
Persistent depression is a predictor of quality of life in stroke
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Abstract

PSD) can be used to predict the quality of life (QoL) of patients with
Background:Whether the time course of post-stroke depression (
late-stage stroke remains unclear, this study investigated whether persistent depression at 1 year after stroke predicts QoL at 5 years
following stroke.
Methods:We analyzed the demographic and clinical data of patients with stroke in 56 hospitals across China that participated in the
Prospective Cohort Study on the Incidence and Outcome of Patients with PSD in China Study. Follow-up assessments were
performed at the following time points after stroke: in person, 2 weeks, 3 months, 6 months, and 1 year; by telephone, 5 years.
National Institutes of Health Stroke Scale (NIHSS) score on admission, recurrence, disability, depression, QoL, and chronic
complications were recorded. Depression was diagnosed using the Diagnostic and Statistical Manual ofMental Disorders. QoL was
measured using short form-12 (SF-12). Multivariable ordinal logistic regression analysis was used to identify factors that
independently affected the physical component summary (PCS) and mental component summary (MCS) scores of the SF-12.
Results:Of the 801patients evaluated in this study, 80hadpersistent depression.Themultivariable regression analysis of data obtained
at 5 years showed that persistent depression at 1 year (odds ratio [OR]: 0.48; 95%confidence interval [CI]: 0.29–0.81) and disability at
5 years (OR: 0.34; 95%CI: 0.23–0.49) were associated with poorMCS scores at 5 years. Old age, a high NIHSS score on admission,
disability at 5 years, and stroke recurrence within 5 years were associated with poor PCS scores at the 5-year follow-up.
Conclusions: Persistent depression at the 1-year follow-up could predict poorMCS scores at the 5-year follow-up. The development
of interventional strategies targeting post-stroke patients with persistent depression is warranted.
Keywords: Depression; Quality of Life; Stroke; Predictor

Introduction survivors,[6] and several cross-sectional studies have shown

that depression correlates with a low QoL at any time after
Although the fatality rates in the acute phase of stroke have
decreased owing to significant therapeutic advances,[1]

stroke remains a leading health problem worldwide.[2]

Moreover, maintaining or improving the quality of life
(QoL) of stroke survivors in the chronic stage of the disease
is becoming an increasingly important research area.

Various factors, such as age, sex, comorbidities, stroke
severity, anxiety, and depression, have been identified as
determinants of QoL in patients with chronic stroke.[3-5] In
particular, some studies have indicated that depression is a
major independent variable of the QoL of stroke
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stroke.[5-8] However, research on the longitudinal impact
of depression on the QoL of stroke patients is rare.

Post-stroke depression (PSD) is a well-documented sequel
of stroke,[9] and some authors have suggested that it
exacerbates the severity of other stroke-induced disabil-
ities.[10,11] However, only a few studies have focused on the
time course of PSD; the limited amount of research on the
topic has indicated the PSD can be transient, lasting only a
few months, or maybe chronic.[12] Moreover, it remains
unknown whether the time course of PSD can be used to
predict patients’ QoL in the late stage of stroke. Thus, in
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the present report, we used data collected by a national,
longitudinal study of a post-stroke cohort to determine

the diagnostic criteria. The diagnosis of depression was
based on the Diagnostic and Statistical Manual of Mental
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whether the presence of PSD at 1 year following stroke
predicts a poor QoL at 5 years after stroke.

Methods
Ethical approval

The study was approved by the medical ethics committee
of Beijing Tian Tan Hospital, Capital Medical University.
The study complied with the Declaration of Helsinki and
its later amendments. Patients provided written informed
consent and agreed to undergo follow-up at all scheduled
times.

Participants
The data used in this 5-year follow-up study of stroke
patients were collected from the Prospective Cohort Study
on the IncidenceandOutcomeof Patientswith PSD inChina
(PRIOD, project No. ISRCTN62169508: a large-scale,
multi-center study with 56 participating hospitals nation-
wide).[10] Patients with stroke were recruited in the PRIOD
study between April 2008 and April 2010 and were
followed up in person four times following the stroke: 2
weeks, 3 months, 6 months, and 1 year (day 14 ± 2, day
84 ± 2, day 182 ± 2, day 360 ± 7, respectively). In
addition, the patients were followed up by telephone at
5 years after stroke.

The following inclusion criteria were used to select patients
eligible for inclusion in the present study: age >18 years,
diagnosis of stroke informed by computed tomography or
magnetic resonance imaging obtained within 14 days, and
consistency between clinical presentations and the World
Health Organization criteria for stroke.[13] Patients were
excluded if they had dementia, obvious aphasia that could
impede psychological assessments, other known neurolog-
ical diseases that could affect cognitive function, psychiat-
ric diagnosis, difficulty in communication, or death within
the 5 years of follow-up.

Demographic and clinical variables
Demographic data (eg, age, sex, living condition [alone vs.
with family], education, marital status, and personal
characteristics), medical history, past psychiatric diagnoses,
vascular risk factors (eg, history of hypertension, diabetes,
or smoking), and clinical characteristics (eg, type of stroke,
National Institutes of Health Stroke Scale [NIHSS] score at
admission) were collected at the time of enrollment.

At the 5-year follow-up, data on stroke recurrence,
disability, depression, QoL, and chronic complications
(eg, hypertension, hyperlipidemia, diabetes, and coronary
heart disease) were collected.

Measurements and evaluations
207
The clinical physiologists responsible for the follow-up of
the patients at each center received systematic training in
the use of the clinical assessment tools and application of

2

Disorders (fourth edition).[14]

The Composite International Diagnostic Interview was
used to diagnose depression at day 14 ± 2.[15] The MINI
International Neuropsychiatric Interview was used to
diagnose depression at the 5-year follow-up.[16] The
Hamilton Rating Scale for Depression-17 (17 items) was
used to assess the severity of depression symptoms at 2
weeks, 3 and 6 months, and 1 year post-stroke.[17]

Symptoms of depression at the 5-year follow-up were
assessed using the patient health questionnaire-9.[18]

Cognitive status was assessed using the mini-mental state
examination (MMSE) at 3 months after stroke.[19] Patients
with an MMSE score of <18 were considered to have
serious cognitive impairment and were thus excluded from
the study.[20] Disability was assessed using the modified
Rankin score (mRS) at the 5-year follow-up and was
defined as an mRS score ≥2.[21,22]

QoLwasdeterminedusing themedical outcomes short form
(SF)-12 (version 2) at the 5-year follow-up.[23] Derived from
the SF-36, the SF-12 consists of eight domains and 12 items,
which are grouped into two summary measures: the
physical component summary (PCS) and the mental
component summary (MCS). The SF-12 is scored on a
scale of 0 to 100, where higher scores indicate better QoL.

Diagnosis and time course of PSD
Persistent depression was defined as the presentation of
depression at each follow-up examination: 2 weeks,
3 months, 6 months, and 1 year. Transient depression
was defined as confirmation of depression at one to three
consecutive follow-up visits without any subsequent
recurrence of depressive symptoms. Recurrent depression
was defined as the reappearance of depressive symptoms
after the documented recovery from a previous episode
of depression.[24] Transient and recurrent depression was
considered non-persistent forms of depression.

Statistical analysis
Statistical analyses were conducted using the Statistical
Product and Service Solutions v24.0 (SPSS Inc., IBM
Company, Chicago, IL, USA). Continuous data were
expressed as median (interquartile range) or mean ±
standard deviation. When comparing characteristics
between the included patients and those who were lost
to follow up, the categorical variables were analyzed with
the chi-square test; the continuous variables, such as age,
were analyzed with the independent t-test, and NIHSS
scores were analyzed with theMann-WhitneyU test. In the
multiple comparisons, the continuous variables, such as
age, were analyzed with a one-way analysis of variance
while the NIHSS, PCS, and MCS scores were analyzed
with the Kruskal-Wallis test; the categorical variables, such
as sex and level of education, were analyzed with the chi-
square test. The association between persistent depression
and QoL at the 5-year follow-up was analyzed using a
multiple ordinal regression analysis with the group of
patients without depression used as the reference. The PCS
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and MCS scores of the SF-12 were converted into
categorical variables expressed as quartiles, which were

Multiple comparisons of characteristics of patients with
persistent depression, non-persistent depression, and

Patients without complete follow-up data 

(n=265) 

Final number of patients 
enrolled in the study (n=801) 

Survivors who consented to receive 
5-year follow-up (n=1681) 

History of psychiatric disorders (n=25) 
Dead within 5 years (n=263) 
Serious cognitive impairment (n=140) 
Severe aphasia (n=187) 

Patients initially enrolled in the 
study (n=1066) 

Survivors who completed 1-year 
follow-up visits (n=2036) 

Withdrawal cases (n=355) 

Figure 1: Flow chart of participant selection.
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then inputted into the ordinal regression analyses as
dependent variables. Selected for inclusion into the models
based on evidence from previous research and a high
likelihood of influencing the MCS and PCS scores,[5]

variables measured at admission were sequentially entered
into the admission model as confounding variables, while
those noted at the 5-year follow-up were entered into the
5-year follow-up model as confounding variables. For all
analyses, a two-tailed probability value of P < 0.05 was
considered to indicate statistical significance.

Results
208
Patient characteristics

Excluding the patients who were ineligible for enrolment
and those who did not complete follow-up, the present
analysis included the data of 801 stroke patients (mean
age, 57.5 ± 10.5 years) [Figure 1]. Compared with the 801
patients included in the final analysis, the 265 patients
without complete follow-up data were associated with
lower levels of education (39.2% vs. 47.3%, P = 0.021)
and rates of employment (46.2% vs. 55.7%, P = 0.007),
smoking (44.9% vs. 52.1%, P = 0.041), and first-ever
stroke (76.6% vs. 82.9%, P = 0.023) [Table 1]. The other
variables did not significantly differ between the two
groups.

2

patients without depression

At the 1-year follow-up, 330 of 801 stroke patients were
diagnosed as having depression: 80 (24.3%) had persistent
depression, 217 (65.7%) had transient depression, and 33
(10.0%) had recurrent depression.

Compared with the other two groups, stroke patients
with persistent depression were significantly older, more
likely to be a woman and have a family history of
stroke, had significantly higher NIHSS scores, were
significantly less likely to have had an ischemic
stroke, and had a significantly higher frequency of
hypertension. At the 5-year follow-up, stroke patients
with persistent depression had significantly higher
disability rates and significantly lower PCS and MCS
scores than patients without depression. No other
significant differences were found among the three
groups [Table 2].

However, we found no significant differences between
patients with non-persistent depression and those with no
depression with respect to proportion of women (29.6%
vs. 28.7%, P = 0.792), rate of ischemic stroke (80.4% vs.
81.3%, P = 0.802), age (57.7 ± 10.1 vs. 56.7 ± 11.2,
P = 0.248), NIHSS scores (3.5 [1.0–6.0] vs. 3.0 [1.0–5.0],
P = 0.183), PCS scores (36.9 [23.9–52.6] vs. 40.3
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[28.2–53.9], P = 0.111), and MCS scores (40.5 [25.6–
48.4] vs. 41.7 [30.6–49.2], P = 0.063).

for age, sex, marital status, education level, diagnosis,
NIHSS score on admission, comorbidities, disability at 5

Table 1: Characteristics of the study patients and those without complete follow-up data.

Variables
Study patients

(n = 801)
Patients without complete
follow-up data (n = 265) Statistics P

Demographic characteristics
Age (years), mean ± SD 57.5 ± 10.5 60.7 ± 10.8 1.936

∗
0.164

Female sex, n (%) 245 (30.6) 98 (37.0) 3.731† 0.053
High school level or above education, n (%) 378 (47.3) 103 (39.2) 5.299† 0.021
Married, n (%) 751 (93.8) 247 (93.2) 0.101† 0.751
Living alone, n (%) 758 (98.0) 258 (97.7) 0.074† 0.785
Employed, n (%) 444 (55.7) 122 (46.2) 7.186† 0.007
Family history of stroke disease, n (%) 175 (22.5) 45 (17.9) 2.326† 0.127

Vascular risk factors
Smoking, n (%) 416 (52.1) 118 (44.9) 4.174† 0.041
Hypertension, n (%) 554 (70.2) 177 (67.8) 0.534† 0.465
Hyperlipidemia, n (%) 163 (23.0) 57 (24.7) 0.287† 0.592
Diabetes, n (%) 161 (20.4) 56 (21.8) 0.217† 0.641
Coronary heart disease, n (%) 140 (17.8) 29 (22.7) 3.052† 0.081

Clinical characteristics
First-ever stroke, n (%) 664 (82.9) 203 (76.6) 5.193† 0.023
Ischemic stroke, n (%) 638 (79.8) 220 (83.0) 1.439† 0.230
NIHSS score on admission, median (IQR) 3.0 (1.0–6.0) 4.0 (2.0–7.0) �1.952‡ 0.051
Stroke recurrence within 1 year, n (%) 39 (5.1) 15 (5.7) 0.295† 0.611

∗
t value, †x2 value, ‡Z value. SD: Standard deviation; NIHSS: National Institutes of Health Stroke Scale; IQR: Interquartile range.

Table 2: Multiple comparisons of the characteristics of patients according to the categories of PSD.

Variables
Persistent PSD

(n = 80)
Non-persistent PSD

(n = 250)
No PSD
(n = 471) Statistics P

Demographic characteristics
Age (years), mean ± SD 60.5 ± 9.3 57.7 ± 10.1 56.7 ± 11.2 4.683

∗
0.010

Female sex, n (%) 36 (45.0) 74 (29.6) 135 (28.7) 8.764† 0.013
Education, n (%)
High school level or above 37 (46.3) 110 (44.0) 231 (49.0) 1.846† 0.397
Married, n (%) 74 (92.5) 240 (96.0) 437 (92.8) 3.131† 0.209
Living alone, n (%) 2 (2.5) 3 (1.2) 10 (2.1) 0.935† 0.626
Employed, n (%) 37 (46.8) 142 (56.8) 265 (56.3) 2.817† 0.245
Family history of stroke disease, n (%) 24 (30.0) 63 (25.2) 88 (18.7) 7.389† 0.025

Vascular risk factors at 5-year follow-up
Smoking, n (%) 19 (23.8) 74 (29.6) 128 (27.2) 1.213† 0.545
Hypertension, n (%) 71 (100) 195 (78.0) 378 (80.3) 10.168† <0.001
Hyperlipidemia, n (%) 35 (52.2) 113 (45.2) 195 (41.4) 2.742† 0.254
Diabetes, n (%) 30 (38.5) 77 (30.8) 145 (30.8) 1.257† 0.533
Coronary heart disease, n (%) 19 (0.25) 40 (16.0) 8 2 (17.4) 2.098† 0.350

Clinical characteristics
Ischemic stroke, n (%) 54 (67.5) 201 (80.4) 383 (81.3) 8.486† 0.014
First-ever stroke, n (%) 59 (73.8) 195 (78.0) 393 (83.4) 5.935† 0.051
NIHSS score on admission, median (IQR) 5.0 (2.0–8.8) 3.5 (1.0–6.0) 3.0 (1.0–5.0) 12.630† 0.002
Stroke recurrence within 5 years, n (%) 10 (12.5) 40 (16.0) 72 (15.3) 0.579† 0.749
Disability at 5-year follow-up, n (%) 39 (48.8) 98 (39.2) 151 (32.1) 8.826† 0.012
PCS at 5-year follow-up, median (IQR) 31.5 (16.9–45.8) 36.9 (23.9–52.6) 40.3 (28.2–53.9) 12.647† 0.002
MCS at 5-year follow-up, median (IQR) 36.4 (21.2–46.7) 40.5 (25.6–48.4) 41.7 (30.6–49.2) 8.033† 0.018

∗
F value, †x2 value. PSD: Post-stroke depression; SD: Standard deviation; NIHSS: National Institutes of Health Stroke Scale; PCS: Physical component
summary; IQR: Interquartile range; MCS: Mental component summary.
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Risk factors associated with QoL
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The risk factors associated with QoL assessed at the 5-year
follow-upmodel are shown in Table 3. Even after adjusting

2

years, and stroke recurrence within 5 years, multivariable
ordinal logistic regression revealed that persistent depres-
sion at the 1-year follow-up (odds ratio [OR]: 0.48; 95%
confidence interval [CI]: 0.29–0.81) and disability at the
5-year follow-up (OR: 0.34; 95% CI: 0.23–0.49) were
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both independently associated with poor MCS scores at
the 5-year follow-up. The variables associated with low

example, female stroke survivors are reportedly more
likely to be dead or dependent at 12 months following

Chinese Medical Journal 2019;132(8) www.cmj.org
PCS scores at the 5-year follow-up were as follows: age
(OR: 0.97; 95% CI: 0.96–0.99), high NIHSS score at
admission (OR: 0.94; 95%CI: 0.90–0.98), disability at the
5-year follow-up (OR: 0.19; 95% CI: 0.13–0.27), and
stroke recurrence at the 5-year follow-up (OR: 0.53; 95%
CI: 0.34–0.85).
Discussion

ed
This longitudinal study of a post-stroke cohort highlighted
persistent depression as a predictor of poor QoL in stroke
patients at 5 years following the stroke event regardless of
stroke sub-type. However, we found that the adverse
effects of persistent depression manifested as lower MCS
scores and remained significant after adjustments for
relevant covariates. Furthermore, this study also showed
that old age, high NIHSS score on admission, stroke
recurrence within 5 years, and disability at the 5-year
follow-up could predict poor PCS scores at the 5-year
follow-up. These results are consistent with those of
previous studies.[5,11,25-27]

Previous studies have observed that the baseline character-
istics of patients with stroke are associated with the
subsequent development of depression symptoms[28]: for

Table 3: Risk factors associated with QoL among the patients includ
Variables

PC

OR 95% C

Demographic characteristics
Age 0.97 0.96–0.
Female sex 0.72 0.48–1.
High school level or above education 0.94 0.68–1.
Married 0.61 0.29–1.
Living alone 0.83 0.24–2.
Employed 1.18 0.82–1.
Family history of stroke 0.75 0.51–1.

Vascular risk factors at 5-year follow-up
Smoking 0.80 0.55–1.
Hypertension 0.82 0.55–1.
Diabetes 0.72 0.51–1.
Hyperlipidemia 0.80 0.57–1.
Coronary heart disease 0.74 0.49–1.

Clinical characteristics on admission
First-ever stroke 1.23 0.79–1.
NIHSS score 0.94 0.90–0.
Ischemic stroke 1.22 0.81–1.

Clinical characteristics at 1-year follow-up
Persistent depression 0.65 0.38–1.

Non-persistent depression
Recurrent depression 0.53 0.25–1.
Transient depression 0.85 0.60–1.

Clinical characteristics at 5-year follow-up
Disability 0.19 0.13–0.
Stroke recurrence 0.53 0.34–0.

QoL: Quality of life; PCS: Physical component summary;MCS:Mental compo
Institutes of Health Stroke Scale.

2210
stroke onset,[29] and high baseline NIHSS scores are
associated with an increased risk of neurological and
medical complications.[30] Some authors have postulated
that such characteristics at baseline might, therefore,
predict poor outcomes of patients following stroke.

To the best of our knowledge, this study is the first
nationwide longitudinal multi-center prospective cohort
study to study the effect of the time course of PSD on the
QoL of stroke survivors. PSD is a long-term problem that
can occur in the sub-acute and acute hospitalization phases
as well as in later stages.[31] While previous research has
indicated a link between persistent depression and a high
risk of poor prognosis and that recovery from depression
after stroke might reduce the negative impact of the disease
on QoL,[10,32-34] only three longitudinal studies have thus
far reported that depression in the acute and sub-acute
phases independently predicts poor QoL among stroke
patients. Of these investigations, two have reported that
PSD was independently associated with poor QoL at
1 year,[32,35] while one reported that PSD at 3 months
could predict poor QoL at 5 years after stroke.[36]

While some investigations have reported that most cases of
PSD recover spontaneously within a few months without
any treatment,[17,37] others have reported that PSD might

in the multivariable ordinal logistic regression.
S MCS

I P OR 95% CI P

99 0.003 1.02 0.96–1.04 0.051
06 0.092 1.18 0.81–1.73 0.381
30 0.705 0.85 0.62–1.16 0.300
30 0.202 1.15 0.56–2.38 0.702
86 0.772 0.20 0.05–0.72 0.015
69 0.372 0.83 0.58–1.19 0.321
11 0.154 1.10 0.75–1.61 0.622

16 0.244 1.12 0.78–1.61 0.534
22 0.324 0.93 0.63–1.37 0.718
03 0.074 0.93 0.66–1.30 0.652
11 0.180 0.83 0.60–1.14 0.235
12 0.162 0.79 0.50–1.19 0.250

92 0.344 0.92 0.60–1.41 0.686
98 0.004 1.01 0.97–1.05 0.548
85 0.349 1.41 0.93–2.08 0.101

11 0.115 0.48 0.29–0.81 0.006

12 0.096 0.66 0.32–1.37 0.264
23 0.403 0.76 0.54–1.09 0.132

27 <0.001 0.34 0.23–0.49 <0.001
85 0.008 0.80 0.51–1.25 0.323

nent summary; OR:Odds ratio; CI: Confidence interval; NIHSS:National
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remainpersistent in some cases.[11,33,38] In thepresent study,
10.0% (80/801) of stroke survivors exhibited persistent

hemorrhagic stroke in 1990-2013: the GBD 2013 study. Neuro-
epidemiology 2015;45:161–176. doi: 10.1159/000441085.
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depression, and this result is consistent with a previous
study,[39] which reported 9.2% of stroke survivors had
persistent depression in the 1-year follow-up.

In agreement with our study, a previous investigation
found that psychiatric symptoms affected MCS scores,
while neurological conditions influenced PCS scores[40];
specifically, the investigators found that persistent depres-
sion could predict low MCS scores but could not predict
long-term PCS scores. However, several cross-sectional
studies have reported that PSD adversely affects both the
physical and psychological dimensions of QoL.[5,8] This
discrepancy in findings may indicate that patterns of MCS
and PCS differ among various stroke conditions: for
example, in cross-sectional studies, depression symptoms
coexisted with neurological impairment, which may have
impeded the rehabilitation of physical function in stroke
patients; and while depression may limit gait recovery after
stroke, poor physical health may negatively affect the
mental dimensions of QoL in stroke patients.

This study is subject to several limitations. First, due to the
absence of certain assessment scales, patients with aphasia
who were unable to complete the self-rating scales were
excluded; reliablymeasuring depression in these patients was
thought to have been overly challenging.[41] Second, mood
was continuously assessed only in the first year but not
thereafter. Third, although we performed a comparison
between the baseline characteristics of the included patients
and thosewhodidnot complete the5-year follow-up, anddid
not find significant difference, however, no comparison has
beenmade between the baseline characteristics of the patients
lost at 1-year follow-up and those of the included patients.

In conclusion, this longitudinal study showed that persistent
depression at the 1-year follow-up could independently
predict poor MCS scores at the 5-year follow-up. Other
variables, such as old age, NIHSS score at admission, and
recurrenceof PSDduring the5-year follow-uppredictedpoor
PCS scores at the 5-year follow-up. Disability at the 5-year
follow-up was associated with low MCS and PCS scores.
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