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1 | INTRODUCTION
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Abstract

Background: Poststroke depression (PSD) is a common form of stroke patients. Whether
the risk of PSD is influenced by the stroke lesion location and sex remains a matter of
debate. The objective of this study was to examine the association between the risk of
PSD and the stroke lesion location and sex by performing a systematic meta-analysis.
Methods: Subgroup analyses were performed according to the time interval after
stroke onset to assessment for PSD. A total of 31 reports involving 5,309 subjects (for
lesion location analysis) and 5,489 subjects (for sex analysis) suffering from stroke
were included in this meta-analysis.

Results: The pooled odds ratio (OR) of PSD after a left-hemisphere stroke, compared
with a right-hemisphere stroke was 1.11 (95% confidence interval [Cl] 0.82-1.49) and
OR of PSD after a male stroke, compared with a female stroke was 0.68 (95% ClI
0.58-0.81). Subacute poststroke subgroup (1-6 months) significantly favored PSD oc-
curring after a left hemisphere stroke (OR = 1.50, 95% Cl 1.21-1.87). Furthermore,
there was a statistically significant association between PSD and female stroke for
studies with acute poststroke group (OR =0.73, 95% Cl 0.62-0.86) and subacute
poststroke stroke phase (OR = 0.69, 95% Cl 0.56-0.86).

Conclusions: This systematic review suggests that patients with left hemisphere
stroke may be more susceptible to PSD during subacute phase of stroke and female

stroke may be more susceptible to PSD during acute and subacute phase of stroke.
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remission over a long period of time, PSD have often a high risk of
relapse (Ayerbe, Ayis, Rudd, Heuschmann, & Wolfe, 2011). In the last

Poststroke depression (PSD) has been recognized as a common
sequela of stroke, with an increased morbidity and mortality (Williams,
Ghose, & Swindle, 2004). PSD are approximately 85% of patients with
strokes (Robinson & Jorge, 2016), and are associated with more seri-
ous functional dysfunction (Cully et al., 2005), delayed rehabilitation
outcomes (Gillen, Tennen, McKee, Gernert-Dott, & Affleck, 2001),
as well as social withdrawal after stroke (Feibel & Springer, 1982;
Robinson, Starr, Kubos, & Price, 1983). Furthermore, after depression

40 years, there is a wide dissemination of the idea that the brain lesion
location can influence the risk of depression after a stroke.

Although a large number of studies have focused on the association
between the presence or absence of PSD and the stroke lesion loca-
tion, the clinical association remains unclear (Robinson & Jorge, 2016).
Robinson and colleagues at Johns Hopkins University first reported the
hypothesis that the risk of becoming depressed after stroke onset is
associated with the location of brain lesion and originates the concept

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.
© 2017 The Authors. Brain and Behavior published by Wiley Periodicals, Inc.

Brain and Behavior. 2017;7:e¢00788.
https://doi.org/10.1002/brb3.788

wileyonlinelibrary.com/journal/brb3 | 1of11


www.wileyonlinelibrary.com/journal/brb3
http://orcid.org/0000-0002-3866-5679
http://creativecommons.org/licenses/by/4.0/
mailto:sqzhaohui@126.com

ZHANG ET AL.

MWI LEY_Brain and Behavior

Open Access,

of PSD (Robinson, Shoemaker, Schlumpf, Valk, & Bloom, 1975), and
later left-hemisphere strokes, especially, lesions of the left frontal region
(Mayberg et al., 1988; Parikh et al., 1990; Robinson, Kubos, Starr, Rao, &
Price, 1983). Subsequently, a large number of studies attempt to confirm
these findings. Some studies have replicated the relationship between
PSD and left-hemisphere brain lesions. In contrast, some have even
indicated the opposite effect—that PSD is related to right-hemisphere
brain lesions (MacHale, O’'Rourke, Wardlaw, & Dennis, 1998). Recent
systematically review studies have also not identified the association
between the presence or absence of PSD and the stroke lesion location.
Two systematical review and meta-analyses suggest that there is no rela-
tionship between risk of PSD and a specific location of stroke (Carson
et al., 2000; Hadidi, Treat-Jacobson, & Lindquist, 2009). Bhogal and col-
leagues conduct a systematic review and maintain that PSD is associ-
ated with the left brain hemispheric lesion after stroke onset (Bhogal,
Teasell, Foley, & Speechley, 2004), while Yu and colleagues report a
weak association between PSD and right brain hemispheric lesion after
stroke onset (Yu et al., 2004). A recent systematic review suggests the
association between PSD and lesion location is affected by stratification
of time between stroke and the assessment of PSD, and finds a strong
relationship between PSD and right brain hemispheric lesion within
subacute poststroke phase (Wei et al., 2015). These variances in the
association between PSD and lesion location can be explained by the
mixed stroke type (Esparrago Llorca, Castilla-Guerra, Fernandez Moreno,
Ruiz Doblado, & Jimenez Hernandez, 2015; Tsai, Anderson, Thomas, &
Sudlow, 2016, 2015) and stratification of gender (Poynter et al., 2009;
Mackay & Mensah, 2004). More especially, it is reported that there is a
sex-specific prevalence of PSD and these discrepancies in medical care
and rehabilitation are considered to be reflected in a difference in the
prevalence of PSD between the sexes (Poynter et al., 2009).Therefore,
it is plausible that these variances in the association between PSD and
stroke lesion location are reflected in gender effect on the association.
This systematic review extends the related and existed literatures
and further explores the potential reasons of the heterogeneity that
might exist among results. The principal aim of this study was to inves-
tigate the specific association between the presence or absence of

PSD and stroke lesion location and sex more precisely and completely.

2 | METHODS

2.1 | Searching strategy

This systematic review included all studies in stroke patients with an
assessment of depression, which examined the association between
the presence or absence of PSD and the stroke lesion location and
gender were initially eligible for inclusion.

We first performed a comprehensive searching strategy updated
to 19 August 2016, via PubMed, PsycINFO, ISI Web of Science,
EMBASE, and CINAHL. These keywords in our searching strategy were
as follows: “stroke or cerebrovascular or poststroke or poststroke” and
“depression or mood disorder or affective disorder or depressive dis-
order”. The on-line abstracts were reviewed, and reprints of all poten-
tially eligible studies were obtained.

In addition, we supplemented forward citation searches of key
relevant reviews and perused the reference lists of included primary
articles and relevant reviews by hand to identify additional citations

not identified by the databases.

2.2 | Study selection

The inclusion criteria used to choose subjects as follows: (1) patients in
the studies experienced at least one stroke (over age 15) with men and/
or women; (2) the relationship between PSD and stroke lesion location
must have been investigated; (3) information sufficient for the compu-
tation of effect sizes must have been provided; (4) the studies defining
depressive disorder as a diagnosis made using an operationalized defi-
nition (Diagnostic and Statistical Manual Ill, IlIR, or 1V, or International
Classification of Diseases, ninth or tenth revision); (5) imaging using
either computed tomography (CT) or magnetic resonance imaging
(MRI) scanning; (6) the studies must have been published in English and
involved human subjects.

The exclusion criteria used to choose subjects as follows: (1) studies
reported stroke patients in specific locations; (2) studies did reported
the results stratified by sex; (3) studies reported stroke patients of a
specific age group; (4) studies reported both stroke and head injury
unless they reported separate results for stroke patients; (5) We
excluded duplicate studies. The duplicate studies were defined by the
following criteria: shared sampling frame, similar reported sample char-
acteristics, the same study dates, and the same grant funding numbers.
If the study was considered to be duplicate studies we selected the
original data on the largest number of subjects. In cases of the same
number of subjects, we selected the earliest one; (6) We excluded the
only abstracts, case reports, review articles, retrospective recruitment

studies or pharmacological intervention studies.

2.3 | Data extraction

According to the inclusion and exclusion criteria, two reviewers
(Zhang Y and Zhao H) extracted data from the selected studies inde-
pendently. The primary reviewers made the final decision if the dis-
crepancies were found between all authors. The following informa-
tion in each included study was extracted, including: (1) first author
name, (2) published year, (3) demographic characteristics, (4) method
of diagnosis of depression, (5) sample size, (6) the time between
stroke and assessment of depression, (7) assessment of lesion locali-
zation, (8) history of stroke or depression, (9) the source of patients
(acute inpatients, rehabilitation units, community), (10) final conclu-
sions. If a study was the lack of the related information required for
our meta-analysis, we made an attempt to contact the corresponding
author to obtain the required information not reported.

2.4 | Quality assessment

Two reviewers (Fang Y and Wang SS) evaluated the quality of included
studies according to the Newcastle-Ottawa scale (NOS) indepen-
dently (http://www.ohri.ca/programs/clinical_epidemiology/oxford.
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asp). Using a “star” rating system, the NOS assesses the quality of the
study according to three aspects, including selection, comparability,
and exposure (case-control studies) or outcome (cohort studies).
Therefore, The scores of each study were classified into the nine
grades, ranging from O (worst) to 9 stars (best). The quality of each
study was further divided into three grades: low (1-3 stars), interme-
diate (4-5 stars), or high (6-9 stars). Studies with a score equal to or

higher than 4 could only be included into this meta-analysis.

2.5 | Statistics analysis

The statistical analysis and forest plots were performed using RevMan
5.1 software (RevMan, 2011). Taking into consideration possible het-
erogeneity among studies, we first performed a statistical test for
heterogeneity using Cochran’s Q statistics (pheterogeneity) and I? metrics
(Gu et al., 2013). The pooled odds ratio (ORs) and 95% confidence
interval (Cls) were evaluated using a random-effects model when
if the Pheterogeneity < .10 or I? > 50%, it was considered to be signifi-
cant heterogeneity; otherwise, we estimated them by a fixed-effects
model. To evaluate the stability of results, we conducted a sensitivity
analysis. That is, by, to evaluate whether our results were affected
due to removing one study at a time, we analyzed the rest studies and
recalculate the pooled OR. We used the Begg's funnel plot and Egger’s
test to evaluate whether there was a potential publication bias (Begg
& Mazumdar, 1994; Egger, Davey Smith, Schneider, & Minder, 1997).
The statistical threshold was set at a p < .05 expect for Cochran’s Q
test (Ppegerogencity < -10)-

In addition, we performed subgroups analyses to explore potential
sources of the heterogeneity based on each study characteristic. First,
we included all studies and calculated the relationships of the presence
or absence of PSD and stroke lesion location and sex. The results at the
first follow-up period were just included if several results at different fol-
low-up periods were reported. Second, we conducted subgroups analy-
ses according to the timing of interview for PSD of the included studies.
We named <1 month as acute poststroke phase, 1-6 months as subacute
poststroke phase, and >6 months as chronic poststroke phase (Wei et al.,
2015). According to the source of patients (clinic, rehabilitation center,

and community), we also conducted a supplementary analysis.

3 | RESULTS

3.1 | Characteristics for studies included

We had a initial search and found 4,389 citations. According to the
criteria outlined above after screening based on their abstracts, we
initially excluded 3,758 citations. After we screened their full texts,
we found that 31 original reports included categorical data on both
depression and gender and were included in the meta-analysis
(Folstein, Maiberger, & McHugh, 1977; Andersen, Vestergaard,
Ingemann-Nielsen, & Lauritzen, 1995; Herrmann, Bartels, Schumacher,
& Wallesch, 1995; Bjerg Bendsen, Bjerg Bendsen, Lauritzen, Vilmar, &
Bech, 1997; Kase et al., 1998; Gainotti, Antonucci, Marra, & Paolucci,
2001; Singh et al., 2000; Desmond et al., 2003; Hsieh & Kao, 2005;
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Nys et al., 2005; Tang et al., 2005; Glodzik-Sobanska et al., 2006;
Caeiro, Ferro, Santos, & Figueira, 2006; Brodaty, Withall, Altendorf, &
Sachdev, 2007; Fuentes, Ortiz, Sanjose, Frank, & Diez-Tejedor, 2009;
Nidhinandana et al., 2010; Nishiyama et al., 2010; Tennen et al., 2011;
Shi et al., 2015; Choi-Kwon et al., 2012; Zhang, Pan, Wang, & Zhao,
2013; Rajashekaran, Pai, Thunga, & Unnikrishnan, 2013; Angeleri
et al., 1997; Finklestein et al., 1982; Grasso et al., 1994; Ng, Chan, &
Straughan, 1995; Sun et al., 2014; Jiang, Lin, & Li, 2014; Saxena &
Suman, 2015; Wei et al., 2016; Metoki et al., 2016). The study charac-
teristics and demographics are provided in Table 1.

3.2 | Risk effect of assessment

First, all studies were pooled to assess the relationship between the
prevalence of PSD and the stroke lesion location. The total 43 stud-
ies involved 5,309 stroke patients, including 2,123 left hemisphere
stroke and 3,186 right hemisphere stroke. PSD with left hemisphere
lesion were 675 patients and PSD with right hemisphere lesion
were 963 patients. Because there was a significant heterogeneity
(phetemgeneity <.00001, I = 78%, Figure 1), the random-effects model
was used to synthesize the data. The pooled OR with 95% Cl was 1.11
(0.82-1.49) for the relationship between the PSD risk and the stroke
lesion location (Figure 1).

Second, all studies were pooled to assess the relationship between
the prevalence of PSD and the gender. The total 43 studies involved
5,489 stroke subjects, including 3,228 male strokes and 2,261 with
female strokes. There were 872 PSD with male patients and 771 PSD
with female patients. The random-effects mode was chose | to syn-
thesize the data due to significant heterogeneity (pheterogeneity <.04,
12 = 33%, Figure 2). The pooled OR with 95% Cl was 0.68 (0.58-0.81)
for the relationship between PSD risk and gender (Figure 2).

3.3 | Source populations

Subgroups analyses were performed according to population source
and are provided in Sl results and Figures S1-S3.

3.4 | Timing of first interview after stroke

Subgroups analyses were performed according to the timing of inter-
view for PSD. In assessing the relationships between the prevalence
of PSD and the stroke lesion location, our results showed that sig-
nificant heterogeneity was found in acute poststroke group (n = 15,
Pheterogeneity < 00001, 12 =72%, Figure 3a), and subacute poststroke
group (n =11, Pheterogeneity < 00001, I = 85%, Figure 3b). Therefore,
the random-effects model was performed to synthesize the data.
There was only a statistically significant association between PSD and
left hemisphere stroke for subacute poststroke group (OR = 1.50, 95%
Cl 1.21-1.87, Figure 3b). Our results indicated that the stroke patients
with left hemisphere lesion may be more susceptible to PSD during
subacute phase of stroke. Because the study of chronic poststroke
group in this meta-analysis only included 1 study (Figure 3c), it did not
reveal any associations.
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TABLE 1 Characteristics of eligible studies

Reference Year Source of patients Prevalence of PSD, % Onset since stroke Quality assessment by NOS
Folstein et al. (1977) 1977 Rehabilitation 45 30 days ——
Finklestein et al. (1982) 1982  Rehabilitation 76 Within 2 days
Grasso et al. (1994) 1994 Clinic 53.3 2.5 months I
Andersen et al. (1995) 1995 Clinic 38.3 Within 7 days P—
Herrmann et al. (1995) 1995 Clinic 22 Within 2 months I
Ng et al. (1995) 1995 Rehabilitation 55.8 21.6 days R
Bjerg Bendsen et al. (1997) 1997 Rehabilitation 15.6 2 weeks FRAK AR
Angeleri et al. (1997) 1997 Clinic 29.7 Within 10 days Prr—
Kase et al. (1998) 1998 Community 37.9 1 week HRAER SRR
Singh et al. (2000) 2000 Clinic 36 3 months P
Gainotti et al. (2001) 2001  Rehabilitation 76.6 1 month
Desmond et al. (2003) 2003 Clinic 11.2 3 months PR
Hsieh & Kao (2005) 2005 Clinic 34.3 Not given PR
Nys et al. (2005) 2005 Clinic 52 Within 3 weeks Pr—
Tang et al. (2005) gender 2005 Clinic 16.4 3 months AR
Glodzik-Sobanska et al. (2006) 2006 Clinic 31 10 days HHRA Rk
Caeiro et al. (2006) 2006 Clinic 46 <4 days [P
Brodaty et al. (2007) 2007 Clinic 27.4 Not given PE——
Fuentes et al. (2009) 2009 Clinic 28.8 10 days [P—
Nidhinandana et al. (2010) 2010 Clinic 46.5 >6 months R
Nishiyama et al. (2010) 2010 Clinic 34.3 1 months P——
Tennen et al. (*2011) 2011  Clinic + rehabilitation ~ 37.3 Within 4 months R
Choi-Kwon et al. (2012) 2012 Clinic 13.7 3 months P——
Rajashekaran et al. (2013) 2013 Clinic 45.2 <6 months kK
>2 weeks
Zhang et al. (2013) 2013 Clinic 27.5 Within 2 weeks R
Sun et al. (2014) 2014 Clinic 31.4 <6 months Pr—
Jiang et al. (2014) 2014 Clinic 25 2-6 weeks P
Saxena & Suman (2015) 2015 Clinic 57 Not given P—
Shi et al. (2015) 2015 Clinic 29 14 days S—
Metoki et al. (2016) 2016 Rehabilitation 16.9 10 days PE——
Wei et al. (2016) 2016 Clinic 19.3 7 days —

Asterisks indicate number of stars awarded for all items in quality assessment by NOS.
NOS, Newcastle-Ottawa scale; POS, post-stroke depression.

In assessing the relationship between the sex and the preva-

3.5 | Quality assessment and sensitivity analyses

lence of PSD, our results showed that there were significant het-
erogeneity in acute poststroke group (n =15, Pheterogeneity = .04,
I = 43%, Figure 4a), and subacute poststroke group (n=11,
Pheterogencity = 07, 12 =41%, Figure 4b). Thus, the random-effects
model was performed to synthesize the data. There was a statisti-
cally significant association between PSD and female stroke for the
acute poststroke group (OR =0.73, 95% Cl 0.62-0.86, Figure 4b)
and the subacute poststroke group (OR = 0.69, 95% CI 0.56-0.86,
Figure 4b). Our results indicated that female stroke patients may be
more susceptible to PSD during acute and subacute phase of stroke.
Because the study of chronic poststroke group in this meta-analysis
only included 1 study (Figure 4c), it did not reveal any associations.

Quality assessment was provided in Table 1. The sensitive analyses
were performed to assess the influence of any single study on the
pooled OR. As shown in Table S1 and Table S2, our results showed
that the corresponding ORs were not materially changed when any

single study was omitted.

3.6 | Publication bias

As shown in Figure 5, our results showed that no obvious asymmetry
was found in the assessment of the funnel plots. No statistically sig-

nificant differences were shown in the Egger’s test analyses (p > .05).
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FIGURE 1 The forest plots of odds ratio with 95% confidence interval for the overall association between stroke lesion location and

depression risk

4 | DISCUSSION

PSD has proved to be a common sequela of stroke. Available clini-
cal data about whether the risk of PSD is influenced by the location
of the brain lesion and sex are unclear. Our meta-analysis revealed
that a significant association was found between the presence of PSD
and left hemisphere lesions in subacute poststroke patients and PSD
appears to be more susceptible to women PSD than men during acute
and subacute poststroke phases.

4.1 | Limitations of meta-analysis in this study

There are several potential limitations in this study. Firstly, there
was the possibility of information and selection biases and unidenti-
fied confounders because all available clinical data were from studies
with the full text published in English. Secondly, although the brain

stroke lesion and sex were significantly correlated with PSD, it is dif-
ficult to determine whether PSD is due to the clinical consequences
of stroke. In future studies, we should consider to compare the con-
trol group, stroke group with no depression, and PSD to investigate
the issue. Finally, it varied widely for the scales for depression assess-
ment across different studies, and it was also not unified in the cut-off

points for different degrees of depressive symptoms.

4.2 | Development of an appropriate and
standardized measure of depression

It is difficult to measure the depression symptom in stroke patients.
The phenomenology of PSD should be considered to be different from
the noncomorbid depression. The measurement of PSD would take
into account the impairments of function, cognition, and language
that often accompany stroke (Bhogal et al., 2004; Wei et al., 2015).
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FIGURE 2 The forest plots of odds ratio with 95% confidence interval for the overall association between gender and depression risk

For example, stroke was considered to directly lead to the clinical
symptoms of psychomotor retardation, fatigue, and sleep and appetite
disturbances. These symptoms were classified as depressive symp-
toms by most conventional scales, which may result in an increased
false-positive depression scores (Wei et al., 2015). Therefore, it needs
to develop an appropriate and standardized measure of depression to
diagnose PSD.

4.3 | Optimal time after stroke onset to assessment
for PSD

Growing evidence has indicated that different clinical PSD subtypes
are classified according to the different time interval between the
depression diagnosis and the stroke onset and may exist differ-
ent pathological mechanisms (Wei et al.,, 2015). A large number

of studies have reported that the time interval can influence the

relationship between the occurrence of PSD and the location of brain
stroke lesion. The <3 months acute poststroke significantly favored
PSD occurring after left brain anterior lesions (Santos et al., 2009;
Shimoda & Robinson, 1999). During the 3-6 months poststroke
period, the PSD occurring could be influenced by the proximity of the
lesion to the frontal pole in both hemispheres (Santos et al., 2009;
Shimoda & Robinson, 1999). The 1-2 years chronic stroke patients
significantly favored PSD occurring after left hemisphere lesion.
Furthermore, the occurrence of PSD with right brain hemisphere
lesion is related to the stroke lesion size and closely to the occipital
pole (Santos et al., 2009; Shimoda & Robinson, 1999). Carson et al.
(2000) have indicated that PSD is not associated with stroke lesion
location. Narushima, Kosier, & Robinson (2003) have reported that
the occurrence of PSD is associated with left frontal and left basal
ganglia lesions when depression was assessed within 2 months after
stroke. Yu et al. (2004) have reported that the occurrence of PSD
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FIGURE 3 The forest plots of odds ratio with 95% confidence interval for the association between lesion location and depression risk

according to time since stroke onset (n = 27)

is associated with right hemisphere lesions during 4-9 months after
stroke. Two meta-analysis studies from either acute or chronic stroke
patients have reported no significant association between PSD and
lesion location (Ayerbe, Ayis, Wolfe, & Rudd, 2013; Kutlubaev &
Hackett, 2014). However, a recent meta-analysis showed that PSD

has been associated right hemisphere lesion during 1-6 months after
stroke (Wei et al., 2015). Our conclusion revealed that the occur-
rence of PSD is associated with left hemisphere lesions in subacute
poststroke patients. This supported our view that these variances in

the association between PSD and lesion location can be explained by
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FIGURE 4 The forest plots of odds ratio with 95% confidence interval for the association between gender and depression risk according to
time since stroke onset (n = 27)

the stratification of gender. Therefore, it is plausible that these vari- In addition, Sinyor et al. (1986) have indicated that the sex dif-
ances in the association between PSD and stroke lesion location are ferences in the frequency of PSD may be masked by the excluding
reflected in gender effect on the association. patients, who had a history of psychiatric disorder. More especially,
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sex-specific differences should be considered to be include as a
factor in response to treatment.

In conclusion, converging evidence suggests that in the future, a
prospective cohort study will be best suited for assessing the asso-
ciation between lesion location and sex and PSD. The clinical impli-
cations of this systematic review include the need for screening and
identification of PSD among female stroke patients according to the
different time interval between the depression diagnosis and stroke

onset, in particular, and then provision of appropriate treatment.
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