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Purpose: Post-stroke depression (PSD) occurs in one-third of stroke survivors, leading to 
a substantial decrease in quality of life as well as delayed functional and neurological 
recovery. Early detection of patients at risk and initiation of tailored preventive measures 
may reduce the medical and socioeconomic burden associated with PSD. We sought to 
review the current evidence on pharmacological and non-pharmacological prevention of 
PSD.
Materials and Methods: We conducted a systematic review using PubMed/MEDLINE and 
bibliographies of identified papers following Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guidelines, including randomized controlled studies. 
Eligible studies were included when performed within 1 year after the index cerebrovascular 
event. Animal and basic research studies, studies lacking a control group, review papers, and 
case reports were excluded.
Results: Out of 150 studies screened, 37 met our criteria. Among the strategies identified, 
administration of antidepressants displayed the most robust evidence for preventing PSD, 
whereas non-pharmacological interventions such as psychotherapy appear to be the most 
frequently used approaches to prevent depression after stroke. Research suggests that the 
efficacy of PSD prevention increases with the duration of preventive treatment. Seven out of 
11 studies (63%) that used pharmacological and eight out of 16 (50%) that used non- 
pharmacological interventions reported a positive preventive effect on PSD.
Conclusion: Overall, the current literature on PSD prevention shows heterogeneity, sub
stantiating a need for well-designed randomized controlled trials to test the safety and 
efficacy of pharmacological as well as non-pharmacological and composite prevention regi
mens to minimize the risk of PSD in stroke survivors. Integrative strategies combining 
personalized non-pharmacological interventions such as educational, mental, and physical 
health support, and pharmacological strategies such as SSRIs may be the most promising 
approach to prevent PSD.
Keywords: PSD, antidepressant, depression, prevention, stroke

Introduction
Stroke is a major health problem, affecting 16 million people each year, and is one 
of the global leading causes of death and disability in adults.1 Around 30% of 
stroke survivors develop affective symptoms after stroke that cannot be explained 
by emotional response to illness alone and have been classified as post-stroke 
depression (PSD).2–4 The diagnosis is indexed by the Diagnostic and Statistical 
Manual of Mental Disorders, Fifth Edition (DSM-5), which defines PSD as 
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a “depressive disorder due to stroke”.5 Diagnostic DSM-5 
relies on five diagnostic criteria, including a prominent and 
persistent period of depressed mood or markedly dimin
ished interest or pleasure for at least 2 weeks, while 
important differential diagnoses include pre-existing 
depressive disorder, adjustment disorder, or medication- 
induced disorder.5,6 The natural course of untreated PSD 
is described to last for 7–8 months, with a peak of symp
toms at 6 months to 2 years post-stroke.7,8 A diagnosis of 
PSD has been shown to be associated with a decrease in 
quality of life and life expectancy, as well as psychosocial 
effects comprising deleterious relationships between 
affected patients and healthcare givers or relatives.9–11 

Moreover, the development of PSD is linked to an incre
ment in socioeconomic burden, with an increase in stroke- 
related mean lifetime costs in the range of $47,790–77,864 
in the USA.12 A recent meta-analysis as well as a recently 
published review found the following significant risk fac
tors for PSD: stroke characteristics, including stroke sever
ity, as well as physical and cognitive impairment 
associated with functional dependency, female gender, 
age, medical history of mental disorders, and 
neuroticism.13,14 Furthermore, social support is 
a preventive factor for PSD.13 There is an ongoing scien
tific debate on the degree to which PSD results from 
ischemic brain organic changes and how the location of 
the stroke lesion contributes to the development of depres
sive symptoms.15–17 On the other hand, the extent to which 
PSD can be explained by psychodynamic and environmen
tal factors, such as self-powerlessness, has also been 
discussed.18,19 A comparison of patients with stroke and 
patients with matched orthopedic injuries revealed 
a significantly smaller risk for depression in the group of 
orthopedic patients, indicating PSD as a stroke-specific 
complication.20

The majority of previous studies focused on pharma
cotherapeutics and behavioral treatment of PSD to allevi
ate depressive symptoms and improve recovery from 
stroke through the utilization of selective serotonin reup
take inhibitors (SSRIs), exercise, and music therapy. 
Although these treatment strategies have displayed effi
cacy and safety and have been successfully translated 
into clinical practice, the most effective strategy to prevent 
PSD in stroke survivors is unknown.21,22 In addition, most 
previous literature reviews have addressed strategies of 
PSD treatments that comprised either pharmacological or 
psychological interventions.23,24 Therefore, we aimed to 
systematically review the current literature on 

pharmacological and non-pharmacological strategies to 
prevent PSD in patients with acute stroke. The greater 
goals of this systematic review are to characterize the 
present research gap in PSD prevention and to form 
a basis for designing interventional studies to close 
this gap.

Materials and Methods
The present review employed a systematic literature 
search according to the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines.25 This review was not pre-registered.

Literature Search
A literature search was performed using the PubMed/ 
MEDLINE database. The search strategy included the 
following combinations of search terms with all associated 
Medical Subject Headings (MeSH) and boolean operators: 
(“prevention” OR “preventive”) AND (“depression” OR 
“depressive”) AND (“post-stroke” OR “stroke” OR “cere
brovascular event” OR “cerebrovascular accident”). 
Selected filters comprised “clinical trial”, “meta-analysis”, 
“randomized controlled trial”, “humans”, and “English”. 
The date of the last search was set from inception to 31st 
March 2021. The complete search string including MeSH 
terms is provided in the online supplement. We explicitly 
chose to search MEDLINE via the interface for our main 
search to identify the most important and relevant studies. 
However, in order to access the included meta-analyses 
and extract gray literature, we also used Embase, Scopus, 
CENTRAL, Clinicaltrials.gov, Wanfang Data, VIP, CNKI, 
PsycINFO, CINHAL, and Cochrane Library databases.

Study Selection Criteria
We included interventional randomized controlled trials 
(RCTs) and meta-analyses reporting on any pharmacolo
gical or non-pharmacological strategy to prevent PSD. 
On a preliminary search, we found that institutional 
protocols on diagnosing PSD differ substantially among 
hospitals. This heterogeneity is also reflected by 
a substantial variety of screening and assessment tools 
for PSD, such as the Geriatric Depression Scale (GDS), 
Hospital Anxiety and Depression Scale (HADS), Patient 
Health Questionnaire (PHQ-9), Beck Depression 
Inventory (BDI I–III), Center for Epidemiological 
Studies Depression Scale (CES-D) and Depression, 
Obstructive sleep apnea and Cognitive impairment 
screen (DOC). This variability in assessment has been 
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addressed by the Canadian stroke best practice 
recommendations.26 Even though PSD can occur in 
a range of 1 month to 5 years after a stroke,4 our review 
focuses on prevention and therefore we limited the time 
until recruitment after stroke for eligible studies to 
1 year after the index cerebrovascular event. We 
included only papers written in the English language. 
We excluded animal and basic research studies, studies 
lacking a control group, review papers, and case reports. 
Within this systematic review, any studies that recruited 
stroke patients with non-depression or mild depression, 
or early treatment with any intervention, were included 
as prevention approaches for PSD. The objective of this 
study is further detailed in PICO format, as shown in 
Table 1.

Assessment of Articles and Study Quality
Two independent reviewers (WW and MM) screened all 
articles identified by an assessment of titles and abstracts 
for eligibility, and the subsequent retrieval and assessment 
of full texts where abstracts did not provide sufficient 
information for the evaluation of methodology and results. 
Reviewers resolved any disagreements by consensus. 
Then, all papers that met our criteria were evaluated by 
two independent reviewers (WW and MM), with insertion 
of extracted data into a standardized data extraction form 
(Excel; Microsoft, Redmond, WA, USA).

The retrieved data included author names, year and 
country of publication, trial quality, number of patients, 
recruitment period after stroke, study duration, study 
approach, and outcomes. Outcomes were extracted and 
listed as reported by each study. Study quality was 
assessed using the Oxford quality scoring system (Jadad 
scale).

Clustering of Included Studies per Study 
Design
The selected studies were divided into four categories 
based on the type of preventive strategies applied in each 
study. They were categorized into 1) randomized con
trolled studies testing antidepressant drugs for PSD pre
vention, 2) randomized controlled studies assessing non- 
pharmacological strategies for PSD prevention, 3) rando
mized controlled studies combining pharmacological and 
non-pharmacological strategies, and 4) meta-analyses on 
PSD prevention strategies.

Clustering of Included Studies per 
Preventive Intervention Type
We classified preventive strategies for PSD into three main 
categories, comprising 1) pharmacological antidepres
sants, 2) physical and psychosomatic therapy such as 
mobility programs, exercise, and mind–body programs, 
and 3) psychological therapy, including social support 
and social connections between medical staff, friends, 
and family of the PSD patients. Psychological therapy 
could also be conducted by telephone interview, home 
visit, follow-up, clinical empathy and enabling coping 
strategies, as well as pathological education on PSD.

Results
Characteristics of Included Studies
From the search strategy, 150 studies were retrieved. Out 
of these, 99 were excluded based on screening of titles and 
abstracts. Of the remaining 51 studies, 14 studies were 
excluded following full-text screening based on the eva
luation of the study design, quality of the data report, or 
study population, and 37 eligible studies were included, as 
depicted in Figure 1.

Antidepressant Drugs for Prevention of 
Post-Stroke Depression
We identified 11 randomized controlled studies compris
ing 7089 patients testing the use of antidepressants for 
PSD prevention.27–37 Diagnostic tools such as DSM-IV 
or DSM-5, as well as screening tools such as the Hamilton 
Depression Scale (HAM-D) and Montgomery–Asberg 
Depression Rating Scale (MADRS), were frequently 
used for the assessment of outcomes. All included studies 
recruited patients between less than 24 hours and 
a maximum duration of 1 month after stroke onset. 

Table 1 Research Questions and Study Approaches (PICO 
Format)

PICO

P (Patient/ 

Population)

Early treatment, non-depressed or mildly 

depressed patients recruited from immediately 

until up to 1 year after cerebrovascular event 
(stroke)

I (Intervention) Pharmacological and non-pharmacological 

interventions for PSD prevention

C (Comparison) Compared to control or placebo within groups

O (Outcomes) New depression occurrence or depression scale
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Antidepressants tested comprised the noradrenergic and 
specific serotonergic antidepressants (NaSSAs) mirtaza
pine and milnacipran, the selective serotonin reuptake 
inhibitors (SSRIs) sertraline, fluoxetine, and escitalopram, 
the serotonin and norepinephrine reuptake inhibitor 
(SNRI) duloxetine, and the tetracyclic antidepressant 
mianserin. Study durations ranged from 3 to 12 months. 
Seven out of 11 studies reported the efficacy of antide
pressive medication, including mirtazapine (n=70,27 PSD 
in 5.7% mirtazapine vs 40% non-treated, P=0.001), mil
nacipran (n=92,28 PSD in 2.2% milnacipran vs 15.2% 
placebo, P=0.048), sertraline (n=137,31 PSD in 10% ser
traline vs 30% placebo, P≤0.05), fluoxetine (n=3127,34 

PSD in 13.4% fluoxetine vs 17.2% placebo, P=0.0033; 
and n=1500,37 PSD in 7% fluoxetine vs 11% placebo, 
P=0.015), duloxetine (n=97,35 PSD in 8.3% duloxetine 
vs 24.5% control, P<0.05), and escitalopram (n=97,36 

PSD in 10.2% escitalopram vs 50.3% control, P<0.01) in 
preventing PSD. The results of four trials indicated that 
sertraline (n=111),30 escitalopram (n=478),32 fluoxetine 
(n=1280),29 and mianserin (n=100)33 do not prevent PSD 
in stroke survivors. Regarding the study on mianserin, it 
was concluded that the prevalence of depression was low 
in both mianserin-treated groups as well as in the placebo 
group, potentially masking the real effect of mianserin on 
PSD prevention.33 Two clinical trials tested the efficacy of 
sertraline in preventing PSD.30,31 When sertraline was 
administered in a long-term titration regimen, eg with 
a starting dose of 50 mg per day and consecutive stepwise 
increase to 150 mg per day within 12 months of treatment, 
a preventive effect of PSD could be observed.31 By con
trast, short-term low-dose treatment with sertraline 50 mg 
per day for 6 months showed no efficacy in preventing 
PSD.30

Figure 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart. 
Notes: The flow diagram depicts the flow of information through the different phases of this scoping review. Adapted from: Moher D, Liberati A, Tetzlaff J, Altman DG, 
Altman D; PRISMA group. Preferred reporting items for systematic reviews and meta-analyses: The PRISMA statement. Ann Intern Med. 2009;151(4):264–249. Creative 
Commons.25 

Abbreviations: PSD, post-stroke depression; No., number.
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With regard to the study duration, three out of four 
studies (75%) reported effective PSD prevention using 
long-term regimens of 12 months of antidepressants (mir
tazapine, milnacipran, and sertraline).27,28,31,33 Two out of 
three studies (67%) observed PSD prevention following 6 
months of pharmacotherapy with fluoxetine.29,34,37 Two 
out of three studies (67%) described a preventive effect 
of PSD after a 3-month treatment regimen with duloxetine 
or escitalopram.32,35,36 Fluoxetine has been investigated 
for its effects on functional outcome as the primary out
come and depression as the secondary outcome in stroke 
patients by three large multicenter RCTs. Patients who 
were enrolled in these studies had the common character
istic of having had acute stroke in the previous 2–15 days, 
brain imaging consistent with ischemic or hemorrhagic 
stroke, and a persisting neurological deficit. Patients were 
randomized and were taking 20 mg fluoxetine or matching 
placebo daily for 6 months. Follow-up was planned to 
assess the patients at 6 and 12 months. All three studies 
reported that daily 20 mg fluoxetine for 6 months had no 
effect on the functional outcome of stroke patients.

The FOCUS (Fluoxetine Or Control Under 
Supervision) trial enrolled 3127 patients in 103 UK hospi
tals. The results of this study showed that 20 mg fluoxetine 
administered over 6 months led to a decrease in the fre
quency of newly diagnosed depression post-stroke com
pared to placebo at 6 months (13.43% vs 17.21%; 
difference 3.78%, 95% CI 1.26–6.30; P=0.0033). 
However, this antidepressive effect of fluoxetine was no 
longer significant at the 12-month follow-up and did not 
translate into improvement of functional outcome after 
stroke.34 The EFFECTS (Efficacy oF Fluoxetine – 
a randomizEd Controlled Trial in Stroke) study enrolled 
1500 patients at 35 centers in Sweden. The results of this 
large RCT showed that 20 mg fluoxetine decreases the 
proportion of patients with newly diagnosed depression 
after 6 months compared to placebo (7% vs 11%; 95% 
CI 0.71–6.49; P=0.015). However, like the FOCUS trial, it 
failed to demonstrate any effect on functional outcome 
after stroke.37 The AFFINITY (Assessment oF 
FluoxetINe In sTroke recoverY) study, from Australia, 
New Zealand, and Vietnam, found no preventive effect 
of fluoxetine on the occurrence of PSD after 6 months 
compared with placebo in 1280 patients (5% vs 7%; 
P=0.13). The authors explained this observation as being 
a consequence of an overall low absolute frequency of 
depression.29 Details of the included studies on antidepres
sant drugs for the prevention of PSD are given in Table 2.

Non-Pharmacological Interventions to 
Prevent Post-Stroke Depression
We identified 16 studies conducted in 10 countries (testing 
seven non-pharmacological interventions) to prevent PSD 
in a total of 2875 stroke survivors.38–53 The duration of 
intervention varied from 2 weeks to 18 months. DSM-IV, 
HAM-D, MADRS, HADS, and BDI were frequently used 
in these studies as diagnostic or screening tools, as well as 
to determine depressive outcomes after testing. 
Investigational preventive strategies can be categorized 
into:

1. Exercise programs (total number of study partici
pants: n=509; individual samples: n=100,39 

n=362,52 n=55)41

2. Intensive integrated mental care and education pro
grams (total number of study participants: n=662; 
individual samples: n=196,38 n=233,49 n=38,50 

n=195)42

3. Nurse-led programs (n=459)46

4. Distant mental support programs (total number of 
study participants: n=975; individual samples: 
n=536,47 n=186,48 n=52,51 n=201)40

5. Rehabilitation training with additional support (total 
number of study participants: n=192; individual 
samples: n=168,53 n=24)44

6. Life review therapy (n=14)45

7. Meridian acupressure (n=56)43

The most frequently assessed non-pharmacological PSD 
prevention strategies were “intensive, integrated mental 
care and education intervention” and “distant mental sup
port program”. Both were employed in four RCTs, while 
“exercise programs” were tested in three RCTs.

The evidence supporting the different forms of non- 
pharmacological interventions to prevent PSD was hetero
geneous. Exercise programs comprising resistance training 
or balance exercise for the prevention of PSD were tested 
in three randomized controlled studies.39,41,52 Intensive 
integrated mental care and education strategies were 
assessed in several studies.38,42,49,50 A randomized con
trolled study showed reductions in cognitive impairment, 
anxiety, and depression in patients with acute ischemic 
stroke who underwent an intensive caregiver education 
program.38 In another randomized controlled study, an 
integrated care model providing ongoing collaboration 
between a specialist stroke service and the primary care 
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physician led to a lower rate of PSD in stroke survivors 
than in patients in the standard care arm.49 A monocentric 
randomized controlled study of self-management training 
showed an improvement in modifiable cardiovascular risk 
factors such as blood pressure and HbA1c, but no clear 
effect on PSD rates.50 A randomized, evaluator-blinded, 
controlled trial demonstrated a lower prevalence of depres
sive symptoms 1 year after stroke in patients who under
went a structured program with multidisciplinary 
rehabilitation.42 Two RCTs tested rehabilitation training 
with additional support interventions in stroke survivors, 
and of these, one study reported a post-interventional 
reduction in PSD incidence,53 whereas the other study 
showed no such effect.44 Consistent with the latter study, 
four trials of distant mental support, including motiva
tional interview,51 education/support via telephone,47,48 

and postcards,40 observed no effect of the tested non- 
pharmacological interventions on PSD prevention. By 
contrast, preventive effects on PSD were observed by trials 
in stroke survivors undergoing life review therapy,45 

a nurse-led program,46 and meridian acupressure.43

Based on the most common approaches of non-pharmaco
logical intervention achievements, including 11 out of 16 
studies, it can be summarized that one out of three exercise 
program trials (33%) reported a successful intervention to 
prevent PSD.39,41,52 Three out of four studies (75%) demon
strated lower depression symptoms in stroke patients who 
received 12 months of intensive integrated mental care and 
education compared to the control groups.38,49,50 In contrast, 
zero out of four studies (0%) using distant mental support 
showed any preventive effect on PSD.40,47,48,51 Details on 
the included studies on non-pharmacological interventions to 
prevent PSD are listed in Table 3.

Multiple Intervention Comparison Studies
We identified five trials that evaluated at least two types of 
intervention for the prevention of PSD.54–58 Among these 
studies, a smaller three-arm RCT (n=48) compared the 
effects of fluoxetine, nortriptyline, and placebo on PSD 
prevention.58 In this study, dosages of fluoxetine were 
titrated from an initial dose of 25 mg per day to a daily 
dosage of 100 mg, whereas daily dosages of nortriptyline 
were titrated from an initial dose of 10 mg to 40 mg over 
a period of 3 months. This study showed a higher response 
rate and a reduced risk of PSD in patients treated with 
nortriptyline compared to fluoxetine and placebo. In the 
nortriptyline-treated group, stroke survivors developed 
minor depression at 7.7%, whereas in the fluoxetine-treated A
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group and in the placebo group, PSD rates of 20.0% and 
33.3%, respectively, were observed after 3 months. When 
symptoms of depression were quantified using the Hospital 
Depression Score (HDS), nortriptyline and fluoxetine 
showed higher efficacy compared to placebo patients imme
diately and 3 months after discontinuation of treatment. In 
addition, 6 months after discontinuation, nortriptyline-trea
ted patients had an almost two-fold higher HDS than those 
who received fluoxetine or placebo. Another RCT and its 
follow-up compared escitalopram with behavioral problem- 
solving therapy (PST) in addition to standard care.54,56 In 
these two studies, patients were recruited within 3 months 
after stroke onset and received escitalopram for 12 months, 
12 sessions of PST, or placebo medication. Observations 
deriving from these trials were inconsistent. The initial 
multicentric, randomized placebo-controlled study with 
176 participants showed that both the escitalopram-treated 
group and the PST group were less likely to develop depres
sion compared to the placebo group (PSD in 8.5%, 11.9%, 
and 22.4%, respectively).54 However, after applying an 
intention-to-treat approach and adjusting for a past history 
of mood disorder (n=27), escitalopram showed higher effi
cacy in preventing PSD compared with placebo and PST 
(PSD in 23.1%, 34.5%, and 30.5%, respectively). By con
trast, another placebo-controlled study (n=108) could not 
demonstrate any effect of escitalopram or PST on PSD 
prevention.56 Furthermore, we identified two RCTs asses
sing non-pharmacological multimodal interventions for 
PSD prevention. Both studies tested interventions delivered 
by trained and specialized health professionals to improve 
coping skills, PST, and self-management.55,57 The results of 
one of these trials (n=33) suggested that measures to 
improve coping skills and self-management do not have 
any sustained protective effect on PSD.55 The other study 
observed lower depression scores on the General Health 
Questionnaire (GHQ-28) in stroke survivors who underwent 
PST interventions compared to a volunteer support group 
and standard care. However, these results no longer reached 
statistical significance after GHQ scores were converted into 
caseness scores to classify depression.57

Details of the included studies on multimodal strategies 
to prevent PSD are listed in Table 4.

Study Quality
Seven out of 11 RCTs (73%) reporting on antidepressants 
for PSD prevention displayed good study quality. Ten out 
of 16 RCTs (63%) reporting on non-pharmacological 
approaches for PSD prevention displayed good study Ta
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quality. Four out of five RCTs (80%) reporting on multi
modal approaches for PSD prevention displayed good 
study quality. Details are listed in Table 5.

Meta-Analytic Evidence on the Prevention 
of PSD Using Antidepressants
Five meta-analyses on the prevention of depression in stroke 
survivors were identified.59–63 The databases used in these 
analyses were PubMed/MEDLINE, Embase, Cochrane 
Library, Cochrane Central Register of Controlled Trials 
(CENTRAL), PsycINFO, and CINAHL. The Chinese data
bases Wanfang Data, Chinese Scientific Journals database 
(VIP), and China National Knowledge Infrastructure (CNKI) 
were additionally searched in two of the included meta- 
analyses.59,60 Depression rating scores and PSD incidence 
after treatment were assessed as either primary or secondary 
outcomes. Morbidity, functional independency, activities of 
daily living, and adverse events regarding post-stroke were 
also evaluated in these studies. The time interval of the 
literature search in the five identified meta-analyses ranged 
from 1st January 2018 to 31st March 2021.

A total of 35 RCTs were included in the five meta-analyses. 
Out of these, the studies by Rasmussen et al31 and Almeida 
et al30 were the only trials that were included in all five meta- 
analysis studies, followed by the randomized placebo-con
trolled fluoxetine for motor recovery after acute ischaemic 
stroke (FLAME) trial, published by Chollet et al,64 which 
was included in three of the included five meta-analyses. In 
the FLAME study, patients with ischemic stroke and moderate 
to severe motor deficit displayed enhanced motor recovery 
after 3 months following the early prescription of fluoxetine 
with physiotherapy, even after adjustment for depression. It is 
noteworthy that the objective of this study was not to prevent 
PSD but to facilitate recovery from stroke. A similar study, The 
Efficacy of Citalopram Treatment in Acute Stroke (TALOS), 
also showed beneficial effects on stroke recovery and was 
included in previous data syntheses.65 Seven studies appeared 
in two of the four meta-analyses and 23 trials did not appear in 
more than one meta-analysis.28,32,35,54,66–68

our out of five meta-analyses (80%) found that antidepres
sants could prevent PSD and improve depression rating scores. 
Two meta-analyses, using English and Chinese language data
bases, focused on the effects of sertraline and other antide
pressants in the treatment and prevention of PSD. One of these 
meta-analyses synthesized data from nine trials. The results of 
these analyses suggested that sertraline is effective for PSD 
prevention by reducing depression rating scores and Ta
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decreasing the incidence of PSD compared to control groups, 
with a risk ratio of 0.48 at the end of treatment.59 The other 
meta-analysis, which included a Chinese database search, 
comprised 12 trials on nortriptyline, fluoxetine, sertraline, 
escitalopram, milnacipran, duloxetine, and paroxetine. In this 
pooled analysis, the use of an antidepressant was associated 
with a decreased incidence of PSD and alleviation of depres
sive symptoms.60 In another meta-analysis, data from seven 
studies on PSD prevention using fluoxetine, sertraline, escita
lopram, mianserin, and duloxetine were synthesized. Pooled 

analysis confirmed the efficacy of antidepressants in prevent
ing PSD.61 Two meta-analyses pooled data on early initiation 
of SSRI treatment using fluoxetine, sertraline, escitalopram, or 
citalopram within 30 days after stroke onset. One of these 
analyses reported that the administration of SSRIs showed no 
association with the risk of PSD, based on pooled data from 
three RCTs.62 Around 2 years later, an updated meta-analysis 
of synthesized data from four trials found that stroke survivors 
receiving SSRIs have a decreased risk of PSD (risk ratio 
0.78).63

Table 5 Study Quality

Reference Year Country Study Design Jadad Scale Study Quality

Studies of Antidepressants for Prevention of PSD

Niedermaier27 2004 Germany RCT 2 Poor

Tsai28 2011 Taiwan RCT 4 High
Almeida30 2006 Australia RCT N/A N/A

Rasmussen31 2003 Denmark RCT 3 High
Kim32 2017 South Korea RCT 5 High

Palomäki33 1999 Finland RCT 4 High

FOCUS Trial Collaboration34 2019 UK RCT 5 High
Zhang35 2013 China RCT 2 Poor

Cao36 2020 China RCT 2 Poor

AFFINITY Trial Collaboration29 2020 Australia, New Zealand, Vietnam RCT 5 High
EFFECTS Trial Collaboration37 2020 Sweden RCT 3 High

Studies of Non-Pharmacological Approaches for Prevention of PSD

Zhang38 2019 China RCT 3 High

Lai39 2006 USA RCT 3 High
Jönsson46 2014 Sweden RCT 3 High

Boter47 2004 Netherlands RCT 3 High

Rochette48 2013 Canada RCT 2 Poor
Joubert49 2008 Australia RCT 2 Poor

Sajatovic50 2018 USA RCT 2 Poor

Gillham51 2010 UK RCT 3 High
Ihle-Hansen52 2019 Norway RCT 1 Poor

Cheng53 2018 China RCT 3 High

Hackett40 2013 Australia RCT 3 High
Faulkner41 2015 New Zealand RCT 3 High

Ihle-Hansen42 2014 Norway RCT 3 High

Kang43 2009 South Korea RCT 2 Poor
Kirk44 2014 UK RCT 3 High

Davis45 2004 USA RCT 2 Poor

Studies of Multimodal Strategies for Prevention of PSD

Robinson54 2008 USA RCT 5 High
Hoffmann55 2015 Australia RCT 3 High

Mikami56 2011 USA RCT (follow-up) N/A N/A

Hill57 2019 UK RCT 3 High
Narushima58 2002 USA RCT 4 High

Abbreviation: RCT, randomized controlled trial.
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The identified meta-analyses on PSD prevention are 
detailed in Table 6.

Discussion
This updated systematic review identified a substantial 
body of research on the use of antidepressants and non- 
pharmacological interventions to prevent PSD, com
prising 37 prospective interventional studies, the 
majority of them conducted in the USA, China, 
Australia, and the UK. However, partially conflicting 
results due to heterogeneity in study designs and meth
odology may limit the external validity of the findings.

In a recent scientific statement for healthcare profes
sionals from the American Heart Association/American 
Stroke Association, Towfighi et al declared that pharma
cotherapy and psychosocial interventions might be useful 
in the prevention of PSD, but further research is needed to 
determine the optimal timing, threshold, and medications 
for treatment.11 Although we found evidence on antide
pressive pharmacotherapy as a tertiary preventive measure 
for PSD after stroke, designing personalized pharmacolo
gical prevention strategies of PSD may additionally benefit 
from previous research on the treatment of manifest PSD. 
However, there are also inconsistencies in the evidence on 

Table 6 Meta-Analytic Evidence on Strategies to Prevent PSD

Reference Country Database 
Source

Study 
Design

No. of 
Studies 
(Patients); 
Recruitment 
After Stroke

Data 
Range

Study Approach Outcome

Feng59 China PubMed, 

Embase, 

Scopus, 

CENTRAL, 

Clinicaltrials. 

gov, Wanfang 

Data, VIP, 

CNKI

RCTs 11 (1258); Not 

specified

Inception to 

April 2017

SSRI: sertraline Data from 6 pooled studies suggested 

a significant advantage of sertraline vs placebo 

based on depression rating scores (WMD 

−6.38; 95% CI −8.63 to −4.14; P<0.00001; I2 

84.0%). Data from 3 pooled studies suggested 

a significant reduced risk of PSD in sertraline 

groups vs placebo (RR 0.48; 95% CI 0.35 to 

0.67; P<0.0001; I2 34.0%)

Gu60 China PubMed, 

Embase, 

Scopus, 

CENTRAL, 

Wanfang Data, 

VIP, CNKI

RCTs 12 (1257); Not 

specified

Inception to 

June 9, 2019

Antidepressive drugs: 

nortriptyline, 

fluoxetine, sertraline, 

escitalopram, 

milnacipran, 

duloxetine, 

paroxetine

Data from 2 pooled studies suggested 

a significant advantage of antidepressants vs 

placebo based on HAM-D (MD −5.73; 95% CI 

−7.29 to −4.18; P<0.001)

Data from 12 pooled studies suggested 

a significant reduced risk of PSD in 

antidepressant groups vs placebo (RR 0.33; 

95% CI 0.25 to 0.43; P<0.001)

Farooq61 UK PubMed, 

PsycINFO, 

Embase, 

CINHAL

RCTs 28 (2745); Not 

specified

1980 to 

January 2020

Antidepressive drugs: 

fluoxetine, sertraline, 

escitalopram, 

mianserin, duloxetine

Data from 7 pooled studies suggested 

a significant reduced risk of PSD in 

antidepressant groups vs placebo (OR 0.16; 

95% CI 0.05 to 0.55)

Gu62 China PubMed, 

Embase, 

Cochrane 

Library

RCTs 8 (1549); <1 

mo

Inception to 

January 2017

Early SSRI treatment: 

fluoxetine, sertraline, 

escitalopram, 

citalopram

No difference: 3 pooled studies suggested no 

significant reduced risk of PSD in early SSRIs vs 

placebo (RR 0.71; 95% CI 0.41 to 1.23; P=0.52; 

I2 48%)

Zhou63 China PubMed, 

Embase, 

Cochrane 

Library, 

MEDLINE

RCTs 10 (5370); <1 

mo

Inception to 

March 18, 

2019

Early SSRI treatment: 

fluoxetine, sertraline, 

escitalopram, 

citalopram

Data from 4 pooled studies suggested 

a significant reduced risk of PSD in SSRIs vs 

placebo (RR 0.78; 95% CI 0.67 to 0.90; 

P=0.001; I2 23%)

Abbreviations: WMD, weighted mean difference; CI, confidence interval; RR, risk ratio; I2, percentage of variation across studies.
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prevention versus treatment of PSD, which may indicate 
differences in the underlying pathophysiology. For 
instance, meta-analytic evidence suggests that paroxetine 
may be more efficacious than the more widely used alter
natives, fluoxetine and nortriptyline.21,22 However, we 
identified no reports on the effect of paroxetine in PSD 
prevention in our review. It is noteworthy that common 
side effects of most antidepressants are dry mouth, drow
siness, constipation, and nausea. These adverse effects 
were more pronounced and less well tolerated for citalo
pram, duloxetine, fluoxetine, and sertraline compared with 
doxepin, nortriptyline, and paroxetine.21 In the FOCUS 
and EFFECTS studies, a higher number of bone fractures 
was observed after 6 months than in the control group 
(FOCUS: 2.88% vs 1.47%, 95% CI 0.38–2.43; P=0.007; 
EFFECTS: 4% vs 2%, 95% CI 0.66–3.87; P=0.0058). In 
addition, more frequent hyponatremia (EFFECTS: 1% vs 
<1%, 95% CI 0.43–2.23; P=0.0038), and a more frequent 
occurrence of falls (AFFINITY: 3% vs 1%; P=0.018) and 
epileptic seizures (AFFINITY: 2% vs <1%; P=0.038) were 
reported in the fluoxetine group compared with 
placebo.29,34,37 Consequently, before prescribing antide
pressant therapy to prevent PSD, a risk–benefit analysis 
should be carried out and interactions in case of polyphar
macy should be considered. Early application of fluoxetine 
after stroke demonstrated a preventive role for PSD in 
short-term usage and had no side effects during or after 
the treatment period.69,70 However, nortriptyline-treated 
patients,58 as well as those receiving escitalopram,56 

showed increased depression symptoms following the ter
mination of treatment 6 months later compared to those 
receiving fluoxetine and placebo. In one of the studies, the 
control group of stroke survivors did not develop any PSD 
at all, limiting the comparability of results between the 
active group (antidepressive pharmacotherapy) and the 
control group.33

To date, clinical trials have focused on PSD prevention 
by harmonizing the interaction between physical and psy
chological systems as well as by educating stroke 
patients.71 Therefore, educational and physical health sup
port strategies have frequently been used as the interven
tion in studies on both the prevention and treatment of 
PSD. In fact, research has shown that by educating 
patients about the pathology of stroke, they can recover 
more quickly and can handle the illness better in rehabili
tation in hospital or at home.38,42,49,72 This observation, 
viewed in conjunction with existing evidence on 

pharmacological and therapeutic non-pharmacological 
PSD prevention, substantiates a need for integrative, per
sonalized strategies. In integrative prevention strategies, it 
may be an important piece of the puzzle that PSD patients 
acknowledge their situation and know how to handle and 
overcome the sickness with support from healthcare spe
cialists as well as relatives. This also explains why distant 
and occasional support strategies were found to be unli
kely to contribute toward preventing PSD.40,51,73 

However, a comprehensive rehabilitation program showed 
promising results in preventing PSD and decreased cogni
tive impairment.53 On a mechanistic level, this observation 
introduces the possibility of another complementary tech
nique that may be helpful in multimodal integrative pre
vention measures in patients after acute stroke. Exercise- 
based interventions did not show a clear effect on PSD 
prevention, independently of whether they were applied as 
short- or long-term treatment. However, the time-point of 
initiating exercise protocols may be more important than 
the duration; for example, very early mobilization within 
24 hours of stroke was shown to be potentially beneficial 
in the prevention of PSD in the early stage.74 The inter
vention may be of additional use in the retraining of 
paretic muscles as well as in the improvement of cognitive 
functions after stroke.50,75,76

While prevention of PSD is of high clinical impor
tance, treatment of manifest PSD is equally challenging 
and often requires pharmacological intervention. 
A systematic Cochrane Collaboration review article, pub
lished in 2020, included 18 RCTs and compared 20 phar
macological substances with placebo with regard to 
remission of PSD over time. Different antidepressants 
were used, most commonly SSRIs [fluoxetine (n=6), par
oxetine (n=3), citalopram (n=2), sertraline (n=1)], as well 
as amitriptyline (n=1), nortriptyline (n=1), deanxit (n=1), 
nefiracetam (n=2), aniracetam (n=1), reboxetine (n=1), and 
trazodone (n=1). The time-point of initiation of antidepres
sive treatment post-stroke varied across studies, between 
a few days and 25 months. Duration of treatment also 
varied across trials, ranging between a few weeks and 6 
months. Patients with PSD at the time of study inclusion 
who subsequently received antidepressant therapy showed 
a 30% lower risk of developing PSD at the end of treat
ment compared to PSD patients without antidepressant 
therapy (risk ratio 0 0.7; 95% CI 0.55–0.88).77

There are several proposed mechanisms through which 
antidepressants could have beneficial effects on ischemic 
brain tissue and, in turn, potentially reduce the risk of 
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depression caused by structural and functional brain 
changes. These mechanisms derived from animal research 
on SSRIs.78–83 It was observed that the administration of 
SSRIs after stroke may enhance neuroplasticity by facil
itating neurogenesis in the ventricular subependyma and 
the subgranular area of the hippocampal dentate gyrus, and 
may mediate neuroprotection via attenuation of inflamma
tory pathways, such as the activation of microglia and 
neutrophil granulocytes. Moreover, the improvement of 
cerebral blood flow regulation by normalizing the lower 
boundary of cerebral mean arterial pressure and increasing 
the expression of heme oxygenase-1, with subsequent 
production of carbon monoxide, was suggested to be 
mediated by SSRIs after stroke. Lastly, upregulation of 
beta-1 receptors in the caudate–putamen and the somato
sensory parts of the frontal cortex was observed in rats 
receiving citalopram or fluoxetine, but it remained unclear 
how this might benefit ischemic brain tissue.

Our initial focus was to undertake a review of RCTs. 
Since several meta-analyses pooled data from multiple 
RCTs, we decided to include these pooled analyses in 
our review as they potentially add additional observations 
and conclusions to our review beyond the scope of singu
lar RCTs. We did not include any systematic reviews that 
did not synthesize data from RCTs, as those articles would 
not have added any new data-driven conclusions.

Our review is limited by the methodological heteroge
neity of the included studies. Numerous studies use various 
depression survey instruments, thus complicating 
a comparison of the studies. In addition, the diagnosis of 
depression was often defined on the basis of fixed values in 
the survey instruments and psychiatric interviews were not 
usually carried out to establish the diagnosis. The short 
observation period of most studies has to be considered 
critically. Not much is known about the long-term benefits 
of antidepressant therapy for the prevention of PSD. In 
many studies, the results of both patients with ischemic 
stroke and those with hemorrhagic stroke were evaluated 
together, but the postulated mechanisms of SSRIs relate 
only to ischemic stroke. Further, it remains a challenge for 
future studies to differentiate between PSD after ischemic 
and hemorrhagic stroke to test preventive strategies. 
A severe neurological deficit is associated with the devel
opment of PSD. Therefore, studies that only include slightly 
affected patients could have been associated with bias. 
However, the systematic review methodology, following 
PRISMA guidelines, and the detailed characterization of 
the included studies allowed an overview of the literature 

and substantiated our main conclusion, the apparent need 
for well-designed confirmatory research in large cohorts of 
stroke survivors on primary preventive pharmacological 
and non-pharmacological strategies to reduce the risk of 
PSD and thus improve clinical outcomes in this vulnerable 
population of patients.

Conclusion
Our systematic review provides a summary of the cur
rent knowledge on PSD prevention. The current body of 
evidence on interventions to prevent PSD shows sub
stantial heterogeneity. This observation substantiates 
a need for well-designed randomized controlled trials 
to test the safety and efficacy of pharmacological as 
well as non-pharmacological and composite prevention 
regimens to minimize the risk of PSD in stroke 
survivors.

From a clinician’s point of view, the given data suggest that 
integrative strategies combining personalized non-pharmaco
logical interventions such as educational, mental and physical 
health support, and pharmacological strategies such as SSRIs 
may be the most promising approach. However, despite the 
lack of clear statistical evidence, such an integrative approach 
relies on the local feasibility and clinical environment.
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