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Abstract
Objective
To examine whether the Montreal Cognitive Assessment (MoCA) administered within 7 days
after stroke predicts long-term cognitive impairment, functional impairment, and mortality.

Methods
MoCA was administered to 274 patients from 2 prospective hospital-based cohort studies in
Germany (n = 125) and France (n = 149). Cognitive and functional outcomes were assessed at
6, 12, and 36 months after stroke by comprehensive neuropsychological testing, the Clinical
Dementia Rating (CDR) scale, the modified Rankin Scale (mRS), and Instrumental Activities
of Daily Living (IADL) and analyzed with generalized estimating equations. All-cause mortality
was investigated by Cox proportional hazard models. Analyses were adjusted for demographic
variables, education, vascular risk factors, premorbid cognitive status, and NIH Stroke Scale
scores. The additive predictive value of MoCA was examined with receiver operating charac-
teristic curves.

Results
In pooled analyses, a baseline MoCA score <26 was associated with cognitive impairment,
defined by neuropsychological testing (odds ratio [OR] 5.30, 95% confidence interval [CI]
2.75–10.22) and by CDR score ≥0.5 (OR 2.53, 95% CI 1.53–4.18); functional impairment,
defined by mRS score >2 (OR 5.03, 95% CI 2.20–11.51) and by IADL score <8 (OR 2.48, 95%
CI 1.40–4.38); and mortality (hazard ratio 7.24, 95% CI 1.99–26.35) across the 3-year follow-
up. Patients with MoCA score <26 performed worse across all prespecified cognitive domains
(executive function/attention, memory, language, visuospatial ability). MoCA increased the
area under the curve for predicting cognitive impairment (neuropsychological testing 0.81 vs
0.72, p = 0.01) and functional impairment (mRS score >2, 0.88 vs 0.84, p = 0.047).

Conclusion
Early cognitive testing by MoCA predicts long-term cognitive outcome, functional outcome,
and mortality after stroke. Our results support routine use of the MoCA in stroke patients.
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The growing number of stroke survivors1,2 has sparked in-
terest in the long-term consequences of stroke and the pre-
diction of outcomes. Cognitive impairment is found in up to
90% of stroke survivors depending on time interval after the
event,3,4 affects quality of life,5 and predicts dependency6 and
death.7 Current expert statements and guidelines recommend
formal cognitive testing after stroke.8 However, little is known
about the predictive value of early cognitive testing for long-
term outcome after stroke.

The Montreal Cognitive Assessment (MoCA) has gained wide
acceptance for use in stroke patients because of its brevity,8,9

sensitivity to mild cognitive impairment,10,11 feasibility, and
retained validity in the acute and subacute setting.12,13 Previous
studies have investigated the utility of the MoCA during hos-
pitalization to predict cognitive14–17 or functional outcome18 up
to 12 months after stroke. However, these studies included
patients with TIA,14,17,18 did not require imaging confirmation
of stroke,14,16–18 or had small sample size15 or short follow-
up.15,16,18 In addition, it is unknown whether baseline cognitive
performance predicts mortality after stroke.

We thus set out to investigate whether the MoCA adminis-
tered within 7 days after stroke predicts long-term outcome
independently from premorbid cognitive status, demographic
characteristics, and stroke severity. Specifically, we de-
termined the predictive value of baseline MoCA for cognitive
and functional impairment and for all-cause mortality. We
further explored whether baseline MoCA predicts perfor-
mance in individual cognitive domains. To address these aims,
we leveraged data from 2 prospective hospital-based cohort
studies with harmonized study protocols and serial assess-
ments up to 3 years after stroke.

Methods
Study populations and study design
Participants were drawn from 2 prospective hospital-based
cohort studies; the Determinants of Dementia After Stroke
(DEDEMAS) study (NCT01334749) conducted at a tertiary
care university hospital at Ludwig-Maximilians-Universität,
Munich, Germany, and the Study of Factors Influencing Post-
Stroke Dementia (STROKDEM) study (NCT01330160)
conducted at the Lille University Hospital, France. DEDE-
MAS and STROKDEM had been planned in parallel with
harmonization of study protocols regarding inclusion and
exclusion criteria, data collection, and follow-up. Details of the

study designs have previously been described.19,20 In brief, we
recruited adult patients presenting with an acute stroke de-
fined by a focal neurologic deficit in combination with a cor-
responding infarct on brain MRI. We excluded patients with
a diagnosis of dementia or a summed score of >64 in the short
version of the Informant Questionnaire on Cognitive Decline
in the Elderly (IQCODE),21 known diseases of the CNS
other than stroke, a condition interfering with follow-up such
as end-stage malignancy, or missing language skills.

Patients were enrolled between May 2011 and November
2013 in DEDEMAS and between January 2010 and April 2014
in STROKDEM. The participation rates for the 2 cohorts, as
calculated from the total number of patients with a final di-
agnosis of stroke examined in the respective hospitals during
the enrollment period, were 6% for DEDEMAS and 5% for
STROKDEM. Baseline assessments included demographic
data, a complete medical history, details on hospitalization,
and a complete neurologic examination, including the NIH
Stroke Scale (NIHSS).22 Stroke was classified as ischemic or
hemorrhagic, and ischemic strokes were further subclassified
according to the modified Trial of Org 10172 in Acute Stroke
Treatment (TOAST) criteria.23 In DEDEMAS, we further
applied the Delirium Rating Scale–Revised–98, and a score
≥16 was used to define delirium.

MoCA at baseline
Baseline cognitive status was assessed by the MoCA,
a screening tool for global cognition9 that has been shown to
retain its validity after stroke.12,13,24 The MoCA was admin-
istered during hospitalization within 7 days after stroke
symptom onset. Cognitive impairment was defined by
a MoCA score <26, a cutoff previously validated in stroke
patients.10,24,25 To control for educational status, we added 1
point to the MoCA score in patients with <12 years of edu-
cation.9 Patients with missing items on the MoCA at baseline
were included in the study only if their score remained <26
when giving themaximumpossible score formissing items and
were thus definitely classified as cognitively impaired or if they
had already scored ≥26 in the completed items and were thus
definitely classified as not cognitively impaired. Patients
without a MoCA assessment within 7 days after stroke at all or
patients with missing items in MoCA not fulfilling the above
criteria were excluded from the current study.

Follow-up and assessment of outcomes
All patients underwent a comprehensive evaluation of cog-
nitive and functional outcome by face-to-face interviews with

Glossary
AUC = area under the ROC curve; CDR = Clinical Dementia Rating; CI = confidence interval;DEDEMAS = Determinants of
Dementia After Stroke; IADL = Instrumental Activities of Daily Living; IQCODE = Informant Questionnaire on Cognitive
Decline in the Elderly;MoCA = Montreal Cognitive Assessment;mRS = modified Rankin Scale; NIHSS = NIH Stroke Scale;
OR = odds ratio; ROC = receiver operating characteristic; STROKDEM = Study of Factors Influencing Post-Stroke Dementia;
TOAST = Trial of Org 10172 in Acute Stroke Treatment.
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the patient and the informant during follow-up visits at 6, 12,
and 36 months after stroke.

Cognitive outcome
An extensive battery of neuropsychological tests, broadly
classified in 4 cognitive domains (executive function/
attention, memory, language, visuospatial ability; data avail-
able from dryad, table e-1, doi.org/10.5061/dryad.7h083rd)
were administered to patients at each follow-up time point.
For every patient, we calculated test-specific z scores on the
basis of published norms corrected for age, sex, and education.
We further obtained summary domain-specific z scores by
averaging the test-specific z scores in each domain.26 A sum-
mary z score ≤1.5 in at least 1 domain was used to determine
cognitive impairment.26 As an alternative measure of cognitive
impairment, we used the Clinical Dementia Rating (CDR)
scale.27 Face-to-face interviews were conducted with the pa-
tient and an informant, and global scores were computed. We
defined cognitive impairment as a global score ≥0.5.28

Functional outcome
Functional outcome was assessed with the modified Rankin
Scale (mRS), a global scale focusing primarily on motor
function.29 Scores range from 0 (no symptoms) to 6 (death),
and the interview was conducted with the patient or in-
formant in case of poor condition of the patient. A score >2
defined functional impairment.30,31 The ability to carry out
more complex activities was assessed with the Lawton In-
strumental Activities of Daily Living (IADL) scale,32 which
has been suggested as a measure of functional outcome in
stroke survivors.31,33 The interview was conducted with an
informant. The scale evaluates independence in 8 daily tasks,
and scores range from 0 to 8. Loss of independence in any of
the tasks (score <8) determined functional impairment.31

All-cause mortality
Information on vital status and date of death up to 3 years after
stroke were obtained for all patients who did not attend the
follow-up visits either through telephone interviews with the
informants or general practitioners or from the registry offices.

Standard protocol approvals, registrations,
and patient consent
DEDEMAS and STROKDEM were conducted according to
the Declaration of Helsinki and were approved by the local
ethics committees.19Written informed consent was obtained by
all patients or legal guardians before participation. Approval for
surrogate consent was obtained to minimize recruitment bias.

Statistical analysis
Differences in the patient characteristics between DEDEMAS
and STROKDEM were evaluated with the χ2 or the Fisher
exact test for categorical variables. For continuous variables, we
used a 2-tailed t test or Mann-Whitney U test, as appropriate.

We fitted generalized estimating equations models34 to cal-
culate the association of the baseline MoCA score (<26 vs

≥26) with the cognitive and functional outcomes at 6, 12, and
36 months after stroke. Binary outcomes (cognitive impair-
ment [z score ≤1.5 in ≥1 domain or CDR score ≥0.5] and
functional impairment [mRS score >2 or IADL score <8])
were assessed by logistic models. For continuous outcomes
(summary z score in executive function/attention, memory,
language, and visuospatial ability), we implemented general-
ized linear models. Temporal progression of cognitive and
functional impairment was evaluated by including time in the
models. To examine outcomes at single time points, we per-
formed logistic regression and linear regression analyses for
binary and continuous outcomes, respectively. Mortality was
assessed by Cox proportional hazard models. Odds ratios
(ORs) and unstandardized effect estimates were derived for
the binary and continuous outcomes, respectively, and hazard
ratios were computed for mortality. Analyses were adjusted
for age, sex, education, history of hypertension and diabetes
mellitus (defined by physician diagnosis or prescription of
antihypertensive or antidiabetic agents), baseline IQCODE
score, and NIHSS score at admission. In sensitivity analyses,
we excluded patients with a history of stroke, with sub-
threshold delirium symptoms (conducted in DEDEMAS for
data availability), and with hemorrhagic stroke and further
adjusted for APOE genotype (conducted in DEDEMAS for
data availability). We further stratified our analyses by baseline
stroke severity according to admission NIHSS score (≤3 vs
>3).35 Analyses were conducted separately for DEDEMAS
and STROKDEM. Pooled results were analyzed with fixed-
effects meta-analyses. In the presence of heterogeneity (I2 ≥
50% or p from Cochran Q < 0.10), random-effects meta-
analysis was used.36 To account for multiple comparisons, we
used the false discovery rate, setting statistical significance
level at <0.05.

To examine the additive predictive value of baseline MoCA
on top of the known predictive ability of the NIHSS
at admission,37,38 we compared the areas under the re-
ceiver operating characteristic (ROC) curve (AUC; C
statistic) in (1) a basic model adjusted for age, sex, edu-
cation, history of hypertension, history of diabetes melli-
tus, and baseline IQCODE (model 1); (2) model 1 plus
NIHSS score at admission (model 2); and (3) model 2 plus
baseline MoCA score (<26 vs ≥26, model 3). Optimal
cutoffs for predicting cognitive or functional impairment
were determined by use of the entire range of MoCA scores
as a continuous variable and calculating the Youden Index.
All analyses were carried out with SAS version 9.4 (SAS
Institute Inc, Cary, NC).

Data availability
Data can be made available on reasonable request. The
requests should be addressed to the principal investigators of
DEDEMAS (M. Dichgans, martin.dichgans@med.uni-
muenchen.de) and STROKDEM (R. Bordet, regis.bordet@
univ-lille.fr). Because of restrictions based on privacy regu-
lations and informed consent of the participants, data cannot
be made freely available in a public repository.
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Table 1 Baseline characteristics of the 2 study cohorts

DEDEMAS (n = 125) STROKDEM (n = 149) Pooled data (n = 274) p Value

Demographic variables

Age, y 70.2 ± 8.1 64.4 ± 12.8 67.0 ± 11.3 <0.0001

Female, n (%) 39 (31) 63 (42) 102 (37) 0.0588

Education <12 y, n (%) 46 (37) 106 (71) 152 (55) <0.0001

Cardiovascular risk factors

Hypertension, n (%) 89 (71) 89 (60) 178 (65) 0.0475

Diabetes mellitus, n (%) 25 (20) 21 (14) 46 (17) 0.19

Dyslipidemia, n (%) 54 (43) 72 (48) 126 (46) 0.40

Current smoker, n (%) 23 (18) 32 (21) 55 (20) 0.53

Atrial fibrillation, n (%) 24 (19) 37 (25) 61 (22) 0.26

Prior stroke, n (%) 16 (13) 14 (9) 30 (11) 0.37

BMI, kg/m2 26.4 ± 3.5 27.4 ± 4.3 27.0 ± 4.0 0.0265

SBP, mm Hg 140 (132–151) 132 (123–147) 136 (126–149) 0.0011

DBP, mm Hg 79 (74–84) 82 (74–88) 80 (74–86) 0.12

Biochemical measurements

Fasting glucose, mg/dL 100 (91–118) 105 (94–125) 102 (92–121) 0.0960

LDL-C, mg/dL 132 (109–156) 121 (100–144) 126 (102–149) 0.0095

HDL-C, mg/dL 48 (40–61) 46 (39–55) 48 (39–57) 0.0912

Triglycerides, mg/dL 114 (90–175) 120 (94–166) 117 (92–172) 0.71

Serum CRP, mg/dL 0.4 (0.2–0.7) 0.3 (0.1–0.6) 0.3 (0.1–0.7) 0.0453

Stroke classification, n (%) 0.16

Ischemic stroke 119 (95) 143 (96) 262 (96)

Hemorrhagic stroke 6 (5) 6 (4) 12 (4)

Affected territory, n (%) 0.0906

Anterior circulation, left 35 (28) 57 (38) 92 (34)

Anterior circulation, right 39 (31) 49 (33) 88 (32)

Posterior circulation 45 (36) 34 (23) 79 (29)

>1 Territory 6 (5) 9 (6) 15 (5)

Etiologic TOAST subtype, n (%) 0.46

Large artery atherosclerosis 21 (18) 18 (13) 39 (15)

Cardioembolism 30 (25) 34 (24) 64 (24)

Small artery occlusion 16 (13) 15 (10) 31 (12)

Other etiology 3 (3) 8 (6) 11 (4)

Competing etiology/undefined 49 (41) 68 (48) 117 (45)

Clinical examination at admission

NIHSS score 2 (1–4) 1 (0–2) 2 (0–3) <0.0001

Cognitive assessment

IQCODE score 48.8 ± 1.9 48.8 ± 2.4 48.8 ± 2.2 0.98

Continued
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Results
Baseline characteristics
A total of 293 patients with stroke underwent the baseline
assessments. Of these 293 patients, 274 (94%) had an avail-
able baseline MoCA score and were included in the analysis.
Their baseline characteristics did not differ from those of the
overall sample (data available from Dryad, table e-2, doi.org/
10.5061/dryad.7h083rd). Reasons for noncompletion of the
MoCA included exhaustion and aphasia. The most common
reasons for missing items were motor deficits and visual im-
pairment (data available from dryad, table e-3, doi.org/10.
5061/dryad.7h083rd).

Table 1 presents the baseline characteristics of the 2 study
cohorts (n = 274). Compared to patients from STROKDEM,
DEDEMAS patients were older and more likely to have hy-
pertension; had higher systolic blood pressure values, low-
density lipoprotein cholesterol, and C-reactive protein levels
but lower body mass index values; and reported a higher
educational level. They further had lower NIHSS scores at
admission, while prestroke cognitive performance as assessed
by the IQCODE did not differ between the 2 cohorts. The
majority of index events were classified as ischemic stroke
(95% in DEDEMAS and 96% in STROKDEM). None of the
DEDEMAS patients scored above the threshold for diagnosis
of delirium (Delirium Rating Scale–Revised–98 score ≥16).
Nine patients (7%) reported subthreshold symptoms of de-
lirium (0 < score <16). MoCA was administered within
a mean of 3.0 ± 1.6 (range 0–6, DEDEMAS) and 3.1 ± 0.6
(range 0–5, STROKDEM) days from stroke onset. The
proportion of patients with a MoCA score <26 was 43% in
DEDEMAS and 44% in STROKDEM. Patients with a MoCA
score <26 were older, less educated, more likely to have hy-
pertension, less likely to be current smokers, more likely to
have stroke in the left anterior circulation or in multiple ter-
ritories, and less likely to have stroke in posterior circulations;
had higher baseline glucose and C-reactive protein levels; and
had a higher NIHSS score at admission (table 2).

Figure 1 displays the study profile. The proportion of
patients who died during the 36-month follow-up period was
9 of 125 (7%, DEDEMAS) and 12 of 149 (8%, STROK-
DEM). Loss to follow-up occurred in 12% (DEDEMAS) and
17% (STROKDEM). The total number of assessments for

neuropsychological testing, CDR, mRS, and IADL was 615,
678, 729, and 685, respectively. The baseline characteristics
of patients who were lost to follow-up or died did not differ
from those in patients who were followed up to 36 months
(data available from Dryad, table e-4, doi.org/10.5061/
dryad.7h083rd).

Association of baseline MoCA with study
outcomes across the 3-year follow-up interval

Cognitive and functional outcomes
A baseline MoCA score <26 was associated with cognitive
impairment across the 36-month follow-up period (table 3).
In the fully adjusted pooled analysis, a MoCA score <26 was
associated with 5.3-fold increased odds of cognitive impair-
ment, defined by a z score ≤1.5 for any cognitive domain in
neuropsychological testing (OR 5.30, 95% confidence interval
[CI] 2.75–10.22), and 2.5-fold increased odds of cognitive
impairment as defined by a CDR score ≥0.5 (OR 2.53, 95%CI
1.53–4.18). A MoCA score <26 was further associated with
worse cognitive performance in all 4 cognitive domains across
the 36-month follow-up period (fully adjusted pooled analy-
sis, table 3). Focusing on functional outcome, a baseline
MoCA score <26 was associated with increased odds of
functional impairment, defined by either an mRS score >2
(OR 5.03, 95% CI 2.20–11.51) or an IADL score <8 (OR
2.48, 95% CI 1.40–4.38) in the fully adjusted pooled analysis
(table 3).

Similar results were obtained in individual cohorts, except for
visuospatial ability in DEDEMAS (effect estimate −0.23, 95%
CI −0.49 to 0.03) and for IADL-defined functional impair-
ment in STROKDEM (OR 1.98, 95% CI 0.83–4.75, table 3).
There was no indication of heterogeneity in the pooled
analyses, with the exception of memory (data available from
dryad, figure e-1, doi.org/10.5061/dryad.7h083rd). The
results remained unchanged when controlled only for age, sex,
and education (minimally adjusted models); when analyses
were restricted to patients with first-ever stroke; when anal-
yses were restricted to patients with ischemic stroke; when
patients with subthreshold delirium symptoms were excluded
in DEDEMAS; and when APOE genotype was adjusted for in
DEDEMAS (data available from Dryad, table e-5, doi.org/10.
5061/dryad.7h083rd). Similar results were further obtained
when individual time points (6, 12, and 36 months) were

Table 1 Baseline characteristics of the 2 study cohorts (continued)

DEDEMAS (n = 125) STROKDEM (n = 149) Pooled data (n = 274) p Value

MoCA score <26, n (%) 54 (43) 65 (44) 119 (44) 0.94

Time at MoCA administration, d after admission 3.0 ± 1.6 3.1 ± 0.6 3.1 ± 1.2 0.48

Abbreviations: BMI = bodymass index; CRP = C-reactive protein; DBP = diastolic blood pressure; DEDEMAS =Determinants of Dementia After Stroke; HDL-C =
high-density lipoprotein cholesterol; IQCODE = Informant Questionnaire on Cognitive Decline in the Elderly; LDL-C = low-density lipoprotein cholesterol;
MoCA =Montreal Cognitive Assessment;mRS =modified Rankin Scale; NIHSS =NIH Stroke Scale; SBP = systolic blood pressure; STROKDEM = Study of Factors
Influencing Post-Stroke Dementia; TOAST = Trial of Org 10172 in Acute Stroke Treatment.
Values are expressed as number (percent), mean ± SD, or median (interquartile range).
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Table 2 Baseline differences of patients scoring ≤26 and >26 on the MoCA within the first week after stroke

MoCA score ≥26 (n = 155) MoCA score <26 (n = 119) p Value

Demographic variables

Age, y 63.9 ± 11.6 71.1 ± 9.4 <0.0001

Female, n (%) 53 (34) 49 (41) 0.24

Education <12 y, n (%) 75 (48) 77 (65) 0.0071

Cardiovascular risk factors

Hypertension, n (%) 93 (60) 85 (71) 0.0494

Diabetes mellitus, n (%) 22 (14) 24 (20) 0.19

Dyslipidemia, n (%) 65 (42) 61 (51) 0.12

Current smoker, n (%) 39 (25) 16 (13) 0.0164

Atrial fibrillation, n (%) 30 (19) 31 (26) 0.19

Prior stroke, n (%) 17 (11) 13 (11) 0.99

BMI, kg/m2 26.9 ± 4.1 27.1 ± 3.7 0.64

SBP, mm Hg 136 [124–148] 137 [128–151] 0.19

DBP, mm Hg 81 [76–87] 79 [72–85] 0.09

Biochemical measurements

Fasting glucose, mg/dL 100 [91–116] 106 [95–129] 0.0074

LDL-C, mg/dL 125 [103–150] 128 [99–147] 0.60

HDL-C, mg/dL 48 [40–57] 47 [39–56] 0.62

Triglycerides, mg/dL 114 [92–170] 121 [92–177] 0.73

Serum CRP, mg/dL 0.3 [0.1–0.6] 0.4 [0.2–0.7] 0.0224

Stroke classification, n (%) 0.07

Ischemic stroke 152 (98) 110 (92)

Hemorrhagic stroke 3 (2) 9 (8)

Affected territory, n (%) 0.0209

Anterior circulation, left 48 (31) 44 (37)

Anterior circulation, right 50 (32) 38 (32)

Posterior circulation 53 (34) 26 (22)

>1 Territory 4 (3) 11 (9)

Etiologic TOAST subtype, n (%) 0.16

Large artery atherosclerosis 19 (13) 20 (18)

Cardioembolism 35 (23) 29 (26)

Small artery occlusion 22 (14) 9 (8)

Other etiology 4 (3) 7 (6)

Competing etiology/undefined 72 (47) 45 (41)

Clinical examination at admission

NIHSS score 1 (0–3) 2 (1–5) 0.0010

Continued

Neurology.org/N Neurology | Volume 91, Number 20 | November 13, 2018 e1843

Copyright ª 2018 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

http://neurology.org/n


analyzed (data available from Dryad, table e-6, doi.org/10.
5061/dryad.7h083rd). Because of the overrepresentation of
patients with minor stroke in our cohorts (median admission
NIHSS score 2 [0–3]), we further performed stratified anal-
yses by stroke severity (NIHSS score ≤3 [n = 199] vs >3 [n =
75]) to examine whether these results also apply to patients
with more severe stroke. The point estimates for the 2 groups

were similar for all outcomes, but the CIs for patients with an
NIHSS score >3 were wider, possibly because of reduced
power (data available from Dryad, figure e-2, doi.org/10.
5061/dryad.7h083rd).

Figure 2 depicts the development of cognitive and functional
impairment across the entire follow-up period stratified for

Table 2 Baseline differences of patients scoring ≤26 and >26 on the MoCA within the first week after stroke (continued)

MoCA score ≥26 (n = 155) MoCA score <26 (n = 119) p Value

Cognitive assessment

IQCODE 48.5 ± 1.8 49.1 ± 2.6 0.0549

Time at MoCA administration, d after admission 3.0 ± 1.9 2.9 ± 1.2 0.32

Abbreviations: BMI = body mass index; CRP = C-reactive protein; DBP = diastolic blood pressure; HDL-C = high-density lipoprotein cholesterol; IQCODE =
Informant Questionnaire on Cognitive Decline in the Elderly; LDL-C = low-density lipoprotein cholesterol; MoCA = Montreal Cognitive Assessment; mRS =
modified Rankin Scale; NIHSS = NIH Stroke Scale; SBP = systolic blood pressure; TOAST = Trial of Org 10172 in Acute Stroke Treatment.
Values are expressed as number (percent), mean ± SD, or median (interquartile range).

Figure 1 Flowchart of study participants in the DEDEMAS and STROKDEM cohorts

Numbers refer to patients included in Determinants of Dementia After Stroke (DEDEMAS) (bold) and Study of Factors Influencing Post-Stroke Dementia
(STROKDEM). Patients were classified as completely lost to follow-up if they declined all further assessments. Patients were defined as lost to follow-up for all
assessments if all 4 outcomemeasures weremissing at the corresponding time point. Patients were defined as lost to follow-up for individual assessments if
≥1 assessments weremissing at the corresponding time point. CDR = Clinical Dementia Rating; IADL = Instrumental Activities of Daily Living;MoCA =Montreal
Cognitive Assessment; mRS = modified Rankin Scale.
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patients with a baseline MoCA score <26 or ≥26. Patients
with a baseline MoCA score ≥26 remained stable between
time points (all p > 0.05). In contrast, patients with a baseline
MoCA score <26 showed an increase in the rate of functional
impairment defined by an mRS score >2 and an IADL score
<8 from 12 to 36 months after stroke.

Mortality
Figure 3 shows the Kaplan-Meier survival curves by baseline
MoCA score (<26 vs ≥26). In the Cox regression analysis,
a baseline MoCA score <26 was independently associated
with increased mortality in the pooled fully adjusted analysis
(hazard ratio 7.24, 95%CI 1.99–26.35, table 2). Similar results
were obtained in individual cohorts (table 3).

Predictive ability of baseline MoCA for study
outcomes across the 3-year follow-up interval
To determine the additive predictive value of the baseline
MoCA on top of age, sex, education, history of hypertension,
history of diabetes, IQCODE score at baseline, and NIHSS
score at admission, we first calculated the AUCs using the
dichotomized MoCA score (<26 vs ≥26). We found an in-
crease in AUC for cognitive impairment, defined by neuro-
psychological testing (0.81 [95% CI 0.76–0.85] vs 0.72 [95%

CI 0.67–0.77], p = 0.01), and for functional impairment,
defined by mRS score >2 (0.88 [95% CI 0.85–0.92] vs 0.84
[95% CI 0.80–0.87], p = 0.047, figure 4) but not for CDR
score ≥0.5 and IADL score <8 (data available from Dryad,
table e-7, doi.org/10.5061/dryad.7h083rd). The AUC for
mortality was 0.86 (95%CI 0.77–0.95) in themodel including
the dichotomized MoCA score (<26 vs ≥26) and 0.80 (95%
CI 0.70–0.89) in a model not including it (p = 0.09, figure 4).

We next repeated the analyses with the entire range of baseline
MoCA scores as a continuous variable (n = 262). Compared
with the dichotomized MoCA scores, there was no further im-
provement of the AUC for any of the outcomes. Furthermore,
the ROC curves for the continuous MoCA confirmed 25 of 26
as the optimal cutoff point for the prediction of cognitive im-
pairment, defined by neuropsychological testing, and for func-
tional impairment, defined by an mRS score >2 (data available
from Dryad, table e-8, doi.org/10.5061/dryad.7h083rd).

Discussion
This study shows that cognitive screening by the MoCA ad-
ministered within the first week after stroke onset adds to the
prediction of cognitive outcome, functional outcome, and

Table 3 Association of baselineMoCA score (<26 vs ≥26)within aweek after strokewith cognitive and functional outcome
and all-cause mortality during up to 3 years of follow-up

Cognitive impairment

DEDEMAS STROKDEM Pooled dataa

OR (95% CI) p Value OR (95% CI) p Value OR (95%CI) p Value

Impairment in ≥1
domain
(z score ≤1.5)

5.12 (2.01–13.07) 0.0006 5.48 (2.18–13.80) 0.0003 5.30 (2.75–10.22) <0.0001

CDR score ≥0.5 3.22 (1.43–7.26) 0.0048 2.17 (1.14–4.12) 0.0184 2.53 (1.53–4.18) 0.0003

Cognitive performance
(mean z score)

Effect estimate
(95%CI) p Value

Effect estimate
(95%CI) p Value

Effect estimate
(95%CI) p Value

Executive function/
attention

−0.74 (−1.06 to −0.42) <0.0001 −0.59 (−0.88 to −0.30) <0.0001 −0.66 (−0.87 to −0.44) <0.0001

Memory −0.34 (−0.57 to −0.12) 0.0031 −0.80 (−1.18 to −0.41) <0.0001 −0.54 (−0.99 to −0.09)b 0.0173

Language −0.41 (−0.65 to −0.16) 0.0010 −0.42 (−0.71 to −0.13) 0.0048 −0.41 (−0.60 to −0.23) <0.0001

Visuospatial ability −0.23 (−0.49 to 0.03) 0.0855 −0.35 (−0.61 to −0.09) 0.0076 −0.29 (−0.47 to −0.11) 0.0020

Functional impairment OR (95% CI) p Value OR (95% CI) p Value OR (95% CI) p Value

mRS score >2 4.75 (1.67–13.54) 0.0035 5.54 (1.44–21.39) 0.0130 5.03 (2.20–11.51) 0.0001

IADL score <8 2.93 (1.38–6.23) 0.0049 1.98 (0.83–4.75) 0.1250 2.48 (1.40–4.38) 0.0018

All-cause mortality HR (95% CI) p Value HR (95% CI) p Value HR (95% CI) p Value

6.83 (0.80–58.53) 0.0796 7.48 (1.48–37.71) 0.0148 7.24 (1.99–26.35) 0.0027

Abbreviations: CDR = Clinical Dementia Rating; CI = confidence interval; DEDEMAS = Determinants of Dementia After Stroke; HR = hazard ratio; IADL =
Instrumental Activities of Daily Living; mRS = modified Rankin Scale; OR = odds ratio; STROKDEM = Study of Factors Influencing Post-Stroke Dementia.
Analyseswere adjusted for age, sex, education, history of hypertension, history of diabetesmellitus, NIH Stroke Scale score at admission, and IQCODE score at
baseline.
a Effect estimates derived from meta-analysis.
b A random-effects model was used because of heterogeneity (I2 = 75%, p value from Cochran Q test = 0.05).
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mortality up to 3 years after the event. Specifically, we found
that patients without prestroke dementia scoring <26 on the
MoCA at baseline were at increased risk for cognitive im-
pairment defined by comprehensive neuropsychological as-
sessment and CDR, functional impairment assessed by the
mRS and IADL, and all-cause mortality. Across the 3-year
follow-up interval, patients with a MoCA score <26 per-
formed worse in multiple cognitive domains, including exec-
utive function/attention, memory, language, and visuospatial
ability. The results were remarkably consistent across 2 in-
dependent cohorts and were stable in sensitivity analyses.
Collectively, our findings emphasize the clinical utility of early
cognitive testing after stroke.

The baseline MoCA added to outcome prediction in-
dependently of other prognostic factors, including age, pre-
morbid cognitive status, and, most notably, stroke severity as
assessed by the NIHSS score at admission. The NIHSS is an
established predictor of functional outcome after stroke37,38

and has been associated with early mortality after stoke.39

However, it lacks a cognitive component,40 and its relation-
ship with cognitive outcomes is disputed.41,42 In the current
study, inclusion of the admission NIHSS score without

baseline MoCA did not add to the prediction of cognitive
impairment and mortality. In contrast, adding the baseline
MoCA score to the admission NIHSS score led to an increase
in the C statistic for all outcomes, including functional out-
come, across the 3 years of follow-up, thus demonstrating the
clinical utility of cognitive screening after stroke.

The use of a dichotomized MoCA at the previously validated
threshold of <2610,24,25 allowed us to classify patients with
missing items due to focal neurologic deficits. Previous studies
testing patients in the first days after stroke found the MoCA
to be infeasible in ≈20% of participants possibly because they
made no attempts to classify patients with missing
items.12–18,43 In contrast, we found 94% of our patients to be
classifiable. We further found the dichotomized score to
perform as well as the continuous score in predicting long-
term outcomes. Moreover, ROC curve analyses identified the
threshold of <26 as optimal for predicting cognitive and
functional impairment. Overall, these results support the use
of the threshold of <26 for cognitive testing after stroke. Still,
6% of our patients could not be classified or declined in-
vestigation. While not explored in detail, these patients
showed a high mortality (7 of 19 patients [37%] after 3 years),

Figure 2 Time course of cognitive and functional impairment by baseline MoCA score

Percentages of patients with (A) impairment in at least 1 cognitive domain (z score ≤1.5), (B) Clinical Dementia Rating (CDR) score ≥0.5, (C) modified Rankin
Scale (mRS) score >2, and (D) impairment in Instrumental Activities of Daily Living (IADL) score <8 during the follow-up assessments of the pooled Deter-
minants of Dementia After Stroke (DEDEMAS) and Study of Factors Influencing Post-Stroke Dementia (STROKDEM) sample. Error bars correspond to standard
errors. MoCA = Montreal Cognitive Assessment. *Statistically significant changes (false discovery rate <0.05) between time points.
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which would be in agreement with our findings in testable
patients and with earlier studies.15,43

Aside from being predictive of poor cognitive outcome,
a baseline MoCA score <26 was associated with worse func-
tional outcome as illustrated by an increase in the proportion
of patients with functional impairment between 12 and 36
months after stroke. This may in part relate to the known
influence of cognitive deficits on measures of disability and
performance in daily activities.6,44 Alternatively, the decline in
functional performance might relate to limitations in health
care delivery. Patients with poststroke cognitive impairment
have been shown to be at higher risk for poor adherence to
treatment guidelines and to have restricted access to re-
habilitation programs despite evidence for considerable func-
tional gains in this patient group.44 Hence, a MoCA score <26
might identify patients requiring special attention.

We also found the MoCA at baseline to predict 3-year mor-
tality. This fits with previous studies that found cognitive
deficits 3 months after stroke7 and incident poststroke de-
mentia45 to be associated with higher mortality. Extending
these observations, our study shows that cognitive testing in
the very first days after stroke adds to the prediction of
mortality, thus enabling the identification of high-risk
patients. As the Kaplan-Meier curves demonstrated, the
mortality rates were relatively constant across the 3-year
follow-up period both in patients with a MoCA score <26 and
in those with a MoCA score ≥26. Future studies exploring the
causes of death may help us understand the reasons for poor
prognosis in patients with a baseline MoCA score <26.

The rates of cognitive impairment both in the total sample
(defined by neuropsychological testing) and in those with
a baseline MoCA score <26 remained rather stable between
12 and 36 months. While this suggests a stabilization of
cognitive performance 1 year after stroke on a group level in
patients with mostly mild stroke and no prestroke dementia,
this finding needs to be interpreted cautiously. Some patients
might have deteriorated while others improved because of
ongoing disease or repair processes, respectively. In addition,
we might have lost patients who deteriorated during fol-
low-up.

Our results support the feasibility and clinical utility of the
MoCA within the first week after stroke despite practical
challenges.20,21 The MoCA has retained validity even the first
days after stroke,12,13 takes <10 minutes to complete,46 and is
feasible in the majority of patients with stroke.12,13 It has high
sensitivity for mild cognitive impairment in stroke patients,11

is especially sensitive to executive deficits that are common in
vascular cognitive impairment,10 and better reflects un-
derlying vascular pathology than the widely usedMini-Mental
State Examination.25,47 Hence, there are strong arguments for
routine testing of stroke patients with the MoCA early after
hospital admission.

This study has several methodologic strengths. Our results
were derived from 2 independent cohorts of stroke patients
recruited in different countries. Harmonization of study
protocols between DEDEMAS and STROKDEM enabled
pooled analyses, which enhanced power. Our study had a long
follow-up of 3 years and included a wide range of outcomes
comprehensively assessed by multiple methods. Serial meas-
urements at 6, 12, and 36 months enabled longitudinal anal-
yses with generalized estimating equations models providing
precise estimates. Finally, we accounted for known con-
founders and predictors of poor stroke outcome either by
study design or in multivariable analysis, thus determining the
predictive ability of the baseline MoCA on top of other
factors.

Our study also has limitations. First, our study might not be
fully representative of stroke in general because both cohorts
excluded patients with prestroke dementia and recruited
predominantly patients with mild stroke, who were more
likely to consent to study inclusion. This resulted in a high
proportion of cases with lowNIHSS scores, which limited the
variance of the NIHSS and might hence underestimate its
predictive value in the models and overestimate the pre-
dictive value of MoCA, especially for predicting functional
impairment. The selection of mildly affected patients is also
reflected by the high survival rate 3 years after stroke (91%),
which is closer to the rates reported for minor stroke48 than
for stroke in general.49 Although our results were similar even
among the small subsample of patients with admission
NIHSS score >3, they should be cautiously interpreted and
require confirmation by future studies with a larger repre-
sentation of patients with major stroke. On the other hand,

Figure 3 Kaplan-Meier survival curves by baseline MoCA
score

Shown are the results from the pooled Determinants of Dementia After
Stroke (DEDEMAS) and Study of Factors Influencing Post-Stroke Dementia
(STROKDEM) sample. MoCA = Montreal Cognitive Assessment. *Log-rank
test comparing the 2 survival curves.
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our sample is representative of patients who are most likely to
benefit from targeted prevention. Second, we cannot exclude
a bias resulting from attrition. Patients not examined by ex-
tensive face-to-face visits during follow-up are more likely
to have dementia,50 and this could lead to lower rates of
cognitive impairment when assessed by detailed neuro-
psychological testing at follow-up. Third, the MoCA was still
not feasible in a small proportion of patients at baseline (8%
in DEDEMAS and 5% in STROKDEM) despite di-
chotomization. Fourth, we could not control for delirium in
STROKDEM. However, we expect the rate of delirium
in STROKDEM to be very low because none of the patients
in DEDEMASmet the criteria for delirium. Finally, prestroke

cognitive function was assessed by the informant-based
IQCODE questionnaire rather than formal testing. There-
fore, residual confounding of prestroke cognitive function
remains possible.

This study shows that theMoCA administered within the first
week after stroke is a strong predictor of long-term cognitive
outcome, functional outcome, and mortality with added
predictive value on top of established predictors. Given the
brevity of the test and its feasibility in the setting of acute
stroke, our findings support the use of the MoCA as a routine
clinical tool to identify high-risk patients who might benefit
from close monitoring.

Figure 4 ROC curve analysis for cognitive impairment, functional impairment, and all-cause mortality

Receiver operating characteristic (ROC) curves were derived from 3 additive models predicting (A) cognitive impairment as defined by neuropsychological
testing, (B) functional impairment as defined by the modified Rankin Scale (mRS) scores, and (C) all-cause mortality during the 3-year follow-up period. The
basic model was adjusted for age, sex, education, history of hypertension, history of diabetes mellitus, and Informant Questionnaire on Cognitive Decline in
the Elderly at baseline; the additional models further include NIH Stroke Scale (NIHSS) score at admission (continuous scale) and Montreal Cognitive
Assessment (MoCA) at admission (dichotomized; score <26 vs ≥26). Shown are the results from the pooledDeterminants of Dementia After Stroke (DEDEMAS)
and Study of Factors Influencing Post-Stroke Dementia (STROKDEM) sample. AUC = area under the ROC curve.
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