
http://j-stroke.org  49

Copyright © 2013  Korean Stroke Society
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/) which 
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

pISSN: 2287-6391 • eISSN: 2287-6405

Impact of Post-Stroke Cognitive Impairment with 
No Dementia on Health-Related Quality of Life
Jung Hyun Park,a Beom Joon Kim,b Hee-Joon Bae,b Jisung Lee,c Juneyoung Lee,c Moon-Ku Han,b 
Kyung Yoon O,a Seong Ho Park,b Yeonwook Kang,d Kyung-Ho Yu,e Byung-Chul Leee

aDepartment of Neurology, Dongguk University Gyeongju Hospital, Gyeongju;
bDepartment of Neurology, Stroke Center, Seoul National University Bundang Hospital, Seoul National University College of Medicine, Seongnam;
cDepartment of Biostatistics, Korea University College of Medicine, Seoul;
dDepartment of Psychology, Hallym University, Chuncheon;
eDepartment of Neurology, Hallym University College of Medicine, Anyang, Korea

Introduction

Health-related quality of life (HRQoL) is used to quantify 
patients’ burden of disease.1 This measure focuses on the patient 
rather than the disease and is helpful to compare health status 

between different types of disease. HRQoL also allows direct 
comparisons of benefits from a variety of interventions on a va-
riety of diseases.1,2 Recently, the US Food and Drug Adminis-
tration announced to the pharmaceutical industry that HRQoL 
could be a possible endpoint in clinical trials.3 Therefore, HRQoL 
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Background and Purpose  Health-related quality of life (HRQoL) is a multidimensional con-
cept that signifies a subjective evaluation of perceived health; hence, it has gained wide acce
ptance in geriatrics. However, its application has not been tested in patients with post-stroke 
cognitive impairment with no dementia (PSCIND). We investigated whether PSCIND inter-
feres with HRQoL measured by EQ-5D, compared the findings to those of healthy people 
with normal cognition, and evaluated the influence of each cognitive domain on this score.
Methods  In total, 1,528 subjects were identified who had undergone neuropsychological 
assessment using the 60-min protocol of the Korean version of Vascular Cognitive Impair-
ment Harmonization Standards, EQ-5D, and magnetic resonance imaging at the stroke pre
vention clinic. Fifty PSCIND patients were matched to 50 post-stroke dementia (PSD) pa-
tients and 50 normal age- (±3 years) and sex-matched controls. The effects of PSCIND, 
PSD, and control groups upon the EQ-5Dindex score were tested by generalized estimating 
equation modeling.
Results  Estimated means±standard errors of EQ-5Dindex scores were as follows: 0.94±0.06 
(control group), 0.86±0.08 (PSCIND group), and 0.61±0.32 (PSD group); and the difference 
among the three groups was statistically significant (P<0.0001). Pairwise comparisons show
ed that EQ-5Dindex scores in the PSCIND group differed from those in the PSD and control 
groups (both P<0.01). No cognitive domain was specifically associated with EQ-5Dindex scores 
after adjusting for functional status.
Conclusions  This study shows that PSCIND may interfere with the quality of life in stroke 
victims. 
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has begun to be used as an outcome measure in clinical trials on 
various diseases, including stroke and dementia.4,5 

HRQoL was worse in people with Alzheimer’s disease (AD) 
compared to those with mild cognitive impairment or normal 
cognition, but there was no difference between mild cognitive 
impairment and normal cognition.6 HRQoL of stroke survivors 
was lower than that of healthy elderly people living in the com-
munity.7 However, HRQoL has not been evaluated and report-
ed in stroke victims with cognitive impairment but no dementia.

The utility weight of EQ-5D (EQ-5Dindex) in a representative 
sample of the Korean population was recently reported as a fea-
sible and valid tool for measuring HRQoL in stroke survivors.8

The objectives of the present study were to compare patients 
with post-stroke cognitive impairment with no dementia (PSC
IND) to those with post-stroke dementia (PSD) and healthy 
people with normal cognition with respect to HRQoL, mea-
sured by EQ-5Dindex, and to investigate the individual effect of 
each cognitive domain on EQ-5Dindex.

Methods

A series of 1,528 patients who visited the stroke prevention 
clinic at Seoul National University Bundang Hospital, under-
went brain magnetic resonance imaging (MRI), and underwent 
the 60-min neuropsychological assessment protocol of the Ko-
rean version of Vascular Cognitive Impairment Harmonization 
Standards (K-VCIHS-NP) and EQ-5D between May 2007 and 
March 2009, were identified using the clinical data warehousing 
system embedded in our institution’s electronic medical records 
system. This study protocol was reviewed and approved by your 
Institutional Review Board, and that informed consent was wai
ved.

Of those 1,528, the PSD and PSCIND groups were selected 
from those who 1) had been hospitalized at our institution for 
acute stroke management and 2) were impaired in at least one 
of the frontal executive, language, visuospatial, or memory do-
mains on the K-VCIHS-NP, and 3) in whom the K-VCIHS-NP 
might have been administered at least 90 days after stroke onset. 
Among them, those who did not meet the criteria of dementia 
were classified as the PSCIND group and those who met the 
criteria formed the PSD group. Dementia was diagnosed ac-
cording to the Diagnostic and Statistical Manual of Mental Dis-
orders, Fourth Edition9 criteria based on clinical interviews, 
cognitive functions assessed using the K-VCIHS-NP, and social 
functioning status assessed on the scale of Instrumental Activi-
ties of Daily Living. Patients who had depression were excluded. 
Stroke (ischemic or hemorrhagic) was defined using the World 
Health Organization’s definition of “rapidly developed clinical 

signs of focal or global disturbance of cerebral function, lasting 
more than 24 hours or leading to death, with no apparent cause 
other than a vascular origin.” 

The control group was chosen from individuals who visited 
the stroke prevention clinic worrying about a risk of stroke, but 
who had no history of stroke and normal cognition on the 60- 
minutes protocol. Those who had moderate to severe white 
matter hyperintensities on the fluid-attenuated inversion recov-
ery sequences of brain MRI, psychiatric illness, or other neuro-
logical disorders were excluded. We also excluded those who 
were not evaluated with EQ-5D. A flow chart for the identifica-
tion of study subjects is displayed in Figure 1.

We selected cases and controls in the age band between 50 
years (the lowest in PSD group) and 82 (the highest in control 
group). Each PSCIND patient (N = 50) was matched to one 
PSD patient and one control according to age ( ± 3 years) and 
sex, blinded to other clinical information. 

Instruments and data collection
The K-VCIHS-NP was adapted from the 60-minutes neuro-

psychology protocol of the Vascular Cognitive Impairment 
Harmonization Standards (VCIHS) proposed by the National 
Institute of Neurological Disorders and Stroke and the Canadi-
an Stroke Network.10 It comprises 4 cognitive domains and 8 
cognitive tests: frontal executive function (animal naming test, 
phonemic fluency test, Digit Symbol Coding, Korean Trail-Ma
king Test A and B); language/lexical retrieval (Korean-Boston 
Naming Test-short form); visuospatial (Rey Complex Figure 
Test: Copy); and memory (Seoul Verbal Learning Test). In ad-
dition, Korean Mini-Mental Status Examination for evaluating 
global cognitive dysfunctions and the Informant Questionnaire 
of Cognitive Decline in the Elderly for assessing the patients’ 
pre-morbid history of cognitive dysfunctions, and Geriatric De-
pression Scale were also included. All tests and scales were vali-
dated and standardized in Korean subjects.11 

Trained clinical psychometricians, blinded to the clinical and 
neuroradiological profiles of each patient, administered the se-
ries of tests. A score on each cognitive test was transformed into 
a standardized z-score (z-score = [individual score-mean score 
of the sample]/standard deviation of the sample). Cognitive 
impairments in language, visuospatial function, or memory do-
mains were defined as a score of less than the 7th percentile 
(≈mean-1.5 standard deviation [SD]) in each domain-specific 
test. Cognitive impairment in the frontal executive domain was 
defined as a score of less than the 7th percentile in 2 or more of 
the 5 frontal domain-specific tests. Instrumental Activities of 
Daily Living score ≥ 0.43 was considered a significant impair-
ment in everyday functioning,12 and Geriatric Depression Scale 
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score of 18-30 as being depressive.13,14 

HRQoL was assessed using the EQ-5D. Subjects were asked 
to rate their current health state across the five dimensions (mo-
bility, self-care, usual activities, pain/discomfort, and anxiety/
depression). Subjects were asked to choose one of three respon
ses in each dimension. Trained psychometricians administered 
the EQ-5D questionnaire after the subjects finished the neuro-
psychological test series. The EQ-5D allows calculation of a 
preference-based summary index based on time trade-off tech-
niques in which the value “0” represents death and “1” perfect 
health. We chose the utility measurement EQ-5Dindex score to 
identify the difference in HRQoL among the three groups be-
cause it is designed to compare HRQoL across different diseas-
es as well as different populations. A utility was derived from a 
representative sample of the Korean population, and the use of 
the Korean version of EQ-5Dindex had been validated for the Ko-
rean general population and for stroke survivors.8,15

Baseline demographics and clinical characteristics of the study 
subjects were obtained from a prospective registry database of 
hospitalized stroke patients16 or by reviewing electronic medical 
records. Information on the following variables was collected: 
age, sex, years of education (categorized into 0-3, 4-9, 10-12, and 
≥ 13 years of formal education), blood pressure, history of stroke, 
hypertension (previously diagnosed and treated, or systolic pres-
sure > 140 mmHg and/or diastolic pressure > 90 mmHg), dia-
betes mellitus (previously diagnosed and treated, or fasting glu-
cose 7 mmol/L, or postprandial 2 h blood glucose > 11.1 mmol/ 

L), hyperlipidemia (previously diagnosed and treated, or total 
cholesterol > 6.0 mmol/L, or low density lipoprotein cholester-
ol > 4.14 mmol/L), history of coronary artery disease and atrial 
fibrillation according to clinical diagnosis and electrocardiogra-
phy, smoking (current smoker: smoked at least 1 cigarette dur-
ing past 1 month), or alcohol intake (heavy alcoholics: > 3 drinks 
on average/day).

Sample size calculation and statistical analysis 
We adopted the generalized estimating equation (GEE) to 

assess the relationship between matched cases and controls. Be-
cause a statistical method to calculate sample size in the GEE 
model has not been developed yet, the sample size of this study 
was estimated by analysis of variance with a significance level of 
0.05 and a power of 0.90. The mean ± SD of EQ-5Dindex in the 
PSD group came from studies on AD and vascular or other kinds 
of dementias,17,18 and was assumed to be 0.64 ± 0.21. Those of 
the control group were assumed to be 0.84 ± 0.18, representa-
tive of the general population over 60 years in Korea and based 
on the Korean National Health and Nutrition Examination Sur
vey between 2007 and 2009. The mean of EQ-5Dindex in the PS
CIND group was estimated as that (≒0.77) of the upper two-
thirds between the PSD and control groups. The calculated sam
ple size was 40 for SD = 0.21. The final sample size was deter-
mined to be 50 in each group, considering missing data that ori
ginated from the study’s retrospective nature.

Differences in baseline characteristics among the PSD, PSCI

Figure 1. Flow chart for identification of study subjects. PSCIND, post-stroke cognitive impairment with no dementia. PSD, post-stroke dementia; SVD, small vessel 
disease.

Subjects visited the stroke prevention clinic at Seoul National University Bundang Hospital, 
underwent MRI and assessment using K-VCIHS [May 2007-March 2009] (N= 1,528)

History of stroke (+) (N= 586)

Cognitive impairment (N= 389)

EQ-5D(-) or depression (+) 
(N= 11)

(N= 70) (N= 126) (N= 222)

EQ-5D(-) or depression (+) 
(N= 112)

Normal cognition (N= 431)

Normal cognition 
(N= 197)

Cognitive impairment 
(N= 511)

EQ-5D(-), depression (+), 
SVD Grade> 1, or other 
neurological disease (+)

(N= 209)

History of stroke (-) (N= 942)

PSD (N= 81) PSCIND (N= 238)
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ND, and control groups were examined using Pearson’s chi-squ
ared test or one-way analysis of variance as appropriate (Table 
1). Results of neuropsychological tests are presented as mean ±  

SD in z-scores and percentage of subjects with impairment in 
each domain (Table 2). Comparisons of z-scores between groups 
were performed using GEE adjusting for education. A partial 

Table 1. Characteristics of the control, PSCIND, and PSD groups

Characteristics
Control PSCIND PSD

P  value* 
(N= 50) (N= 50) (N= 50)

Age, years, mean (SD) 69 (7) 69 (7) 69 (7) 0.998
Male, n (%) 36 (72) 36 (72) 36 (72) 1.000
Years of education, n (%) 0.039

≤ 3  4 (8)  5 (10)  11 (22)
4-9 11 (22) 19 (38)  18 (36)
10-12  8 (16) 11 (22)  7 (14)
≥ 13  27 (54) 15 (30)  14 (28)

Systolic blood pressure, mean (SD), mmHg  131.6 (14.9)  157.1 (26.8)  153.5 (26.1) < 0.001
Current smoker, n (%)  6 (16) 25 (50)  16 (32) < 0.001
Heavy alcoholic, n (%)  3 (6) 4 (8)  7 (14) 0.357
Hyperlipidemia, n (%) 31 (62)  6 (12)  7 (14) < 0.001
Diabetes mellitus, n (%)  9 (18) 16 (32)  18 (36) 0.113
Hypertension, n (%) 42 (84) 33 (66)  34 (68) 0.086
History of atrial fibrillation, n (%)  2 (4) 0 (0)  2 (4) 0.358
History of coronary artery disease, n (%)  2 (4) 2 (4)  3 (6) 0.861
Modified Rankin scale (mRS), mean (SD)  0.8 (1.1)  2.3 (1.1) < 0.001

0, n (%) 29 (58)  6 (12)
1  9 (18) 4 (8)
2  8 (16) 14 (28)
3 4 (8) 22 (44)
4 0 (0) 4 (8)
5 0 (0) 0 (0)

Geriatric depression scale, mean (SD)  8.8 (4.8)  9.7 (4.5)  17.8 (7.5) < 0.001

Values are number of patients (%) if not indicated. PSCIND indicates post-stroke cognitive impairment with no dementia.
PSD, post-stroke dementia; SD, standard deviation.
*P values were calculated by analysis of variance or Pearson’s chi-squared test.

Table 2. Mean (SD) of z-scores, frequency of impairment (%), and pairwise comparison of cognitive functions

Cognitive domains†
Control

N (50)
PSCIND

N (50)
PSD

N (50) GEE
P value*

Control 
vs. PSCIND

PSCIND 
vs. PSD

Control 
vs. PSDMean (SD) Mean (SD) Mean (SD)

K-MMSE 0.6 (0.3) 0% 0.2 (0.5) 20% -0.9 (1.2) 58% < 0.001 < 0.001 < 0.001 < 0.001
Executive function 0% 30% 90%

K-TMT-A (s) -0.5 (0.3) 2% -0.1 (0.6) 28% 0.8 (1.4) 77% < 0.001 0.001 < 0.001 < 0.001
K-TMT-B (s) -0.6 (0.5) 0% 0.1 (1.0) 36% 0.8 (1.0) 82% < 0.001 < 0.001 0.005 < 0.001
COWAT-Semantic 0.8 (0.7) 2% 0.1 (0.8) 26% -0.9 (0.8) 76% < 0.001 < 0.001 < 0.001 < 0.001
COWAT-Phonemic 0.8 (0.9) 2% -0.2 (0.7) 24% -0.7 (0.8) 66% < 0.001 < 0.001 0.002 < 0.001
DSC-Correct 0.7 (1.0) 2% -0.2 (0.7) 20% -0.8 (0.5) 74% < 0.001 < 0.001 < 0.001 < 0.001

Language
K-BNT 0.7 (0.5) 0% -0.1 (0.9) 46% -0.7 (1.0) 64% < 0.001 < 0.001 0.012 < 0.001

Memory
SVLT-Delayed recall 0.9 (0.8) 0% -0.1 (0.8) 50% -0.9 (0.4) 100% < 0.001 < 0.001 < 0.001 < 0.001

Visuospatial
RCFT-Copy 0.7 (0.4) 0% 0.1 (0.7) 44% -0.8 (1.1) 36% < 0.001 < 0.001 < 0.001 < 0.001

IADL 0.1 (0.2) 0.2 (0.1) 1.8 (1.6) < 0.001‡ 1 < 0.001 < 0.001

PSCIND indicates post-stroke cognitive impairment with no dementia. 
PSD, post-stroke dementia; SD, standard deviation; K-MMSE, Korean-Mini Mental State Examination; K-TMT, Korean Trail-Making Test; COWAT, Controlled Oral Word Asso-
ciation Test; DSC, Digit Symbol Coding; K-BNT, Short version of the Korean Boston Naming Test; SVLT, Seoul Verbal Learning Test; RCFT, Rey Complex Figure Test; IADL, Instru-
mental Activity of Daily Living.
*P values were calculated by Generalized Estimating Equation (GEE) adjusting for education. All the mean difference is significant at the 0.05 level; †The values for the cogni-
tive-domain measures are standardized composite z-scores; ‡The value was calculated by analysis of variance.
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correlation analysis adjusting for modified Rankin scale (mRS) 
measured at 3 months of stroke onset was performed to exam-
ine the relative contribution of each cognitive domain on the 
EQ-5Dindex with adjustment for physical disability. Finally, GEE 
adjusting for education was used to determine the significance 
of difference in EQ-5Dindex score among three groups.

Results

Of 1,528 patients who visited the stroke prevention clinic and 
underwent brain MRI and the K-VCIHS-NP during the study 
period, 586 had a history of stroke and 942 had not (Figure 1). 
Among those 586 with stroke, we identified 70 PSD and 126 
PSCIND patients, after excluding those who had depression or 
in whom the EQ-5D was not available. Among 942 without 
stroke, 222 were suitable for the control group. Lastly, 150 sub-
jects, 50 for each group matched for age ( ± 3 years) and sex, 
were enrolled in the study.

The mean age was 69 years and 72.0% of subjects were male. 
The clinical characteristics of the study subjects are presented in 
Table 1. The level of education was significantly different among 
the three groups. The PSD and PSCIND groups had higher 
systolic blood pressure, were more likely to be current smokers, 
and were less likely to have hyperlipidemia compared to the 
control group. Three-month mRS score was different between 
the PSD and PSCIND groups and significantly correlated with 
the EQ-5Dindex at 3 months of stroke onset in the PSD group 

(-0.38, P = 0.007), but not in the PSCIND group (-0.06, P =  
0.70).

Comparisons between the 3 groups were made with respect 
to the z-scores of the individual neuropsychological tests, ad-
justed for education (Table 2). The z-scores of all the cognitive 
tests of the PSD group were significantly lower than those of 
the PSCIND and control groups, and those of the PSCIND 
group were lower than those of the control group. The most fre-
quently impaired cognitive domain was memory, and the most 
frequently impaired frontal executive function test was the Ko-
rean Trail Making Test B (K-TMT-B), in both the PSCIND and 
PSD groups. With respect to Instrumental Activities of Daily 
Living scores, the PSCIND group was not different from the 
control group, while the PSD group had significantly lower sco
res than the other groups. The frequency of pre-stroke cognitive 
decline evaluated using Korean-IQCODE (IQCODE ≥ 3.6) 
was 35% (137 of 389) among stroke survivors. 

Correlations between EQ-5Dindex and neuropsychological 
tests in the three groups are presented in Table 3, with and with-
out adjustment for 3-month mRS in stroke survivors. In the 
PSCIND group, EQ-5Dindex correlated only with visuospatial 
function before adjustment, but with none after adjustment. In 
the PSD group, EQ-5Dindex correlated with Korean Mini-Mental 
Status Examination and visuospatial function with and without 
adjustment, and with Digit Symbol Coding-correct and langua
ge, with adjustment.

There was a significant difference in the mean EQ-5Dindex 
among the three groups, and pairwise comparisons between 
the PSCIND and control groups and between the PSCIND 
and PSD groups showed similar results even after adjustment 
for education and depression (Figure 2, Table 4). 

Table 3. Pearson correlation coefficients and partial correlation coefficients 
adjusted for 3-month mRS between EQ-5Dindex and neuropsychological tests

Cognitive domain Control PSCIND PSD
PSCIND 

adjusted for 
3-month mRS 

PSD adjusted 
for 3-month 

mRS

K-MMSE 0.39† 0.15 0.29* -0.004 0.35*
Executive function
 K-TMT-A (s) -0.29 -0.24 -0.31 -0.13 -0.39*
 K-TMT-B (s) -0.17 -0.17 0.19 -0.15 0.05
 COWAT-Semantic 0.2 0.09 0.25 0.07 0.29
 COWAT-Phonemic 0.19 0.22 0.26 0.2 0.32
 DSC-Correct 0.36* 0.27 0.29 0.14 0.45†

Language
 K-BNT 0.32* 0.09 0.26 0.02 0.32*

Memory
 SVLT-Delayed recall 0.35* 0.11 0.1 0.14 0.18

Visuospatial
 RCFT-Copy 0.17 0.39† 0.41† 0.23 0.56†

K-MMSE, Korean-Mini Mental State Examination; K-TMT, Korean Trail-Making Test; 
COWAT, Controlled Oral Word Association Test; DSC, Digit Symbol Coding; K-BNT, 
Short version of the Korean Boston Naming Test; SVLT, Seoul Verbal Learning Test; 
RCFT, Rey Complex Figure Test.
*Correlation is significant at the 0.05 level (2-tailed); †Correlation is significant at 
the 0.01 level (2-tailed).

Figure 2. Distribution of subjects according to the EQ-5Dindex values and mean±  
SD of EQ-5Dindex in the PSD, PSCIND, and control groups.

Control
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Table 4. Comparisons of EQ-5Dindex among the Control, PSCIND, and PSD groups

N
EQ-5Dindex EQ-5Dindex adjusted for education EQ-5Dindex adjusted for education and depression†

Mean (SD) P value* Estimate (mean 
difference) Standard error P value* Estimate (mean 

difference) Standard error P value*

Control 50 0.94 (0.06) < 0.0001 Control vs. PSCIND 0.071 0.019 0.0002 0.069 0.018 < 0.0001
PSCIND 50 0.86 (0.08) Control vs. PSD 0.293 0.038 < 0.0001 0.212 0.032 < 0.0001
PSD 50 0.61 (0.32) PSCIND vs. PSD 0.222 0.04 < 0.0001 0.143 0.034 < 0.0001

PSCIND indicates post-stroke cognitive impairment with no dementia. PSD, post-stroke dementia; SD: standard deviation.
*P value is for Generalized Estimating Equation (GEE); †Depression is continuous variable.

Discussion

This study finds that the HRQoL of PSCIND is intermediate 
between that of PSD and normal cognition and that no particu-
lar cognitive domain is more influential on the HRQoL of PS
CIND. To the best of our knowledge, this study is the first to di-
rectly compare PSD, PSCIND, and normal cognition with re-
spect to HRQoL. 

The frequency of cognitive impairment in post-stroke (66.4%) 
was higher than that among previous studies.19-21 A recent re-
port from a multicenter prospective stroke cohort in Korea ap-
peared to be similar with our study in frequency of cognitive 
impairment after stroke (62.6%) even though it was a bit of dif-
ference in study setting such as cutoff value of cognitive impair-
ment ( < 10 percentile).11 The higher frequency of cognitive im-
pairment in our study might be partially explained by discrep-
ancy with pre-stroke cognitive dysfunction (7.2%) in recent 
study.11

A previous study reported that the mean EQ-5Dindex was 0.60 
in all types of dementia, which was similar to that in the PSD 
group of the present study, 0.61.17 In another study on AD, the 
mean EQ-5Dindex score was 0.62 when rated by proxy, but 0.86 
when self-rated.22 The HRQoL may be lower in those with PSD 
than in those with AD; this needs to be confirmed in another 
study. For determinants of HRQoL in dementia, there is a clear 
and consistent association with depression (the more severe the 
depression, the lower the HRQoL), but there have been incon-
sistent reports on other factors, such as age, gender, education, 
ethnicity, and activity limitation.23,24 Subjects who had a history 
of depression (previously diagnosed and treated) was excluded, 
despite our findings might be partially biased by the inclusion 
of healthier controls. With high frequency of depression in PSD 
evaluated by a geriatric depression scale, depression was includ-
ed as confounder in final model, but the impact of PSCIND on 
HRQoL was not different from the unadjusted result in statisti-
cal significance. Low HRQoL in PSD could be explained by 
medical comorbidities such as diabetes or coronary heart dis-
ease, which are known to be related to HRQoL25,26 and more 
prevalent in PSD than in AD.

The mean EQ-5Dindex of PSCIND (0.86) was analogous to 
that of chronic obstructive pulmonary disease (≒0.81) in Ko-
rea.27 The reported mean EQ-5Dindex of minor stroke (mRS ≤  
3) was between 0.6 and 0.7, which was similar to that of PSD 
and lower than that of PSCIND.28 A few previous studies on 
stroke survivors have shown no influence of vascular cognitive 
impairment on HRQoL.7,29 From a viewpoint of HRQoL after 
stroke, the contribution of mRS to HRQoL should be empha-
sized.7 We found that 3-month mRS was associated with 3-mon
th EQ-5Dindex in PSD, but the difference in EQ-5Dindex between 
PSD and PSCIND was still significant after adjusting for 3-mon
th mRS. A positive association between cognition and HRQoL 
has been reported among functionally independent stroke sur-
vivors.30 We cautiously suggest that cognitive impairment may 
further impact the HRQoL in stroke victims. 

EQ-5Dindex of PSCIND was significantly lower than that of 
normal cognition in this study. This result is different from pre-
vious ones in which there was no significant difference between 
patients with mild cognitive impairment and controls.4,31 Be-
tween the PSCIND and control group, a difference existed not 
only in cognition but also in stroke history, which had an impact 
on HRQoL in Koreans,32 and both of them might lead to a dif-
ference in EQ-5Dindex. A further study comparing those with 
PSCIND and stroke survivors with normal cognition can ad-
dress the question of whether cognitive impairment that is not 
enough to be diagnosed as dementia, truly impacts HRQoL in 
stroke survivors.

EQ-5Dindex in the PSCIND group did not correlate with im-
pairment in any specific cognitive domain. A relationship be-
tween poor TMT-B performance and poor perceived quality of 
life has been reported in stroke patients.33 This study showed 
that impairment in the K-TMT-B, one of the executive function 
tests, was observed most frequently in both PCIND and PSD 
groups, but the K-TMT-B scores did not correlate with EQ-
5Dindex. However, it should be noted that 48% in the PSD group 
and 20% in the PSCIND group were unable to complete the K-
TMT-B; this was the worst outcome among all cognitive tests. 

This study has some limitations. First, the eligible stroke pa-
tients were not representative of the general stroke population 
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in Korea, or even hospitalized stroke patients in our institution. 
Inevitably, patients who were unable to complete neuropsycho-
logical tests, did not undergo MRI, and were not followed up at 
the outpatient clinic after discharge were excluded from this 
study. Second, as mentioned above, this study did not include 
stroke survivors with normal cognition. A further study includ-
ing all cognitive spectrums of stroke survivors is therefore war-
ranted.

Summary
This study shows that among stroke patients surviving more 

than 3 months, even mild cognitive impairment may interfere 
with a sense of well-being. We cautiously suggest that cognitive 
impairment may be an important determinant lowering HRQoL. 
Interventions aimed at enhancing cognition may improve HR
QoL even in PSCIND. This is inferred from a randomized con-
trolled trial in dementia, which proved that improvement in 
cognition is associated with improvement in HRQoL.5 
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