioning, (2) naming, (3) attention, (4) language,
(5) abstraction, (6) memory, and (7) orientation. Edu-
cational correction is applicable (i.e., one point added
for individuals with 12 years of education or less) in total
score calculation. A total score of <26 on MoCA indicates
cognitive impairment, according to clinical standards.
One day before the patients were discharged, K-MMSE
and MBI were tested.

Patient classification

Degree of severity

The severity of a patient’s cognitive impairment was
defined by score intervals on the MMSE [24] and MMSE-
MoCA conversion table [25]. MMSE scoring =20 were
considered as mild dementia, while patients scoring
between 10 and 19 were classified as having moderate
dementia. Patients scoring <9 were classified as suffering
from severe dementia [24].

A MoCA score of 11 equals 20 on MMSE, according to
the MMSE-MoCA conversion table created by Bergeron
et al. [25]. On this basis, a MoCA score of 11 was set as
the criterion for dividing the mild and moderate/severe
groups.

Patients with a MoCA score of 11 or higher were clas-
sified as mild and those with a score of less than 11 were
classified as moderate/severe.

cognitive dysfunction (n=212)

A 4

82 excluded due to

1) Cerebrovascular disease in pons (24),
cerebellum (n=14), midbrain (11),
both hemisphere (8)

2) MMSE score >27 (n=16)

3) CDR 0 (n=9), CDR 3 or 4 (n=8)

Patients who satisfied

inclusion criteria (n=130)

A 4

Chart review for this study (n=61)

69 excluded due to

1) Major disability (MRS >4) (n=16)

2) Significant aphasia or dysarthria (n=17)

3) Previous stroke history (n=16),
pre-existing dementia (n=8),
psychiatric iliness (n=6), hearing loss (n=3),
insufficient chart (n=3)

Fig. 1. Flow chart for enrolling
subjects. MMSE, Mini-Mental
Status Examination; CDR, Clinical
Dementia Rating; mRS, modified
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NAME :
Education :
Sex:

MONTREAL COGNITIVE ASSESSMENT (MOCA)
Version 7.1 Original Version

Date of birth :
DATE:

VISUOSPATIAL / EXECUTIVE Copy Draw CLOCK (Ten past eleven)
cube (3 points)
End o .
Begin
[ 1] [ 1] [ 1] [ 1] L1 |5
Contour Numbers Hands
[] _/3
MEMORY Read list of words, subject must FACE VELVET CHURCH DAISY RED
repeat them. Do 2 trials, even if 1st trial is successful. 1st trial No
Do a recall after 5 minutes. points
2nd trial
ATTENTION Read list of digits (1 digit/ sec.). Subject has to repeat them in the forward order [ 121854
Subject has to repeat them in the backward order [ 1742 _ /2
Read list of letters. The subject must tap with his hand at each letter A. No pointsif 2 2 errors
[ ] FBACMNAAJKLBAFAKDEAAAJAMOFAAB N
Serial 7 subtraction starting at 100 []93 [] 86 [179 [] 72 [ 165
4or5 correct subtractions: 3 pts, 2 or 3 correct: 2 pts, 1 correct: 1 pt, 0 correct: 0 pt _/3
Repeat : | only know that John is the one to help today. [ ]
The cat always hid under the couch when dogs were in the room. [ ] _/2
Fluency / Name maximum number of words in one minute that begin with the letter F [ 1] (N 211 words) N
LU LTG0 Similarity between e.g. banana - orange = fruit [ ] train-bicycle [ ] watch - ruler _ /2
DELAYED RECALL Has to recall words FACE VELVET | CHURCH | DAISY RED Paints for _ /5
WITH NO CUE [1 [1] [] [] [] :ﬂ:ﬁgﬂy
N Category cue
optlonal Muiltiple choice cue
OR ATIO [ 1Date [ ] Month [ ] Year [ ]Day [ ]Place [ Icity _ /6
® Z.Nasreddine MD www.mocatest.org Normal 226/ 30 tOTAL /30 Fig. 2. Montreal Cognitive Assess-
by: e
y: Add 1 pointif <12yredu J ment (MOCA).

Analyses

IBM’s statistical-analysis platform, SPSS version 21.0
(IBM SPSS, Armonk, NY, USA), was used for statistical
analyses. Wilcoxon signed-rank test was performed to
compare the difference in MBI and the degree of MBI im-
provement between two groups, and the changes in MBI
and sub-items were compared using the Mann-Whitney
test. Statistical significance was recognized when p-value
was less than 0.05.

In addition, linear regression analysis was performed
to confirm the correlation between cognitive function

test tools (K-MMSE, K-MoCA) and functional outcomes
(follow-up MBI score, MBI improvement).

RESULTS

Following the inclusion and exclusion criteria of the
study, 61 charts of 212 patients were reviewed.

General characteristics of patients
General characteristics of the patients are listed in Table
1. According to the MoCA score, 31 patients were catego-
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Table 1. General characteristics of patients

Group A Group B p-value
(MoCA<11) (MoCA>11) (group
(n=30) (n=31) Avs.B)
Mean MoCA 5.66+£3.14 14.48%3.13
Sex
Male 17 18
Female 13 13
Side of stroke
Right 11 16
Left 19 15
Type of stroke
Hemorrhagic 18 18
Ischemic 12 13
Age (yr) 71.33£8.26 69.6516.72 0.384
Time post stroke (day) 22.93+12.01 21.19+9.90 0.539
Stay length (day) 24.10+7.51 24.74+10.21 0.781
Education (year) 10.20+4.44 10.77+3.19 0.436

Values are presented as meanztstandard deviation.
MoCA, Montreal Cognitive Assessment.
*p<0.05.

rized in the mild group and 30 patients in the moderate/
severe group. There was no statistically significant differ-
ence between the two groups in terms of age, duration
from onset to admission, hospitalization period, and
level of education.

Improvement of cognitive deficit and functional
impairment

The initial mean MMSE of all patients was 16.08+6.80.
The mean MBI score was 27.46+20.77 and the mean CDR
was 1.25+0.91. The mean MMSE and MBI at the time of
discharge were improved to 20.77+6.30 and 45.47+23.58.

The two groups, classified by MoCA score, showed sta-
tistically significant differences in initial MMSE and CDR,
while the difference in initial MBI scores was not signifi-
cant. However, the second test prior to discharge showed
significant differences in MMSE and MBI between the
two groups.

Comparing MMSE differences between initial assess-
ment and discharge, the improvement of MMSE score
was statistically greater in the group with low MoCA
score (5.47+3.43) than in the group with high MoCA
score (3.94+2.67), but the improvement of MBI score was
greater in the high MoCA group (26.03£15.29) than the
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Table 2. Comparison of cognitive and functional out-

come of patients

Group A Group B p-value
(MoCA<11) (MoCA=11) (group
(n=30) (n=31) Avs.B)
Initial
MMSE 11.50+6.62 20.51+4.58 <0.001*
MBI 26.30+21.77  28.58+19.3 0.667
CDR 1.80+0.97 0.91+0.55 <0.001*
Discharge
MMSE 16.97+6.88 20.51+4.58 <0.001*
MBI 36.27+24.76  54.29+19.86 0.003
Difference
AMMSE 5.47+3.43 3.94+2.67 0.056
AMBI 9.83+11.92  26.03%15.29 <0.001*

Values are presented as meantstandard deviation.
MoCA, Montreal Cognitive Assessment; MMSE, Mini-
Mental Status Examination; CDR, Clinical Dementia Rat-
ing; MBI, Modified Barthel Index.

*p<0.05.

low MoCA group (9.83+11.92) (Table 2).

When comparing the initial and final MBI sub-items
score of the two groups, all the final values were signifi-
cantly improved over the initial scores. Comparing the
initial and follow-up scores of each item of MBI in the
two groups, all items except for bowel control change,
ambulation, or wheelchair change showed a significant
improvement in high MoCA group compared to low
MoCA group (Table 3).

According to linear regression analysis, initial MMSE
showed a significant positive correlation with follow-
up MBI score ($=0.619, t(95)=6.049, p<0.001) and initial
K-MoCA showed significant positive correlation with
follow-up MBI score ($=0.564, t(95)=6.730, p<0.001). In
addition, the initial MoCA score showed significant cor-
relation with MBI improvement (f=0.407, t(95)=4.393,
p<0.001). However, initial MMSE did not demonstrate
significance related to MBI improvement (3=0.184,
t(95)=1.435, p=0.157). Age and level of education were
controlled at the time of analysis.

DISCUSSION

In this study, both groups showed improvement in the
MBI score when comparing initial and final values. MBI
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Table 3. Comparison of MBI and sub-item score

Group A Group B p-value
(MoCA<11) PRELE (MoCA>11) BRELE (group A vs. B)

MBI score Initial 26.27+21.73 <0.001* 28.58+19.39 <0.001*

Final 36.23+24.74 54.29+19.86

Change 10.07+11.81 25.70+14.20 <0.001*
Personal hygiene Initial 1.33£1.49 <0.001* 1.84+1.44 0.001*

Final 1.90+1.56 3.48+1.06

Change 0.67+0.88 1.65+1.11 <0.001*
Bathing self Initial 0.17+0.38 <0.001* 0.45+0.93 0.001*

Final 0.77+1.04 2.16%+1.66

Change 0.60£0.93 1.71+1.55 0.001*
Feeding Initial 3.33+2.88 <0.001* 4.00£2.91 0.007*

Final 4.20+2.77 6.48+2.42

Change 0.87£1.50 2.48+2.25 0.002*
Toilet Initial 2.13+2.79 <0.001* 1.94+2.53 0.143

Final 2.671£3.00 5.42+3.70

Change 0.73+1.68 3.61+2.94 <0.001*
Stair climbing Initial 0.07£0.37 0.001* 0.32+1.25 0.039*

Final 0.63£1.75 2.1013.06

Change 0.57+1.61 1.77£2.70 0.039*
Dressing Initial 3.03+2.44 <0.001* 2.45+1.75 0.027*

Final 3.83+2.83 5.03+2.82

Change 0.90%+1.95 2.77+2.75 0.003*
Bowel control Initial 4.6314.64 0.002* 6.00+4.53 0.011*

Final 5.60+4.20 8.45+3.03

Change 0.97+2.12 2.45%3.85 0.068
Bladder control Initial 4.83+4.77 <0.001* 4.90+4.58 0.017*

Final 5.90+4.24 8.35+2.92

Change 1.07+£2.33 3.45%+4.07 0.007*
Ambulation or wheelchair Initial 1.90+3.20 <0.001* 1.32+3.40 0.003*

Final 3.73+4.51 4.10+4.71

Change 1.83+3.13 2.97+3.71 0.203
Transfer Initial 4.87+£3.95 <0.001* 5.35+3.95 0.002*

Final 6.70+4.46 9.10+3.27

Change 1.83+2.57 3.74%3.40 0.017*

Values are presented as meantstandard deviation.

MBI, Modified Barthel Index; MoCA, Montreal Cognitive Assessment.

*p<0.05.

improvement was greater in the high MoCA score group
than in the low MoCA group. In addition, a positive cor-
relation was found between initial MoCA score and MBI
improvement. As for the initial MMSE score and MBI im-
provement, no significant association was found.
Although improvement in the MMSE score was greater

in the low MoCA group than in the high MoCA group,
the MBI improvement was significantly greater in the
high MoCA group than in the low MoCA group. This sug-
gests that the ceiling effect is caused by the high initial
MMSE (20.51+4.58) of patients in the high MoCA group.
Although MMSE is used as a routine examination for
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screening cognitive function in stroke patients, the ma-
jority of items in the MMSE are linked to orientation,
which may undermine the accuracy in a patient’s cogni-
tive assessment. Also, MMSE results can be overestimat-
ed owing to the learning effects over repeated measure-
ments. Therefore, a detailed neurological assessment test
is needed to test for various cognitive dysfunctions to use
early cognitive function as a predictor of functional out-
comes in stroke patients [26].

MoCA has been developed as a more demanding test
that includes evaluation of higher-level language, execu-
tive function, and complex visuospatial processing [27].
Executive function involves higher-order cognitive regu-
latory processes, including inhibitory control, working
memory, and attention, which enhance a patient’s ca-
pacity for problem-solving and sustained goal-oriented
exploration [28]. Executive dysfunction is known to pre-
dict stroke risk, dementia, and mortality. Because execu-
tive functions can be tested by trails, clock drawing, and
cube copying (5 points out of 30) in MoCA, it can detect
more patients with executive dysfunction than the MMSE
pentagon copying (1 point out of 30) [22]. Thus, MoCA
has been found to detect executive dysfunction in stroke
patients more sensitively than has MMSE [16,29)].

Many studies have utilized MoCA for assessing cogni-
tive function related to the patient’s functional impair-
ment [17,18]. Schweizer et al. [30] reported that MoCA
was more sensitive than MMSE in detecting cognitive im-
pairment after hemorrhagic stroke. The ability of MoCA
to better assess function in stroke patients than MMSE
can be explained by the fact that the degree of functional
disability in stroke patients is more evident in relation
to attention and executive dysfunction than to memory
deficits [31].

The group with higher initial MoCA scores demon-
strated significantly greater improvement in functional
impairment than the other group. The results remained
consistent when other factors were controlled for (e.g.,
age, years of education).

In the high MoCA group, which is thought to have well-
preserved cognitive functions, including executive func-
tion, the score improvement was greater in most of the
daily activity items related to executive function. This
suggests that patients with higher MoCA can expect a sig-
nificant functional improvement during initial rehabilita-
tion, which is important for executive function [32].

32 www.e-arm.org

Table 4. Linear regression of MoCA, MMSE as a predictor
of functional outcome (n=61)

B B R*  p-value
MBI at discharge
MoCA 2.377 0.564 0.315 <0.001*
MMSE 2.067 0.619 0.372 <0.001*
MBI improvement
MoCA 1.427  0.407 0.241 <0.001*
MMSE 0.408 0.184 0.017 0.157

MoCA, Montreal Cognitive Assessment; MMSE, Mini-
Mental Status Examination; MBI, Modified Barthel Index.
*p<0.05.

On linear regression analysis, both initial MMSE and
K-MoCA were positively correlated with follow-up MBI
score. However, initial MMSE did not demonstrate a
significant association with MBI improvement, while
the initial K-MoCA score showed a significant positive
correlation to MBI improvement (Table 4). This suggests
that the MMSE score does not fully reflect the functional
improvement. This is because many of the items in the
MMSE are related to orientation, and many of the items
in MoCA consist of evaluating executive function associ-
ated with functional improvement. According to a previ-
ous study, rehabilitation of executive function is related
to functional improvement [32].

The significance of this study is that the improvement
in functional impairment was correlated to the initial
MoCA score and included patients with a wider range
of functional performances and cognitive deficits from
the Asian population. Initial assessment with MoCA may
help predict the prognosis of subacute stroke patients. If
the MoCA score remains relatively high even with severe
functional impairment, one can expect considerable
functional recovery after rehabilitation.

As this study had a retrospective design, a large num-
ber of patients were excluded; only subacute stroke pa-
tients were included in the study. So, future studies with
a larger sample size are required to further validate our
findings. At the time of discharge, we did not evaluate
MoCA; hence, we could not assess the changes in MoCA
scores between low MoCA and high MoCA group and the
lesser ceiling effect in MoCA. Thus, future studies should
include both initial and follow-up MoCA scores.

MoCA is more useful for assessing executive abilities
and abstraction abilities. However, compared to MMSE,



Correlation Between MoCA and Functional Outcome in Subacute Stroke Patients

MoCA has more items involving reading and writing, re-
sulting in low scores in patients who cannot read or write.
Therefore, selection bias may have occurred because
patients who cannot read or write were excluded when
selecting patients.

In addition, after stroke, the functional outcome may be
influenced not only by cognitive ability but also by other
variables such as strength, language ability, and stiffness.
So, future study will have to consider these various fac-
tors. We observed functional improvements in subacute
stroke patients during short-term hospitalization; hence,
we need to confirm the functional outcomes of patients
through long-term studies.

In conclusion, we reviewed records of patients admit-
ted to our department for rehabilitation after stroke. Our
results indicated a significant positive correlation be-
tween the initial MoCA score and MBI improvement. Re-
garding the follow-up MBI score, both initial MMSE and
MoCA were positively correlated to the follow-up MBI
score. MoCA is a valuable option that can closely analyze
executive dysfunction. An initial MoCA score may be able
to predict functional improvement; higher initial MoCA
scores, which reflect preservation of executive function,
indicate better functional outcome in the subacute stroke
phase.
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