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and meta-analysis

Background
Depression after stroke is a distressing problem that may be
associated with other negative health outcomes.

Aims
To estimate the natural history, predictors and outcomes of
depression after stroke.

Method
Studies published up to 31 August 2011 were searched and
reviewed according to accepted criteria.

Results

Out of 13558 references initially found, 50 studies were
included. Prevalence of depression was 29% (95% Cl 25-32),
and remains stable up to 10 years after stroke, with a
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cumulative incidence of 39-52% within 5 years of stroke.
The rate of recovery from depression among patients
depressed a few months after stroke ranged from 15 to 57%
1 year after stroke. Major predictors of depression are
disability, depression pre-stroke, cognitive impairment, stroke
severity and anxiety. Lower quality of life, mortality and
disability are independent outcomes of depression after stroke.

conclusion
Interventions for depression and its potential outcomes are
required.

Declaration of interest
None.

The incidence, prevalence and predictors of depression after
stroke, together with its associated outcomes, have been
investigated in the past few decades. Previous reviews on this topic
summarised the evidence available until 2000' and then again
until 2004.>° More recently, Kouwenhoven et al reviewed
prevalence, predictors and outcomes of depression within a
month of stroke.* However, the studies included in these
reviews had important limitations such as small sample size, short
follow-up and weak analyses. There are also no updated reviews of
the long-term incidence, prevalence, predictors and outcomes of
depression after stroke.

This systematic review and meta-analysis summarises the
available evidence on incidence, prevalence, predictors and
associated outcomes of depression after stroke, both in the short
and long term.

Method

The Meta-analysis Of Observational Studies in Epidemiology
(MOOSE) criteria®> were used to undertake this review and
meta-analysis.

Observational studies reporting prevalence, incidence,
cumulative incidence, duration, predictors or outcomes of
depression after stroke were searched in the following databases:
EMBASE (1947 — August 2011), MEDLINE (1948 — August
2011), PsycINFO (1806 — August 2011) and ISI Web of Science
(1900 — August 2011). The search strategy is presented in the
online supplement. Reference lists of all systematic reviews
identified were hand-searched for relevant studies.'™

Only studies defining depression as a diagnosis made using
DSM-IV® criteria, a score above a cut-off point in a validated scale,
or another validated method of diagnosis were included. There
were no restrictions on the basis of language, sample size or
duration of follow-up. Studies were excluded if they had any of
the following: studies limited to specific clinical characteristics
(e.g. strokes in specific locations, strokes of a specific subtype);

14

https://doi.org/10.1192/bjp.bp.111.107664 Published online by Cambridge University Press

they were limited to specific patient characteristics (e.g. patients
of a specific age group); studies of mixed populations (e.g. stroke
and head injury) unless separate results for stroke patients were
identified; convenience sampling; unstructured assessment of
mood; mood reported only as a continuous variable (not
categorising patients as depressed or not depressed); studies with
retrospective recruitment; and studies using only univariate
analyses.

In some cases, similarities between studies indicated the
possibility of multiple publications from the same cohort. In the
absence of explicit cross-referencing, we considered articles to be
from the same cohort if there was evidence of overlapping
recruitment sites, study dates and grant funding numbers, or there
were similar reported patient characteristics in the studies. Where
several articles reported results from the same population, data
were taken from the publication with the longest follow-up. When
more than one method of assessment for depression was used, the
result of the assessment that was discussed more in-depth by the
authors was included in the meta-analysis. When the prevalences
of major and minor depression were reported separately, they were
grouped as depression.

Studies of predictors of depression that were included used
depression as a dependent variable in a statistical model where
potential predictors were explanatory variables. Studies of
outcomes of depression that were included used outcomes as a
dependent variable in a model where depression was an
explanatory variable. Studies using only univariate analysis were
not included as their results could be highly confounded.” For
studies of predictors or outcomes, information was collected on
all of the variables analysed as potential predictors, outcomes
and confounders. Only studies reporting outcomes measured at
a later time point than depression were included. Information
was collected on all of the variables analysed as potential
predictors, outcomes and confounders. The quality of studies
was assessed according to accepted criteria presented in a previous
systematic review.” Authors of studies were contacted when there
were questions about whether papers met the inclusion criteria


https://doi.org/10.1192/bjp.bp.111.107664

and also to verify methods and results that may not have been
reported.

Statistical methods

A meta-analysis was undertaken to obtain pooled estimates of the
prevalence of depression. Studies were classified into four
categories: acute phase (within 1 month of stroke); medium-term
phase (1-6 months); long-term phase (6 months to 1 year); very
long-term phase (more than 1 year after stroke). A second meta-
analysis was conducted in which studies were classified as
population, hospital or rehabilitation studies. For studies with
follow-up assessments at more than one time point, only results
from the last follow-up were included in the meta-analysis. This
was done to obtain pooled estimates of prevalence in the long
term after stroke avoiding the bias that would have been
introduced by entering repeated estimates of the same study in
the meta-analysis. However, data from measurements at all time
points were also recorded and are presented in the following
tables. Studies with time of follow-up reported as an interval
(e.g. 1-24 months) were included in the category of the earliest
time point as it was considered to be the least affected by drop
out due to mortality. Categorisation of these studies according
to their mid time point of follow-up was also attempted but the
differences of the estimates using earliest time point and mid time
point was found to be negligible. A funnel plot was used to
investigate possible publication bias.

The number of studies reporting estimates of natural history
of depression after stroke other than prevalence (e.g. incidence)
was small. The assessments for depression had been conducted
at different time points in each of these studies. Therefore, a
meta-analysis to obtain pooled estimates of other measures of
natural history was not conducted. Results presented by individual
studies were reported separately.

Results

Fifty studies, published between 1983 and 2011, reporting
incidence, prevalence, cumulative incidence, duration, predictors
or associated outcomes of depression after stroke were included
in this review (Fig. 1). In all of them the analyses were based on
the result of assessments for depression conducted after stroke,

Depression after stroke

MEDLINE + ISl Web of
EMBASE + .| 13658 P Science search
Psycinfo (OVID) "1 references [T results:
search results: 3859 references
9799 references
»
v ¥ 751 duplicates

12907 abstracts

505 studies assessed for
inclusion/exclusion criteria

12402 not relevant

v v
501 originals 4 reviews
381 studies v
not reporting 73 spudies
incidence, 5| ot fitting 9 additional studies
prevalence, [ inclusion
preditors or criteria it
associations 5 not fitting
P inclusion
A4 \4
46 eligible studies ¢ 4 eligible studies

50 studies included reporting either natural history,
predictors or outcomes of depression after stroke
Incidence and/or prevalence of depression
after stroke reported in 43 studies
Predictors of depression after stroke reported in 10 studies
Outcomes of depression after stroke reported in 5 studies

Fig. 1 Results of the literature search.?

a. Many studies, together with prevalence of depression after stroke, reported either
predictors or outcomes of depression after stroke.

not accounting for whether the onset of depression occurred
before or after the stroke (Table 1, Table 2 and online Table DS1).

Natural history of depression after stroke

In total, 43 studies, including 20 293 patients, reported depression
after stroke (Table DS1). Overall, 6 were population-based
studies,*® 15 were hospital studies’*™® and 22 were
rehabilitation studies.””° The number of patients assessed for
depression in each study ranged from 14 to 13999. Only nine

Table 1 The natural history of depression after stroke

Cumulative Proportion of Patients with
Time of the incidence during patients recovering depression in all Incident
assessments the follow up, % at follow-up the assessments, % cases
Wade 1987'2 3 weeks 48 17
6 months 5% at 6 months
1 year 15% by 1 year 10% at 1 year
House 19910 1 month 39 7
6 months
1 year
Astrom 1993 Discharge 36
3 months
1 year 57% by 1 year
2 years
3 years 36% by 3 years
Farner 2010% 18 days
13 months 45% at 13 months 35% at 13 months
Ayerbe 2011° 3 months 52 6
1 year 50% at 1 year 15% at 1 year
3 years 54% at 3 years 20% at 3 years
5 years 55% at 5 years 20% at 5 years
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Author and year ES (95% confidence limits) % weight
<1 month
Daily, 1983 —— 0.25 (0.10, 0.40) 1.83
Eastwood, 1989 —f=— 054044, 064 2.21
Ng, 1995 —— 0.29 (0.16, 0.41) 2.03
Diamond, 1995 — 0.29 (0.05, 0.52) 1.22
Lincoln, 1998 —= 0.13 (0.06, 0.20) 2.47
vandeweg, 1999 — =] 0.35 (0.25, 0.45) 2.24
Kellermann, 1999 —f— 0.27 (0.17, 0.36) 2.29
Langhorne, 2000 = 0.16 (0.12, 0.20) 2.66
Gillen, 2001 - 0.13 (0.09, 0.17) 2.66
Mast, 2004 = 0.36 (0.30, 0.43) 2.50
Eriksson, 2004 [m] 0.14 (0.14, 0.15) 2.76
Caeiro, 2006 —[=] 0.46 (0.39, 0.53) 2.46
Kaiji, 2006 — 0.25 (0.16, 0.34) 235
Storor, 2006 — 0.33 (0.21, 0.45) 2.10
Fure, 2006 = 0.14 (0.09, 0.19) 2.6
Barker Collo, 2007 —f=— 0.18 (0.09, 0.27) 2.35
Beghi, 2009 — = 0.27 (0.17, 0.36) 2.29
Sienkiewicz-Jarosz, 2010 JIrE 0.34 (0.28, 0.40) 2.56
Kitisomprayoonkul, 2010 —f}— 0.57 (046, 0.67) 2.20
Subtotal (= 94.3%, P=0.000) <P 0.28 (0.23,0.34) 4379
1-6 months
Ebrahim, 1987 —f=H 0.23 (0.16, 0.30) 2.50
Shima, 1994 —t®— 0.0 (0.49, 0.72) 2.12
Burvill, 1995 =t 0.23 (0.18, 0.28) 2.62
Knapp, 1998 —— 0.27 (0.11, 0.42) 177
Jirgensen, 1999 —{=— 0.19 (0.11, 0.28) 2.35
Bayer, 2001 —f=h 0.25 (0.18, 0.32) 2.52
Fatoye, 2009 —f=— 0.40 (0.31, 0.49) 2.35
Raju, 2010 —=— 0.37 (0.30, 0.44) 2.46
Subtotal (?=86.7%, P =0.000) = 0.31(0.24, 0.39) 18.68
6 months to 1 year
Wade, 1987 =1 0.18 (0.14, 0.22) 2.66
Bacher, 1990 — 0.31(0.16, 0.45) 1.88
House, 1991 —f— 0.16 (0.08, 0.24) 2.44
Angeleri, 1997 e 0.34 (0.28, 0.41) 2.49
Kauhanen, 1999 —— 0.42 (0.32, 0.52) 2.25
Hayee, 2001 —f— 0.42 (0.34, 0.49) 2.43
Farner, 2010 —— 0.48 (0.39, 0.58) 2.30
Subtotal (?=91.8%, P =0.000) -1 0.33 (0.23, 0.43) 16.45
>1 year
Morris, 1990 —f=— 0.13 (0.04, 0.21) 2.36
Astrom, 1993 —— 0.29 (0.16, 0.41) 2.03
Robinson, 1999 —=— 0.42 (0.28, 0.56) 1.94
Gesztelyi, 1999 = 0.11 (0.05, 0.17) 2.58
Lofgren, 1999 T 0.38 (0.24, 0.52) 1.92
Paul, 2006 o 0.17 (0.12, 0.21) 2.65
Bergersen, 2010 —— 0.28 (0.21, 0.35) 2.49
Chausson, 2010 - 0.26 (0.20, 0.31) 2.59
Wolfe, 2011 e 0.36 (0.29, 0.43) 2.51
Subtotal ( =87.0%, P =0.000) <> 0.25 (0.19, 032) 21.08
overall (7 93.9%, P =0.000) <p 0.29 (0.25, 0.32) 100.00
NOTE: Weights are from random effects analysis

[ I

—-0.719 0

0.29 0.719

Fig. 2 Pooled prevalence of depression stratified by length of follow-up.

: L 89,11-13,18,27,38,43
studies assessed more than 200 patients

one study assessed more than 1000 patients.'®

Across the 43 studies, 29 studies used validated scales, 12
studies used DSM criteria, and 2 studies used a validated question.
Overall, 11 different methods were used to assess depression. The
cut-off points for the same scale used to assess depression across
different studies were not consistent.

Only 8 studies reported the prevalence of depression more
than 1 year after stroke, and only 13 studies assessed patients at
more than one time point.

The pooled prevalence of depression observed at any time
point was 29% (95% CI 25-32), with a prevalence of 28%
(95% CI 23-34) within a month of stroke, 31% (95% CI 24-39)
at 1-6 months, 33% (95% CI 23-43) at 6 months to 1 year, and

and only
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25% (95% CI 19-32) at more than 1 year (Fig. 2). The pooled
prevalence of depression at any time point in population studies
was 22% (95% CI 17-28), in hospital studies 30% (95% CI 24—
36), and 30% (95% CI 25-36) in rehabilitation studies (Fig. 3).
The prevalence rates did not differ significantly over time or in
studies of different settings. Heterogeneity was significant for all
investigated categories. Studies with small sample sizes tended to
report larger estimates of prevalence.

Five studies reported other measures of natural history of
depression after stroke, including incidence, cumulative incidence
and duration of depression (Table 1).'%'*?%*”%! Incidence in year
1 ranged from 10 to 15% in the two studies reporting it.
Cumulative incidence ranged from 39 to 52% in three studies with
follow-up periods between 1 and 5 years. Three studies reported
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Depression after stroke

Author and year ES (95% confidence limits) % weight
Rehabilitation
Daily, 1983 —f=— 0.25 (0.10, 0.40) 1.83
Eastwood, 1989 —=— 054 (044, 0.64) 2.21
Morris, 1900 —f=— 0.13 (0.04, 0.21) 2.36
Bacher, 1990 —— 0.31(0.16, 0.45) 1.86
Astrém, 1993 —— 0.29 (0.16, 0.41) 2.03
Shima, 1994 —=— 060 (0,49, 0.72) 2.12
Ng, 1995 —h— 0.29 (0.16, 0.47) 2.03
Diamond, 1995 _— 0.29 (0.05, 0.52) 122
Angeleri, 1997 = 0.34 (0.28, 0.41) 2.49
Lincoln, 1998 —F— 0.13 (0.06, 0.20) 2.47
Jurgensen, 1999 —f— 0.19 (0.11, 0.28) 2.35
Kauhanen, 1999 —— 0.42 (0.32, 0.52) 2.25
VandeWweg, 1999 —— 0.35 (0.25, 0.45) 2.24
Kellermann, 1999 —=— 0.27 (0.17, 0.36) 2.29
Lofgren, 1999 —— 0.38 (0.24, 0.52) 1.92
Langhorne, 2000 =] 0.16 (0.12, 0.20) 2.66
Gillen, 2001 =F 0.13 (0.09, 0.17) 2.66
Mast, 2004 = 0.36 (0.30, 0.43) 2.50
Eriksson, 2004 [ 0.14 (0.14, 0.15) 2.76
Barker Collo, 2007 —f— 0.18 (0.09, 0.27) 2.35
Bergersen, 2010 —— 0.28 (0.21, 0.35) 2.49
Farner, 2010 —— 0.48 (0.39, 0.58) 2.30
Kitisomprayoonkul, 2010 —F— 0.57 (0.46, 0.67) 2.20
subtotal (2=94.3%, P=0.000) < 0.30 (0.25, 0.36) 51.61
Hospital
Ebrahim, 1987 —f 0.23 (0.16, 0.30) 2.50
Knapp,1998 — 0.27 (0.11, 0.42) 1.77
Robinson, 1999 — = 0.42 (0.28, 0.56) 1.94
Gesztelyi, 1999 - 0.11 (0.05, 0.17) 2.58
Hayee, 2001 — o 0.42 (0.34, 0.49) 243
Bayer, 2001 —- 0.25 (0.18, 0.32) 2.52
Caeiro, 2006 —=— 0.46 (0.39, 0.53) 2.46
Kaji, 2006 —f— 0-.25 (0.16, 0.34) 2.35
Storor, 2006 — e 0.33 (0.21, 0.45) 2.10
Fure, 2006 = 0.14 (0.09, 0.19) 2.61
Beghi, 2009 — 0.27 (0.17, 0.36) 2.29
Fatoye, 2009 —m— 0.40 (0.31, 0.49) 2.35
Sienkiewicz-Jarosz, 2010 Hel- 0.34(0.28, 0.40) 2.56
Raju, 2010 —— 0.37 (0.30, 0.44) 2.46
Subtotal (2= 89.5%, P=0.000) <> 0.30 (0.24, 0.36) 3291
Population
Wade, 1987 f=} 0.18 (0.14, 0.22) 2,66
House, 1991 —f=— 0.16 (0.08, 0.24) 2.44
Burvill, 1995 = 0.23 (0.18, 0.28) 2.62
Paul, 2006 1= 0.17 (0.12, 0.21) 265
Chausson, 2010 -+ 0.26 (0.20, 031) 2.59
Wolfe, 2011 —fo— 0.36 (0.29, 0.43) 2,51
Subtotal (2 =83.7%, P=0.000) <> 0.22 (0.17, 0.28) 15.48
Overall (* 93.9%, P =0.000) <> 0.29 (0.25, 0.32) 100.00
NOTE: Weights are from random effects analysis
T I
—0.719 0 0.29 0.719

Fig. 3 Prevalence of depression stratified by study setting.

that 15-50% of patients with depression within 3 months of
stroke had recovered 1 year later. The proportion of patients with
depression in all the assessments ranged from 6% to 36% in four
studies, with follow-up periods between 1 and 5 years. All the
longitudinal studies presented a dynamic natural history, with

new cases and recovery of depression occurring over
time, 10:12:30:37,51

Predictors of depression after stroke

A total of 16045 patients were assessed in 10 studies reporting
predictors of depression. The number of patients assessed for
depression in each study ranged from 40 to 13 999. Seven studies
assessed more than 100 patients,'®'®!%?>73132 of which only two
studies assessed more than 1000 patients.'™" The quality
assessment of these studies is presented in Table 2. Eight studies

https://doi.org/10.1192/bjp.bp.111.107664 Published online by Cambridge University Press

. 15,16,18,19,25,28,52,53 .
were hospital based, one was a population-based

study’' and one was a rehabilitation-based study.”’ Only four
studies assessed the patients more than 1 year after stroke.”>>”">?

The assessments for depression were carried out using scales in
seven studies, DSM criteria in two studies and a validated question
in another study. The time of these assessments ranged from the
acute phase to 5 years after stroke. Seven studies stated all the
variables included in the models. Six studies did not report that
potential confounders had been included in the models. In five
studies, depression and its predictors had been measured at the
same time, making the model less predictive. The odds ratio
and 95% confidence intervals of the associations were not always
presented.

Many different predictors were investigated across the ten
studies (online Table DS2). Disability was investigated in five
studies. Two studies reported disability at baseline as a predictor
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of depression.” Another two studies reported disability to be
associated with depression at follow-up.'®* Finally, another
study found that disability after stroke was not associated with
depression.”> Medical history of psychiatric disorders was
investigated in different ways in five studies: pre-stroke depression
was reported as a predictor of depression after stroke in one
study;'® another study reported pre-stroke treatment for
depression as a predictor of depression post-stroke;>* and three
studies investigated medical history of psychiatric disorders,'>!**®
two of which found a significant association with depression after
stroke.'®?®  Cognitive impairment after stroke predicted
depression in two studies that investigated this association.'™"'
In both of these, cognitive impairment had been defined with a
score above a cut-off point in a scale, rather than with clinical
assessment, so no details were given on whether the association
was between depression and the executive domain or with other
domains of cognitive function. Three studies reported stroke
severity not to be associated with depression after stroke.'>*>*
However, a large population-based study reported independent
measures of stroke severity such as the Glasgow Coma Scale,
dysphagia and incontinence to be associated with depression.’'
Another study reported hemiparesis to be associated with
depression.'” Anxiety predicted depression in two studies®®™
and was associated with depression at follow-up in a third study.*
Social isolation at follow-up was associated with depression in one
study’' and another reported an association between living alone
after stroke and depression.'® Age and gender did not predict
depression in six out of the seven studies that investigated the
associations. Other potential predictors that were investigated,
including comorbidities, history of stroke, education, family type
or neuroticism, are presented in Table DS2.

Outcomes of depression after stroke

Five studies reported health outcomes associated with depression
after stroke (Table 3): three were hospital studies®° and two
were rehabilitation studies.””>” The number of patients assessed
for outcomes ranged from 84 to 293. Depression was assessed
between the acute phase and 3 months after stroke. Three studies
reported outcomes observed more than a year after stroke.””**%
Only one study described the statistical model used in the
analysis.”® Disability was found to be an outcome of depression
in one study with an odds ratio of 2.68 (95% CI 1.50 to 4.78).%°
Lower quality of life was found to be an outcome of depression
in two studies that investigated this association. Both of them used
linear regression. One of them reported a coefficient for quality
of life of —0.52 (95% CI —0.70 to —0.33)°° and the other
presented separate coefficients for the physical domain (—1.8,
95% CI —1.4 to —2.2), pshychological domain (—26, 95% CI
—2.4 to —2.8), social domain (—1.2, 95% CI —0.8 to —1.6)
and environmental domain (—2.0, 95% CI —1.6 to —2.4) of
quality of life.”” Higher mortality was found to be an outcome
of depression in two of the three studies that investigated this
association,”*

Discussion

Natural history of depression after stroke

Depression had a cumulative incidence of up to 52% within 5
years of stroke, with a pooled prevalence of 29% that remained
stable in the first 10 years after stroke across different study
settings. Studies assessing patients more than once suggested that
most patients who have depression after stroke became depressed
shortly after the acute event, a significant proportion of them
recovered from depression in subsequent assessments, and new


https://doi.org/10.1192/bjp.bp.111.107664

5 .
s} O
o s £ £ 8o
g-%o = = — 2= L -3
S = = E 2
s83 s s 2 22 =8
S 5 |5 | & 32 |68 0o
O a9 o = 25 = 2 a
oo = = S oS 5992
(7] =2s ©
%] (3] (4 o =
< 2
i2]
=
gEE
[ERECa) 0
=5 )
— © O 2 3
© > & >
o« 3
=
T
o
%)
T80T
S5 o
c £ T %] %]
o =2 > ] (0}
<2 O G > >
2= =
x5S
o
< g
— S o
(<] n =
73 <] L9
29573 L8
o £ £ 1% ©
© o (&) ()
.3 [l
= O 5 > o
o O =
= 9 S
= s =
S 03
SO
- 1S
.o o
co o 289
3 Q2 Sg 98 B=C
-8“" %b%b‘w%o
oco 03 93250 k=l
B0 = ® oo o) v EQ9 o 3
el o] MRS = «Q
T8 92 s mco @ °
= <] o =5 o > ~
® S E o0c E8C 5350 >
= 5 _ | 8B - > X0
[N} 20 20 5§
X<s wg Wy 5L
22 3g =¥
> IS L
o i)
= 5 £ 3
= = T o L
1] @ L
=34 2 sfget
ﬂEmg <t D >T N = O
1= © ) 1% £ 90 T S
o8 5 X NS %] T ES o2
= 9 < ~ © 5 =~ =
85t ™ o |3
[= BRI T) = o & =1
=] o~ 9N =
2 A & 3
)
- =
P=] n = %]
©
522 3 ol = o =
E o L ®© I} e
v Qg > 535 0 [} [}
ES8 = ss = > S
i::g — S v «— —
8% . E o
© ™~
~
>~
23
™
22 - s 3 § 8
OB O © N o e
PN, BN 5 ~ = S
[N B 3 5 X 3
O o @ ™ o N e}
=
=
) o)
v X
<) )
- 5 |5 ®
= v V| v [%]
Ml -Sca 22 L 2 @ ®
(St L O 0 [ %] < >
Hof3 258 & 5 8
Eem g-"—:w %) ] o
E9 8 og 2 < 5 x
ol 8% 32 T 3 ’
et ©® (5] IS <
< IS 1SS
pas o~ ™
o
& c =
[ o =]
— © ol - © -
4 £::: = 3
S g 3 3 3 8 =
= @ T r |2 T e
(0] o)
1) 3 o
)
£
9]
O
E CRE TN 3 5
o ™ ™ o =) o
o o S o] =
o o S S o
o EA EA IS Y Y
o 2 2 _\4 = o]
3 5 & £ 3 =
pm}
e s = < = &

https://doi.org/10.1192/bjp.bp.111.107664 Published online by Cambridge University Press

Depression after stroke

cases made the overall prevalence of depression stable. The natural
history of depression more than 5 years after stroke remains
unknown. Factors affecting the variation of the prevalence of
depression reported by individual studies included the different
methods used to diagnose depression, source of patient
recruitment and the timing of assessment, together with the
different study settings. Without greater methodological
uniformity, it will remain difficult to determine whether
heterogeneity in study findings is showing real differences in
population characteristics or is simply an artefact caused by
measurement bias and other errors. These estimates may still be
inaccurate because of potential underreporting of abnormal
mood, especially in patients with communication impairment’
and the possibility of overreporting depression by using screening
questionnaires.

A previous systematic review published in 2005 reported that
the prevalence of depression after stroke was stable across studies
conducted at different time points and in different settings, with
an overall prevalence of 33% (95% CI 29-36).> This systematic
review includes 15 new studies, with 7 studies conducted in
Europe, 3 studies conducted in Oceania, 3 in Asia, 1 in the
Caribbean and 1 in Africa. However, the prevalence observed in
our study and the one previously reported® are very similar,
showing overlapping confidence intervals. Our results show the
great stability of the prevalence of depression across studies
assessing patients at different time points in different areas of
the world.

Only one population-based study recruited controls to allow
estimates of the relative risks of depression after stroke.'® The
authors reported that the prevalence of depression in stroke
survivors was twice that found in controls, although this
difference was only significant at the 6-month follow-up
assessment. Another robust examination of the relative risk of
depression in stroke survivors was undertaken in the Framingham
Study, which reported that significantly more stroke survivors had
depression compared with controls who were matched for age and
gender.”®

Predictors of depression after stroke

Disability after stroke and history of depression pre-stroke are
predictors of depression after stroke that are most consistently
reported, with four studies presenting a significant association.
Other predictors were cognitive impairment, stroke severity, lack
of social or family support, and anxiety. Depression pre-stroke
and anxiety were not reported as predictors in a previous review.”
Risk factors for depression not connected to stroke (e.g. genetic
factors) may explain the strong association between depression
before and after stroke. The associations between stroke severity
and depression were not completely consistent. The association
between stroke severity and disability may be a possible
explanation for the inconsistent association between severity and
depression observed in our study. Whether the association
between stroke severity and depression is independent or partly
or completely explained by the association between severity and
disability remains unknown. The association observed in our
review between depression and impaired cognition is complex
as both can be cause or effect of each other and they also have
common risk factors. Patients with cognitive impairment deserve
special attention in any case, as their risk of depression may be
increased and they may be unable to report their symptoms. No
association was found between depression and other variables
representing neurological damage, such as stroke subtype, lesion
location or laterality of stroke. A previous systematic review of
depression and stroke lesion location concluded that there was
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no evidence suggesting that the risk of depression after stroke is
affected by the location of the brain lesion.>® The importance of
neurological damage on depression after stroke appears to be
limited to cognitive impairment and stroke severity. Other
medical conditions did not predict depression after stroke. The
results of this review suggest that depression after stroke is mostly
associated with the experience and consequences of the stroke
itself.

Predictors of depression after stroke observed in this review
can be considered in clinical practice. Clinicians should pay
particular attention to patients with disability and a history of
depression, as the risk of depression after stroke seems to be
higher in these groups. Patients with cognitive impairment, severe
strokes, anxiety and living in isolation also deserve close
monitoring and consideration for preventive interventions to
reduce the risk of depression and improve stroke outcomes.

Outcomes of depression after stroke

The evidence on the outcomes of depression after stroke is still
limited, with only five studies investigating this area. The very
brief description of the statistical models reported in most studies
makes it difficult to assess the validity of the results. Without
information on all the variables included in the models, it is not
possible to differentiate between outcomes of depression, and
outcomes of stroke or all the other comorbidities that may come
with this combination of disorders. Low quality of life®**® and
mortality’**® were outcomes of depression identified most often.
In an attempt to investigate the causal associations between
depression and its outcomes, only studies where the outcomes
had been assessed after depression have been included in this
review. A previous systematic review reported many possible
outcomes of depression after stroke, including higher disability
rates, higher mortality, poor involvement in rehabilitation, longer
hospital stay and poor cognitive function.'" However, in that
review, the authors included studies where depression and its
potential outcomes had been assessed at the same time. This
makes it difficult to know whether depression is actually a cause
or a consequence of the variable investigated as a potential
outcome.! We found weak evidence or none at all that other
variables apart from disability, lower quality of life and mortality
may be outcomes of depression in stroke patients.

Strengths and limitations

The comprehensive search and critical assessment of studies of
unselected stroke patients conducted in this review allows
estimation of the natural history of predictors and outcomes of
depression after stroke obtained with a large number of patients.
The funnel plot showed that some studies with smaller samples
reported prevalence estimates that were larger than average, while
no studies reported prevalence under 10% (online Fig. DS1).
Although this could be interpreted as publication bias, it could
nonetheless be interpreted as a genuine prevalence of depression
which is not less than 10%. The diversity of the methods used
across studies may have an effect on the external validity of each
individual one. In this review, this effect was minimised by
conducting a comprehensive search, and the categorisation of
studies by setting and length of follow-up. The summary of results
of individual studies provides estimates that can be used in clinical
practice and in the development of further research.

Although the guidelines for reporting meta-analyses of
observational studies were used as a reference,” this review does
have several limitations. Only one person extracted most of the
data (L.A.). Even so, all data were checked for accuracy on
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multiple occasions and all analyses were conducted several times
and checked by a senior statistician (S.A.). Finally, it is possible
that some ‘multiple publications’ have been miscoded or missed
altogether. Particular attention was paid to addressing this source
of publication bias, because the lack of cross-referencing of data
from some cohorts has served to mislead the research community,
specifically in the area of depression after stroke.

Clinical and research implications

Depression after stroke requires periodic clinical attention in the
long term that should focus on patients at highest risk. The
natural history, predictors and outcomes of depression after
stroke require further research. This should ideally be conducted
in population-based studies of large sample sizes and long
follow-up. Studies investigating, in the long term, incidence and
prevalence of depression at different time points, the time of
depression onset and recovery, and recurrence patterns, are
needed. Adherence of future studies of predictors to standard
methods accepted for prognostic models’ in stroke cohorts is
required to make results easy to interpret and applicable in clinical
practice. The identification of predictors of depression after stroke
would help clinicians to identify patients at higher risk of this
problem, a much needed focus for clinical trials of preventive
interventions for post-stroke depression. Finally, in order to
understand the impact of depression specifically in stroke patients,
the association between depression after stroke and other health
outcomes should be investigated further.
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