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Objective To assess whether the cognitive function in the acute stage evaluated by domain-specific
neuropsychological assessments would be an independent predictor of functional outcome after stroke.

Methods Forty patients underwent 4 domain-specific neuropsychological examinations about 3 weeks after
the onset of stroke. The tests included the Boston Naming Test (BNT), the construction recall test (CRT), the
construction praxis test (CPT), and the verbal fluency test (VFT). The Korean version of Modified Barthel Index
(K-MBI) at 3 months and the modified Rankin Scale (mRS) at 6 months were investigated as functional outcome
after stroke. Functional improvement was assessed using the change in K-MBI during the first 3 months and
subjects were dichotomized into ‘good status’ and ‘poor status’ according to mRS at 6 months. The domain-
specific cognitive function along with other possible predictors for functional outcome was examined using
regression analysis.

Results The z-score of CPT (p=0.044) and CRT (p<0.001) were independent predictors for functional improvement
measured by the change in K-MBI during the first 3 months after stroke. The z-score of CPT (p=0.049) and CRT
(p=0.048) were also independent predictors of functional status at post-stroke 6 months assessed by mRS.
Conclusion Impairment in visuospatial construction and memory within one month after stroke can be an
independent prognostic factor of functional outcome. Domain-specific neuropsychological assessments could be

considered in patients with stroke in the acute phase to predict long-term functional outcome.
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INTRODUCTION

Many factors have been known as predictors for func-
tional outcome of stroke, including age, stroke mecha-
nism, volume and location of lesion, and comorbidities
[1-3]. Recent studies have focused on the association be-
tween cognition and functional status in later life in the
normal population [4-6] and in patients with cognitive
impairment such as dementia, schizophrenia or multiple
sclerosis [7-9]. In patients with dementia, schizophre-
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nia or multiple sclerosis, cognitive assessment predicts
functional outcome and justifies intervention for cogni-
tive deficits [7-12]. Findings from these studies suggest
that cognition has functional implication and can predict
functional outcomes in various diseases including stroke.

Cognitive problems such as memory impairment, dys-
praxia, deficit of attention, and impaired executive func-
tion are frequently observed in patients with stroke [13-
15]. The association between early post-stroke cognitive
deficit and functional outcome has been reported [16-18],
however, studies on the independent predictive strength
of early cognitive function are scarce [19,20]. Nys et al.
[19] showed that the prediction of long-term functional
outcome improved when specific cognitive deficits such
as inattention or visual perceptual disorders assessed by
broad spectrum of neuropsychological tests in the acute
stage of stroke, were added to a model with standard
medical variables. Wagle et al. [20] demonstrated that
early post-stroke cognitive functioning assessed by the
repeatable battery of neuropsychological status is an in-
dependent predictor of 13 months’ functional outcome.
Most of the previous studies that examined the relation-
ship between cognitive function in the acute stage after
stroke and long-term outcomes, used global screening
measures, such as Mini-Mental Status Examination
(MMSE) and Raven'’s Colored Progressive Matrix (RCPM)
[21-23]. These screening tests are not expected to be sen-
sitive enough to detect cognitive impairment in patients
with stroke, nor precisely identify the domain and sever-
ity of cognitive deficits [24]. Considering the complexity
of cognitive function, detailed neuropsychological evalu-
ation tools covering different cognitive domains would be
necessary to understand the cognitive function in early
stage of stroke as an independent predictor for long-term
functional outcomes.

The main purpose of this study was to investigate
whether cognitive function assessed by domain-specific
neuropsychological tests in the acute stage can have
prognostic value in predicting functional outcome after
stroke.

MATERIALS AND METHODS

Participants
We reviewed medical records of patients with first-ever
stroke who received an inpatient care in the Department

of Rehabilitation Medicine in Seoul National University
Boramae Medical Center from January 2011 to April 2014.
Patients who underwent neuropsychological evalua-
tion within 4 weeks were included. Exclusion criteria
were 1) recurred stroke, 2) previous history of psychiatric
problems (e.g., depression, drug or alcohol abuse), 3)
previous history of traumatic brain injury or degenera-
tive brain disease, 4) other causes of disabilities (amputa-
tion, bedridden due to medical conditions, etc.), 5) non-
communicable status (e.g., aphasia), and 6) hemineglect.
All subjects in this study participated in a comprehensive
in-patient rehabilitation program consisting of a combi-
nation of physical and occupational therapy for a total of
1.5-2 hours per day, 5 days per week. Fourteen out of 40
subjects were on cognitive enhancing drugs. The mean
length of stay in the department of rehabilitation medi-
cine was 21.12+6.88 days.

Predictor variables

Demographic and stroke-related factors such as age,
sex, type of stroke (infarction or hemorrhage), hemiplegic
side (right, left, or bilateral) and the presence or absence
of seizure were obtained as candidate predictor variables.
Korean version of the Modified Barthel Index (K-MBI),
National Institutes of Health Stroke Scale (NIHSS), Fugl-
Meyer scale of affected side (FMSA), manual motor test at
knee extensor muscles in the affected side (KEA), MMSE
and domain-specific cognitive function in the acute stage
of stroke were also included as candidate predictor vari-
ables. As only 31 subjects were evaluated with NIHSS in
the emergency room, we adopted the NIHSS score, which
was assessed on their day of transfer to the Department
of Rehabilitation Medicine.

Cognitive function was evaluated with several domain-
specific cognitive evaluations such as the Boston Nam-
ing Test (BNT), the construction praxis test (CPT), the
construction recall test (CRT), and the verbal fluency test
(VFT). They were selected for the evaluation of speech
and language, visuospatial construction ability, visuo-
spatial memory, and executive function individually.

The CPT consists of 4 figures, which are circle, dia-
mond, overlapping rectangles and Necker cube; and
the subject is questioned to recall those figures 2 to 2.5
minutes later in the CRT. For the VFT, participants are
required to say as many words as possible from a cat-
egory in 60 seconds. We also used 15-item version of the
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BNT. The validity of the Korean version of these tests is
well-demonstrated and a normative data of each test is
reportedly widely utilized in the diagnosis of dementia
in Korea [25]. Raw scores obtained from 4 neuropsycho-
logical tests were transformed to the z-score, which is
age- and education-adjusted value in the general Korean
population. The z-score lower than -1.65 was selected for
descriptive reports of severe cognitive impairment.

Outcome measures

Functional outcome was assessed with two sepa-
rate measures: the recovery of K-MBI during the first 3
months (‘functional improvement’) and modified Rankin
Scale (mRS) at post-stroke 6 months (‘functional status’).
The scores of K-MBI at post-stroke 6 months were not in-
cluded in the analysis, as many of them were missing. To
measure the functional improvement at 3 months after
stroke, we calculated how much K-MBI was recovered at
3 months. The recovery of K-MBI (§MBI) was obtained by
the following formula:

SMBI = K-MBI at 3 months-K-MBI initial

The value of SMBI could be negative if the subject expe-
rienced functional deterioration after stroke. The mRS is
a global scale of disability or dependence in daily activi-
ties widely used as an outcome measure, where 0 cor-
responds to no symptoms and 5 to a bedridden status or
severe disability [26]. Patients in this study were divided
into two groups according to their mRS stage at 6 months
after stroke, with mRS <3 classified as ‘good status’ and
mRS >3 as ‘poor status!

Statistical analysis

The Shapiro-Wilk test was done to verify the normal
distribution of MBI, and Wilcoxon signed-rank test was
done to compare the scores of K-MBI at initial period and
at 3 months. To verify the effect of initial cognitive func-
tion on functional improvement during 3 months after
stroke, multiple linear regression analysis was performed
for each domain-specific cognitive function. For predict-
ing functional status at 6 months after stroke, logistic
regression analysis was performed with independent
variables such as demographic factors, initial motor
function, and cognitive function. Independent variables
in all above mentioned statistical analysis were selected
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through Spearman correlation analysis. Statistical analy-
ses were performed using the SPSS ver.19.0 (IBM SPSS,
Armonk, NY, USA) and p<0.05 was considered statisti-
cally significant.

RESULTS

Subjects demographics and functional evaluations

We initially assessed 414 patients for eligibility, a total
of 291 subjects were excluded, and among them, 182
patients did not meet the inclusion criteria, 11 subjects
had recurred stroke, 34 subjects had previous psychiat-
ric problems, and 64 subjects were non-communicable.
Of the remaining 123 subjects, 7 patients had hemine-
glect, 31 patients did not visit the outpatient clinic after
discharge. Twenty-six patients were not evaluated at 3
months, and 19 patients were not evaluated at 6 months
after stroke. Finally, statistical analysis was conducted
with 40 subjects.

Initial functional evaluation including FMSA, K-MBI
was performed within 2 weeks after stroke (11.06+5.63
days), and the follow-up evaluation of K-MBI and mRS
were done at 3 and 6 months after stroke (Table 1).

The Shapiro-Wilk test verified the normal distribution
of 3MBI (p=0.054), and the Wilcoxon signed-rank test
showed that the average value of K-MBI at 3 months after
stroke was increased, as compared to the average value
of initial K-MBI (p<0.001). According to mRS, 13 subjects

Table 1. Subject demographics and functional evalua-
tions

Variable Value
Age (yr) 68.05+10.17
Sex (male:female) 20:20
Stroke type (hemorrhagic:ischemic) 11:29
Hemiplegic side (left:right:bilateral) 21:17:2
FMSA 54.82+33.97
K-MBI (initial) 37.97+24.70
K-MBI (at 3 mo) 70.52+22.63
OMBI B2865:4288659
mRS (at 6 mo) 2.75+1.39

Values are presented as meantstandard deviation or
number.

FMSA, Fugl-Meyer scale in the affected side; K-MBI, Ko-
rean version of Modified Barthel index; SMBI, K-MBI (at
3 mo) - K-MBI (initial); mRS, Modified Rankin Scale.
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were assigned as ‘poor status, while 27 subjects were as
‘good status!

Cognitive impairment in 4 specific domains

MMSE and 4 domain-specific neuropsychological tests
were performed in 3 weeks after stroke onset (19.06+5.17
days). The mean values of MMSE and neuropsychologi-
cal test scores were shown in Table 2. The number of do-
mains that were impaired severely (z-score <-1.65) was
counted (Fig. 1) for each subject. Subjects with hemor-
rhagic stroke had significantly more domains that were
severely impaired than subjects with ischemic stroke
(p=0.02, Mann-Whitney U test).

Table 2. Cognitive impairments in acute stage of stroke

Test (max score) Value
MMSE (30) 20.75+7.12
BNT (15) 8.17+3.76 (-0.8621.25)
CPT (11) 4.92+3.77 (-0.80+1.09)
CRT(11) 6.55+3.53 (-1.38+2.18)
VFT (-) 8.60+4.74 (-1.37+1.05)

Values are presented as meantstandard deviation (z-score).
The z-score is a standardized score of each parameter with
age and education level matching in the general popula-
tion in Korea.

MMSE, Mini-Mental Status Examination; BNT, Bos-
ton Naming Test; CPT, construction praxis test; CRT,
construction recall test; VFT, verbal fluency test.
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Domain-specific cognitive function and functional
improvement during post-stroke 3 months (MBI)

By the univariate analysis, initial K-MBI and NTHSS
were significantly related to SMBI (p<0.05), while age,
hemiplegic side, scores of MMSE, FMSA and KEA showed
possible relationship (p<0.25) with SMBI.

We selected age, sex, hemiplegic side, scores of FMSA
and initial K-MBI along with MMSE or other neuropsy-
chological tests as independent variables in the regres-
sion analysis. Although sex showed no relation with
SMBI, it was included into the model. NIHSS was not
included into the model despite its significant relation-
ship with SMBI in the univariate analysis, because NIHSS
of 9 subjects, which were not assessed in the emergency
room, could affect the validity of the results. Scores of
FMSA were selected instead of NIHSS, because FMSA
could represent neurological deficit for minimizing con-
founding effects. The NITHSS and FMSA were significantly
correlated (Spearman rho=-0.660, p<0.001).

By the stepwise linear regression analysis with indepen-
dent variables of age, sex, hemiplegic side, FMSA, and
MMSE, MMSE (p=0.076) was not a significant indepen-
dent variable to predict better functional improvement
(Table 3). The same analysis with specific neuropsycho-
logical tests (BNT, CPT, CRT, and VFT) instead of MMSE
showed that the CPT within post-stroke 1 month inde-
pendently predicts SMBI at 3 months after stroke, even
after controlling age, initial scores of K-MBI, and severity
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Fig. 1. Subjects with severe cognitive deficit (z-score<-1.65) in certain domains among 4 domains, which were speech
and language, visuospatial memory, visuospatial construction ability, and executive function were counted. Bar graph
showed that the subjects with hemorrhagic stroke tended to have a higher number of severely impaired cognitive do-

mains. (A) Ischemic stroke and (B) hemorrhage stroke.
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Table 3. Results of the stepwise linear regression analysis

Table 4. Results of the stepwise logistic regression analy-

(6MBI) sis (mRS)
Predictor variable p-value Regression coefficient Pre(.llctor 0dds ratio (95% CI) p-value
BNT 0.83 variable
CPT 0.044* 2.741 BNT - 0.856
CRT <0.001* 1.292 CPT 0.282 (0.079-1.002) 0.049*
VET 0.18 CRT 0.529 (0.281-1.993) 0.028*
MMSE 0.076 VET = 0.353
MMSE 0.849 (0.730-0.987) 0.033*

Five separate analyses for each neuropsychological test
(BNT, CPT, CRT, VET and MMSE) are summarized to-
gether.

Regression analysis was performed with independent
variables of age, sex, hemiplegic side, initial K-MBI,
FMSA, and each neuropsychological test to predict func-
tional improvement (3MBI) during post-stroke 3 months.
BNT, Boston Naming Test (z-score); CPT, construction
praxis test (z-score); CRT, construction recall test (z-
score); VFT, verbal fluency test (z-score); MMSE, Mini-
Mental Status Examination; MBI, K-MBI (at 3 mo) - K-
MBI (initial).

*p<0.05.

of motor impairment. Better functional improvement
was anticipated if the patient was younger (p=0.027),
had lower scores of initial K-MBI (p<0.001), had higher
FMSA (p=0.008) or had higher scores of the CPT (p=0.048,
R?=0.496). Independent variables such as hemiplegic side
(p=0.575), and sex (p=0.437) were deleted during back-
ward elimination.

The CRT independently predicts SMBI at 3 months after
stroke (p<0.001, R’=0.614), while younger age (p=0.001),
lower scores of initial K-MBI (p<0.001) and higher scores
of FMSA (p=0.022) also assure better functional outcome.
Hemiplegic side (p=0.825), and sex (p=0.515) were de-
leted during backward elimination.

The BNT (p=0.83) and the VFT (p=0.18) were not sig-
nificant factors to predict SMBI at post-stroke 3 months.

Domain-specific cognitive function and functional
status at post-stroke 6 months (mRS)

By the univariate analysis, age and MMSE showed
significant relationship (p<0.05), and KEA and FMSA
showed possible relationship (p<0.25) with mRS at post-
stroke 6 months. Hemiplegic side and initial K-MBI
scores were excluded because they did not have consid-
erable relationship with mRS in the univariate analysis.

For logistic regression analysis, we selected age, sex,
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Five separate analyses for each neuropsychological test
(BNT, CPT, CRT, VET and MMSE) are summarized to-
gether.

Regression analysis was performed with independent
variables of age, sex, FMSA, and each neuropsychologi-
cal test to predict functional status (mRS) at post-stroke 6
months (good, mRS<3 or poor, mRS>3).

BNT, Boston Naming Test (z-score); CPT, construction
praxis test (z-score); CRT, construction recall test (z-
score); VFT, verbal fluency test (z-score); MMSE, Mini-
Mental Status Examination; mRS, modified Rankin Scale.
*p<0.05.

FMSA along with MMSE or other neuropsychological
tests as independent variables. The candidates such as
KEA were not selected to prevent collinearity between
independent variables because they showed significant
relationship with FMSA. The Spearman correlation anal-
ysis between selected independent variables showed no
correlation.

Table 4 showed the results of the stepwise logistic
analysis. The patient has higher probability of having
good functional status (mRS<3) if he or she is younger
(p=0.003), has higher FMSA (p=0.012) or has higher score
of CPT (p=0.049, R’=0.419). Sex (p=0.962) was deleted
during backward elimination.

The CRT independently predicts good functional sta-
tus (mRS<3) at 6 months after stroke as well (p=0.048,
R’=0.411). Younger age (p=0.002), and higher FMSA
(p=0.031) also assure better functional status. Sex
(p=0.544) was deleted during backward elimination.

Unlike the previous analysis on functional improve-
ment, MMSE (p=0.033, R°=0.438) predicts good function-
al status (mRS<3) at 6 months after stroke independently,
even after controlling for age and FMSA. Younger age
(p=0.009), and higher scores of FMSA (p=0.025) also as-
sure better functional status. Sex (p=0.565) was deleted
during backward elimination.
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BNT (p=0.856) and VFT (p=0.353) were not significant
factors in predicting functional status at post-stroke 6
months.

DISCUSSION

Few studies have focused on the cognitive function
as an independent predictor of functional outcome in
patients with stroke [20]. Cognitive function can be an
important factor affecting functional outcome in stroke
patients as in the normal aging population [4-6] or in pa-
tients with other disease with cognitive dysfunction [7-9].
It can be easily assumed that the cognitive impairment
can lower participation in rehabilitation therapy, and
impede learning protocols or procedures needed to be
independent after stroke. A study showed that the group
of stroke patients with higher MMSE score had shown
higher MBI and lower mRS after discharge [21]. Another
study showed that patients with cognitive impairment
required more rehabilitation intervention to obtain sig-
nificant functional gains [27]. Cognitive impairment such
as memory problems and mental dullness are frequently
seen in many patients with stroke, and it can cause great
negative impact on long-term rehabilitation outcome
[28,29].

In contrast to the previous studies, in our study, several
specific neuropsychological assessments were selected
for different cognitive domains instead of simple global
screening measures for cognitive function. Furthermore,
we used actual scores of K-MBI to measure functional
improvement during post stroke 3 months as an outcome
variable. Among the previous studies on domain-specific
cognitive abilities as the independent predictors for func-
tional outcome, Nys et al. [19] used dichotomized MBI
(=19) and the Frenchay Activities Index (>15) as the func-
tional outcome measures, and Wagle et al. [20] measured
mRS for 13 months’ functional outcome.

In this study, the scores of the CPT and the CRT in the
acute stage were independent predictors for MBI at
post-stroke 3 months along with other variables such as
age, initial K-MBI and FMSA, while MMSE was not sig-
nificantly related. It is generally accepted that recovery of
most of the MBI score occurs by 3 months after stroke [30],
hence, subjects in this study showed significantly higher
K-MBI at 3 months after stroke, as compared to initial
evaluation. The current study included 10 subjects whose

K-MBI were assessed at post-stroke 6 months, but there
was no significant increase in K-MBI at 6 months, as
compared to that of post-stroke 3 months. For functional
improvement during the first 3 months after stroke, age
and initial K-MBI along with FMSA, which represent ini-
tial neurological deficit, were all important predictors, in
agreement with other studies [31,32].

We verified that the z-scores of the CPT and the CRT,
not MMSE, strongly predicted functional improvement
after stroke. These results indicated the necessity of acute
phase domain-specific neuropsychological assessment to
predict functional improvement. Many studies on the link
between cognitive impairment and functional outcome
in stroke patients had limitations, as they used screening
measure such as MMSE as a means of cognitive function.
Even though MMSE is widely used for screening cognitive
problems, its value in the screening of cognitive impair-
ment in stroke patients is under debate. MMSE is depen-
dent on age, language and education, and is not sensitive
to right hemisphere lesions. Moreover, the limitations of
MMSE also include inability to differentiate between dif-
fuse and focal lesions [33], and insensitivity to domain-
specific impairments such as abstract reasoning, execu-
tive functioning and visual perception and construction
[24]. Our results could strengthen the proposal that tests
that assess domain-specific cognitive function such as
the CPT and the CRT can be used for better prediction of
functional improvement during the first 3 months after
stroke.

We also divided the subjects into two groups accord-
ing to their mRS at post-stroke 6 months mRS<3 as ‘good
status’ and mRS>3 as ‘poor status’ This dichotomization
of functional outcome was adopted in previous studies
[34,35], and the cutoff value of independent walking in
mRS is 3. Analysis of the relationship between the results
of acute phase domain-specific neuropsychological as-
sessment and the functional status at 6 months, indicated
that the CPT and the CRT were independent predictors of
good functional status (mRS<3).

In this study, several tests were selected for the evalua-
tion of cognitive function of patients with stroke. The CPT
was selected for evaluation of visuospatial construction
ability and the CRT was selected for the memory func-
tion. The results indicated that the CPT and the CRT in-
dependently predict functional outcomes after stroke af-
ter controlling for age, sex and initial neurological deficit.
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The visuospatial construction impairment is expected to
hinder the ability of performing tasks in a 3-dimentional
environment. The CRT with previous CPT can be a learn-
ing task that is adequate for the evaluation of learning
ability, which may play an important role in functional
progress in stroke patients. The function of memory in re-
habilitation process of patients with stroke could be clini-
cally important, because the ability to manipulate and
maintain information might provide better performance
in rehabilitation [36]. Memory deficit can influence the
learning process. Decline in memory impairs activities in
daily lives, ability to be independent and secure, and the
capacity of learning skills to overcome their neurological
deficit. In rehabilitation training, memory can play an
important role in learning how to act with devices, and
following stepwise instructions.

The BNT and the VFT showed no relation with func-
tional outcomes. The BNT is used for the evaluation of
speech and language, while the VFT is used for executive
function; and both tests are based on the language func-
tion. The negative result of BNT and VFT in this study
should be interpreted with caution. Because we excluded
patients who were non-communicative, patients who
were enrolled in this study would have had relatively
good language function, and this could be the reason that
z-scores of the BNT and the VFT were not related signifi-
cantly to functional outcomes.

This study had some limitations. First, this was a ret-
rospective study; hence, the inpatient rehabilitation
therapy of each subject was not controlled. However,
the amount and detailed contents of therapy were not
significantly different between subjects. Moreover, some
factors are reportedly related to cognitive impairments
in stroke such as age, sex, fever or recent infection, hy-
perglycemia, previous stroke, presence of APOE ¢4 allele,
size or location of stroke, amygdala volume, hemorrhagic
stroke, and cortical hypoperfusion [37]. To control for the
effect of those factors, we excluded patients with depres-
sion, hemineglect, or pre-existing cognitive impairment
such as Alzheimer disease and traumatic brain injury.
However, we could not control every factor because of
the retrospective study design. A well-designed prospec-
tive study with detailed neuropsychological evaluation
will provide a more meaningful estimate of the relation-
ship between cognitive ability and functional outcomes
after stroke. Second, despite review of a large amount of
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medical records, only 40 subjects were included in the
analysis. Further study with a larger sample may present
more meaningful information. Third, since only subjects
who completed neuropsychological tests were included
in this study, there is a risk of selection bias. However,
many patients with stroke could not perform the detailed
neuropsychological evaluation because of poor general
medical condition, severe motor deficit, and limited
endurance with deficit in attention [38]. Our study also
showed that an early detailed neuropsychological evalua-
tion was applicable to patients with relatively mild stroke.
The average initial NIHSS score was 6.25+4.24. Therefore,
our findings may not be directly generalized to the entire
population of stroke patients. Fourth, initial cognitive
evaluation was not done in the very early period, because
it usually takes several days to weeks before patients are
transferred to the Department of Rehabilitation Medicine
after onset of stroke. In our study, neuropsychological
evaluations were performed in about 19 days after stroke
onset.

In conclusion, visuospatial construction and memory
assessed by the CPT and the CRT in the acute phase can
predict functional outcomes after stroke. Therefore, do-
main-specific neuropsychological assessments could be
considered in patients with stroke in the acute phase to
predict long-term functional outcome.

CONFLICT OF INTEREST

No potential conflict of interest relevant to this article
was reported.

ACKNOWLEDGMENTS

This research was supported by Basic Science Research
Program through the National Research Foundation of
Korea (NRF) funded by the Ministry of Education (2010-
0004974).

REFERENCES

1. Weimar C, Konig IR, Kraywinkel K, Ziegler A, Diener
HC; German Stroke Study Collaboration. Age and Na-
tional Institutes of Health Stroke Scale Score within 6
hours after onset are accurate predictors of outcome
after cerebral ischemia: development and external



Cognitive Ability as an Independent Predictor for Functional Outcome

10.

11.

validation of prognostic models. Stroke 2004;35:158-
62.

Hankey GJ, Jamrozik K, Broadhurst R], Forbes S, An-
derson CS. Long-term disability after first-ever stroke
and related prognostic factors in the Perth Commu-
nity Stroke Study, 1989-1990. Stroke 2002;33:1034-40.
Thijs VN, Lansberg MG, Beaulieu C, Marks MP, Mose-
ley ME, Albers GW. Is early ischemic lesion volume on
diffusion-weighted imaging an independent predictor
of stroke outcome? A multivariable analysis. Stroke
2000;31:2597-602.

Schmitter-Edgecombe M, Parsey C, Cook DJ. Cogni-
tive correlates of functional performance in older
adults: comparison of self-report, direct observation,
and performance-based measures. ] Int Neuropsychol
S0c2011;17:853-64.

Atkinson HH, Rosano C, Simonsick EM, Williamson
JD, Davis C, Ambrosius WT, et al. Cognitive function,
gait speed decline, and comorbidities: the health, ag-
ing and body composition study. ] Gerontol A Biol Sci
Med Sci 2007;62:844-50.

van Hooren SA, van Boxtel MP, Valentijn SA, Bosma
H, Ponds RW, Jolles J. Influence of cognitive function-
ing on functional status in an older population: 3- and
6-year follow-up of the Maastricht Aging Study. Int J
Geriatr Psychiatry 2005;20:883-8.

Hill RD, Backman L, Fratiglioni L. Determinants of
functional abilities in dementia. ] Am Geriatr Soc
1995;43:1092-7.

Green MF, Kern RS, Heaton RK. Longitudinal stud-
ies of cognition and functional outcome in schizo-
phrenia: implications for MATRICS. Schizophr Res
2004;72:41-51.

Kalmar JH, Gaudino EA, Moore NB, Halper ], Deluca
J. The relationship between cognitive deficits and ev-
eryday functional activities in multiple sclerosis. Neu-
ropsychology 2008;22:442-9.

Bahar-Fuchs A, Clare L, Woods B. Cognitive training
and cognitive rehabilitation for mild to moderate Al-
zheimer’s disease and vascular dementia. Cochrane
Database Syst Rev 2013;6:CD003260.

Subramaniam K, Luks TL, Fisher M, Simpson GV,
Nagarajan S, Vinogradov S. Computerized cognitive
training restores neural activity within the reality
monitoring network in schizophrenia. Neuron 2012;
73:842-53.

12.

13.

14.

15

16.

17.

18.

19.

Motl RW, Sandroff BM, Benedict RH. Cognitive dys-
function and multiple sclerosis: developing a ratio-
nale for considering the efficacy of exercise training.
Mult Scler 2011;17:1034-40.

Rasquin SM, Lodder J, Ponds RW, Winkens I, Jolles J,

Verhey FR. Cognitive functioning after stroke: a one-
year follow-up study. Dement Geriatr Cogn Disord

2004;18:138-44.

Sachdev PS, Brodaty H, Valenzuela M]J, Lorentz LM,
Koschera A. Progression of cognitive impairment in
stroke patients. Neurology 2004;63:1618-23.

.Desmond DW, Moroney JT, Sano M, Stern Y. Recovery

of cognitive function after stroke. Stroke 1996;27:1798-
803.

Galski T, Bruno RL, Zorowitz R, Walker J. Predicting
length of stay, functional outcome, and aftercare in
the rehabilitation of stroke patients: the dominant
role of higher-order cognition. Stroke 1993;24:1794-
800.

Larson EB, Kirschner K, Bode RK, Heinemann AW,
Clorfene J, Goodman R. Brief cognitive assessment
and prediction of functional outcome in stroke. Top
Stroke Rehabil 2003;9:10-21.

van Zandvoort MJ, Kessels RP, Nys GM, de Haan EH,
Kappelle L]. Early neuropsychological evaluation in
patients with ischaemic stroke provides valid infor-
mation. Clin Neurol Neurosurg 2005;107:385-92.

Nys GM, van Zandvoort M]J, de Kort PL, van der Worp
HB, Jansen BP, Algra A, et al. The prognostic value of
domain-specific cognitive abilities in acute first-ever
stroke. Neurology 2005;64:821-7.

20.Wagle J, Farner L, Flekkoy K, Bruun Wyller T, Sandvik

21.

22.

23.

L, Fure B, et al. Early post-stroke cognition in stroke
rehabilitation patients predicts functional outcome at
13 months. Dement Geriatr Cogn Disord 2011;31:379-
87.

Paker N, Bugdayci D, Tekdos D, Kaya B, Dere C. Im-
pact of cognitive impairment on functional outcome
in stroke. Stroke Res Treat 2010;2010:652612.
Marchina S, Zhu LL, Norton A, Zipse L, Wan CY,
Schlaug G. Impairment of speech production predict-
ed by lesion load of the left arcuate fasciculus. Stroke
2011;42:2251-6.

Ozdemir F, Birtane M, Tabatabaei R, Ekuklu G, Kokino
S. Cognitive evaluation and functional outcome after
stroke. Am ] Phys Med Rehabil 2001;80:410-5.

www.e-arm.org 221



Jihong Park, et al.

24.Nys GM, van Zandvoort M]J, de Kort PL, Jansen BP,
Kappelle L], de Haan EH. Restrictions of the Mini-
Mental State Examination in acute stroke. Arch Clin
Neuropsychol 2005;20:623-9.

25.Lee DY, Lee KU, Lee JH, Kim KW, Jhoo JH, Kim SY,
et al. A normative study of the CERAD neuropsycho-
logical assessment battery in the Korean elderly. J Int
Neuropsychol Soc 2004;10:72-81.

26.Rankin J. Cerebral vascular accidents in patients over
the age of 60. III: Diagnosis and treatment. Scott Med
] 1957;2:254-68.

27.Barnes C, Conner D, Legault L, Reznickova N, Harri-
son-Felix C. Rehabilitation outcomes in cognitively
impaired patients admitted to skilled nursing facili-
ties from the community. Arch Phys Med Rehabil
2004;85:1602-7.

28.Patel M, Coshall C, Rudd AG, Wolfe CD. Natural his-
tory of cognitive impairment after stroke and factors
associated with its recovery. Clin Rehabil 2003;17:158-
66.

29. Heruti RJ, Lusky A, Dankner R, Ring H, Dolgopiat M,
Barell V, et al. Rehabilitation outcome of elderly patients
after a first stroke: effect of cognitive status at admis-
sion on the functional outcome. Arch Phys Med Reha-
bil 2002;83:742-9.

30.Kong KH, Lee J. Temporal recovery of activities of
daily living in the first year after ischemic stroke: a
prospective study of patients admitted to a rehabilita-
tion unit. NeuroRehabilitation 2014;35:221-6.

222 www.e-arm.org

31.Knoflach M, Matosevic B, Rucker M, Furtner M, Mair
A, Wille G, et al. Functional recovery after ischemic
stroke: a matter of age: data from the Austrian Stroke
Unit Registry. Neurology 2012;78:279-85.

32.Li KY, Lin KC, Wang TN, Wu CY, Huang YH, Ouyang P.
Ability of three motor measures to predict functional
outcomes reported by stroke patients after rehabilita-
tion. NeuroRehabilitation 2012;30:267-75.

33.Dick JP, Guiloff R], Stewart A, Blackstock J, Bielawska
C, Paul EA, et al. Mini-mental state examination in
neurological patients. ] Neurol Neurosurg Psychiatry
1984;47:496-9.

34.Hocker SE, Britton JW, Mandrekar JN, Wijdicks EF,
Rabinstein AA. Predictors of outcome in refractory
status epilepticus. JAMA Neurol 2013;70:72-7.

35.Karamchandani RR, Fletcher JJ, Pandey AS, Rajajee V.
Incidence of delayed seizures, delayed cerebral isch-
emia and poor outcome with the use of levetiracetam
versus phenytoin after aneurysmal subarachnoid
hemorrhage. J Clin Neurosci 2014;21:1507-13.

36.Malouin E Belleville S, Richards CL, Desrosiers ], Doy-
on J. Working memory and mental practice outcomes
after stroke. Arch Phys Med Rehabil 2004;85:177-83.

37. Gottesman RF, Hillis AE. Predictors and assessment of
cognitive dysfunction resulting from ischaemic stroke.
Lancet Neurol 2010;9:895-905.

38.Laska AC, Hellblom A, Murray V, Kahan T, Von Arbin
M. Aphasia in acute stroke and relation to outcome. J
Intern Med 2001;249:413-22.



