
INTRODUCTION

Stroke is a leading cause of disability worldwide.1 Accord-
ing to the World Health Organization, 15 million people suf-
fer a stroke worldwide each year, and, of those, 5 million die 
and another 5 million are permanently disabled. Despite sig-
nificant therapeutic advances in post-stroke management in 
the acute phase, the application of secondary prevention prin-
ciples in clinical practice is far from optimal.2 Accordingly, 
quality of life (QOL) and psychological well-being are impor-
tant targets for secondary prevention in post-stroke patients.3 
Therefore, after intensive medical care in the acute phase of 
stroke, QOL is increasingly considered a relevant outcome 
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measure in stroke survivors with relatively stable symptoms.
The determinants of QOL in stroke survivors have been widely 

investigated. Several physical, social, functional, and psycho-
logical factors, including age, sex, socioeconomic status, the 
presence of comorbid conditions, level of education, physical 
functioning, stroke severity, cognition, and depression, have 
been identified as key as determinants of QOL.4-7 Depression, 
in particular, has significant adverse effects on QOL in stroke 
patients.8 A systematic review and meta-analysis using pooled 
data from 43 cohorts and more than 20,000 patients conduct-
ed in 2013 found that depression was common in stroke pa-
tients, with a prevalence of 29% (95% confidence interval, 25–
32%) observed any time after stroke.9

Most previous studies have investigated the cross-sectional 
associations between depression and QOL at various time 
points after stroke. In an Italian multicenter observational 
study (DESTRO), Paolucci et al.10 found that post-stroke de-
pression (PSD) was correlated with lower QOL in the acute 
phase of stroke (1 month after the index stroke). In a study of 
patients with intracerebral hemorrhage (ICH) in the sub-
acute phase of stroke (1–3 months after the index stroke), 
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Christensen et al.11 found that the severity of depressed mood 
at day 90 post-stroke was significantly correlated with poor 
QOL irrespective of post-ICH disability and impairment. 
These findings suggest that PSD affects QOL in the acute/
subacute phase despite physical medical treatment. Pan et al.8 
investigated patients in the chronic phase of stroke (3 months 
after the index stroke) and found that health-related QOL do-
main scores were primarily associated with depression 3, 6, 
and 12 months after stroke. Additionally, Naess et al.12 report-
ed that fatigue and depression were major independent vari-
ables correlated with low QOL after a mean follow-up period 
of 6 years. Thus, the findings of previous studies indicate that 
depression is a major independent variable that is cross-sec-
tionally correlated with low QOL at any time after stroke. 
However, cross-sectional associations cannot explain cause 
and effect relationships between PSD and QOL.

To our knowledge, no previous longitudinal studies have 
investigated whether PSD can predict QOL. Therefore, we 
used data from a longitudinal study of a post-stroke cohort 
to investigate the associations between PSD and QOL at 2 
weeks and 1 year after stroke to determine whether PSD at 
baseline predicted poor QOL 1 year after a stroke.

METHODS

Study outline
Our study is a component of a larger parent study of neu-

rological and psychiatric morbidity in stroke survivors using 
a naturalistic prospective design, which has been described 
in detail previously.13 In brief, participants were consecutively 
recruited from all recent ischemic stroke patients hospital-
ized in the Department of Neurology of Chonnam National 
University Hospital in Gwangju, South Korea. Assessments 
were made at 2 weeks (baseline) and at 1 year (follow-up) af-
ter stroke to investigate the acute and chronic consequences of 
the event. PSD and demographic and clinical covariates were 
evaluated at 2 weeks, and QOL was assessed 2 weeks and 1 
year after stroke.

Participants
At about 2 weeks post-stroke, all potentially eligible patients 

were approached about participation in the study. The inclu-
sion criteria were: 1) ischemic stroke confirmed by brain mag-
netic resonance imaging (MRI) or computed tomography (CT; 
if MRI was contraindicated); 2) ability to complete the neces-
sary investigations and questionnaires; and 3) capacity to un-
derstand the objective of the study and provide informed 
consent. The exclusion criteria were: 1) severe physical illness-
es that were life-threatening or interfered with the recovery 
from stroke; 2) communication difficulties due to dysphasia 

or dysarthria precluding informed consent and completion 
of the questionnaires; 3) any of the following comorbid neu-
ropsychiatric conditions: dementia, Parkinson’s disease, brain 
tumor, epilepsy, psychoses, and alcohol and substance depen-
dence; 4) severe physical illnesses limiting movement prior 
to stroke; and 5) a Mini-Mental State Examination (MMSE) 
score of <16.14 Patients were recruited for the initial 2-week 
assessment between 2006 and 2010 and attempts were made 
to follow up all participants after 1 year. All participants pro-
vided written informed consent. This study was approved by 
the Chonnam National University Hospital Institutional Re-
view Board (IRB No. I-2008-02-028).

Measurement of QOL 
QOL was measured using the World Health Organization 

Quality of Life-Abbreviated form (WHOQOL-BREF), a 26-
item self-administered questionnaire in which items are rat-
ed on a 5-point scale. The WHOQOL-BREF evaluates do-
mains related to physical factors, psychological factors, social 
relationships, and environmental context. Raw subscale 
scores are converted to a 0–100 scale to facilitate comparisons 
with other data sets, with higher scores indicating a better 
QOL. The WHOQOL-BREF was formerly translated and 
standardized in Korean.15

PSD diagnosis
Depressive disorders after stroke were diagnosed accord-

ing to Diagnostic and Statistical Manual of Mental Disorders-
IV (DSM-IV)16 criteria using the Mini International Neuro-
psychiatric Interview (MINI), a structured psychiatric in-
terview for DSM-IV depression categories. According to the 
criteria, patients were diagnosed as having depression if they 
had at least one core symptom (i.e., depressed mood or loss of 
interest) and at least two other symptoms of depression. The 
MINI has been formally translated and standardized in Korean.17

Demographic and clinical covariates
Characteristics potentially associated with stroke outcomes 

were considered as covariates in our analysis. Data on age, sex, 
years of education, and previous histories of depression and 
stroke were obtained. Stroke hemisphere and location were as-
sessed using brain MRI or CT images. Stroke severity was 
assessed using the National Institutes of Health Stroke Scale 
(NIHSS; scores range from 0–42, with higher scores indicat-
ing more severe pathology),18 physical disability was measured 
using the Barthel Index (BI; scores range from 0–100, with 
lower scores indicating more severe disability),19 and cogni-
tive function was evaluated using the MMSE (scores range 
from 0–30, with lower scores indicating lower cognitive func-
tion).14 Scores on the NIHSS, BI, and MMSE were obtained 
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at admission. All tests were administered by a trained inter-
viewer.

Statistical analyses
Patients were divided into groups according to whether PSD 

was present or absent at baseline. Demographic and clinical 
characteristics were compared between groups using t-tests, 
chi-squared tests, or Fisher’s exact tests as appropriate. Those 
variables showing significant associations with PSD (p-value 
<0.05) were used as covariates in multivariate analyses. The 
cross-sectional associations between PSD and QOL were 
evaluated using t-tests for the unadjusted model and then us-
ing logistic regression tests after adjustment for those demo-
graphic and clinical characteristics significantly associated 
with PSD. A repeated-measures analysis of variance (ANO-
VA) using the same adjustment model was performed to as-
sess the longitudinal associations of PSD at baseline with 
WHOQOL-BREF scores across evaluation points. Statistical 
analyses were conducted using the Statistical Package for the 
Social Sciences ver. 23.0 (IBM Corp., Armonk, NY, USA). 

RESULTS

Recruitment
The recruitment process is shown in Figure 1. Of 465 con-

secutively enrolled potentially eligible stroke patients, 423 
(91%) consented to participate in the study. No significant 
differences were found between participants and non-partic-
ipants with respect to any demographic or clinical character-
istics (all p-values >0.1). In total, 288 (70%) patients were re-
examined after 1 year. The baseline demographic and clinical 
characteristics of patients who were followed up did not dif-
fer significantly from those who were not followed up (all p-
values >0.1). The mean (standard deviation) time from admis-
sion to 2-week assessment was 12.3 (3.0) days, and the time 
from admission to 1-year follow up was 13.2 (3.6) months.

Demographic and clinical characteristics at baseline
Of the patients included in the analysis (n=423), PSD was 

present in 103 (24.3%) at baseline. The mean (SD) age was 
64.5 (10.0; range, 30–87) years, 244 (57.7%) were male, and 
the mean (SD) duration of education was 8.5 (5.0) years. 
Overall, 17 participants reported previous depression (4.0%) 
and 35 participants reported a previous stroke (8.3%). The 
mean (SD) score on the NIHSS was 3.5 (3.2), while that on the 
BI was 80.1 (22.9). Stroke laterality was left hemisphere in 
187 (44.2%), right hemisphere in 216 (51.1%), and bilateral in 
20 (4.7%) patients. These characteristics are shown according 
to PSD status at baseline in Table 1. Compared with patients 
without PSD, those with PSD were significantly older, more 
likely to have a history of depression and/or stroke, more like-
ly to have had a stroke involving the anterior circulation, and, 
as a group, had higher NIHSS scores and lower BI and MMSE 
scores.

Cross-sectional associations between PSD and QOL 
at baseline

The cross-sectional associations between PSD and QOL at 
baseline are shown in Table 2. PSD was significantly associat-
ed with all four domains of the WHOQOL-BREF before and 
after adjustment for age, history of depression and stroke, 
stroke location, and scores on the NIHSS, BI, and MMSE.

Longitudinal associations of PSD at baseline and 
QOL

Of the 288 patients evaluated at follow up, 66 (22.9%) had 
PSD at baseline. The associations of PSD at baseline with the 
four WHOQOL-BREF domains (physical health, psycholog-
ical health, social relationships, and environmental context) 
at baseline and follow up are shown in Figure 2. A repeated-
measures ANOVA revealed a significant effect of PSD group 
on the four WHOQOL-BREF domain scores after adjustment 
for age, history of depression and stroke, stroke location, and 
NIHSS, BI, and MMSE scores. However, no significant PSD 

Assessed for eligibility
(N=465)

Excluded	 (N=42)
   Refused participation	 (N=42)

No follow-up at 1 year	 (N=135)
   Follow-up loss	 (N=59)
   Refused participation	 (N=60)
   Death	 (N=16)

Consenting participants at baseline
(N=423)

Participants followed up at 1 year
(N=288)

Figure 1. Recruitment process.
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group by time interaction was found for WHOQOL-BREF 
scores, indicating that the WHOQOL-BRED scores were sig-
nificantly and persistently lower in patients with PSD than in 
those without PSD.

DISCUSSION

The major finding of our longitudinal study of a post-stroke 
cohort is that PSD had a significant and persistent negative 
impact on QOL at 2 weeks and 1 year after stroke. The nega-
tive effect of PSD was evident in the four WHOQOL-BREF 
domains and remained significant after adjusting for relevant 
covariates. These findings suggest that PSD in the acute 
phase of stroke is an independent predictor of various aspects 
of QOL in the acute and chronic phases of stroke regardless 
of demographic and clinical characteristics, including stroke 
severity.

Our finding that PSD is associated with low QOL in the 
acute phase of stroke is consistent with previous findings that 
post-stroke depressive symptoms are associated with poor 
post-stroke QOL,11,20-22 suggesting that PSD is closely related 
to QOL. Although medical treatment is given priority in the 
management of stroke patients during the acute phase and 

psychological considerations become more important during 
the rehabilitation or chronic phases of stroke, our findings 
highlight the importance of the early evaluation and manage-
ment of PSD.

The main strength of our study, and the factor that distin-
guishes it from previous studies, is that we evaluated the long-
term effects of PSD on QOL in patients diagnosed with PSD 
in the acute phase. To our knowledge, the longitudinal asso-
ciation between PSD and QOL have not been assessed in a me-
ta-analysis previously,23 and we are the first to report a signif-
icant relationship between PSD in the acute phase of stroke 
and multi-domain QOL scores 1 year after stroke. Previous 
studies have shown an association between depression and 
poor QOL in the acute/subacute phases of stroke,10,11 and in 
the chronic phase determined cross-sectionally.12,22 We found 
that PSD present in the acute phase predicted low QOL per-
sisting from the acute to the chronic phase of stroke. More-
over, these associations were independent of stroke severity. 
Our findings highlight the negative impact of depression af-
ter stroke and suggest the need for the mandatory assessment 
of depression in the acute phase of stroke. 

The QOL of patients with baseline PSD might be expected 
to improve or worsen over time as stroke symptoms stabilize. 

Table 1. Baseline sample characteristics by post-stroke depression (PSD) status

No PSD (N=315) PSD (N=108) p-value
Age, mean (SD) years 63.8 (10.1) 66.6 (9.7) 0.013
Gender, N (%) male 187 (59.4) 57 (52.8) 0.232
Education, mean (SD) year 8.8 (4.9) 7.8 (5.0) 0.070
Previous depression, N (%) 8 (2.5) 9 (8.3) 0.019
Previous stroke, N (%) 20 (6.3) 15 (13.9) 0.014
Stroke hemisphere, N (%) 0.471

Left 137 (43.5) 50 (46.3)
Right 165 (52.4) 51 (47.2)
Bilateral 13 (4.1) 7 (6.5)

Stroke location, N (%) 0.007
Anterior 163 (51.7) 71 (65.7)
Posterior 126 (40) 25 (23.1)
Both 26 (8.3) 12 (11.1)

NIHSS, mean (SD) score 1.8 (2.1) 2.9 (2.6) <0.001
BI, mean (SD) score 89.2 (16.0) 79.0 (23.0) <0.001
MMSE, mean (SD) score 25.0 (4.0) 23.2 (4.3) <0.001
p-value for All PSD versus no PSD using Fisher’s exact or t-tests, as appropriate. NIHSS: National Institutes of Health Stroke Scale, BI: Barthel 
index, MMSE: Mini-Mental State Examination

Table 2. Cross-sectional associations of post-stroke depression (PSD) and quality of life at baseline

No PSD (N=315) PSD (N=108) p-value Adjusted p-value
Physical health 52.6 (12.8) 32.2 (14.7) <0.001 <0.001
Psychological health 55.4 (13.7) 37.0 (17.1) <0.001 <0.001
Social relationships 56.6 (10.4) 47.0 (12.7) <0.001 <0.001
Environmental context 49.0 (12.7) 37.7 (12.9) <0.001 <0.001
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However, although the effect of group was significant, we did 
not find a significant interaction between time and group 
(Figure 2). Thus, our findings suggest that the presence of 
PSD in the acute phase of stroke has persistent, modifying neg-
ative effects on the trajectory of QOL from the acute to chron-
ic phase of stroke.

Another strength of our study is that it excluded proxy bias. 
Physical, cognitive, and language impairments in stroke sur-
vivors may necessitate proxy responses for self-reported out-
comes. A previous study found that proxies tended to report 
worse QOL scores than did stroke survivors themselves.24 In 
our study, QOL was measured using the WHOQOL-BREF self-
report questionnaire, which has the advantage of being able 
to exclude proxy bias. A third strength of our study is that de-
pression and clinical covariates were assessed at similar time 
points (2 weeks after stroke) in all participants. The etiology 
of depression has been reported to differ according to the time 
elapsed after stroke, with biological factors more important 
at the acute phase and psychosocial factors increasing in later 
on.25 Therefore, we focused on the acute post-stroke period to 
reduce the risk of bias arising from assessments at varying 
time points from stroke onset. We used a structured diagnos-
tic interview based on DSM-IV criteria to diagnose depres-
sion and found PSD in 24.3% of the stroke patients. This prev-
alence is comparable to, although slightly lower than, findings 
from previous studies using a similar design, diagnostic cri-
teria, and time points since stroke.26 An additional advantage 
of our study is that the participants were consecutive recent 
stroke patients from the same institution (our hospital), which 

reduced the likelihood of selection bias and increased the 
potential generalizability.

Our study has several limitations. We did not treat PSD and 
we did not assess PSD at the 1-year follow up. However, our 
findings suggest that the presence of PSD in the acute phase of 
stroke was associated with lower QOL in the chronic phase 
regardless of treatment. Further examination of the associa-
tions between PSD and QOL in relation to the time course 
and treatment response of depression is needed. Furthermore, 
because we excluded patients with severe cognitive impair-
ments or aphasia who were unable to complete the self-rating 
scales or psychiatric interview, our findings must be interpret-
ed with caution as they may only apply to patients with mild-
to-moderate stroke severity without cognitive and language 
deficits. However, as noted above, excluding such patients al-
lowed us to rule out proxy biases.

In conclusion, the findings of our 1-year longitudinal study 
showed that acute phase PSD had a negative impact on QOL 
in both the acute and chronic phases of stroke after adjusting 
for stroke severity, physical disability, and cognitive function. 
Our findings underscore the importance of diagnosing and 
evaluating PSD during the acute phase of stroke to predict 
long-term QOL. The fact that PSD is underdiagnosed and 
undertreated is well documented.27 The challenge is to raise 
awareness of this issue and promote the assessment of de-
pression in the acute phase of stroke. Strategies to manage 
PSD, in addition to medical treatment, must be developed to 
improve the QOL of stroke survivors.

Moreover, further research is needed to determine whether 

Figure 2. Longitudinal associations be-
tween each four domains of WHOQOL-
BREF(physical health; psychological 
health; social relationships; environ-
mental context) scores and PSD status 
adjusted for all covariants.
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PSD treatment can improve QOL and to develop strategies 
to improve QOL in individuals with or at risk of developing 
PSD. Antidepressant drugs may play a relevant role in improv-
ing depressive symptoms and reducing the negative impact 
of PSD.28 Finally, because stroke survivors are living longer, it 
is necessary to confirm our findings in longer-term studies. 
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