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Objectives: This study aimed to examine the rate of remission in individuals experiencing

early-onset poststroke depression (PSD) in China and to identify predictors of remission

during a 3-month follow-up. This study also explored the interaction between cognitive

impairment and depression.

Methods: A total of 820 patients with PSD from a massive multicenter prospective

cohort project in China (PRIOD) were included in the present study. Depressive symptoms

were measured with the Hamilton Depression Rating Scale (17 Items, HDRS-17) at 2

weeks and the endpoint of the 3-month follow-up. The cut-off score of HDRS-17 (<8)

was used to define remission of depression at the endpoint. The Mini-Mental State Exam

(MMSE) was used to evaluate the cognitive impairment of the patients (at the 2-week

follow-up and 3-month endpoint). The National Institutes of Health Stroke Scale (NIHSS)

was used to measure the severity of stroke.

Results: (1) Six hundred and forty-two patients completed the 3-month follow-up, and

332 (51.7%) patients remitted by the end of the study. Univariate analyses indicated

that there was a higher proportion of patients who had hypertension, frontal lobe lesion,

basal ganglia lesion, poor outcome at 2 weeks, high scores on the NIHSS at 2 weeks,

major life events within 3 months, and major medical diseases within 3 months in the

nonremission group. In stepwise multiple logistic regression analyses, remission was

significantly predicted by lower NIHSS scores at 2 weeks (p = 0.001, OR = 1.086, 95%

CI 1.035–1.139), fewer major life events (p= 0.036,OR= 5.195, 95%CI 1.111–27.283),

fewer major medical comorbidities (p = 0.015, OR = 2.434, 95% CI 1.190–4.979), and

fewer frontal lobe lesions (p = 0.042, OR = 1.717, 95% CI 1.019–2.891). (2) After

controlling for confounding variables, repeated measures analysis of variance revealed
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a significant interaction between time (2 weeks vs. 3 months) and group (remitters vs.

nonremitters) on MMSE scores [F (1, 532) =20.2, p < 0.001].

Conclusions: Early-onset PSD patients with milder neurological impairment, fewer

major life events, fewer major medical comorbidities and no frontal lobe lesion at baseline

were more likely to achieve remission 3 months after stroke. Only remitters of PSD

improved significantly in cognitive impairment after stroke.

The PRIOD trial is registered at http://www.isrctn.com/, number ISRCTN62169508.

Keywords: early-onset, poststroke depression, predictors of remission, cognitive impairment, follow-up

INTRODUCTION

Stroke is still the third leading cause of death, and the incidence
rate of stroke has been increasing by 8.7% every year in China
(1). However, a progressive decrease in stroke mortality and
the subsequent increase of survivors with residual impairments
and disabilities have been observed in recent years (2). Stroke
can cause physical disability as well as essential emotional and
cognitive complications, which can be seriously debilitating.
Poststroke depression (PSD) is the most common psychiatric
implication of stroke. The prevalence rate is estimated to be
41.8% in the first year following stroke (3), although the rate
varies across studies due to methodological discrepancies. It
is important to note that depression can result from physical
disability (4), and vice versa. Emotional distress can also have
a negative influence on the mortality, recovery, physical and
cognitive functioning, and quality of life of stroke survivors (5–
7).

The mechanisms of PSD are complex and likely to involve
multifactorial interactions (8). Previous studies have identified
robust predictors of PSD, such as level of functional impairment
(4) and stroke severity (9). Sociodemographic factors, such
as young/old age, female sex, low education, living alone, a
neurotic personality, and unemployment, were often found to
be associated with PSD (10–12). Some studies have revealed
that patients were more likely to develop PSD if their lesions
were on the left side, on the frontal lobe or in the basal
ganglia (13–15), but inconsistent findings were also reported
(16–18).

To better understand PSD, a few studies have focused on
the natural progression and explored trajectories of depressive
symptoms following stroke, but the results were far from
conclusive (19). PSD cases present in the initial poststroke
period may differ from those who develop PSD later, in
terms of mechanism and symptomatology. It has been reported
that neuroanatomical factors, such as left hemisphere lesions
involving the basal ganglia, are responsible for the initial
poststroke period depression (20), whereas psychological factors
could contribute to both the initial period and later PSD (21). The
term “early-onset PSD” is often used to describe the depressive
symptoms that appear in the acute phase (within 1–2 weeks
after the stroke attack) of stroke (22). Limited attention has been
paid to the predictive factors of the remission of early-onset

depressive symptoms over time. Therefore, knowledge about
the predictors of remission of early-onset PSD is warranted to
facilitate clinicians to make an optimal treatment plan, given
that administration of antidepressants and nonpharmacological
interventions remains controversial (23, 24).

Cognitive impairment after stroke has often been reported
with various prevalence rates, possibly due to methodological
differences such as the tools and timing of the cognitive
evaluation (25, 26). Notably, cognitive impairment after stroke
has been associated with reduced functional recovery, increased
risk of mortality, and the possibility of evolving to degenerative
diseases (27–30). There seems to be a complicated interaction
between depressive symptoms and cognitive functioning in
poststroke patients over time (31). Cognitive impairments partly
overlap with depressive symptoms, and the two syndromes may
coexist in patients suffering from stroke (32, 33). In some cases,
cognitive impairment caused by stroke may increase the risk of
PSD (34, 35); whereas in other cases, cognitive impairment may
also result from the depressive symptoms (36). The relationship
between PSD and cognitive impairment after stroke has not been
sufficiently elucidated in previous studies.

To date, there have been some studies investigating the natural
course of PSD, but very few of them specifically focused on early-
onset PSD and its interaction with cognitive function over time.
This is an important topic that is essential for improving both
the long-term physical and psychological outcomes after stroke.
The primary aim of this study was to describe the trajectory
and outcome of early-onset PSD over a 3-month follow-up,
with a focus on remission of depressive symptoms as well as
its interaction with cognition. The hypothesis was that patients
who remained depressed at the 3-month endpoint would bemore
likely to have had more severe functional impairments and more
risk factors for developing PSD than patients who remitted from
their depressive symptoms. The second hypothesis was that the
remitters would have more significant cognitive improvements
than nonremitters.

METHODS

Study Participants
The present study was part of a larger project: Incidence
and Outcome of patients with poststroke Depression in China
(PRIOD) (Project No. ISRCTN62169508, April 2008 to April
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2010). PRIOD is a multicenter prospective cohort study with the
participation of 56 hospitals (3). The project aimed to investigate
the prevalence of PSD in China during a one-year follow-up
period after first stroke onset and related risk factors for PSD.

The inclusion criteria of PRIOD were described in detail in
a previous publication (3). In brief, patients who fulfilled the
following criteria were enrolled in PRIOD: (1) a diagnosis of
stroke according to the WHO diagnostic criteria, which was
confirmed with CT or MR imaging; (2) onset of stroke within
14 days prior to recruitment; and (3) aged over 18 years old. The
exclusion criteria of PRIOD were (1) patients with dementia or
other neurological diseases that could affect cognitive functions;
(2) patients with a history of or current major psychiatric
disorders or alcohol or drug abuse; and (3) patients who did not
appropriately communicate.

Data Collection and Scale Assessment
Eligible patients were consecutively enrolled in the present study.
Patients’ demographic information, medical history, personal
history, family history, diagnostic information, and intervening
measures were collected with a case report form at baseline.
Major medical comorbidities were defined as cancer, severe
cardiovascular disease (acute myocardial infarction, congestive
heart failure, angina pectoris), severe kidney disease, and stroke
relapse. Major life events were assessed using a self-designed
form, and most of the items were adapted from “the list of
threatening experiences,” including the death of parents, spouses,
or children, as well as serious family conflicts, family members
suffering from serious illness, and divorce (37). All these events
were commonly reported to cause moderate or marked long-
term threat (37).

The stroke patients were screened for depression at 2 weeks
after stroke, as was usually done in other studies in early-onset
PSD (22, 38). The follow-up assessments were scheduled at 3
months after stroke, because this time point seemed to be a
watershed for patients with PSD. Previous studies demonstrated
that some biological features of early-onset PSD disappeared at
or beyond 3 months after stroke (17, 39).

Experienced neurologists who implemented the scale
assessment were blinded to the patients’ clinical information.
They all received standardized training for the assessments, and
interrater reliability reached an acceptable level. Major or minor
depression was determined by the Diagnostic and Statistical
Manual of Mental Disorders, fourth edition (DSM-IV). DSM-IV
suggests that a person should be considered to have mild
depressive symptoms if he/she experienced at least 2, but less
than 5, of the depressive symptoms listed as the diagnostic
criteria for at least 2 weeks, and at least one of the symptoms
must be either depressed mood or loss of pleasure/interest
(40). The Hamilton Rating Scale for Depression-17 (41) was
applied to monitor the degree of depression at the 2-week and
3-month follow-up points. The validity and reliability of the
Chinese version HRSD-17 had been proven in previous studies
(42). In the present study, early-onset depression was defined
as the presence of a depressive episode at 2 weeks after stroke.
Remission of depression was defined by the cut-off score on the
HRSD-17 (<8) at the endpoint.

The National Institutes of Health Stroke Scale (NIHSS) was
used to measure the severity of Stroke (43). The modified
RANKIN scale (mRS) was used to assess the neural functional
recovery after stroke at the baseline and at the 3-month follow-
up point. In the present study, mRS < 2 represented a favorable
prognosis (benign outcome), while mRS ≥ 2 indicated an
unfavorable prognosis (poor outcome), as in previous studies
(44, 45). Cognitive impairment was evaluated with the Mini-
Mental State Examination (MMSE) (46). The score for theMMSE
scale ranged from 1-30 points. The higher the score, the better the
cognitive function.

In the present study, hemorrhagic stroke and ischemic stroke
were determined by MRI or CT scan results. The images of
MRI (T1 and T2 weighted, fluid-attenuated inversion-recovery
sequence, diffusionweighted imaging) or CT scans were retrieved
from clinical routine exams. The lesions responsible for the
stroke event were identified and reported by radiologists from
each site who were blinded to the patients’ psychiatric diagnoses.
All the research radiologists among various sites have received
standard training regarding image interpretation. When the
stroke lesions were located in more than one brain region, every
affected region was identified, recorded and used in the statistical
analyses.

Telephone or face-to-face interviews were conducted at the
follow-up point of 2 weeks and 3 months after the stroke
attack. Information about the death, stroke relapse, medication
regimen, life events, mRS scores, MMSE, and HRSD-17 scores
was collected. Antidepressants were prescribed by the treating
physicians according to the patients’ clinical needs and clinical
practice guidelines for depression. Participants were also allowed
to take psychotherapy of various types, durations and number of
sessions. The use of antidepressants was recorded at 3 months
after stroke, which was discussed in detail in our previous
article (47).

Statistical Analysis
Data were analyzed with SPSS 23.0 (SPSS, Inc., IBM Company,
USA). Comparisons between remitters and nonremitters with
regard to sociodemographic characteristics, scores on the NIHSS
and MMSE, functional outcomes as measured by the mRS,
lesion locations, medical and personal history with respect
to smoking, drinking, taking antidepressants, and receiving
psychotherapy were performed using independent sample t-tests,
Mann–Whitney U tests, Fisher’s exact test, and chi-square tests,
where appropriate. Multivariate logistic regression analyses with
the backward Wald method were used to identify predictors
of remission at the 3-month follow-up point. In the regression
analyses, remission was entered as the dependent variable, and
all variables that showed significant differences between the two
groups in the aforementioned univariate analyses were entered as
independent variables. Receiver operating characteristic (ROC)
curves with the area under the curve values were calculated for
remission, showing the predicted probabilities from the final
model of logistic regression analysis.

Repeated measures analysis of variance (ANOVA) was
performed for the Mini-Mental State Examination (MMSE)
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scores with group (remitters vs. nonremitters) as the between-
group factor, time (2 weeks vs. 3 months) as the within-group
factor, and variables that showed significant differences between
the two groups in the aforementioned univariate analyses as
covariates. The effects of time, group, and the interaction between
time and group were examined. A two-tailed probability value of
p < 0.05 was considered to indicate statistical significance.

RESULTS

Among 2828 patients who participated in PRIOD, 1992 patients
were exclude because their HDRS scores were missing or they did
not have depression (HDRS-17 total score = <7) 2 weeks after
stroke. Among the remaining 836 patients with depression, 16
patients had a past history of mental disorders. Eight hundred
and twenty PRIOD participants met the PSD criteria within 2
weeks after stroke and entered the present study for assessment.
Therefore, the prevalence rate of PSD was 29.37% (820/2828).
During the follow-up period from the beginning of the 2nd week
to the end of the 3rd month, 10 patients died, 153 patients lost
contact, and 15 patients lacked HRSD-17 scores. In the end, a
total of 642 patients were included in the final analysis. They
were divided into the nonremission group (HRSD-17 score ≥

8, n = 310) and the remission group (HRSD-17 score < 8,
n = 332) according to the HRSD-17 score at the 3-month
follow-up (Figure 1).

Comparison Between Patients Included
and Those Excluded From the Analyses
Among 820 patients who entered the study, 178 patients were
excluded from the analyses. The excluded patients (n = 178)
did not differ significantly from the included patients (n = 642)
with regard to gender (male: 64.04% vs. 59.66%, p = 0.289),
marital status (married: 89.89% vs. 93.45%, p= 0.107), education
status (≥12 years of education: 42.24% vs. 35.78%, p = 0.183),
stroke type (ischemic stroke: 77.97 vs. 77.88%, p = 0.795), first
episode stroke (68.98 vs. 75.04%, p = 0.059), diabetes (28.32 vs.

FIGURE 1 | Flow of patients’ inclusion and follow-up. HDRS-17, Hamilton

Depression Rating Scale (17 items).

22.84%, p = 0.135), hypertension (68.39 vs. 71.18%, p = 0.475),
hyperlipidemia (23.57 vs. 19.44% p = 0.255), smoking (29.57
vs. 19.44%, p = 0.255), drinking (11.24 vs. 12.62%, p = 0.620),
positive family history of stroke (24.56 vs. 18.50%, p = 0.078),
stroke relapse (8.33 vs. 2.50%, p = 0.134), major life events (0.00
vs. 2.18%, p =1.000), and basal ganglia lesion (47.75 vs. 51.25%,
p = 0.409). However, there were significant differences in age
(64.51 ± 11.67 vs. 61.80 ± 11.54, p = 0.006), NIHSS score at
2 weeks (5.25 ± 3.95 vs. 4.08 ± 3.46, p < 0.001), MMSE at
2 weeks (23.06 ± 6.36 vs. 24.66 ± 5.26, p = 0.006), HDRS-17
at 2 weeks (13.37 ± 4.60 vs. 12.24 ± 3.90, p = 0.003), major
medical comorbidities (20.83 vs. 6.54%, p= 0.022), poor outcome
at 2 weeks (67.80 vs. 56.23%, p = 0.006), taking antidepressants
(62.22 vs. 18.07%, p < 0.001), receiving psychotherapy (32.26 vs.
9.03%, p < 0.001), and frontal lobe lesion (20.22% vs. 11.06%,
p < 0.001) compared to the patients included in the analysis.
The two groups of patients were compared in order to determine
whether the patients included in the following analyses were
representative of the whole sample, and whether the conclusion
could be generalized to other populations.

Comparison of Demographic and Clinical
Characteristics Between Remitters and
Non-remitters at 3 Months After Stroke
At the end of the 3-month follow-up, there were 332 (51.7%)
remitters and 310 (48.3%) nonremitters determined by the cut-
off point of the HDRS-17 total score. The average total score
on the HDRS-17 was 13.33 ± 4.63 in nonremitters and 3.89
± 2.14 in the remitters. The baseline demographic and clinical
characteristics of remitters and nonremitters at the 3-month
follow-up are presented in Table 1. Univariate analyses indicated
that there was a higher proportion of patients with hypertension
(74.92 vs. 67.69%, p= 0.046), frontal lobe lesion (13.87 vs. 8.44%,
p= 0.028), basal ganglia lesion (55.48 vs. 47.29%, p= 0.038), poor
outcome at 2 weeks (61.29 vs. 51.51%, p= 0.013), high scores on
NIHSS at 2 weeks (4.61± 3.67 vs. 3.59± 3.18, p < 0.001), major
life events within 3 months (3.87 vs. 0.60%, p= 0.005), and major
medical comorbidities at 3 months (9.68 vs. 3.61%, p = 0.002) in
the nonremission group. On the other hand, remitters had a low
HDRS-17 total score (11.42± 3.32 vs. 13.11± 4.27, p < 0.001) at
2 weeks.

Exploring the Independent Predictors of
Remission at 3 Months After Stroke
Stepwise multivariate logistic regression analyses were used to
identify predictors of remission of PSD at 3 months. In the
regression analyses, remission was entered as the dependent
variable, and all variables that showed significant differences
between two groups in the aforementioned univariate analyses
were entered as independent variables. The results are shown in
Table 2. Remission was significantly predicted by lower NIHSS
scores at 2 weeks (p = 0.001, OR = 1.086, 95% CI 1.035–
1.139), fewer major life events (p = 0.036, OR = 5.195, 95% CI
1.111–27.283), fewer major medical comorbidities (p = 0.015,
OR = 2.434, 95% CI 1.190–4.979), and not having frontal lobe
lesions (p = 0.042, OR = 1.717, 95% CI 1.019–2.891). Figure 2
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TABLE 1 | Comparison of demographic and clinical characteristics between remitters and nonremitters at 3 months.

Variables Remitters

(n = 332)

Nonremitters

(n = 310)

X2 p-value

DEMOGRAPHIC CHARACTERISTICS

Age (mean ± SD) 61.67 ± 11.64 61.93 ± 11.45 – 0.734

Male (%) 61.45 57.74 0.914 0.339

Married (%) 93.05 93.87 0.176 0.675

Education ≥ 12 years (%) 36.56 34.95 0.179 0.672

VASCULAR RISK FACTORS

Family history of stroke (%) 19.69 17.26 0.610 0.435

Smoking (%) 32.65 30.49 0.335 0.563

Drinking (%) 13.86 11.29 0.957 0.328

Diabetes (%) 20.68 25.17 1.785 0.182

Hypertension (%) 67.69 74.92 3.990 0.046*

Hyperlipidemia (%) 20.47 18.32 0.422 0.516

NEUROIMAGING CHARACTERISTICS

Frontal lobe (%) 8.44 13.87 4.818 0.028*

Temporal lobe (%) 12.05 9.35 1.212 0.271

Parietal-occipital lobe (%) 15.96 14.52 0.260 0.610

Basal ganglia (%) 47.29 55.48 4.309 0.038*

Infratentorial region (%) 24.40 19.35 2.379 0.123

Left side lesion 34.91 36.21 0.115 0.734

CLINICAL VARIABLES

Ischemic stroke (%) 79.82 75.80 1.499 0.221

First episode of stroke (%) 77.34 72.58 1.937 0.164

Poor outcome at 2 weeks (%) 51.51 61.29 6.236 0.013*

Taking antidepressants (%) 16.27 20.00 1.511 0.219

Receiving psychotherapy (%) 7.23 10.97 2.727 0.099*

Major life events (%) 0.60 3.87 8.029 0.005*

Major medical diseases (%) 3.61 9.68 9.638 0.002*

Stroke relapse (%) 2.11 2.90 0.409 0.523

NIHSS at 2 weeks (mean ± SD) 3.59 ± 3.18 4.61 ± 3.67 – <0.001*

MMSE at 2 weeks (mean ± SD) 24.95 ± 4.89 24.31 ± 5.67 – 0.334

HDRS at 2 weeks (mean ± SD) 11.42 ± 3.32 13.11 ± 4.27 – <0.001*

MMSE at 3 months (mean ± SD) 26.63 ± 3.65 24.72 ± 5.31 – <0.001*

HDRS at 3 months (mean ± SD) 3.89 ± 2.14 13.33 ± 4.63 – –

SD, Standard Deviations; NIHSS, National Institutes of Health Stroke Scale; MMSE, Mini-Mental Exam; HRSD-17, Hamilton Depression Rating Scale (17 items); *P < 0.05.

presents the ROC curve for the predicted probabilities from the
final model of the multiple logistic regression analysis. The area
under the ROC curve was estimated to be 0.637 (p < 0.001, 95%
CI 0.593–0.680), indicating that the overall accuracy of the final
model to predict patients’ remission (with a predicted probability
of 0.5 or greater) was acceptable.

Comparison Between Remitters and
Nonremitters Regarding Longitudinal
Changes in MMSE
At 2 weeks after stroke, there was no significant difference
in MMSE between the two groups. However, nonremitters
performed significantly poorer on MMSE than remitters at 3
months after stroke (Table 1). After controlling for NIHSS,
hypertension, major life events, major medical comorbidities,

frontal lobe lesion and basal ganglia lesion, the results of a
repeated measures ANOVA revealed significant time (2 weeks
vs. 3 months) ∗group (remitters vs. nonremitters) interaction on
MMSE [F(1, 532) = 20.2, p< 0.001]. In the remitter group, MMSE
scores changed toward better performance from 2 weeks (24.95
± 4.89) to 3 months (26.63 ± 3.65). In the non-remitter group,
MMSE scores did not change from 2 weeks (24.31 ± 5.67) to 3
months (24.72± 5.31) (Figure 3).

DISCUSSION

This study systematically examined predictors of clinical
remission of early-onset PSD and explored the potential
interaction between depressive symptoms and cognitive
impairment after stroke. The two hypotheses were both
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TABLE 2 | Predictors of nonremission at 3 months (multivariate stepwise logistic regression model) (n = 642).

B S.E. Wald Sig. OR 95% C.I.

Lower Upper

NIHSS at 2 weeks 0.082 0.025 14.298 0.001 1.086 1.035 1.139

Major life events 1.648 0.787 4.368 0.036 5.195 1.111 24.283

Major medical comorbidities 0.890 0.365 5.938 0.015 2.434 1.190 4.979

Frontal lobe lesion 0.540 0.266 4.128 0.042 1.717 1.019 2.891

Basal ganglia lesion 0.283 0.168 2.829 0.093 1.328 0.954 1.847

Hypertension 0.313 0.184 2.902 0.088 1.367 0.954 1.960

FIGURE 2 | Receiver operating characteristic (ROC) curves for the model of

remission vs. nonremission. The area under the ROC curve was estimated to

be 0.637 (p < 0.001, 95% CI 0.593–0.680).

confirmed by the results. Milder neurological impairment as
indicated by NIHSS at 2 weeks, fewer major life events, fewer
medical comorbidities and no frontal lobe lesion were significant
predictors of the remission of PSD 3 months after stroke. These
factors have been reported in previous studies as risk factors for
the development of PSD (15, 48). For early-onset PSD patients,
only remitters gained significant improvement in cognition over
3 months of follow-up.

Among the patients from PRIOD, 29.37% had depressive
symptoms. This prevalence rate of PSD is close to most of
the rates reported in previous studies, in which PSD was
generally observed in approximately one-third of stroke cases,
despite a large variety of criteria used to diagnose PSD (49–52).
Among depressed patients who completed the 3-month follow-
up, the remission rate was 51.7%. Some authors believe that
the symptoms of PSD are self-limiting, and a longitudinal study
reported that most patients diagnosed with acute PSD recovered
(53). Previous studies demonstrated that approximately 50% of
PSD patients would have symptom remission after 6 months, and

the rate would increase to 89% at 12 months after stroke (54).
Remission of PSD over the first a few months after stroke is vital,
and symptom remission has been associated with higher recovery
in the activity of daily living function for these patients (55).

The logistic regression analysis in the present study clearly
confirmed that the course of PSD was a result of multifactorial
interactions involving both biological and psychosocial
determinants. Stroke severity and lesion locations served as
the main biological factors in this study. Stroke severity, as
indicated by NIHSS scores, has been one of the most consistent
risk factors for PSD. A growing body of evidence has shown that
the more severe the stroke is, the more likely a patient would
develop PSD (26, 56). Higher NIHSS scores were associated with
more severe depression after stroke. The results from Ilut et al.’s
study suggested that the NIHSS score can predict the long-term
prognosis of stroke, and a score over 11 could even bring a 9.4-
fold higher probability of experiencing severe depression (15).
This association may represent the biological mechanism of the
pathophysiology of PSD. Severe stroke could lead to a series of
biological changes in the brain and body, as well as psychological
and functional alterations, all of which could contribute to the
development of depression. Serious brain lesions may damage
the function of some brain regions that are responsible for
mood (57, 58). Much attention has been paid to the relationship
between the onset of PSD and lesion locations, although this
issue remains inconclusive (59, 60). Frontal lobe lesions were
identified as a predictor of nonremission, which is in line with
previous clinical and laboratory studies. Researchers have been
trying to establish a connection between neuroimaging markers
and the occurrence and development of depressive symptoms
after stroke. Some neural circuits have been implicated in the
development of both major depressive disorder and PSD (61–
65), often involving frontal areas (51, 66, 67). On the one hand,
the frontal lobe plays a critical role in regulating emotion and
cognitive functions (68). On the other hand, metabolic changes
were discovered in the frontal lobe in PSD patients through
MRI spectroscopy (69). Experimental rats with middle cerebral
artery occlusion (MCAO) were found to be 14 times more
likely to exhibit depressive-like behaviors than sham-operated
control rats, and BDNF levels were downregulated in certain
brain regions in the frontal and other cortical regions (70).
The prefrontal cortex has also been implicated in the bilateral
internal carotid artery occlusion (BICAO) model as one of the
several vulnerable brain areas associated with depressive-like
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FIGURE 3 | Changes in MMSE scores over follow-up time in remitters and nonremitters. *p < 0.001.

behaviors after ischemia (71). PSD patients with frontal lobe
lesions exhibited more persistent or recurrent symptoms than
those without frontal lobe lesions in the first year after stroke
onset (72).

Moreover, the stroke attack may also result in a decreased
socioeconomic status, quality of life and general self-efficacy
(GSE) (73), which contributed to a vicious circle between
functional deficits and onset of PSD (74, 75). Other psychosocial
factors include suffering from major medical comorbidity and
exposure to major life events, which were also independent
predictors of nonremission. Patients who underwent severe
major medical diseases (including stroke relapse) after stroke
attack may have an increased risk of depression onset or
deterioration. Comorbid medical conditions may result in a
patient’s increased psychological burden, including a decline in
the quality of life and rehabilitation faith, which may further
cause depressed mood (76). Then, the depressed mood may
in turn negatively affect the existing medical conditions, thus
creating a vicious circle (77). Even in depressive patients who
had no previous stroke, somatic symptoms have been reported
to potentially worsen the outcome of depressive disorder. A
study in patients with major depressive disorder indicated
that remission rates in patients with more severe somatic
symptoms were significantly lower than those in patients without
somatic symptoms (78). Another 2-year follow-up study showed
that “somatic symptoms” was an independent predictor of
a worse prognosis of MDD (79). Therefore, major medical

comorbidities and their companying somatic symptoms may
have a tremendous negative impact on the probability of
remission of depression. In the general population, exposure to
major life events is a risk factor for the subsequent development
of the depressive disorder (80). Likewise, studies demonstrated
that patients with PSD had more major life events than
nondepressed stroke patients before and after 6 months of stroke
onset (48, 81, 82). The present study found that major life
events not only served as a risk factor for developing depression
but also prevented PSD patients from achieving remission.
Therefore, moremedical attention should be paid to PSD patients
experiencing major life events.

Hypertension and poor outcomes at week 2 showed statistical
significance in the univariate analysis, but they were eventually
removed in the multivariate logistic regression. Concerning
hypertension, the present result suggested that it did not
contribute to the symptom resolution of depression, which is
consistent with previous literature (83). The chi-square test
indicated that mRS scores were significantly lower in the
remission group than in the nonremission group. Many studies
have shown that functional impairments might play a key role in
the pathogenesis and development of PSD (16, 54). In a review
in 2014, the researchers revealed that depression was negatively
associated with functional outcome in stroke survivors and that
the severity of stroke was the most significant contributor to PSD
(84). However, a poor functional outcome may also be due to
stroke severity and major medical comorbidities, and these are
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more robust independent predictors of remission in the present
study.

The beneficial effects of antidepressant treatment in patients
with PSD have been proved in a number of previous studies.
These studies suggested noradrenaline reuptake inhibitors
(NRIs), selective serotonin reuptake inhibitors (SSRIs), and
tricyclic antidepressants (TCAs) all brought a considerable
higher HAMD score reduction than the control treatments
(85). There has also been a body of evidence indicating
positive effects of cognitive behavioral psychotherapy in
patients with PSD (86). However, neither antidepressants
nor psychotherapy was associated with higher remission
rate in the present study. PRIOD is a non-interventional
study. Antidepressants and psychotherapies were used
according patient’s clinical needs with various doses, regimens,
durations and number of sessions. These confounding factors
could partly explain the inconsistent results with previous
studies.

The present study also found a significant group (remitters
vs. nonremitters) by time (from 2 weeks to 3 months)
interaction with respect to MMSE scores, and only remitters
had a significant improvement on the MMSE. Cognitive
impairment and its relationship with depression in stroke
survivors have long been of interest to the research community.
Ischemic brain injury can cause both dementia (87) and
depression (56). However, the causal relationship between
cognitive impairment and depression after stroke remains
debatable. In some studies, significant improvement had
been achieved with regard to poststroke depressive symptoms
during treatment with antidepressants, while cognitive function
remained impaired (88–90). Therefore, some authors claimed
that depressive symptoms might be secondary to cognitive
impairment, which was caused by stroke and would follow its
own course of recovery (88). However, cognitive functioning
did not improve significantly in the aforementioned studies
may be attributed partly to the inclusion of mixed cohorts
of patients with various severities of depression. Patients with
mild depressive disorder would not be expected to show
cognitive improvement (32, 91). In Murata et al.’s study, only
patients with major depressive disorder were enrolled, and
patients with a significant reduction in depression severity
also showed significant cognitive improvement over time
(32). Although the present research also included both major
and mild depression, as described in the method section,
the outcome measure is symptom remission rather than
reduction of depression severity. In addition, the sample
size of the present study is much larger than that of
previous studies. Therefore, the discrepancies with some
previous studies could possibly be due to these methodological
differences. The interaction between cognitive function and
depressive symptoms in patients with PSD warrants further
exploration.

The strengths of the present study include a large sample
size, a wide range of sociodemographic and clinical variables,
and the exclusion of patients with a history of mental disorders.
However, the results should be explained with caution due to
the following methodological limitations. First, 21.7% patients

were excluded from the analyses because of incomplete follow-
up information, and they were significantly different from the
included patients in some factors. For this reason, the conclusion
could not be simply applied to all studied populations. Second,
patients with dementia and severe aphasia were excluded from
the present study, and the subjects enrolled had relatively
moderate deficits in neurological function and lower mortality.
The exclusion of patients with severe cognitive and neurological
deficits may potentially prevent generalization of findings to all
stroke patients. Third, the MMSE has been found to overestimate
impairments in persons over age 60 and in persons with less
than 9 years of education (92); thus, it may not be sensitive to
the cognitive changes in the present sample. A more sensitive
and detailed neuropsychological battery is needed to monitor
the longitudinal changes in cognitive function in patients with
early-onset PSD. Fourth, psychological determinants, such as
personality and coping styles, also play an important role in
the course of PSD, but they were not collected in the present
study.

CONCLUSION

In conclusion, this study showed that approximately half of
early-onset PSD patients remitted 3 months after stroke. Patients
with less severe stroke, fewer major life events, fewer major
medical comorbidities and frontal lobe lesions were more likely
to have a favorable outcome regarding depression 3 months after
stroke. Moreover, only remitters of PSD improved significantly
in cognitive impairment after stroke. These results highlight the
importance of early identification and intervention for patients
with potentially persistent depression after stroke.

DATA AVAILABILITY STATEMENT

The datasets analyzed for this study can be found in the website:
http://www.tt.zhinanmed.com/.

ETHICS STATEMENT

The PRIOD protocol was approved by the Medical Ethics
Committee of Beijing TianTan Hospital, Capital Medical
University. The project was carried out in accordance with the
Declaration of Helsinki Guidelines, and all participants offered
written consent form for the study.

AUTHOR CONTRIBUTIONS

JH and F-CZ wrote the draft of the manuscript. JH, F-CZ, BG,
PY, and LZ organized the database. AW and F-CZ performed the
statistical analysis. C-YW and CW contributed the revision of
the final version. CW contributed conception and design of the
study. All authors contributed to manuscript revision, read and
approved the submitted version.

Frontiers in Psychiatry | www.frontiersin.org 8 January 2019 | Volume 9 | Article 738

http://www.tt.zhinanmed.com/
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Huang et al. Predicting Remission of Poststroke Depression

FUNDING

This study was supported by the National Key Research
& Development Program of China [grant number
2016YFC1307200], the National Key Technology
Research and Development Program of the Ministry
of Science and Technology of China [grant number
2015BAI13B03], the Beijing Brain Research [grant number

Z161100000216131], the Beijing Municipal Science &
Technology Commission [grant number Z151100004015127]
and the National 11th 5-year Scientific and Technological
Brainstorm Project [grant number 2006BA101A11],
the Build High Level Technology Talents of Health
System in Beijing (No.2015-3-038), and the Beijing
Municipal Administration of Hospitals’ Youth Programme
(QML20161902).

REFERENCES

1. Wang W, Jiang B, Sun H, Ru X, Sun D, Wang L, et al. Prevalence,
Incidence, and Mortality of Stroke in China: results from a Nationwide
Population-Based Survey of 480 687 Adults. Circulation (2017) 135:759–71.
doi: 10.1161/CIRCULATIONAHA.116.025250

2. Krishnamurthi RV, Feigin VL, Forouzanfar MH, Mensah GA, Connor M,
Bennett DA, et al. Global and regional burden of first-ever ischaemic
and haemorrhagic stroke during 1990–2010: findings from the Global
Burden of Disease Study 2010. Lancet Global Health (2013) 1:e259–e81.
doi: 10.1016/S2214-109X(13)70089-5

3. Zhang N, Wang CX, Wang AX, Bai Y, Zhou Y, Wang YL, et al.
Time Course of Depression and One-Year Prognosis of Patients with
Stroke in Mainland China. CNS Neurosci Therapeut. (2012) 18:475–81.
doi: 10.1111/j.1755-5949.2012.00312.x

4. Ayerbe L, Ayis SA, Crichton S, Rudd AG, Wolfe CD. Explanatory factors
for the association between depression and long-term physical disability after
stroke. Age Ageing (2015) 44:1054–8. doi: 10.1093/ageing/afv132

5. Karaahmet OZ, Gurcay E, Avluk OC, Umay EK, Gundogdu I,
Ecerkale O, et al. Poststroke depression: risk factors and potential
effects on functional recovery. Int J Rehabil Res. (2017) 40:71–5.
doi: 10.1097/MRR.0000000000000210

6. Shi YZ, Xiang YT, Yang Y, Zhang N, Wang S, Ungvari GS, et al. Depression
after minor stroke: the association with disability and quality of life–a 1-year
follow-up study. Int J Geriat Psychiatry (2016) 31:421–7. doi: 10.1002/gps.4353

7. Guajardo VD, Terroni L, Sobreiro Mde F, Zerbini MI, Tinone G, Scaff
M, et al. The influence of depressive symptoms on quality of life after
stroke: a prospective study. J Stroke Cerebrovasc Dis. (2015) 24:201–9.
doi: 10.1016/j.jstrokecerebrovasdis.2014.08.020

8. Villa RF, Ferrari F, Moretti A. Post-stroke depression: Mechanisms and
pharmacological treatment. Pharmacology & therapeutics (2018) 184:131–44.
doi: 10.1016/j.pharmthera.2017.11.005

9. Wang Z, Zhu M, Su Z, Guan B, Wang A, Wang Y, et al. Post-stroke
depression: different characteristics based on follow-up stage and gender-a
cohort perspective study from Mainland China. Neurol Res. (2017) 39:996–
1005. doi: 10.1080/01616412.2017.1364514

10. Eriksen S, Gay CL, Lerdal A. Acute phase factors associated with the course of
depression during the first 18 months after first-ever stroke. Disab Rehabilit.

(2016) 38:30–5. doi: 10.3109/09638288.2015.1009181
11. Kouwenhoven SE, Kirkevold M, Engedal K, Kim HS. Depression in

acute stroke: prevalence, dominant symptoms and associated factors.
A systematic literature review. Disab Rehabilit. (2011) 33:539–56.
doi: 10.3109/09638288.2010.505997

12. Ouimet M, Primeau F, Cole M. Psychosocial risk factors in poststroke
depression: a systematic review. Can J Psychiatry (2001) 46:819–28.
doi: 10.1177/070674370104600905

13. Hama S, Yamashita H, Yamawaki S, Kurisu K. Post-stroke depression
and apathy: Interactions between functional recovery, lesion
location, and emotional response. Psychogeriatrics (2011) 11:68–76.
doi: 10.1111/j.1479-8301.2011.00358.x

14. Rajashekaran P, Pai K, Thunga R, Unnikrishnan B. Post-stroke depression
and lesion location: a hospital based cross-sectional study. Indian J Psychiatry

(2013) 55:343. doi: 10.4103/0019-5545.120546
15. Ilut S, Stan A, Blesneag A, Vacaras V, Vesa S, Fodoreanu L. Factors that

influence the severity of post-stroke depression. J Med Life (2017) 10:167.

16. Nys G, Van Zandvoort M, Van der Worp H, De Haan E, De Kort P,
Kappelle L. Early depressive symptoms after stroke: neuropsychological
correlates and lesion characteristics. J Neurol Sci. (2005) 228:27–33.
doi: 10.1016/j.jns.2004.09.031

17. Bhogal SK, Teasell R, Foley N, Speechley M. Lesion location and
poststroke depression: systematic review of the methodological
limitations in the literature. Stroke (2004) 35:794–802.
doi: 10.1161/01.STR.0000117237.98749.26

18. Nickel A, Thomalla G. Post-stroke depression: impact of lesion location and
methodological limitations—a topical review. Front Neurol. (2017) 8:498.
doi: 10.3389/fneur.2017.00498

19. Ayerbe L, Ayis S, Crichton S, Wolfe CD, Rudd AG. The natural history of
depression up to 15 years after stroke: the South London Stroke Register.
Stroke (2013) 44:1105–10. doi: 10.1161/STROKEAHA.111.679340

20. Herrmann M, Bartels C, Schumacher M, Wallesch C-W. Poststroke
depression. Is there a pathoanatomic correlate for depression in the postacute
stage of stroke? Stroke (1995) 26:850–6.

21. Gainotti G, Azzoni A, Marra C. Frequency, phenomenology and anatomical–
clinical correlates of major post-stroke depression. Br J Psychiatry (1999)
175:163–7. doi: 10.1192/bjp.175.2.163

22. Geng LY, Qian FY, Qian JF, Zhang ZJ. The combination of plasma glutamate
and physical impairment after acute stroke as a potential indicator for
the early-onset post-stroke depression. J Psychosomat Res. (2017) 96:35–41.
doi: 10.1016/j.jpsychores.2017.01.006

23. Ayerbe L, Ayis S, Crichton SL, Rudd AG, Wolfe CD. Explanatory factors for
the increased mortality of stroke patients with depression. Neurology (2014)
83:2007–12. doi: 10.1212/WNL.0000000000001029

24. Sun Y, Liang Y, Jiao Y, Lin J, Qu H, Xu J, et al. Comparative efficacy
and acceptability of antidepressant treatment in poststroke depression:
a multiple-treatments meta-analysis. BMJ open (2017) 7:e016499.
doi: 10.1136/bmjopen-2017-016499

25. Hoffmann M, Schmitt F, Bromley E. Vascular cognitive syndromes: relation
to stroke etiology and topography. Acta Neurol Scand. (2009) 120:161–9.
doi: 10.1111/j.1600-0404.2008.01145.x

26. SunN, Li Q-J, Lv D-M,Man J, Liu X-S, SunM-L. A survey on 465 patients with
post-stroke depression in China. Arch Psychiatric Nurs. (2014) 28:368–71.
doi: 10.1016/j.apnu.2014.08.007

27. Barker-Collo S, Feigin V. The impact of neuropsychological deficits
on functional stroke outcomes. Neuropsychol Rev. (2006) 16:53–64.
doi: 10.1007/s11065-006-9007-5

28. Farner L, Wagle J, Engedal K, Flekkøy KM, Wyller TB, Fure B. Depressive
symptoms in stroke patients: a 13month follow-up study of patients
referred to a rehabilitation unit. J Affect Disord. (2010) 127:211–8.
doi: 10.1016/j.jad.2010.05.025

29. Hobson P, Meara J. Cognitive function and mortality in a
community-based elderly cohort of first-ever stroke survivors
and control subjects. J Stroke Cerebrovasc Dis. (2010) 19:382–7.
doi: 10.1016/j.jstrokecerebrovasdis.2009.07.006

30. T O’Brien J, Erkinjuntti T, Reisberg B, Roman G, Sawada T, Pantoni
L, et al. Vascular cognitive impairment. Lancet Neurol. (2003) 2:89–98.
doi: 10.1016/S1474-4422(03)00305-3

31. Terroni L, Sobreiro MF, Conforto AB, Adda CC, Guajardo VD, Lucia
MCSd, et al. Association among depression, cognitive impairment and
executive dysfunction after stroke. Dement Neuropsychol. (2012) 6:152–7.
doi: 10.1590/S1980-57642012DN06030007

Frontiers in Psychiatry | www.frontiersin.org 9 January 2019 | Volume 9 | Article 738

https://doi.org/10.1161/CIRCULATIONAHA.116.025250
https://doi.org/10.1016/S2214-109X(13)70089-5
https://doi.org/10.1111/j.1755-5949.2012.00312.x
https://doi.org/10.1093/ageing/afv132
https://doi.org/10.1097/MRR.0000000000000210
https://doi.org/10.1002/gps.4353
https://doi.org/10.1016/j.jstrokecerebrovasdis.2014.08.020
https://doi.org/10.1016/j.pharmthera.2017.11.005
https://doi.org/10.1080/01616412.2017.1364514
https://doi.org/10.3109/09638288.2015.1009181
https://doi.org/10.3109/09638288.2010.505997
https://doi.org/10.1177/070674370104600905
https://doi.org/10.1111/j.1479-8301.2011.00358.x
https://doi.org/10.4103/0019-5545.120546
https://doi.org/10.1016/j.jns.2004.09.031
https://doi.org/10.1161/01.STR.0000117237.98749.26
https://doi.org/10.3389/fneur.2017.00498
https://doi.org/10.1161/STROKEAHA.111.679340
https://doi.org/10.1192/bjp.175.2.163
https://doi.org/10.1016/j.jpsychores.2017.01.006
https://doi.org/10.1212/WNL.0000000000001029
https://doi.org/10.1136/bmjopen-2017-016499
https://doi.org/10.1111/j.1600-0404.2008.01145.x
https://doi.org/10.1016/j.apnu.2014.08.007
https://doi.org/10.1007/s11065-006-9007-5
https://doi.org/10.1016/j.jad.2010.05.025
https://doi.org/10.1016/j.jstrokecerebrovasdis.2009.07.006
https://doi.org/10.1016/S1474-4422(03)00305-3
https://doi.org/10.1590/S1980-57642012DN06030007
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Huang et al. Predicting Remission of Poststroke Depression

32. Murata Y, Kimura M, Robinson RG. Does cognitive impairment
cause poststroke depression? Am J Geriat Psychiatry (2000) 8:310–7.
doi: 10.1097/00019442-200011000-00007

33. Rose E, Ebmeier K. Pattern of impaired working memory during major
depression. J Affect Disord (2006) 90:149–61. doi: 10.1016/j.jad.2005.11.003

34. Elbaz A, Vicente-Vytopilova P, Tavernier B, Sabia S, Dumurgier J, Mazoyer
B, et al. Motor function in the elderly Evidence for the reserve hypothesis.
Neurology (2013) 81:417–26. doi: 10.1212/WNL.0b013e31829d8761

35. Pendlebury ST, Rothwell PM. Prevalence, incidence, and factors
associated with pre-stroke and post-stroke dementia: a systematic
review and meta-analysis. Lancet Neurol. (2009) 8:1006–18.
doi: 10.1016/S1474-4422(09)70236-4

36. Kauhanen M-L, Korpelainen J, Hiltunen P, Brusin E, Mononen H, Määttä
R, et al. Poststroke depression correlates with cognitive impairment and
neurological deficits. Stroke (1999) 30:1875–80. doi: 10.1161/01.STR.30.9.1875

37. Brugha T, Bebbington P, Tennant C, Hurry J. The List of Threatening
Experiences: a subset of 12 life event categories with considerable
long-term contextual threat. Psychol Med. (1985) 15:189–94.
doi: 10.1017/S003329170002105X

38. Wongwandee M, Tangwongchai S, Phanthumchinda K. Relationship between
poststroke depression and ischemic lesion location. J Med Assoc Thail

Chotmaihet Thangphaet (2012) 95:330–6. Available online at: http://www.
thaiscience.info/journals/Article/JMAT/10971416.pdf

39. Hosking SG, Marsh NV, Friedman PJ. Depression at 3 months poststroke in
the elderly: predictors and indicators of prevalence. Aging Neuropsychol Cogn.
(2000) 7:205–16. doi: 10.1076/anec.7.4.205.798

40. American PAA. Diagnostic and statistical manual of mental disorders.
Psychiatry Research (1994) 189:158–9.

41. Hamilton M. A rating scale for depression. J Neurol Neurosurg Psychiatry

(1960) 23:56. doi: 10.1136/jnnp.23.1.56
42. Zheng Y, Zhao J, Phillips M, Liu J, Cai M, Sun S, et al. Validity and reliability

of the Chinese Hamilton depression rating scale. Br J Psychiatry (1988)
152:660–4. doi: 10.1192/bjp.152.5.660

43. Brott T, Adams HP, Olinger CP, Marler JR, Barsan WG, Biller J, et al.
Measurements of acute cerebral infarction: a clinical examination scale. Stroke
(1989) 20:864–70. doi: 10.1161/01.STR.20.7.864

44. Sulter G, Steen C, De Keyser J. Use of the Barthel index and
modified Rankin scale in acute stroke trials. Stroke (1999) 30:1538–41.
doi: 10.1161/01.STR.30.8.1538

45. Uyttenboogaart M, Stewart RE, Vroomen PC, De Keyser J, Luijckx G-J.
Optimizing cutoff scores for the Barthel index and the modified Rankin
scale for defining outcome in acute stroke trials. Stroke (2005) 36:1984–7.
doi: 10.1161/01.STR.0000177872.87960.61

46. FolsteinMF, Folstein SE,McHugh PR. “Mini-mental state”: a practical method
for grading the cognitive state of patients for the clinician. J Psychiatric

Research (1975) 12:189–98. doi: 10.1016/0022-3956(75)90026-6
47. Yuan HW, Wang CX, Zhang N, Bai Y, Shi YZ, Zhou Y, et al. Poststroke

depression and risk of recurrent stroke at 1 year in a Chinese cohort study.
PLoS ONE (2012) 7:e46906. doi: 10.1371/journal.pone.0046906

48. Bush BA. Major life events as risk factors for post-stroke depression. Brain
Injury (1999) 13:131–7. doi: 10.1080/026990599121791

49. Gandolfo C, Provinciali L, Torta R, Toso V, Group tDS. The Italian
multicenter observational study on post–stroke depression (DESTRO). J
Neurol. (2006) 253:556–62. doi: 10.1007/s00415-006-0058-6

50. Townend B, Whyte S, Desborough T, Crimmins D, Markus R, Levi C,
et al. Longitudinal prevalence and determinants of early mood disorder
post-stroke. J Clin Neurosci. (2007) 14:429–34. doi: 10.1016/j.jocn.2006.01.025

51. Vataja R, Leppävuori A, Pohjasvaara T, Mäntylä R, Aronen HJ, Salonen O,
et al. Poststroke depression and lesion location revisited. J Neuropsychiatry
Clin. Neurosci. (2004) 16:156–62. doi: 10.1176/jnp.16.2.156

52. Verdelho A, Henon H, Lebert F, Pasquier F, Leys D. Depressive symptoms
after stroke and relationship with dementia A three-year follow-up study.
Neurology (2004) 62:905–11. doi: 10.1212/01.WNL.0000115107.66957.8C

53. Bour A, Rasquin S, Aben I, Boreas A, Limburg M, Verhey F. A one-year
follow-up study into the course of depression after stroke. J Nutr Health Aging
(2010) 14:488–93. doi: 10.1007/s12603-010-0033-x

54. Robinson RG, Spalletta G. Poststroke depression: a review. Can J Psychiatry

(2010) 55:341–9. doi: 10.1177/070674371005500602

55. Chemerinski E, Robinson RG, Kosier JT. Improved recovery in activities of
daily living associated with remission of poststroke depression. Stroke (2001)
32:113–7. doi: 10.1161/01.STR.32.1.113

56. Alajbegovic A, Djelilovic-Vranic J, Alajbegovic S, Nakicevic A, Todorovic
L, Tiric-Campara M. Post stroke depression. Med Arch. (2014) 68:47–50.
doi: 10.5455/medarh.2014.68.47-50

57. Wei C, Zhang F, Chen L, Ma X, Zhang N, Hao J. Factors associated with
post-stroke depression and fatigue: lesion location and coping styles. J Neurol.
(2016) 263:269–76. doi: 10.1007/s00415-015-7958-2

58. Zhang Y, Zhao H, Fang Y, Wang S, Zhou H. The association between lesion
location, sex and poststroke depression: meta-analysis. Brain Behav. (2017).
doi: 10.1002/brb3.788

59. Carson AJ, MacHale S, Allen K, Lawrie SM, Dennis M, House A, et al.
Depression after stroke and lesion location: a systematic review. Lancet (2000)
356:122–6. doi: 10.1016/S0140-6736(00)02448-X

60. Santos M, Kövari E, Gold G, Bozikas VP, Hof PR, Bouras C, et al. The
neuroanatomical model of post-stroke depression: towards a change of focus?
J Neurol Sci. (2009) 283(1–2):158–62. doi: 10.1016/j.jns.2009.02.334

61. Meyer J. Neuroimaging markers of cellular function in major
depressive disorder: implications for therapeutics, personalized
medicine, and prevention. Clin Pharmacol Therapeut. (2012) 91:201–14.
doi: 10.1038/clpt.2011.285

62. Drevets WC, Price JL, Furey ML. Brain structural and functional
abnormalities in mood disorders: implications for neurocircuitry
models of depression. Brain Struct. Funct. (2008) 213:93–118.
doi: 10.1007/s00429-008-0189-x

63. Terroni L, Amaro Jr E, Iosifescu DV, Tinone G, Sato JR, Leite CC, et al.
Stroke lesion in cortical neural circuits and post-stroke incidence of major
depressive episode: a 4-month prospective study. World J Biol Psychiatry

(2011) 12:539–48. doi: 10.3109/15622975.2011.562242
64. Lorenzetti V, Allen NB, Fornito A, Yücel M. Structural brain abnormalities in

major depressive disorder: a selective review of recent MRI studies. J Affect
Disord. (2009) 117:1–17. doi: 10.1016/j.jad.2008.11.021

65. Eker C, Gonul AS. Volumetric MRI studies of the hippocampus in
major depressive disorder: meanings of inconsistency and directions
for future research. World J Biol Psychiatry (2010) 11:19–35.
doi: 10.1080/15622970902737998

66. Vataja R, Pohjasvaara T, Leppävuori A, Mäntylä R, Aronen HJ, Salonen
O, et al. Magnetic resonance imaging correlates of depression after
ischemic stroke.Arch Gen Psychiatry (2001) 58:925–31. doi: 10.1001/archpsyc.
58.10.925

67. Tang WK, Lu JY, Chen YK, Chu WC, Mok V, Ungvari GS, et al. Association
of frontal subcortical circuits infarcts in poststroke depression: a magnetic
resonance imaging study of 591 Chinese patients with ischemic stroke. J Geriat
Psychiatry Neurol. (2011) 24:44–9. doi: 10.1177/0891988710392375

68. Yang Y, Raine A. Prefrontal structural and functional brain imaging findings
in antisocial, violent, and psychopathic individuals: ameta-analysis. Psychiatry
Res Neuroimaging (2009) 174:81–8. doi: 10.1016/j.pscychresns.2009.03.012

69. Glodzik-Sobanska L, Slowik A, McHugh P, Sobiecka B, Kozub J, Rich
KE, et al. Single voxel proton magnetic resonance spectroscopy in
post-stroke depression. Psychiatry Res Neuroimaging (2006) 148:111–20.
doi: 10.1016/j.pscychresns.2006.08.004

70. Ifergane G, Boyko M, Frank D, Shiyntum HN, Grinshpun J, Kuts R, et al.
Biological and behavioral patterns of post-stroke depression in rats. Can J

Neurol Sci. (2018):1–11. doi: 10.1017/cjn.2017.302
71. Liu S, Han S, Dai Q, Li S, Li J. BICAO-induced ischaemia caused

depressive-like behaviours and caspase-8/-9-dependent brain regional
neural cell apoptosis in mice. Stroke Vasc Neurol. (2018) 3:1–8.
doi: 10.1136/svn-2017-000109

72. Shi Y-Z, Xiang Y-T, Wu S-L, Zhang N, Zhou J, Bai Y, et al. The relationship
between frontal lobe lesions, course of post-stroke depression, and 1-year
prognosis in patients with first-ever ischemic stroke. PLoS ONE (2014)
9:e100456. doi: 10.1371/journal.pone.0100456

73. Dabrowska-Bender M, Milewska M, Gołabek A, Duda-Zalewska
A, Staniszewska A. The impact of ischemic cerebral stroke on
the quality of life of patients based on clinical, social, and
psychoemotional factors. J Stroke Cerebrovasc Dis. (2017) 26:101–7.
doi: 10.1016/j.jstrokecerebrovasdis.2016.08.036

Frontiers in Psychiatry | www.frontiersin.org 10 January 2019 | Volume 9 | Article 738

https://doi.org/10.1097/00019442-200011000-00007
https://doi.org/10.1016/j.jad.2005.11.003
https://doi.org/10.1212/WNL.0b013e31829d8761
https://doi.org/10.1016/S1474-4422(09)70236-4
https://doi.org/10.1161/01.STR.30.9.1875
https://doi.org/10.1017/S003329170002105X
http://www.thaiscience.info/journals/Article/JMAT/10971416.pdf
http://www.thaiscience.info/journals/Article/JMAT/10971416.pdf
https://doi.org/10.1076/anec.7.4.205.798
https://doi.org/10.1136/jnnp.23.1.56
https://doi.org/10.1192/bjp.152.5.660
https://doi.org/10.1161/01.STR.20.7.864
https://doi.org/10.1161/01.STR.30.8.1538
https://doi.org/10.1161/01.STR.0000177872.87960.61
https://doi.org/10.1016/0022-3956(75)90026-6
https://doi.org/10.1371/journal.pone.0046906
https://doi.org/10.1080/026990599121791
https://doi.org/10.1007/s00415-006-0058-6
https://doi.org/10.1016/j.jocn.2006.01.025
https://doi.org/10.1176/jnp.16.2.156
https://doi.org/10.1212/01.WNL.0000115107.66957.8C
https://doi.org/10.1007/s12603-010-0033-x
https://doi.org/10.1177/070674371005500602
https://doi.org/10.1161/01.STR.32.1.113
https://doi.org/10.5455/medarh.2014.68.47-50
https://doi.org/10.1007/s00415-015-7958-2
https://doi.org/10.1002/brb3.788
https://doi.org/10.1016/S0140-6736(00)02448-X
https://doi.org/10.1016/j.jns.2009.02.334
https://doi.org/10.1038/clpt.2011.285
https://doi.org/10.1007/s00429-008-0189-x
https://doi.org/10.3109/15622975.2011.562242
https://doi.org/10.1016/j.jad.2008.11.021
https://doi.org/10.1080/15622970902737998
https://doi.org/10.1001/archpsyc.58.10.925
https://doi.org/10.1177/0891988710392375
https://doi.org/10.1016/j.pscychresns.2009.03.012
https://doi.org/10.1016/j.pscychresns.2006.08.004
https://doi.org/10.1017/cjn.2017.302
https://doi.org/10.1136/svn-2017-000109
https://doi.org/10.1371/journal.pone.0100456
https://doi.org/10.1016/j.jstrokecerebrovasdis.2016.08.036
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Huang et al. Predicting Remission of Poststroke Depression

74. Volz M, Möbus J, Letsch C, Werheid K. The influence of early depressive
symptoms, social support and decreasing self-efficacy on depression 6 months
post-stroke. J Affect Disord. (2016) 206:252–5. doi: 10.1016/j.jad.2016.07.041

75. Wottrich AW, Åström K, Löfgren M. On parallel tracks: newly home from
hospital—people with stroke describe their expectations. Disab Rehabilit.

(2012) 34:1218–24. doi: 10.3109/09638288.2011.640381
76. Haug TT, Mykletun A, Dahl AA. The association between anxiety, depression,

and somatic symptoms in a large population: the HUNT-II study. Psychosom
Med. (2004) 66:845–51. doi: 10.1097/01.psy.0000145823.85658.0c

77. Rief W, Broadbent E. Explaining medically unexplained symptoms-
models and mechanisms. Clin Psychol Rev. (2007) 27:821–41.
doi: 10.1016/j.cpr.2007.07.005

78. Novick D, Montgomery W, Aguado J, Kadziola Z, Peng X, Brugnoli R, et al.
Which somatic symptoms are associated with an unfavorable course in Asian
patients with major depressive disorder? J Affect Disord. (2013) 149:182–8.
doi: 10.1016/j.jad.2013.01.020

79. Bekhuis E, Boschloo L, Rosmalen JG, de Boer MK, Schoevers RA. The impact
of somatic symptoms on the course of major depressive disorder. J Affect
Disord. (2016) 205:112–8. doi: 10.1016/j.jad.2016.06.030

80. Sun X-j, Niu G-f, You Z-q, Zhou Z-k, Tang Y. Gender, negative life events
and coping on different stages of depression severity: a cross-sectional study
among Chinese university students. J Affect Disord. (2017) 209:177–81.
doi: 10.1016/j.jad.2016.11.025

81. Guiraud V, Gallarda T, Calvet D, Turc G, Oppenheim C, Rouillon F, et al.
Depression predictors within six months of ischemic stroke: the DEPRESS
Study. Int J Stroke (2016) 11:519–25. doi: 10.1177/1747493016632257

82. Morris PL, Robinson RG, Raphael B, Samuels J, Molloy P. The relationship
between risk factors for affective disorder and poststroke depression in
hospitalised stroke patients. Australian and New Zealand J Psychiatry (1992)
26:208–17. doi: 10.1177/000486749202600204

83. Virtanen M, Ferrie JE, Akbaraly T, Tabak A, Jokela M, Ebmeier KP,
et al. Metabolic syndrome and symptom resolution in depression: a
5-year follow-up of older adults. J Clin Psychiatry (2017) 78:e1–e7.
doi: 10.4088/JCP.15m10399

84. Kutlubaev MA, Hackett ML. Part II: predictors of depression after stroke and
impact of depression on stroke outcome: an updated systematic review of
observational studies. Int J Stroke (2014) 9:1026–36. doi: 10.1111/ijs.12356

85. Deng L, Sun X, Qiu S, Xiong Y, Li Y, Wang L, et al. Interventions
for management of post-stroke depression: a Bayesian network
meta-analysis of 23 randomized controlled trials. Sci Reports (2017) 7:16466.
doi: 10.1038/s41598-017-16663-0

86. Wang SB, Wang YY, Zhang QE, Wu SL, Ng CH, Ungvari GS, et al.
Cognitive behavioral therapy for post-stroke depression: a meta-
analysis. J Affect Disord. (2018) 235:589–96. doi: 10.1016/j.jad.2018.
04.011

87. Kase C,Wolf P, Kelly-HayesM, KannelW, Beiser A, D’Agostino R. Intellectual
decline after stroke. Stroke (1998) 29:805–12. doi: 10.1161/01.STR.29.4.805

88. Andersen G, Vestergaard K, Riis J, Ingeman-Nielsen M. Dementia of
depression or depression of dementia in stroke? Acta Psych Scand (1996)
94:272–8. doi: 10.1111/j.1600-0447.1996.tb09860.x

89. Lipsey J, Pearlson G, Robinson R, Rao K, Price T. Nortriptyline treatment
of post-stroke depression: a double-blind study. Lancet (1984) 323:297–300.
doi: 10.1016/S0140-6736(84)90356-8

90. Robinson RG, Schultz SK, Castillo C, Kopel T, Kosier JT, Newman RM, et al.
Nortriptyline versus fluoxetine in the treatment of depression and in short-
term recovery after stroke: a placebo-controlled, double-blind study. Am J

Psychiatry (2000) 157:351–9. doi: 10.1176/appi.ajp.157.3.351
91. Robinson RG, Bolla-Wilson K, Kaplan E, Lipsey JR, Price TR. Depression

influences intellectual impairment in stroke patients. Br J Psychiatry (1986)
148:541–7. doi: 10.1192/bjp.148.5.541

92. Naugle RI, Kawczak K. Limitations of the mini-mental state examination.
Cleveland Clin J Med. (1989) 56:277–81. doi: 10.3949/ccjm.56.3.277

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2019 Huang, Zhou, Guan, Zhang, Wang, Yu, Zhou, Wang and Wang.

This is an open-access article distributed under the terms of the Creative Commons

Attribution License (CC BY). The use, distribution or reproduction in other forums

is permitted, provided the original author(s) and the copyright owner(s) are credited

and that the original publication in this journal is cited, in accordance with accepted

academic practice. No use, distribution or reproduction is permitted which does not

comply with these terms.

Frontiers in Psychiatry | www.frontiersin.org 11 January 2019 | Volume 9 | Article 738

https://doi.org/10.1016/j.jad.2016.07.041
https://doi.org/10.3109/09638288.2011.640381
https://doi.org/10.1097/01.psy.0000145823.85658.0c
https://doi.org/10.1016/j.cpr.2007.07.005
https://doi.org/10.1016/j.jad.2013.01.020
https://doi.org/10.1016/j.jad.2016.06.030
https://doi.org/10.1016/j.jad.2016.11.025
https://doi.org/10.1177/1747493016632257
https://doi.org/10.1177/000486749202600204
https://doi.org/10.4088/JCP.15m10399
https://doi.org/10.1111/ijs.12356
https://doi.org/10.1038/s41598-017-16663-0
https://doi.org/10.1016/j.jad.2018.04.011
https://doi.org/10.1161/01.STR.29.4.805
https://doi.org/10.1111/j.1600-0447.1996.tb09860.x
https://doi.org/10.1016/S0140-6736(84)90356-8
https://doi.org/10.1176/appi.ajp.157.3.351
https://doi.org/10.1192/bjp.148.5.541
https://doi.org/10.3949/ccjm.56.3.277
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

	Predictors of Remission of Early-Onset Poststroke Depression and the Interaction Between Depression and Cognition During Follow-Up
	Introduction
	Methods
	Study Participants
	Data Collection and Scale Assessment
	Statistical Analysis

	Results
	Comparison Between Patients Included and Those Excluded From the Analyses
	Comparison of Demographic and Clinical Characteristics Between Remitters and Non-remitters at 3 Months After Stroke
	Exploring the Independent Predictors of Remission at 3 Months After Stroke
	Comparison Between Remitters and Nonremitters Regarding Longitudinal Changes in MMSE

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References


