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Background. Depression after stroke may have great burden on the likelihood of functional recovery and long-term outcomes.
Objective. To estimate the association between depression after stroke and subsequent mortality. Methods. A systematic search
of articles using PubMed and Web of Science databases was performed. Odds ratios (ORs) and hazard ratios (HRs) were used
as association measures for pooled analyses, based on random-effects models. Results. Thirteen studies, involving 59,598 subjects
suffering from stroke (6,052 with and 53,546 without depression), had data suitable for meta-analysis. The pooled OR for mortality
at followup in people suffering from depression after stroke was 1.22 (1.02-1.47). Subgroups analyses highlighted that only studies
with medium-term followup (2-5 years) showed a statistically significant association between depression and risk of death. Four
studies had data suitable for further analysis of pooled HR. The meta-analysis revealed a HR for mortality of 1.52 (1.02-2.26) among
people with depression after stroke. Conclusions. Despite some limitations, this paper confirms the potential role of depression on
post stroke mortality. The relationship between depression and mortality after stroke seems to be related to the followup duration.

Further research is needed to clarify the nature of the association between depression after stroke and mortality.

1. Introduction

Stroke represents the third most common cause of death in
developed countries, following only coronary heart diseases
and cancer [1]. It is frequently associated with higher risk for a
wide range of physical and neuropsychological consequences
[2, 3]. Although the importance of poststroke psychiatric
comorbidity is currently well documented, it had been
previously underestimated [4]. In the 1970s, the identification
of mood disorders, especially depression, as specific compli-
cations following stroke introduced the concept that clinical
depression after stroke could be an organic consequence of
the brain damage rather than an understandable psychologi-
cal reaction to motor disability [5, 6]. Since then, research on
depression after stroke has gained momentum [7].

However, despite the large bulk of the literature which
has been published on this topic, there is still uncertainty in
relation to depression after stroke prevalence, etiology, and
management. Although the risk of all depressive disorders
was reported ranging from 25% to 79% among people
suffering from a stroke [21], poststroke major depression
prevalence ranged from 3% to 40% [22]. Data available
from 51 studies that have been run between 1977 and 2002
confirmed that depressive symptoms were assessed in 33%
(29-36%) among all stroke survivors at any time during
followup [23]. Similar estimates were described by more
recent studies [24, 25]. Variations in depression after stroke
prevalence rates across studies seem to arise from differences
in criteria that are used to define depression, stroke and
patients’ characteristics and timing of mood detection, as well
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as the complexity in recognition, assessment, and diagnosis
of this disorder in post-stroke settings [23]. Risk of inappro-
priate diagnosis is high [26, 27] because of the difficulties
in the assessment of mood abnormalities in patients with
neurological deficits, particularly associated with dysphasia
and dementia, who often experience many concurrent and
“overlapping” somatic, cognitive, and affective symptoms
[28].

However, early screening and diagnosis of depressed
mood might be relevant, since depression after stroke is
related to poorer outcomes. Based on main available evi-
dence, together with worse long term functional outcomes
[29], depression after stroke is associated with reduction
in rehabilitation treatment efficacy [30], limitations in daily
living activities [29, 31], cognitive impairment [32, 33], and a
higher risk of recurrent stroke [34]. Furthermore, depression
after stroke was reported to be related to a high mortality risk
[35]. Some reviews examined prevalence rates and clinical
correlates of depression [7, 23, 36], but data on the impact
of depression after stroke on survival need to be clarified
and systematically analyzed. Therefore, we performed a
systematic review and meta-analysis in order to explore the
relationship between depression and subsequent mortality in
the poststroke population.

2. Methods

The present paper was conducted according to the Meta-
Analyses of Observational Studies in Epidemiology MOOSE)
guidelines [37].

2.1. Search Strategy. We used PubMed (date range: January, 1,
1990 to November, 25, 2012) and Web of Science (date range:
January, 1, 2002 to November, 25, 2012) electronic databases
for search purposes. No restrictions of language were set. We
used the following terms for the PubMed search strategy:
(1) “Depression” [Mesh]; (2) “depression” [all fields]; (3)
“Stroke” [Mesh]; (4) “post-stroke” [title/abstract]; (5) “post
stroke” [title/abstract]; (6) “Mortality” [Mesh]; (7) mortal®
[title/abstract]; and (8) death™ [title/abstract]. We combined
the terms as follows: (1 or 2) and (3 or 4 or 5) and (6 or 7
or 8). A similar search strategy was used for Web of Science
database, combining the following topic terms: (1) depress™;
(2) mood*; (3) affective™; (4) stroke™; (5) post-stroke™; (6)
poststroke™; (7) mortal®; and (8) death”. The search phrase
was built as follows: (1 or 2 or 3) and (4 or 5 or 6) and (7 or 8).

2.2. Eligibility Criteria. We included studies with the follow-
ing characteristics:

(i) assessment of depression in a sample of people suffer-
ing from a previous stroke;

(ii) estimation of the association between depression
after stroke at baseline and subsequent mortality at
followup;

(iii) additional available data on mortality also in a com-
parison group suffering from stroke but without
depression.
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Exclusion criteria were based on the following:

(i) depression diagnosed exclusively before stroke
admission;

(ii) results shown as continuous or quantitative scores
based on psychometric scales without any dichot-
omization around a standardized cut-off value for
depression;

(iii) data replicated in multiple works whose inclusion
would involve duplication of data.

2.3. Data Collection Process. A preliminary screening (read-
ing of titles and, if needed, of abstracts) was performed in
order to include all potentially relevant articles. After the
first screening, the final eligibility was assessed retrieving
papers in full text. Two investigators (F. Bartoli and N. Lillia)
independently performed both first and final screenings
of papers. When differences of opinion between reviewers
occurred, these were resolved by discussion with a third
member (A. Lax) of the research team, and consensus was
thereby reached.

2.4. Data Extraction. We developed a specific data extrac-
tion sheet. One author (F. Bartoli) extracted data from the
included studies and another (C. Crocamo) checked the
accuracy for the inclusion in statistical software. Any dis-
agreement was resolved by discussion with the other authors.
We extracted the following information from each included
study: year of publication, country, study design, sample size,
depression definitions and measures, duration of followup,
reported association measure (e.g., hazard ratio, relative risk),
main results. When there was any uncertainty about the data,
we contacted the corresponding author for clarification. We
collected also information suitable for a basic quality evalua-
tion of studies included, based on the comparability between
exposed and nonexposed groups, the risk of selection bias,
the evaluation of representativeness of recruited samples, and
the reliability of depression assessment.

2.5. Data Analysis. We analyzed data using the Review
Manager (RevMan) 5.1 software [38] and STATA statistical
software package, version 10 [39]. For articles providing
both major and minor depression data, we analyzed only
specific data of subgroups with major depression, excluding
patients with minor depression. For studies showing results
at different followup periods, we included just the results
at the longer followup. We performed two different pooled
analyses based on two different association measures, odds
ratio (OR) and hazard ratio (HR) with related 95% confidence
intervals, according to the available data from the included
papers. The HR is commonly used in the medical literature
when describing survival data, and it is defined as the
estimate of the ratio of the probability that if the analyzed
event has not already occurred, it will occur in the next
time interval, divided by the length of that interval in the
index group versus the control group. HR is the risk at any
instance of followup, whereas OR quantifies the association
at the end of followup. For the HRs, we estimated log
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PubMed (date range: January 1, 1990 to November 25, 2012) generated records: n.261
Web of Science (date range: January 1, 2002 to November 25, 2012) generated records: n.769

Articles assessed for eligibility: n.40

Screening based on full text |- n.1: depression was exclusively assessed before the

Initial screening based on titles/abstracts

Articles excluded: n.27

- n.13: relationship between depression after stroke
and subsequent mortality was not studied

- n.7: depression was measured with specific scales for

depression and was not dichotomized around a cut-ofi

value for depression

Total papers included: n.13

stroke admission

- n.1: association measures between depression after
stroke and subsequent mortality were not shown

- n.1: mortality data were available exclusively on a
specific subgroup

- n.4: data were replicated in a subsequent/previous

work and inclusion would involve duplication of data

n.13 with data suitable for pooled
estimation of OR

n.4 with data suitable for pooled
estimation of HR

F1GURE 1: Flowchart: search results and excluded/included studies.

hazard ratios and standard errors obtained from Cox propor-
tional hazards regression models. Results were summarized
using conventional forest plots. Random-effects models for
estimating pooled effects were considered preferable rather
than fixed-effect models because high variability across the
included studies was expected, for example, in relation to
followup duration, recruitment inclusion/exclusion criteria,
setting, and depression after stroke definition. We performed
subgroups analysis based on the followup duration of the
included studies. The results are structured by three followup
periods, short term (<2 years), medium term (2-5 years),
and long term (>5 years). We performed sensitivity analyses
excluding studies with potential methodological issues based
on the low representativeness of recruited samples or on
the lack of reliability of methods assessing depression. The
presence and the level of heterogeneity were assessed using
Q test and I” statistic, respectively. A funnel plot was created
in order to visually inspect the risk of publication bias.
We performed Egger’s test for the statistical estimation of
publication bias.

3. Results

3.1. Study Selection. 261 and 769 records were generated from
PubMed and Web of Science databases, respectively. The
preliminary screening based on titles and, where needed,
abstracts identified 40 papers as potentially relevant. These
papers were retrieved in full text. Among these, 27 were
excluded because they did not meet the inclusion criteria.

Detailed reasons for ineligibility are shown in flow diagram
(Figure 1). 13 studies [8-20] were included for meta-analysis,
all had data suitable for pooled estimation of the OR and four
for pooled analysis of the HR mortality.

3.2. Study Characteristics. All articles were in English. The
year of publication ranged from 1993 to 2011. Seven papers
were from USA, two from Australia, and four from Europe.
There is a high variability among studies in terms of study
design, sample size, male/female ratio, methods and time of
detection of depression, and followup length. The followup
period ranged between 12 months and 10 years. Detailed
characteristics of the included papers are described in Table 1.

3.3. Odds Ratio of Mortality among People with Depression
after Stroke. The studies (n.13) involved 59,598 subjects: 6,052
with depression after stroke and 53,546 from comparison
groups. 1,544 cases of death at followup were detected
from depression after stroke sample and 18,216 from people
without depression. The pooled OR (95% CI) for mortality
at followup in people with depression was 1.22 (1.02-1.47)
(Figure 2). Heterogeneity was high (y* = 28.59; P = 0.005;
I’ = 58%). According to subgroups analyses, a statistically
significant association between depression after stroke and
mortality was found exclusively for studies with medium
term followup. However, this result was influenced by the
large size study by Williams and colleagues [20] that accounts
for most of the weight of the overall effect.
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TABLE 1: Articles suitable for meta-analysis.
Study Country Participants ~ Recruitment Depression after stroke Followup Rep orte d results on
assessment mortality
. . First diagnosis of ICD-9 RR: 1.72 (0.98-3.01)
. . Patients with first-ever ., 16p.10 depressive HR: 1.26 (0.71-2.23)
Almeida and Xiao, . 574 diagnosis of stroke from . .
Australia disorders recorded 10 years (depression versus
2007 [8] males 55% January to December . .
1990 during the 24 months control without mental
following the stroke disorder)
Participants between 25
and 74 years with stroke Center for Mortality rate (per
124 diagnosis from Epidemiologic Studies 1000):
Ellis et al., 2010 [9] USA NHANES I P 0708 8 years 105.1 versus 84.7
males 48% . - . Depression Scale .
Epidemiologic Followup (CES-D) > 16 (depression versus no
Study (NHEES) = depression)
interviewed in 1982
chniel daghoss of OR at 12 months
stroke (notg ICD-10 major depression 1.3 (0.65-2.7)
House et al., 2001 448 . at  month after stroke, 12and24 (major depression)
UK subarachnoid ) P
[10] males 54% according to Present months OR at 24 months:
hemorrhage) from a 8
ran domizeg 1 controlled State Examination 1.7 (0.95-3.0)
trial (major depression)
Patients with stroke
diagnosis between Depression (primary or
October 2000 and secondary diagnosis) Crude death rate:
5825 September 2001 froma  according to ICD-9 11.0% versus 12 0‘;/
Jia et al., 2006 [11] USA males 98% cohort of veterans, who  codes and antidepressant 12 months ( d'e (;ession ver'su: o
° survived 60 days or medication dispensing de I; ession)
more after stroke, and  within 12 months of the p
with an index length of  index stroke
stay less than 365 days
Patients between ages 25 DSM-IV deP re(s(smr} due
. to stroke, with “major
and 89 years with acute depressive-like episode” Prevalence of
stroke within the orl‘)‘minor depre SF; ive mortality:
Jorge et al., 2003 USA 104 previous 6 months, disorder” ach())r dine to 9 vears 25/56 (45%) versus
[12] males between June 1991 ’ 8 Y 25/48 (52%)
the Present State .
and June 1997 and from Examination and (depression versus no
double-blind, . . depression)
. Hamilton Depression
placebo-controlled trial .
Rating Scale
Patients aged 50 years
?;i:ﬁirszgieﬁr;tz 005 Diagnosis of depression 12 months Adjusted OR:
Kemper et al., 2011 German 977 without previous > within the year after after 0.91 (0.55-1.52)
males 71% . . stroke, according to epression versus no
(3] Y les 71% P k ding (depressi
aphasia, dementia, stroke .
depression, or nursing ICD-10 codes depression)
care dependency
DSM-III major
Patients with stroke depression
undergoing approximately 2 weeks 15 months Prevalence of
rehabilitation after stroke according to after the  mortality:
Morris et al., 1993a Australia 84 consecutively enrolled ~ Composite International initial 3/13 (23%) versus 1/48
[14] males 54%  from 1986 to 1987 Diagnostic Interview evaluation (2%)
examined approximately (CIDI) and Montgomery (mean59 (major depression
two months after stroke and Asberg Depression — weeks) versus no depression)
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TaBLE 1: Continued.

Depression after stroke

Reported results on

Study Country Participants  Recruitment assessment Followup mortality
Patients consecutively
admitted to a university DSM-III major Prevalence of
hospital stroke unit depression 1-3 weeks mortality:
Morris et al., 1993b 91 be?twee.:n 1979 and 1981 after stroke according to 26/37 (70%) versus
[15] USA males: 59% with either Present State 10 years 22/54 (41%)
27 thromboembolic Examination and . 7
. . . . (major depression
cerebral infarction or Hamilton Depression versus no depression)
intracerebral Rating Scale p
hemorrhage
Patients with acute
i ke g iy Y
Naess et al., 2010 (376 returning . Depression Scale P* HR: 4.4 (P = 0.002)
Norway . . Unit, Haukeland ) 382 days .
[16] questionnaire) L . (HADS-D) > 11 (at least (depression versus no
males 60% University Hospital, 6 months after stroke) (range depression)
° Norway, from February 185-756) p
2006 to November 2008
Patients with ischemic or
hemorrhagic stroke (first
or subsequent event) Depression within the Prevalence of
confirmed by first 9 months after the mortality:
Paolucci et al., 2006 1064 neuroimaging (CT or . ty:
Ttaly . stroke according to a 2 years 5.48 % versus 4.85%
[17] males 60%  MRI), consecutively . .
: Beck Depression (depression versus no
admitted to one of the Inventory (BDI) > 10 depression)
study centers between Y - p
June 2000 and July 2001
(DESTRO study)
7-year
paens i s e lovay
diagnosis between July . P . perio HR:1.28 (0.96 to 1.71)
. 790 disorder NOS according (maxi- .
Ried et al,, 2011 [18] USA males 98% 2000 and September to ICD-9 codes durin mum (depression versus no
° 2001, from a cohort of & depression)
veterans the 12 months after follow-up
stroke time: 2465
days)
Patients with first-ever ~ First question on the
ischemic stroke between Hamilton Depression
July 1993 and July 1997,  Rating Scale regarding 5 years Adjusted HR: 1.15
Willey et al., 2010 USA 340 aged >39 years (data their mood in the week  from (0.76-1.75)
[19] males 42%  deriving from the after the onset of the initial (depression versus no
8 p
Northern Manhattan stroke (assessment stroke depression)
Stroke Study within 30 days of their
(NOMASS)) stroke)
Patients with a first
ischemic stroke froma  Diagnosis of depression 3 vears Adjusted HR: 1.13
Williams et al., USA 51119 cohort of veterans who  in the first 3 years after a fZer (1.06-1.21)
2004 [20] males 98%  survived beyond 30 days stroke according to stroke (depression versus no
afterward, from October ICD-9 codes depression)

1990 to September 1998
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Study or subgroup Weight Rar?d(ii;f gg‘;) CI Rarcl)dc:)(irsl,r 32‘;) CI
Followup <2years
Jia et al., 2006 18.3% 0.90 [0.76, 1.06] -mr
Kemper et al., 2011 7.9% 0.93 [0.55,1.57] ——

Morris et al., 1993a 0.6% 14.10 [1.33,149.91] R E—
Naess et al., 2010 2.9% 3.59 [1.33,9.69]
Subtotal (95% CI) 29.8% 1.46 [0.76, 2.80] @

Heterogeneity: 7° = 0.27; y* = 12.29, df = 3 (P = 0.006); I* = 76%
Test for overall effect: Z =1.12 (P = 0.26)
Followup 2-5 years

House et al., 2001 6.8%
Paolucci et al., 2006 71%
Willey et al., 2010 9.0%
Williams et al., 2004 20.6%
Subtotal (95% CI) 43.5%

Heterogeneity: 72 = 0.00; x* = 1.64, df = 3 (P = 0.65); I* = 0%
Test for overall effect: Z = 4.73 (P < 0.00001)
Followup >5years

Almeida and Xiao, 2007 1.9%
Ellis et al., 2010 5.0%
Jorge et al., 2003 4.5%
Morris et al., 1993b 2.5%
Ried et al., 2011 12.9%
Subtotal (95% CI) 26.7%

Total events
Heterogeneity: 7° = 0.05; x> = 5.43, df = 4 (P = 0.25); I’ = 26%
Test for overall effect: Z =1.68 (P = 0.09)

1.70 [0.95, 3.04]
1.14 [0.65, 2.00]
1.06 [0.67, 1.70] _
1.21[1.12,1.32]
1.21[1.12,1.32]

2.06 [0.58,7.33]
1.35 [0.66, 2.76]
0.74 [0.34, 1.61]
3.39[1.13,10.19]
1.34 [0.97, 1.85]
1.37 [0.95,1.97]

Total (95% CI) 100.0% 1.22 [1.02,1.47] &
Heterogeneity: 7° = 0.04; x* = 28.59, df = 12 (P = 0.005); I” = 58%
Test for overall effect: Z =2.16 (P = 0.03)
T T T T T T
0.1 0.2 0.5 1 2 5 10

FIGURE 2: OR of mortality among subjects with depression after stroke.

Funnel plot for publication bias is shown in Figure 3.
Egger’s test was not statistically significant (coefficients = 0.68
(-0.53-1.90); P = 0.241).

3.4. Hazard Ratio of Mortality among People with Depression
after Stroke. The pooled HR (95% CI) for mortality at
followup in people with depression after stroke was 1.52 (1.02-
2.26) (Figure 4). Test for heterogeneity showed an I* = 53%
(x* = 6.42; P = 0.09).

3.5. Quality Assessment and Sensitivity Analyses. There was
no risk of poor comparability between depressed and not
depressed subjects, since all studies recruited both exposed
and nonexposed cohorts from the same sources. However,
most of the included papers were prone to some method-
ological issues and potential risk of bias. In one study [9], the
presence or the absence of a history of stroke in the selected

population was ascertained on the basis of self-report infor-
mation rather than on clinical diagnosis or medical records,
introducing a potential risk of selection bias. Furthermore,
data from two studies [10, 12] were based on participants
of clinical trials, who, unlike those derived from purely
observational studies, may not be equally representatives of
the reference population. The difference between individuals
allocated for receiving a specific treatment and individuals
treated with placebo or other active controls might actually
introduce a potential performance bias. Finally, three studies
[11, 18, 20] investigated the effect of depression after stroke in
special populations (veterans), not representatives of general
population suffering from stroke. The sensitivity analysis
excluding the studies based on samples of veterans [11, 18, 20],
individuals recruited from clinical trials [10, 12], and self-
report stroke patients [9] highlighted a pooled OR of 1.61
(1.01-2.55).
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FIGURE 3: Funnel Plot. Egger’s test: bias = 0.68 (-0.53-1.90); P =
0.241.

As regards the methods to assess depression after stroke,
we found several quality issues. Five studies [8, 11, 13, 18, 20]
collected relevant information from clinical records and/or
administrative data. These sources may have lower sensitivity
than rating scales or structured clinical interviews, since the
risk of an inadequate diagnosis of depression after stroke in
clinical practice is often high [40]. Furthermore, eight studies
[9, 10, 12, 14-17, 19] used psychometric scales (e.g., Hospital
Anxiety and Depression Scale; Hamilton Rating Scale for
Depression) to evaluate depressive symptoms. Among these,
four studies [10, 12, 14, 15] combined the psychometric eval-
uation with structured (Composite International Diagnostic
Interview) or semistructured (Present State Examination)
interviews to assess depression. However, the specific risk
of developing the mortality outcome among individuals
suffering from major depression, and not from other depres-
sive disorders (e.g., “minor” depression or dysthymia), was
available from just three studies (two out of these were based
on the DSM-III criteria) [10, 14, 15]. The sensitivity analysis
including only these studies showed a pooled OR of 2.75
(1.14-6.65).

4. Discussion

4.1. Main Findings. 'This paper on the mortality risk in
subjects suffering from depression after stroke identified 13
studies with data suitable for meta-analysis. There are three
main findings. First, suffering from depression after stroke
has an important bearing on the chances of death, with
an OR of 1.22 (1.02-1.47) (95% CI). The sensitivity analyses
based on specific characteristics of recruited samples and
on the methods to detect depression confirm the statistical
significance of the relationship between baseline depression
and risk of subsequent mortality among people with stroke.
Second, the relationship between depression and mortal-
ity seems to be related to the duration of observation. Sub-
group analysis of short term studies (<2 years) did not show

a statistically significant association between depression after
stroke and mortality, whereas subgroup analysis of long term
studies (>5 years) showed some trend. On the other hand,
subgroup analysis of medium term studies (range: 2-5 years)
showed results above the threshold of statistical significance.
It should be noted that the studies with followups longer
than 5 years, actually considered really long intervals, ranging
from 7 to 10 years. Therefore, we can assume that the burden
of depression on the risk of mortality among stroke patients
emerges only after 2-5 years from the index stroke, whereas,
afterwards, this difference may be mitigated by the aging of
stroke survivors.

However, we need to point out that there are some
alternative explanations to this result. Long term followup
subgroup included studies for an overall size of 362 patients
suffering from depression, so the lack of a statistical signifi-
cant association may be due to the small sample sizes of the
included papers. Furthermore, the study of Jorge and col-
leagues [12], a placebo-controlled trial of antidepressants with
prospective design, represents an outlier within the long term
followup subgroup (OR: 0.74 (0.34-1.61)) that may have con-
sistently influenced the pooled OR in this subgroup. Lastly,
we need to highlight that the study of Williams and colleagues
[20] on a National Cohort of Veterans hospitalized following
an ischemic stroke accounted for a large proportion of the
overall weight of medium term followup subgroup analysis.
Therefore, the overall effect of medium term subgroup is
consistently influenced by this large size study. Furthermore,
studies from this subgroup showed a high heterogeneity
in terms of time of depression detection and several other
characteristics, for example, recruited population and sample
size. Paolucci and colleagues [17] evaluated depression within
the first nine months after stroke. Both House et al. [10]
and Willey et al. [19] assessed depression up to 30 days after
stroke, whereas Williams et al. [20] collected information on
depression in the first 3 years, excluding those who die within
30 days after stroke. Therefore, it is important to highlight
the low degree of comparability between studies. Further
studies exploring the influence of duration of followup on
the depression mortality after stroke association are probably
needed.

Finally, also the HR pooled analysis showed a significant
relationship between depression after stroke and mortality.
There was a high level of heterogeneity among the included
studies in terms of results, recruited population, sample size,
and duration of followup. However, the lack of included
papers for this analysis did not allow for better exploring the
variations of HR through subgroups or sensitivity analyses.
It should be noted that the study of Williams and colleagues
[20] explored the HR of mortality, but using adjusted mea-
sures not suitable for our meta-analysis. The study found a
significant HR (HR = 1.13; 95% CI: 1.06-1.21). This result is in
line with the overall effect of our meta-analysis and might be
taken in consideration when we consider the HR of mortality
in subjects suffering from both stroke and depression.

4.2. Strengths and Limitations. To our knowledge, this is the
first meta-analysis that systematically synthesizes data from
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Study or subgroup Weight Raiil?rf o5% CI R:rlliiz(?rrri o5% G
Followup <2years
Naess et al., 2010 13.4% 4.40 [1.75,11.09] e a—
Heterogeneity: not applicable
Test for overall effect: Z = 3.14 (P = 0.002)

Followup 2-5 years
Willey et al., 2010 23.6% 1.32 [0.73,2.38] —T
Heterogeneity: not applicable
Test for overall effect: Z = 0.92 (P = 0.36)
Followup >5years
Almeida and Xiao, 2007 24.2% 1.26 [0.71,2.23] R S —
Douglas Ried et al., 2011 38.8% 1.28 [0.96,1.71] 1w
Subtotal (95% CI) 63.0% 1.28 [0.99, 1.65] ‘
Heterogeneity: 7° = 0.00; x> = 0.00, df = 1 (P = 0.96); I’ = 0%
Test for overall effect: Z =1.85 (P = 0.06)
Total (95% CI) 100.0% 1.52 [1.02,2.26] ‘
Heterogeneity: 7° = 0.08; y* = 6.42, df = 3 (P = 0.09); I* = 53%
Test for overall effect: Z = 2.05 (P = 0.04)
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FIGURE 4: HR of mortality among subjects with depression after stroke.

studies comparing the mortality among individuals with and
without depression after a stroke. The well-known advantage
of a meta-analysis of observational studies is that it allows
the synthesis of the results of a large amount of studies,
providing findings more robust than those deriving from data
of individual studies.

Observational studies are an important source in epi-
demiological research, but they are prone to many method-
ological issues [41, 42]. Therefore, we paid critical attention
to the quality of evaluated papers. According to quality
assessment, we found methodological issues and potential
risk of bias related to selection of sample or depression
assessment in some studies. However, the sensitivity analyses
did not show significantly different results than the overall
pooled analysis. Therefore, lower quality related to poor
level of representativeness of selected samples, either lack
of reliability or specificity of methods to detect depression,
did not seem consistently affecting and influencing the
association between depression after stroke and subsequent
mortality. However, we need to highlight the low degree
of comparability between studies. Studies differ for several
important characteristics, other than followup duration, such
as study design, source of recruitment, and time of depression
assessment.

Our paper included only published studies with sufficient
data, excluding conference abstracts because these often
cannot give reliable information on patients’ characteristics,
inclusion criteria, exposure detection, and other relevant
issues. Furthermore, hand searching and searching of the
grey literature were not conducted, and possibly some rel-
evant studies could not be included. Therefore, we need to

consider the risk that an amount of negative or uncertain
results remained unpublished or, at least, were not available
from databases that we have explored. However, Egger’s test
showed the lack of risk of publication bias.

4.3. Clinical Perspectives. The nature of the relationship
between depression and mortality remains unknown.
Depression may affect prognosis and risk of mortality after
stroke because stroke patients suffering from depression may
be less compliant to treatment. When mental health disorders
cooccur with other medical conditions, this cooccurrence
tends to reduce adherence to interventions [43, 44].

On the other hand, the relationship may be explained by
the fact that depression could be more frequent in people
vulnerable to physical disability and a higher stroke severity
[45]. In that case, depression may be not an independent
factor, but simply a mediator variable for severe physical
damage related to a higher likelihood of mortality.

Emerging line of evidence highlighted that the relation-
ship between depression and stroke and other severe illnesses,
for example, myocardial infarction, heart disease, and cancer,
is bidirectional and, at least in part, is driven by several
biological processes, including immune dysregulation [46].
Depression may lead to dysregulation of immunologic mech-
anisms, coagulation abnormalities, and vascular endothelial
dysfunction, which are associated with an increased risk of
cardiovascular disease and mortality [47].

Clinicians should regularly assess symptoms of depres-
sion in people who report a stroke in their clinical his-
tory. Sensitivity and specificity of assessment and screening
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of depression among people with stroke represent often
an important issue. Frequently, a mood disorder remains
undetected and, therefore, undertreated [28, 48]. Depres-
sive disorders among patients with anosognosia, neglect,
or aprosody, who deny symptoms of depression, may also
be underdiagnosed, although symptoms related to specific
physical disease, such as changes in appetite or insomnia, may
be overestimated by clinicians [26].

Equally, treatment of depression is often complicated
as people with stroke are often more prone to side effects
and interactions among different drugs rather than general
population [40], likewise similar comorbidities in mental
health disorders [44]. Main data on drugs therapy showed
the importance of antidepressant medications, particularly
with SSRI, as this may improve not only the life expectancy
of poststroke patients but also their quality of life. Trials are
limited and focused mainly on antidepressant agents such
as Fluoxetine [49, 50], Citalopram [51, 52], and Reboxetine
[52, 53]. Systematic reviews found that antidepressants usage
may reduce symptoms of depression, but it also pointed
out that clinicians should use these drugs with caution in
people with persistent depression, as little is known about
the risks, especially of seizures, falls, and delirium [54].
Furthermore, there was no clear effect of pharmacologi-
cal therapy on the prevention of depression after stroke
[55].

4.4. Conclusions. Despite some limitations, the results of
this meta-analysis confirm the potential role of depression
on poststroke mortality. Regular screening might help in
detecting prevalent cases [48]. Further research is needed in
order to clarify the nature of depression poststroke/mortality
association and related pathophysiological processes. Sec-
ondly, effectiveness of pharmacotherapy and psychotherapy
for preventing and treating depression after stroke should be
explored. Before any recommendation on their routine use,
given the well-known implementation issues of the even more
robust guidelines [56], further randomized controlled trials
are needed to estimate effectiveness of antidepressants for
depression treatment and their potential benefits in terms of
life expectancy.
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