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London, London, United Kingdom

Background: Post-stroke depression (PSD) is a common and serious complication
after stroke. In this systematic review and meta-analysis, we evaluated the association
between early PSD and mortality, considering depressive symptoms occurring within the
first 3 months after the neurological event.

Methods: This meta-analysis was conducted following Meta-analysis Of Observational
Studies in Epidemiology (MOOSE) guidelines and based on studies indexed till May
2018 in PubMed and Web of Science databases. The relative risk (RR) for mortality in
individuals with PSD, as compared with non-depressed ones, was estimated. Findings
were pooled according to a random-effects model. Meta-regression and subgroup
analyses were carried out.

Results: We included seven studies, accounting for 119,075 individuals, of whom
17,609 suffering from an early PSD. We found higher rates of mortality in subjects
with PSD as compared with non-depressed ones (RR = 1.50; 95%Cl: 1.28 to 1.75;
p < 0.001). Heterogeneity across studies was moderate (° = 50.7%). Subgroup
analysis showed a slightly higher effect of PSD on short-term mortality (RR = 1.70; p
< 0.001), as compared with long-term one (RR = 1.35; p = 0.01). According to relevant
meta-regression analyses, the estimate was influenced by sample proportion of men (p
= 0.043).

Conclusions: Despite some limitations, our study shows the negative impact of early
PSD on survival rates. Mechanisms underlying this association still need to be elucidated
and several interpretations can be hypothesized. Future research should test if an early
management of depression may increase life expectancy after stroke.

Keywords: stroke, depression, mortality, meta-analysis, meta-regression

INTRODUCTION

Stroke is the second leading cause of death worldwide, accounting for 6.3 million deaths in 2015
(1), and a major public health issue associated with an increasing global burden of disease (2) and
different physical (3) and neuropsychological consequences (4). Post-stroke depression (PSD) is
a common and serious complication after stroke (5), occurring in about one third of subjects,
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especially during the first stage after the acute event (6). The
pathophysiology of PSD is probably multifactorial, deriving from
a complex interaction between ischemia-induced neurobiological
dysfunctions and psychological distress (7, 8). Although an
early detection of PSD is a key issue in clinical practice,
its identification remains challenging (9). This may be due
to some neurological symptoms which could conceal primary
mood abnormalities (5), as well as the lack of satisfactory
diagnostic tools for case-finding (10). However, PSD represents
one of the main factors limiting recovery and rehabilitation
(9), predisposing to severe disability, functional and cognitive
impairment, greater dependency in daily activities, and low
treatment adherence (11, 12). In addition, several studies
identified PSD as a potential risk factor for mortality (13-15).
Consistently, a previous systematic review and meta-analysis
(16), including 13 studies and 59,598 subjects, estimated a small,
though significant, effect of PSD on mortality. However, findings
were probably influenced by the methodological heterogeneity
across studies. In particular, along with follow-up duration, high
time variability for PSD assessment in different studies should be
taken into account, considering that PSD frequency may change
over time (5). Indeed, some studies evaluated early PSD (14),
whereas other assessed depression up to several years after stroke
(15). Since symptoms usually occur within the first 3 months after
stroke (17), it seems important to evaluate the impact on survival
of early PSD, including findings of recent studies published in
this field (11, 18). We thus conducted a systematic review and
meta-analysis, to investigate the association between early PSD
and mortality, considering different factors that might potentially
influence the estimated effect, including sample characteristics,
assessment methods, follow-up duration, and quality.

METHODS

This systematic review and meta-analysis was conducted
following the Meta-analysis of Observational Studies in
Epidemiology (MOOSE) guidelines (19).

Search Strategy

We updated the strategy of our previous systematic review and
meta-analysis (16), searching for articles indexed in PubMed and
Web of Science electronic databases up to May 30th, 2018. No
language restriction was set. We used the following terms for
the PubMed search: “(depression [Mesh] or depression [all fields])
and (Stroke [Mesh] or post-stroke [title/abstract] or post stroke
[title/abstract]) and (Mortality [Mesh] or mortal* [title/abstract]
or death* [title/abstract]).” We used a similar search phrase for
Web of Science database: “(depress™ or mood* or affective™) and
(stroke* or post-stroke or poststroke) and (mortal* or death™).”

Eligibility Criteria

Studies which compared the survival rates in adults with
and without PSD, respectively, were considered eligible. To
be included, studies had to assess PSD within 3 months
after an acute stroke. Both ischemic and hemorrhagic stroke
were considered. We excluded articles providing continuous

scores based on psychometric scales for depression, without
dichotomization based on a cut-oft value.

Data Extraction and Quality Assessment
Two authors (FB and CDB) independently completed the
preliminary screening, based on titles and abstracts, in order to
identify potentially eligible articles. The final inclusion decision
was based on full text evaluation. We built a data extraction
template, including key items for all eligible studies, i.e., year of
publication, country, sample size, PSD and mortality assessment
methods, follow up duration, rates of mortality in individuals
with and without PSD, respectively.

In addition, we performed a quality evaluation of included
studies, based on items derived from the Newcastle Ottawa
Scale for non-randomized studies (20). We evaluated sample
representativeness, recruitment source comparability between
PSD and non-PSD groups, quality of methods to assess PSD
and to retrieve information on cases of death, as well as the
investigation of potential confounders.

Two authors (FB and CDB) independently extracted data and
assessed quality for blind check of accuracy. Discordances were
resolved by consensus with other co-authors.

Data Analysis

We conducted a meta-analysis estimating the relative risk
(RR) for mortality in individuals with PSD as compared with
those without. We carried out a post-hoc stratification of data,
according to study follow-up duration. Findings were pooled
according to the random-effects model and were summarized
using a conventional forest plot. In addition, we carried out
random-effects meta-regression analyses with Hartung-Knapp
modification (21), exploring whether the estimated association
between PSD and mortality might vary according to different
study characteristics. These included continuous variables such
as sample size, mean age, male gender proportion, and follow-up
duration, as well as a categorical variable distinguishing methods
to assess PSD (i.e., standardized clinical interviews, psychometric
scales, or clinical records). We also carried out sensitivity analyses
excluding studies with potential methodological issues based on
considered quality items.

Statistical significance was set at p < 0.05. Consistency across
studies was measured using the I? index, with standard values of
25,50, and 75% taken to indicate low, moderate and high levels of
heterogeneity, respectively (22). Analyses were performed using
the Stata statistical software package (release 14).

RESULTS

Study Selection

Our search generated 439 and 1,821 records from PubMed
and Web of Science databases, respectively. The preliminary
evaluation based on titles and abstracts, identified 62 potentially
eligible studies. Further screening of full texts allowed to exclude
55 articles. Seven studies met eligibility criteria and were included
in our meta-analysis (11, 14, 18, 23-26). Details on study
selection process are shown in Figure 1.
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Screening by titles and abstracts

Records identified in electronic databases:
PubMed (up to 30 May 2018): N=439
Web of Science (up to 30 May 2018): N=1,821 |

N=62 studies potentially eligible

Screening by full text

+

N=7 studies included in the meta-analysis

N=55 excluded studies

v

Reasons for exclusion:

N=26 No data available on the association between PSD and mortality
N=18 PSD was not assessed within 3 months after stroke

N=7 Data available on depressive symptoms and not on PSD

N=3 Data duplication / overlap

N=1 Data not suitable for meta-analysis

FIGURE 1 | Flow chart of included/excluded studies.

Study Characteristics and Quality

Assessment

All included studies, published between 1993 (24, 25) and 2016
(18, 23), were written in English. Full characteristics are shown
in Table 1. Most of studies could be considered sufficiently
representative since they recruited subjects selected from specific
catchment areas. However, one study (14) selected participants
from a randomized-controlled trial on psychological treatments
after stroke, who are likely to be different from the standard
clinical population suffering from stroke. Moreover, all studies
recruited both PSD and non-PSD individuals from the same
setting, thus guaranteeing recruitment source comparability
between cases and controls. In addition, all studies but one
(23), deriving diagnosis from register-based information, tested
PSD using clinical interviews or psychometric scales. One study
(26) used only the first question of the Hamilton Depression
Rating Scale, thus limiting its psychometric validity. In terms
of mortality, adequate sources, such as death registries, were
used in most of studies. In two studies (24, 25), information on
mortality was unclear and probably not sufficiently valid, since
the vital status of patients at follow-up could not be checked
in a high proportion of cases (>10%). Finally, all studies but
two (24, 25), which provided only unadjusted data, estimated
the association between PSD and mortality after controlling
for possible demographic and clinical confounders. Quality
evaluation is summarized in Table 2.

Synthesis of Results

Seven studies (11, 14, 18, 23-26) based on 119,075 individuals
(17,609 suffering from PSD and 101,466 non-depressed
individuals) had data suitable to estimate the random-
effect RR. We used unpublished information provided by
the authors from four studies (11, 14, 23, 26). As a whole,
3,588 cases of death at follow-up were detected from PSD
samples and 12,906 from comparison groups. Random-effects
meta-analysis estimated higher rates of mortality in subjects
suffering from PSD, as compared with non-depressed ones
(RR = 1.50; 95%CI: 1.28 to 1.75; p < 0.001), with moderate
heterogeneity across studies (I = 50.7%) (Figure 2). The
subgroup analysis showed a slightly higher effect size in studies
testing mortality within 2 years after stroke (RR = 1.70; p
< 0.001), as compared with those based on a longer period
of observation (RR = 1.35; p = 0.01) (Figure 2). However,
a relevant meta-regression analysis showed no influence of
follow-up duration on the estimated effect size (8 = —0.016; p
= 0.711). Other meta-regression analyses, considering sample
size, mean age, and PSD assessment methods, did not show any
significant influence on effect size, apart from the proportion
of recruited men (8 = 0.039; p = 0.043). In addition, sensitivity
analyses based on quality issues confirmed the significant
relationship between early PSD and lower life expectancy,
with relative risk of mortality varying between 1.45 and 1.62
(Table 2).
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TABLE 1 | Characteristics of included studies.

Study (reference) City, Country Participants PSD assessment Follow-up (yrs.)
N Mean age (yrs.) Men (%)

Ayerbe et al. (11) London, UK 1,354 68.1 54.0 HADS 5

de Mello et al. (18) Sao Paulo, Brazil 191 63 60.2 PHQ-9 1

House et al. (14) Leeds and Bradford, UK 448* 70.7 53.8 PSE 2

Jorgensen et al. (23) Denmark 116,569** 68.7** 53.8** Clinical registries 2

Morris et al. (24) Baltimore, USA 91 60.4 59.3 PSE 10

Morris et al. (25) New South Wales, Australia 84 711 53.6 CIDI 1.25

Willey et al. (26) New York, USA 340 68.8 43.5 Single item from HRSD 5

BDI-Il, Beck Depression Inventory-Second Edition; CIDI, Composite International Diagnostic Interview; HADS, Hospital Anxiety and Depression Scale; HRSD, Hamilton Rating Scale for
Depression; PHQ-9, Patient Health Questionnaire; PSE, Present State Examination.

*Data from 446 individuals were included in the meta-analysis, since data from two subjects were missing.

**Data from the subsample of subjects survived and evaluated for depression within 3 months after stroke.

TABLE 2 | Quality assessment and sensitivity analyses.

Study (reference) Sample Recruitment Depression Information on Control for
representativeness comparability assessment mortality confounders
Ayerbe et al. (11) (+) (+) (+) (+) (+)
de Mello et al. (18) (+) (+) (+) (+) (+)
House et al. (14) &) +) +) (+) (+)
Jorgensen et al. (23) ) (+) &) (+) (+)
Morris et al. (24) +) (+) (+) (] (S)
Morris et al. (25) (+) (+) (+) () ()
Willey et al. (26) (+) (+) () (+) (+)

RR (95%Cl) Sensitivity analyses 1.49 (1.25t0 1.78) -

1.62 (1.27 t0 2.05) 1.45 (1.21 t0 1.74) 1.45 (1.21 10 1.74)

DISCUSSION

Summary and Interpretation of Findings

The current systematic review and meta-analysis, based on
seven studies (11, 14, 18, 23-26), highlights the impact of early
depression after stroke on survival rates. To our knowledge, this
is the first meta-analysis estimating a higher risk of mortality
in people suffering from PSD, considering depressive symptoms
occurring in the early stage after the acute event. Subjects with
early PSD had a risk of death about 1.5 higher as compared with
non-depressed individuals, considering both short- and long-
term mortality. Nevertheless, a comprehensive interpretation of
these findings should take into account quality issues of included
studies and a partial inconsistency of findings. Considering both
internal and external validity (27, 28), we found that some studies
included in this meta-analysis might have been influenced by
the lack of representativeness (14) and control for confounders
(24, 25), as well as by the potential low accuracy of PSD diagnosis
(23) and mortality assessment at follow-up (24, 25). Nevertheless,
quality-based sensitivity analyses seem consistent with the overall
estimation.

In addition, our results should be interpreted considering
the statistical heterogeneity, likely to be due to systematic
differences in important methodological characteristics, such
as target population, PSD definition, follow-up duration.

The estimated excess of mortality in early PSD could
not be explained by heterogeneity attributable to most
of study characteristics, apart from gender. It should be
considered that the strength of the relationship between
PSD and mortality might be higher among men, although
available data did not allow stratifying findings according to
gender.

Even considering quality issues and heterogeneity, evidence
from this meta-analysis is in line with findings of a previous
systematic review and meta-analysis, showing an association
between depression, assessed at any time after stroke, and
mortality (16). Moreover, similar findings were reported
in individuals with heart failure, in which depression was
associated with higher risk of mortality (29). Our results
are consistent with epidemiological evidence, showing the
impact of depression on poor outcomes after acute vascular
events (26).

Pathophysiological mechanisms which can explain the
association between PSD and increased risk of mortality, remain
to be clarified although several possible interpretations could
be postulated. A first hypothesis may be related to depression
effects on cardiovascular risk, possibly leading to recurrent
cerebrovascular events and higher mortality. Indeed, individuals
suffering from depressive disorders are more prone to unhealthy
lifestyle behaviors, including higher rates of smoking, alcohol
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Study

1
Long-term mortality i

Brief-term mortality

Ayerbe etal, 2014 (11) == 140 (1.16,169)
Morris et al, 1993 (24) ———— 172(1.17,253)
Willey et al, 2010 (26) PR 1,04 (0.76, 1.44)
Subtotal (I-squared = 52.5%, p =0.122) 1.35(1.06,1.72)

RR (95% Cl)

de Mello et al, 2016 (18)
House et al, 2001 (14)

Jorgensen et al, 2016 (23)

417 (1.39,1253)
1.56 (0.97, 2.51)
1.58 (1.53, 1.64)

Morris et al, 1993 (25)

N

Subtotal (I-squared = 26.3%, p = 0.254)

Overall (I-squared = 50.7%, p = 0.058)

<
&

368 (0.76, 17.86)
170 (1.31,2.21)

1.50 (1.28, 1.75)

after stroke.

76 1 15

FIGURE 2 | Association between early post-stroke depression and mortality. Short-term mortality = 1 or 2 years after stroke; Long-term mortality = 5 or more years

5 10 179

intake, physical inactivity, and poor dietary patterns (30, 31).
Consistently, it should be considered that individuals with
depression are generally less likely to be adherent and compliant
to prescribed treatments and medications, being thus more
vulnerable to poor clinical consequences (11, 32). Second, early
depressive symptoms may occur more frequently in subjects
with severe stroke-related consequences, such as disability,
neurocognitive deficits, and functional impairment (33, 34).
Thus, depression might be significantly related to stroke severity,
that, in turn, might increase the risk of death. Third, evidence
of pharmacological treatment for PSD have produced mixed
results (35, 36) and benefits of selective serotonin reuptake
inhibitors (SSRIs) have been questioned, considering the possible
association with an even increased mortality (37). Consistently,
even if antidepressants have shown to improve depressive
symptoms and functional outcomes (38, 39), some studies
estimated a higher likelihood of overall major bleeding and
an increased risk of death in subjects treated with SSRIs (40).
Thus, the excess of mortality in individuals with PSD might
be partially explained by possible negative effects of a SSRI
treatment on survival. Finally, mortality could be attributable
also to non-natural causes of death. Stroke survivors show
higher risk of death by suicide, especially if they suffer from
current or lifetime mood disorder, recurrent stroke, and cognitive
impairment (41). A recent systematic review and meta-analysis
(42) including 10,400 stroke survivors, estimated that a clinically
meaningful suicidal ideation may occur in about one out of
eight individuals after the neurological event. Consistently, it

has been reported that individuals suffering from stroke have
rates of suicide attempts twice as high as the general population
(43, 44).

Limitations

Although the current meta-analysis provided preliminary
evidence on PSD effect on mortality, caution should be used in
interpreting our findings, due to some limitations.

First, we could not systematically control for treatment-
related factors, such as antidepressant medication as well as other
interventions for depression prevention and management (5),
which might influence the association between PSD and survival
rates. This seems a key issue since previous studies highlighted a
possible effect of antidepressants on mortality after stroke (40).

Second, it should be considered that there is not a gold
standard for PSD diagnosis and that standardized scales,
combining depressive and somatic items, are not currently
available (10). Consistently, we found variability across studies
in terms of assessment tools for depression, varying from
clinical interviews such as PSE (14, 24) and CIDI (25), to
psychometric scales (11, 18, 26). Diagnostic issues arise from
specific features of stroke survivors, in which neurological
symptoms and neurocognitive deficits could hide symptoms of
independent mood disorders (5).

Finally, even if the number of subjects and cases included in
this meta-analysis is adequate, only seven studies met inclusion
criteria. Since <10 studies were included in our meta-analysis
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(45), we could not assess risk of publication bias by using
appropriate statistical approaches (46).

Clinical Implications

Findings of this meta-analysis indirectly support the need
of a regular assessment of depressive symptoms in subjects
with stroke. Early depression after stroke often remains
underdiagnosed and untreated, due to the lack of a gold standard
for PSD assessment as well as of diagnostic issues related
to clinical characteristics of this special population (10, 17).
For example, stroke-related neurological symptoms such as
aprosodic speech, abulia, or flat affect may hinder the clinical
evaluation of depressive symptoms, whereas aphasia may lead
to an underestimation of PSD (5). Consistently, evidence on
pharmacological treatment of depression after stroke is limited
and little is known about possible long-term adverse effects
(47). In addition, further research is needed to explore efficacy
of non-pharmacological interventions and prevention strategies
for PSD. Various psychosocial, behavioral, and rehabilitative
interventions (48-50) have been tested and may be possibly
effective in reducing depressive symptoms. Although important
gaps in terms of the most effective treatment for PSD remain,
a greater awareness on depression after stroke and its impact
on survival among patients, families, and health professionals,
could facilitate recognition, earlier treatment, and improved
outcomes (51).
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