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Introduction

SUMMARY

Aims: To investigate the incidence of depression at different time points within the first year
after stroke in mainland China and to identity risk factors related to a poor 1-year prognosis
in stroke patients. Methods: Subjects with acute cerebrovascular diseases were recruited
and enrolled from 56 hospitals in mainland China between April 2008 and April 2010.
Demographic data, previous disease history, and clinical data were collected. Four follow-
up visits were occurred within the first year after stroke. The modified Rankin Scale >2
represents an unfavorable prognosis. Depression was diagnosed according to the Diagnostic
and Statistical Manual of Mental Disorders, fourth edition and was divided into persistent,
recurrent and transient types. Results: The 1-year cumulative incidence of depression in
stroke patients was 41.8%. Logistic regression analysis showed that the 1-year prognosis
level was associated with age, disability before onset, neurological functional deficit level at
admission, and a range of depression types. The odds ratio for persistent depression is the
highest (OR = 7.615, P < 0.0001, 95% confidence interval 5.011-11.572). Conclusions:
In our study, depression occurred in >40% of patients within the first year after stroke.
Persistent depression is the first independent determinant of prognosis during the first year
after stroke.

There are many studies on PSD among the Chinese popu-
lation [9-19]. Most published studies in mainland China were

Stroke is a prevalent disease endangering human health. Post-
stroke depression (PSD) is the most frequent emotional obstacle
after stroke. Many studies have shown that PSD not only affects
recovery of language and somatic function, but also lowers qual-
ity of life and increases disability rate and mortality [1,2]. Differ-
ent international studies have reported different levels of PSD in-
cidence at different times postevent [3-8]. A report by Bour et
al. stated that 1 month after stroke, the prevalence of PSD was
18.8%. Thirty percent of patients who were depressed in the first 3
months did not reach cut-off levels on depression screening instru-
ments at subsequent assessments. In 44% of these 30% patients
who were depressed in the first 3 months symptoms recurred. Per-
sistent patients were more disabled and suffered more often from
major depression [8].
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cross-sectional study and few were prospective. Most data were
obtained from a single center or a limited number of hospi-
tals. Meanwhile, the study designs showed large diversities in
terms of case sources, inclusion criteria, stroke types, diagnostic
criteria for PSD, time point for observing the stroke, follow-
up frequency and intervals, and statistical analysis methodolo-
gies [17-19]. Therefore, large-scale multicenter prospective stud-
ies with uniform diagnostic criteria and observation period are
urgently needed. Meanwhile, there is a need for more atten-
tion to be paid to the course of depression poststroke to im-
prove our understanding of its impact on patients, as well as
the impact of different types of depression and the ways in
which these affect the function of stroke patients among mainland
Chinese.
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The Prospective Cohort study on Incidence and Outcome of Pa-
tients with Poststroke Depression in China (PRIOD), sponsored
by the Ministry of Health of China, is the first large-scale na-
tional multicenter prospective cohort study on PSD in mainland
China, number ISRCTN62169508, at http://www. controlledtri-
als.com/isrctn.

Subjects and Methods

The present study aimed to perform a subanalysis of the findings
of PRIOD to gain a better understanding of the incidence of de-
pression within the first year after stroke, and to identity any cor-
relations between the course of depression and prognosis of stroke
patients among mainland Chinese.

Screening of Subjects

Between April 2008 and April 2010, stroke patients admitted
to the Neurology Departments of 56 centers nationwide were
screened and recruited.

The inclusion criteria were as follows: (1) fulfillment of the defi-
nition of stroke by meeting WHO criteria; namely, sudden focal or
comprehensive neurological deficit of cerebrovascular cause that
persists beyond 24 h, excluding cerebral dysfunction caused by
other nonvascular factors (stroke patients included in our study
had cerebral infarction and brain parenchyma hemorrhage, which
were established by computed tomography or magnetic resonance
imaging); (2) onset of stroke within 14 days of consultation; (3)
age >18 years; (4) willingness to cooperate with examination and
follow-up; and (5) written informed consent provided by the pa-
tient or their legal guardian.

The following exclusion criteria were applied: (1) previous de-
mentia or other known neurological diseases that could affect cog-
nitive function; (2) history of alcohol or drug abuse; and (3) com-
munication obstacles, including obvious aphasia that impeded the
patient from finishing psychological assessment.

Methods

Patients’ clinical baseline data, including demographic data (age,
gender, residence status, education background, marital status,
personal characteristics, whether they had medical insurance, left-
handedness or right-handedness), past medical conditions, past
depression or psychiatric disease, stroke risk factors (e.g., hyper-
tension, diabetes, smoking or alcohol addiction), modified Rankin
scale (mRS) score before stroke, stroke types, lesion location, and
National Institutes of Health Stroke Scale (NIHSS) score on ad-
mission, were collected. Other clinical data, including NIHSS score
within 14 £ 2 days after onset, cognitive function within 14 + 2
days after onset (assessed by the Mini Mental State Examination;
MMSE), and other systemic complications (e.g., atrial vibration,
urinary infection, lung infection, deep vein thrombus, and car-
diac infarction), were also collected. Diagnosis of depression was
performed by well-trained physicians according to the Diagnostic
and Statistical Manual of Mental Disorders, fourth edition (DSM-
IV) [20]. The Hamilton Rating Scale for Depression-17 (HRSD-17)
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scale was used to rate patients’ depression status [21]. The study
used the Chinese version of the HRSD. The mRS was used to de-
termine functional status. Previous studies have linked unfavor-
able prognosis to mRS scores >2 [22,23]. Therefore, in the present
study, we considered mRS <2 to represent functional indepen-
dence and a favorable prognosis, and mRS >2 to represent an un-
favorable prognosis.

Follow-up assessments included diagnosis of depression accord-
ing to the DSM-1IV, assessment of the HRSD-17 at day 14 + 2,
3 and 6 months, and day 360 + 7 after onset, mRS score at day
360 £ 7 after onset, and mortality within 1 year after onset.

Patients were formally assessed at five time points (T1 = admis-
sion; T2 = 14 days poststroke; T3 = 3 months poststroke; T4 = 6
months poststroke; and T5 = 12 months poststroke). Baseline as-
sessments were conducted by experienced allied health clinicians.
The assessments were made only after patients gave written in-
formed consent.

Clinical physiologists responsible for follow-up at each center
received strict and systematic training on various scales. HRSD-
17 and MMSE scores were assessed by qualified psychiatric or
psychological physicians. The study was approved by the medi-
cal ethics committee of Beijing Tiantan Hospital affiliated to Cap-
ital Medical University, and was conducted in compliance with
the Declaration of Helsinki Guidelines for Protection of Human
Subjects.

The Course of Depression

Transient depression was defined as depression at only one time
point or at two or three consecutive follow-up points after diagno-
sis of depression, and no later recurrence of depression symptoms.
Persistent depression was defined as depression occurring persis-
tently after the onset of depression symptoms. Recurrent depres-
sion was defined as depression at four follow-up visits at noncon-
secutive time points [8].

Different Assessment Scales

Stroke severity: stroke severity was assessed using the NIHSS [24].
Cognition: the MMSE was used for assessments of cognitive
function [25].

Statistical Analysis

SAS 9.2 (SAS Institute Inc., Cary, NC, USA) was used for statistical
analysis. Continuous data are expressed as medians (interquartile
range). Discrete data are expressed as frequencies and percentiles.
The x?2 test or Fisher’s test was used for analysis. Group differences
between continuous data and one-way orderly data were analyzed
by the Wilcoxon rank-sum test. A multivariate logistic regres-
sion model was adopted for multivariate analysis. Comprehensive
data on depressed and nondepressed participants were analyzed
to determine the relationships between PSD and poststroke func-
tion (MRS score at 12 months); individuals lacking mRS scores at
12 months were excluded. To further understand the course of
depression in stroke patients, an analysis of the incidence and
course of depression at different follow-up stages was performed
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(n = 1687). For all analyses, a two-tailed probability value of
P < 0.05 was considered statistically significant.

Results

A total of 2828 patients were recruited (mean age, 61.5 &= 11.7
years). Among them, there were 2324 patients with cerebral in-
farction, 446 patients with hemorrhage, 56 patients with sub-
arachnoid hemorrhage, and two patients with unclear diagnoses.
In total, the 2770 patients with cerebral infarction and hemor-
rhage (male, n = 1822; female, n = 948) who were eligible
for inclusion were enrolled in the study. Patients with subarach-
noid hemorrhage or unclear diagnosis were excluded from further
analysis. Among 70 patients who died, 59 died of cerebral infarc-
tion and 11 died of hemorrhage. Fifteen patients died within 3
months after stroke, a further 18 died within 6 months, and a fur-
ther 37 died within 12 months. The mortality rate at 12 months
was 2.50%. Patients were lost to follow-up: 21 were lost at 14
days, 452 lost at 3 months, 675 lost at 6 months, and 194 patients
were lost at 1 year. The proportion lost to follow-up at 1 year was
7.00%.

Comparison of Data between Patients with and
without Follow-Up Data for All Time Points

There were 1687 patients with follow-up data for all time points
and 1083 patients without follow-up data for all time points. There
was no significant difference in demographic characteristics, in-
cluding gender (P = 0.1720), age (P = 0.9651), marital status
(P = 0.2045), literacy level (P = 0.2978), personal characteristics
(P =0.2357), course of smoking (P = 0.064), drinking (P = 0.423)
psychiatric disease (P = 0.9816), family course of psychiatric dis-
ease (P = 0.3554), focus sides (P = 0.2969), residence status
(P = 0.0832), 14-day MMSE score (P = 0.1850), whether de-
pression presented within the first 14 days (P = 0.0512), and left-
and right-handedness (P = 0.1952), between the patients with and
without follow-up data for all time points. There were significant
differences in stroke types (P = 0.0066), admission NIHSS scores
(P = 0.0004), 14-day NIHSS scores (P < 0.0001), and receiving
health education (P = 0.0011), indicating more severe neurolog-
ical deficits in patients who did not finish 1-year follow-up, with
greater numbers having cerebral hemorrhage and fewer having
received health education.

Incidence and Characteristics of PSD

Among patients with follow-up data at all time points (n =
1687), there were 705 with depressive symptoms and 982 without
symptoms of depression. The PSD cumulative incidence within 1
year was 41.8%. There were 1441 patients with cerebral infarc-
tion and 246 patients with hemorrhage; these were divided into
different groups according to depression time points and stroke
types. Among patients with cerebral infarction, 858 (59.5%) did
not have depression, 408 (28.3%) had transient depression, 113
(7.84%) had persistent depression, and 62 (4.31%) had recur-
rent depression. Among patients with hemorrhage, 124 (50.4%)
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did not have depression, 75 (30.5%) had transient depression, 32
(13.0%) had persistent depression, and 15 (6.1%) had recurrent
depression. The incidence of depression in patients with hemor-
rhage was higher than that in patients with cerebral ischemia,
with a significant difference (49.6% vs. 40.5%, x? = 7.2090,
P = 0.0073). When adjusted on the basis of NIHSS scores at ad-
mission, there was no significant difference (x> = 3.8394, P =
0.0501).

Table 1 shows the incidence of newly occurring depression at
each time point within 1 year after stroke. The highest incidence
occurred in the acute poststroke period and at 3 months after
stroke (28.4% and 11.3%, respectively). PSD incidence showed a
gradually decreasing tendency; reduced to 5.18% at 1 year, from
28.4% in the acute period. Among 705 patients with depression,
the morbidities of transient depression, persistent depression and
recurrent depression at 1 year follow-up were 68.5%, 20.6%, and
10.9%, respectively.

Correlative Factor Analysis of 1-year Prognosis
of Stroke Patients

The favorable prognosis was defined as mRS 0-1 and unfavor-
able prognosis was defined as mRS 2-5. Among 1687 patients
with stroke, 1203 patients had favorable prognosis and 484 pa-
tients had unfavorable prognosis. Among 1203 patients with fa-
vorable prognosis, a total of 398 patients (33.1%) manifested de-
pressive symptoms, while among 484 patients with unfavorable
prognosis, 307 patients (63.4%) manifested depressive symptoms.
The difference between the groups was significant (x2 = 448.26,
P < 0.0001).

Correlative factor analysis of the 1-year prognosis of stroke pa-
tients (n = 1687) with complete follow-up data was performed.
The analysis indicated that poor prognosis was associated with fe-
male gender, age, high literacy, left-handedness, diabetes, disabil-
ity before onset, hemorrhagic stroke, severe neurological injury
on admission and at day 14 after onset, low recognition, com-
plications, and whether depression occurred within 1 year. De-
pression was divided into transient, persistent and recurrent types
according to its occurrence at different time points. Logistic regres-
sion analysis was performed for factors with P < 0.05, adjusted
for age, gender, and other confounding factors. The results indi-
cated that the 1-year physical disability level was associated with
age, disability before onset, neurological injury level on admis-
sion, and all depression types (Figure 1). Persistent depression had
the highest odds ratio, (OR: 7.615, 95% confidence interval [CI]
5.011-11.572) indicating a greater risk of unfavorable prognosis
and more severe negative effects. The OR for recurrent depression
was 4.701 (95% CI 2.721-8.122). The OR for transient depression
was 2.309 (95% CI 1.756-3.307) (Figure 1).

Among the 1687 stroke patients with follow-up data in our
study, 437 were admitted to stroke units (25.9%). Among these,
318 patients had good prognoses (72.8%), and 119 had poor prog-
noses (27.3%). A total of 1250 patients were admitted to regular
units, among which 885 had good prognoses (70.8%) and 365
had poor prognoses (29.2%). Statistical analysis revealed that be-
ing admitted to a stroke unit was not associated with the 1-year
functional prognosis of stoke patients (P = 0.4335).
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Table 1 Incidence of Depression in Stroke Patients and Subtypes of Depression

N.Zhang et al.

Number Patients Incidence of
Patients of Newly PSD Cumulative newly occurring Transient Persistent Recurrent
Time Point (N=1687) occurring PSD Incidence (%) PSD (%) PSD PSD PSD
14d 1687 479 28.4% 28.4% 317 97 65
3m 1208 135 36.4% 11.3% 93 30 12
6m 1073 39 38.7% 3.67% 21 18 /
12m 1034 52 41.8% 5.18% 52 / /
PSD indicates post-stroke depression.
Prognosis subgroups Adjusted OR
mRS <2 misz2 P ainiss
hge BO.4E1132 BaEE1L1 <0.0001 L 1.050 (1.037 -1.062)
Pre_mR5=1 48(3.85) s8(12.1) 0.0025 . 2.076(1.292 -3.337 ) Figure 1 Association between poststroke
depression and prognosis. Related risk factors
Admission NIHSS 31,5 6(4,10) <0,0001 e 1.230 (1.189 -1.273 ) and univariate probability values for
Returrent depression  35(2.99) 41(8.47) 0.0314 P, a701(2721-8122)  comparisons between prognosis subgroups are
I —— reported. Odds ratios for poststroke depression
Racitrtent. dapreétion: SULA) baitiiat oot e — A T z adjusted by age, sex, education, handedness,
Transient depression  322(25.9) 172(35.5) 0.0215 s 2,309 (1.756 -3.037) diabetes, stroke type, and mini-mental state
examination (MMSE) score at 14 days after stroke

0,000 2,000 4.000 6.000 B.000 10.000 12.000

Adjusted Odds ratio [95% C1)

Discussion

Stroke is a critical challenge for public health. Approximately
one-third of all stroke patients will experience PSD. There are
many studies on PSD among the Chinese population. The Prince
of Wales Hospital in Hong Kong took the lead in the study fo-
cusing on the frequency, clinical manifestations, and radiolog-
ical predictors of depression after stroke in Hong Kong area.
It was a single-center follow-up study, with Structured Clini-
cal Interview for DSM-IV as the main scale [9-12]. Quite a few
cross-sectional or retrospective studies on PSD have also been
published by authors from Taiwan, China. In their studies, the
diagnosis of depression was mainly based on Geriatric Depression
Scale-short form, HRSD, and Centre for Epidemiologic Studies De-
pression Scale, or based on the doctors” judgment. The subjects
included community-dwelling chronic stroke patients, inpatients
with acute stroke, and outpatients with stroke. The reported in-
cidence of depression varied from 34.3-62.2% [13-16]. Fu et al.
surveyed the prevalence of depressive symptoms among Chinese
stroke inpatients. A total of 384 eligible stroke subjects with a
mean disease course of 1.3 £ 1.4 years, were consecutively en-
rolled from the departments of neurology in 10 tertiary hospitals
in Beijing, Shanghai, Guangzhou, and Chengdu. With a HRSD
score of >17 as the cut-off value for the diagnosing depression,
the prevalence of depression among stroke patients was found to
be 9.9% [17]. In 2009, Zhang et al., for the first time in China, di-
agnosed PSD by using the World Health Organization Composite
International Diagnostic Interview, yielding a 3-month accumula-
tive prevalence of 27.3% from a single center [18].
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are plotted. NIHSS indicates National Institutes of
Health Stroke Scale; mRS indicates modified
Rankin scale.

To the best of our knowledge, our study is the first large scale
national multicenter prospective cohort study on PSD and its prog-
nosis in mainland China. In our study, the cumulative incidence
of PSD within the 3 months was 36.4%, higher than the 27.3%
incidence reported by Zhang et al. [18]. This discrepancy might
be related to differences in assessment scales and the populations
studied.

Meanwhile, very few of previous studies have performed dy-
namic follow-ups to observe PSD incidence at different time
points. In our study, the 1 year cumulative incidence of PSD in
stroke patients was 41.8%, consistent with levels reported in in-
ternational studies [8, 26]. The 1 year cumulative incidence of
PSD reported by Aben et al. and Bour et al. was 38.7% [26] and
36.2%, respectively [8]. Bour et al. observed PSD incidence for 1
year at 3-month intervals, and found that PSD incidence changed
dynamically. However, they did not observe PSD incidence dur-
ing the acute period after stroke [8]. Our study examined patients
at 14 days, 3 months, 6 months and 12 months, including the
acute, subacute and chronic periods, providing insight into the in-
cidence and characteristics of depression during the first year after
stroke.

Longitudinal studies based on individual data revealed that al-
though the prevalence of depression remained consistent over
time, individuals were depressed at different time points [27].
We also observed newly occurring depression at every time point
within the first year after stroke, in particular during the acute
period and at 3 months after stroke, with morbidities of 28.4%
and 11.3%, respectively. The incidence in the acute period was
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the highest. This gradually decreased with time to 5.18% at
1 year.

In our study, depression was divided into persistent, recurrent,
and transient types. Our study found that the majority of patients
with PSD had transient depression. Over time, depression symp-
toms dissipated in greater than 60% of stroke patients. We ob-
served persistent depression in 20.6% of stroke patients, with rates
of 20.2% in the acute period and 22.2% at 3 months after stroke.

PSD is associated with worsened functional outcome and dete-
rioration of quality of life [28,29]. However, in terms of the re-
lationships between PSD and functional outcomes, the results of
previous studies are inconsistent. Many studies have shown that
compared with patients without depression, the functional out-
comes and rehabilitation status of patients with PSD and stroke
survivors with symptoms of depression are poor [1,2,28,30,31].
We also found that depression was related to functional rehabilita-
tion of stroke patients, and that 63.4% of patients with poor func-
tional outcome manifested symptoms of depression (P < 0.0001).

However, some researchers believe that PSD is irrelevant to
prognosis. Cassidy and colleagues studied 50 patients who re-
ceived rehabilitation treatment 3-12 months after stroke and de-
scribed two significant results. First, depression was unrelated to
the extent of functional disability after stroke. Second, there was
no significant relationship between depression and early func-
tional outcome after rehabilitation. Patients with major depres-
sive disorders were administered psychotropic medication in this
study, leading to inaccuracy of results [32]. De Weerd et al. found
that depression (P = 0.057) was irrelevant to functional depen-
dence [33]. Their study only observed 57 patients, so the small
sample may limit extrapolation of these results.

Our study indicated a definite relationship between the course
of PSD and functional prognosis. Logistic regression analysis
showed that persistent depression was strongly associated with
poor functional prognosis (OR = 7.615, 95% CI 5.011-11.572).
Compared with the other two types of depression, persistent de-
pression was linked with the highest risk of poor prognosis.

Chemerinsk et al. found that alleviation of depression in the
months after stroke and early effective treatment of depression
had a positive effect on rehabilitation outcomes in stroke patients,
compared with persistent PSD [34]. Some studies have shown that
depression itself does not cause poor outcomes directly. However,
depression hinders patients” enthusiasm for participating in reha-
bilitation exercises, and hence tends to be associated with poor
outcomes [35].

In our study, 10.9% patients had recurrent depression within
the 1 year follow-up period. Among patients experiencing depres-
sion in the acute period, 20.2% had persistent depression and
13.6% had recurrent depression. Statistical analysis showed that
recurrent depression was associated with 1 year functional prog-
nosis (OR = 4.701, 95% CI 2.721-8.122). In addition, 5.18% pa-
tients had newly occurring depression at 1 year after onset of
stroke.

Therefore, clinicians treating stroke patients should pay atten-
tion to the risks associated with PSD. Even patients in whom
the symptoms of depression are alleviated also need periodic as-
sessments of psychological status. In the acute period and fol-
lowing the subacute period, as well as in the long-term chronic
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stage, early identification of recurrent depression might improve
functional prognosis through systematic and dynamic screening
of negative emotions in stroke patients.

In accordance with other study results, our study found that the
1 year functional disability level was associated with older age, dis-
ability before onset, and neurological function levels at admission
[28].

Moreover, in randomized trials, acute stroke units are associ-
ated with improved patient outcomes [36]. Stroke units are now
recommended as the minimum standard of care for all patients
admitted to hospital with a diagnosis of stroke [37]. Nevertheless,
our study found that being admitted to a stroke unit was irrelevant
to 1 year functional prognosis (P = 0.4335). This was possibly due
to the heterogeneity, as well as different grades of involved hos-
pitals, inconsistent levels of stroke units in hospitals of different
grades, and existing heterogeneity within stroke units. Hence, the
outcome that stroke unit is irrelevant to prognosis of stroke func-
tion is confounded by differences in such factors.

Our study, in comparing PSD and non-PSD patients, found
there was no statistically significant difference with regard to the
incidence of hemorrhagic stroke and ischemic stroke (P = 0.0501
adjusted by NIHSS scores). This conclusion is consistent with most
other study results [18,38]. Some studies have considered that
the incidence of depression is associated with multiple lacunar
infarction [39]. Our study merely divided stroke into ischemic
stroke and hemorrhagic stroke. Further subtype categorization of
ischemic stroke and analysis of the correlation between different
ischemic stroke subtypes and incidence of depression were not
performed. Therefore, our study could only show that incidence
of depression is irrelevant to ischemic and hemorrhagic stroke,
but could not further illuminate the association with subtypes of
ischemic stroke.

There was no significant difference in demographic factors and
incidence of depression in the acute period between patients with
complete follow-up data sets and those with incomplete follow-
up data sets. However, there was a significant difference in stroke
type (P = 0.0066), admission NIHSS (P = 0.0004), 14-day NIHSS
score (P < 0.0001), and whether health education had been re-
ceived (P = 0.0011), indicating the presence of severe neurologi-
cal functional deficits in patients who did not complete follow up,
and those who did not receive health education. The compliance
of patients was associated with the degree of severity of neurolog-
ical functional deficit and whether they had received health edu-
cation during hospitalization. Education and counseling interven-
tions have led to improved functional and social patient outcomes.
This approach helps patients and their spouses make optimal ad-
justments to living with stroke [40].

Limitations

Many of our results are consistent with those of other studies both
in China and abroad. Nevertheless, our study also has some lim-
itations. First, our study is based on observation of hospitalized
patients, and excluded patients in the community. Second, being
limited by the assessment scales used, patients with severe apha-
sia, cognition impairment and consciousness impediment were ex-
cluded; thus, the enrolled subjects had relatively moderate deficits
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in neurological function and lower mortality. Third, in terms of
the correlative analysis of prognosis, our study did not perform
a classification analysis of depression severity, and did not analyze
the relationship between a patient’s functional status and whether
antidepression therapy was given to treat complications.

Conclusion and Future Directions

The present multicenter large-scale sampling study performed
in mainland China revealed that depression occurred in >40%
of patients within the first year after stroke. All stroke patients
should undergo periodic screening and assessment for depression.
Depression can be recurrent, and requires periodic assessment of
psychological status to ensure early identification. The present
work suggests that persistent depression is the first independent
determinant of prognosis during the first year after stroke in main-
land Chinese patients.

It is important to continue to address the management of psy-
chological status after stroke, and especially to monitor for symp-
toms of depression, not just in the acute and immediate subacute
time frames, but also in the longer term chronic period.
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