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ABSTRACT
Background: Post-stroke depression (PSD) occurs in approximately one third of 

stroke survivors, leading to great disability and mortality. As there is no consensus 
on the optimal pharmacological treatment for PSD, we aimed to evaluate the relative 
efficacy and tolerability of the available pharmacological interventions.

Materials and Methods: We did a network meta-analysis to incorporate evidence 
from relevant trials providing direct and indirect comparisons. We searched PubMed, 
the Cochrane Library Central Register of Controlled Trials, Embase and the reference 
lists of relevant articles up to March, 2017 for randomized controlled trials (RCTs), for 
different pharmacotherapies of PSD. For efficacy analysis, the primary outcome was 
the mean change in Hamilton Depression Scale (HAMD) score between baseline and 
endpoint. For tolerability analysis, the outcome was presented by the discontinuation 
for any reason. This study is registered with PROSPERO, number CRD42016049049.

Results: From a total of 869 citations, 15 RCTs with 876 participants were 
included. 13 drugs were considered. For efficacy, paroxetine ranked the best for 
HAMD reduction, followed by imipramine, reboxetine, nortriptyline, citalopram and 
fluoxetine at the end of treatment. However, duloxetine ranked the best at 4-week 
and 8-week duration for HAMD reduction. For tolerability, paroxetine ranked the best 
but there is no significant result between any comparisons.

Conclusions: Paroxetine is probably the best option to consider for patients 
with PSD. To get a quicker relief of depression, duloxetine might be useful for its 
rapid onset of antidepressant action. The tolerability was comparable among all the 
antidepressants. But more high-quality RCTs are needed.

INTRODUCTION

Stroke can be a life-threatening accident and one in 
which psychiatric sequelae throughout recovery are very 
common. Depression after cerebrovascular accidents is 
reported to affect 31% stroke survivors worldwide within 
5 years after stroke onset according to a recent study 
[1]. Apart from being tormenting in and of itself, post-
stroke depression (PSD) has been shown to be deleterious 

for patient outcome, including poor compliance with 
rehabilitation trainings, increased use of healthcare 
resources, poor physical and cognitive functional 
rehabilitation, higher recurrence rate of stroke, greater 
dependency and earlier mortality involving suicide [2–7].

Stroke-associated depression may have potential 
differences from general depression. The causal 
relationship between stroke and subsequent depressive 
disorder can be quite complicated for the following 
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reasons. Firstly, the pathogenesis of PSD is in the dispute 
about whether it is directly due to cerebral impairments, or 
is a indirectly consequence of the negative psychological 
reaction to such a distressing cerebrovascular accident [8]. 
Many confounding factors such as apoplexy severity and 
lesion locations have been extensively investigated as risk 
factors for PSD [9]. Secondly, incidence of depression 
was higher in stroke survivors than general population 
[10], even higher than their counterparts with comparable 
physical impairments [11]. In return, evidence suggests 
that depression severity was an independent predictive 
factor of severity of impairment in daily activities among 
stroke survivals [12]. Judging by the possibility that PSD 
differs in underlying pathogenesis, it may be improper to 
extrapolate data of managements from general depression 
population to PSD patients. It is thereby crucial to 
develop proper effective antidepressant management 
for this specific population to moderate depression after 
stroke. Pharmacological interventions are regarded as a 
cornerstone of antidepressant treatment and there were 
few meta-analyses that have examined the effectiveness 
of antidepressants in treating PSD [13–16]. Within drug 
categories, heterocyclic antidepressants and selective 
serotonin reuptake inhibitors (SSRIs) were the best 
studied. The first two randomized controlled trials (RCTs) 
concerning treatment of PSD, published in 1984 and 1986 
respectively, provided strong evidence that heterocyclic 
antidepressants were significantly more effective than 
placebo in reducing depression after stroke [16, 17]. 
However, unwanted side effects were observed in this 
classic antidepressants due to its affinity with muscarinic 
cholinergic and histaminergic receptors. In the light of the 
results of a meta-analysis [18], there is also strong evidence 
demonstrated a significant benefit of selective serotonin 
reuptake inhibitors (SSRIs) in managing depression. 
Other categories such as selective noradrenaline reuptake 
inhibitors (SNRIs) and monoaminergic drugs also showed 
effectiveness in treating PSD [19, 20]. Moreover, apart 
from effectiveness in treating depression, several types of 
antidepressants like SSRIs and tricyclic antidepressants 
(TCAs) were also proved to be associated with several 
beneficial impacts on recovery of physical, cognitive, 
and even neurological function in recovering stroke 
patients, probably owning to the drug-induced change of 
cortical excitability, anti-inflammatory effects, increased 
angiogenesis and hippocampal neurogenesis [19–22].

Though SSRIs are gaining popularity as first-line 
antidepressant treatment for geriatric population [23], 
there are no studies providing direct evidence to show a 
comprehensive superiority of SSRIs over TCAs in treating 
PSD, nor studies providing conclusive data to determine 
whether any specific drugs are superior to others [24]. 
Beside, conclusive evidence for the tolerability of 
antidepressants in PSD patients is lacking.

Taking these into consideration, we thereby performed 
a network meta-analysis (NMA) using literature searches 

to systematically assess and rank the effectiveness and 
tolerability of antidepressant agents in patients with PSD.

RESULTS

Search and selection

Of 869 citations identified through the search 
algorithm, 15 RCTs, including 876 participants were 
contained in this NMA (Appendix 3). The Systematic 
Reviews and Meta-analysis (PRISMA) flowchart depicting 
electronic searching processes is presented in Figure 1. 

Characteristics of studies and participants

The trials comparing 13 antidepressant agents 
were published between 1984 and 2012. Detailed study 
characteristics are given in Table 1. Eleven (73.3%) studies 
employed Diagnostic and Statistical Manual of Mental 
Disorders (DSM) as depression diagnostic criteria. The 
number of patients allocated to each group ranged between 
five and 60. The settings for recruited population were 
inpatients (66.7%), outpatient (20.0%) and community-
based (13.3%). One trial only enrolled patients diagnosed 
with major depression, five trials recruited patients with 
both major and minor depression, and the rest nine trials 
did not specify. The median treatment duration was 8 
weeks (range 4–16), while the follow-up duration ranged 
from 4 weeks to 18 months. Nearly half of trials were 
multicenter site studies (40.0%). Five (33%) trials recruited 
patients from North America, six (40%) from Europe, three 
(20%) from China and the rest one (7%) from Australia. 
The patient characteristics of the NMA are summarized 
in Table 2 of Appendix 4. Across trials, patient mean age 
ranged from 51.1 to 76.0 years and approximately half 
of the sample population were male (52.9%). The mean 
baseline Hamilton Depression Scale (HAMD) score ranged 
from 13.9 to 32.8. More detailed description of the studies 
and treatments is provided in Appendix 4.

Meta-analysis results

Data analysis on the efficacy outcomes are 
summarized in Figure 3. Table 2 shows the available direct 
comparisons and network of trials for efficacy.

Pairwise meta-analysis

Forest plot of direct comparisons for efficacy and 
tolerability are seen in Appendix 5. Results of direct 
pairwise meta-analysis are summarized in Appendix 6. 
In terms of HAMD score change at the end of treatment, 
paroxetine, imipramine, nortriptyline, citalopram and 
Chinese Traditional Medicine (TCM) were significantly 
better than control group. Considering short-term (4-week 
effects) and medium-term (8-week effects) outcomes, 
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paroxetine, nortriptyline, citalopram, TCM, fluoxetine was 
associated with a pronounced HAMD score improvement 
compared with control group. Duloxetine was significantly 
better than citalopram and sertraline. However, paroxetine 
and imipramine only showed priority to control group in 
short-term outcome, because they were not included in the 
medium-term outcome. 

Network meta-analysis efficacy outcomes

Primary outcomes

For the main analysis of our primary outcomes 
(effects after completion of treatments), 13 treatment arms 

formed our analysis. (Figure 2A) Fluoxetine, nortriptyline 
and placebo are the three most frequent comparators 
across the studies. Of these, nine trials were two-arm 
and six were three-arm. All antidepressant drugs were 
directly compared with at least one other active drug, and 
eight drugs had at least one placebo-controlled trial. The 
NMA showed that five antidepressant agents (paroxetine, 
imipramine, reboxetine, nortriptyline, citalopram and 
fluoxetine) had a significant advantage over placebo 
(mean difference [MD] 13.49, 95% credible interval [Crl] 
4.36 to 22.52, cumulative ranking curve [SUCRA] = 86%; 
MD 11.37, 95% Crl 2.12 to 20.33, SUCRA = 76%; MD 
9.57, 95% Crl 2.37 to 16.58, SUCRA = 69%; MD 7.61, 

Table 1: Study characteristic

Study Location
Participants 

(N)
Intervention/ 
Control (N)

Drop-out 
Rate 
(%)

Treatment
Duration

Follow-
up Setting Center

Depression 
Diagnostic 

Criteria
Population

Lipsey 1984 US 39 Nortriptyline 17
Placebo 22

35.3
31.8 6 weeks 6 weeks mixed multi-center DSM III PP

Andersen 1994 Denmark 66 Citalopram 33;
Placebo 33

21.2
6.06 6 weeks 16 

weeks mixed multi-center DSM III ITT, PP

Torrecillas 1995 Belgium 48
Fluoxetine 26

Nortriptyline 11
Placebo 11

3.8
9.1
9.1

6 weeks 6 weeks inpatient single center RDC PP

Miyai 1998 US 24
Desipramine 13

Trazodone 6
Fluoxetine 5

38.5
0
20

4 weeks 4 weeks inpatient single center DSM III PP

Robinson 2000 US 56
Fluoxetine 23

Nortriptyline 16
Placebo 17

39.1
18.8
23.5

12 weeks 12 
weeks inpatient multi-center DSM-IV ITT,PP

Kimura 2000 US 47 Nortriptyline 21
Placebo 26

14.3
0

6 or 12 
weeks

12 
weeks inpatient multi-center DSM-IV PP

Fruehwald 2003 Austria 54 Fluoxetine 28;
Placebo 26

7.14
7.7 12 weeks 18 

months inpatient multi-center NR PP

Kimura 2003 US 27 Nortrityline 13
Placebo 14

7.7
0

6 or 12 
weeks

12 
weeks inpatient multi-center DSM-IV ITT

Rampello 2003 Italy 74 Citalopram 37
Reboxetine 37

8.1
8.1 16 weeks 16 

weeks outpatient community-
based DSM-IV PP

Rampello 2004 Italy 31 Reboxetine 16
Placebo 15 0 16 weeks 16 

weeks outpatient community-
based DSM-IV ITT

Huang 2005 China 60 Fluoxetine 30
Clomipramine 30 0 12 weeks 12 

weeks inpatient single center CCMD ITT

Ye 2006 China 90
Paroxetine 30
Imipramine 30

Placebo 30

3.3
1
1

12 weeks 12 
weeks inpatient single center NR PP

Li 2008 China 150
TCM 60

Fluoxetine 60
Placebo 30

0
3.3
6.7

8 weeks 8 weeks inpatient single center NR ITT

Cravello 2009 Italy 50 Fluoxetine 25
Venlafaxine 25 0 8 weeks 8 weeks inpatient single center DSM-IV ITT

Karaiskos 2012 Greece 60
Duloxetine 20
Citalopram 20
Sertraline 20

0 3 months 3 
months outpatient single center DSM-IV ITT

DSM = Diagnostic and Statistical Manual of Mental Disorders; DSM-IV-TR = Diagnostic and Statistical Manual of Mental Disorders fourth edition, text revision; RDC = Research 
Diagnostic Criteria; CCMD = Chinese Classification of Mental Disorder; TCM = traditional Chinese medicine; CES-D = center of epidemiological survey depression scale; NR 
= not reported; PP = per protocol; ITT = intention to treat.
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95% Crl 3.51 to 11.65, SUCRA = 58%; MD 7.49, 95% Crl 
0.19 to 14.50, SUCRA = 55%; MD 4.91, 95% Crl 0.26 to 
9.32, SUCRA = 37%). However, there were no significant 
differences in any head-to-head comparisons (Figure 3A 
and Table 1 of Appendix 6). 

Twelve trials reported short-term outcomes (efficacy 
of 4-week duration), involving 12 drugs (except for 
clomipramine) (Figure 2B). Different from the main 
outcomes, an unexpected finding was that duloxetine 
showed superior advantages. In the NMA, duloxetine 
ranked the best for overall change in HAMD score 
(SUCRA = 89%), and was found to be superior to the 
placebo (MD 13.22, 95% Crl 2.52 to 23.48), followed by 
reboxetine, trazodone, fluoxetine and nortriptyline (MD 

9.25, 95% Crl 2.24 to 16.31; MD 9.29, 95% Crl 0.82 to 
17.48; MD 6.18, 95% Crl 2.07 to 10.22; MD 4.28, 95% 
Crl 0.60 to 7.85). Moreover, duloxetine was superior 
to citalopram and sertraline (MD 8.20, 95% Crl 0.36 to 
15.85; MD 9.05, 95% Crl 0.75 to16.96) (Figure 3B and 
Table 2 of Appendix 6).

The outcomes of medium-term (efficacy of 8-week 
duration) including 13 drugs broadly agree with 4-week 
efficacy results (Figure 3C), except for paroxetine (MD 
12.12, 95% Crl 3.10 to 20.10) and imipramine (MD 
10.93, 95% Crl 2.04 to 19.38) which both performed 
better in the 8-week efficacy results. More interestingly, 
duloxetine ranked the best (SUCRA = 81%) and was 
significantly superior to SSRIs (citalopram and sertraline) 

Table 2: Summary effect size of pairwise and network meta-analysis

Comparisons No. of trials
Pairwise meta-analysis
mean difference/odds 

ratios (95% CI)
P-value Heterogeneity 

I2

Network meta-analysis
mean difference/odds 

ratios (95% CrI)

Quality
of evidence Downgraded reason

Primary Main Outcomes (Effects after completion of treatments)

Paroxetine VS Placebo 1 NA NA NA 13.49 (4.36,22.52) ⊕⊕OO low imprecision and indirectness

Imipramine VS Placebo 1 NA NA NA 11.37 (2.12,20.33) ⊕⊕OO low imprecision and indirectness

Reboxetine VS Placebo 1 NA NA NA 9.57 (2.37,16.58) ⊕⊕OO low imprecision and indirectness

Nortriptyline VS Placebo 5 7.67 (2.65, 12.69) 0.00 99.00 7.61 (3.51,11.65) ⊕⊕⊕O moderate heterogeneity

Citalopram VS Placebo 1 NA NA NA 7.49 (0.19,14.50) ⊕⊕OO low imprecision and indirectness

Fluoxetine VS Placebo 4 5.31 (–1.99,12.62) 0.00 96.00 4.91 (0.26,9.32) ⊕⊕OO low inconsistency and heterogeneity

Short-term Outcomes  (Efficacy of 4-week duration)

Duloxetine VS Placebo 1 NA NA NA 13.22 (2.52,23.48) ⊕⊕OO low imprecision and indirectness

Reboxetine VS Placebo 1 NA NA NA 9.25 (2.24,16.31) ⊕⊕OO low imprecision and indirectness

Trazodone VS Placebo 1 NA NA NA 9.29 (0.82,17.48) ⊕⊕OO low imprecision and indirectness

Fluoxetine VS Placebo 4 4.89 (0.09, 9.69) 0.00 93.00 6.18 (2.07,10.22) ⊕⊕⊕O moderate heterogeneity

Nortriptyline VS Placebo 4 4.44 (0.29, 8.60) 0.00 99.00 4.28 (0.60,7.85) ⊕⊕⊕O moderate heterogeneity

Duloxetine VS 
Citalopram 1 NA NA NA 8.20 (0.36,15.85) ⊕ imprecision and indirectness

Duloxetine VS Sertraline 1 NA NA NA 9.05 (0.75,16.96) very low risk of bias and imprecision and 
indirectness

Medium-term Outcomes  (Efficacy of 8-week duration)

Duloxetine VS Placebo 1 NA NA NA 12.52 (1.42,23.30) ⊕⊕OO low imprecision and indirectness

Paroxetine VS Placebo 1 NA NA NA 12.12 (3.10,20.10) ⊕⊕OO low imprecision and indirectness

Imipramine VS Placebo 1 NA NA NA 10.93 (2.04,19.38) ⊕⊕OO low imprecision and indirectness

Reboxetine VS Placebo 1 NA NA NA 8.71 (2.13,15.24) ⊕⊕OO low imprecision and indirectness

Nortriptyline VS Placebo 5 7.09  (2.04,12.13) 0.00 99.00 6.98 (2.79,10.56) ⊕⊕⊕O moderate imprecision

Citalopram VS Placebo 1 NA NA NA 6.92 (0.18,13.61) ⊕⊕OO low imprecision and indirectness

Fluoxetine VS Placebo 4 6.12  (0.50,12.73) 0.00 96.00 5.99 (1.48,10.24) ⊕⊕⊕O moderate imprecision

Secondary Outcomes of Response Rate

Nortriptyline VS Placebo 3 4.90 (2.02,11.87) 0.70 0.00 8.33  (2.44,25.00) ⊕⊕⊕O moderate imprecision

Nortriptyline VS 
Clomipramine 1 NA NA NA 16.67 (1.12,100.00) ⊕⊕OO low imprecision and indirectness

Nortriptyline VS 
Fluoxetine 1 NA NA NA 16.67 (3.00,100.00) very low risk of bias and imprecision and 

indirectness

Nortriptyline VS TCM 1 NA NA NA 20.00 (2.00,100.00) ⊕⊕OO low imprecision and indirectness

Paroxetine VS Fluoxetine 1 NA NA NA 12.50 (1.35,100.00) ⊕⊕OO low imprecision and indirectness

Imipramine VS 
Fluoxetine 1 NA NA NA 11.11 (1.18,100.00) ⊕⊕OO low imprecision and indirectness

TCM, Traditional Chinese Medicine; NA, not applicable; 95% CI, 95% Confidence Intervals; 95% CrI, 95% Credible Intervals. Results are expressed as odds ratios with 95% CI or 95% CrI for dichotomous 
variables  (response). While the mean difference with 95% CI or 95% CrI was used for continuous outcomes (maximal voiding volume, voiding frequency, incontinence episodes and average voiding vol-
ume). Significant results are in bold. 
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within 4-week period but not at the endpoint of 8-week 
or the whole study (3-month) (Figure 3C and Table 3 of 
Appendix 6). 

Secondary outcomes

NMA for secondary outcomes of response rate did 
not differ significantly from the findings of our primary 
outcomes (Figure 2D and Table 4 of Appendix 6). The 
only exception was nortriptyline, which was more 
efficacious in the secondary analysis, because it ranked 
the best and was much better than the placebo (odds rate 
[OR] 8.33, 95% CrI 2.44 to 25.00; SUCRA = 86%) and 
three other agents (clomipramine, fluoxetine and TCM). 
Besides, paroxetine and imipramine were associated with 
significantly better response rates than reboxetine (Figure 
3D and Table 5 of Appendix 6). 

Network meta-analysis of tolerability outcomes

Four trials were excluded from this analysis for 
reporting zero events across all treatment arms (Figure 3E). 
In this NMA, overall tolerability outcome was represented 
by data on discontinuation of the whole trial protocols. We 
did not observe significant differences between any head-
to-head comparisons, or any antidepressant-treated group 
and placebo group. However, according to the ranking, 
there is a trend that trazodone, paroxetine and fluoxetine 
were associated with a relatively better tolerability, while 
citalopram, reboxetine, desipramine and nortriptyline were 
less tolerable. Moreover, the 95% credible intervals were 

relatively wide. Common adverse events in these treatment 
group included CNS symptoms (e.g., headache, sedation, 
tremor, fatigue, insomnia), gastrointestinal symptoms, and 
vascular events (e.g., dizziness, palpitation) (Table 5 of 
Appendix 6).

Sensitivity analysis

With respect to the trials involved patients with 
HAMD score higher than 20 only, NMA was repeated 
using change of HAMD score at the end of treatment. 
We observed a significant superiority of paroxetine, 
imipramine, reboxetine, nortriptyline, citalopram and 
fluoxetine over control (Appendix 7). The results were 
similar to those of the full analysis, but the power was 
compromised because of the small sample size.

Quality assessment and quality of the evidence

The risk of bias for random sequence generation 
in eight trials was high or unclear; concealment 
of treatment allocation in eight trials; masking of 
participants, masking of investigators, or both in four 
trials; incompleteness of outcome reporting in two 
trials and selective reporting of outcomes in two trials. 
None of the studies accepted financial funding from 
commercial bodies and source of funding was unclear 
in ten trials. (Appendix 8) We did not find any evidence 
of small study effects based on funnel plot asymmetry, 
though the number of studies included in each 
comparison was small. Generally, there was no obvious 

Figure 1: Flow chart of study identification and selection procedure.
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risk of bias, indirectness, inconsistency, or publication 
bias for any of the direct comparisons. In several 
comparisons, there was serious imprecision in summary 
estimate because the 95% credible interval crossed 
unity. According to GRADE, the quality of evidence 
for most results were low or very low. Nevertheless, 
we had moderate confidence in estimates supporting 
the use of nortriptyline for primary efficacy outcomes 
and secondary outcome of response rate, and moderate 
confidence in estimates supporting the use of fluoxetine 
for 4-week efficacy and 8-week efficacy outcomes. 
Conceptually, there was no significant intransitivity. The 
GRADE quality of evidence supporting the use of each 
treatment for primary outcome was summarized in the 
Appendix 6.

Network consistency

There was no inconsistency in the NMA estimates 
when we used the node-splitting approach and no 
significant differences between direct and indirect 
estimates in closed loops that allowed assessment of 
network coherence. The total residual deviance for overall 
change in HAMD score at endpoint (89.1, df = 91), short-
term (74.3, df = 78), and medium term (64.9, df = 66) 
implied a good model fit. Convergence of chains was 
verified visually by looking at trace plots and inspecting 
the Brooks-Gelman-Rubin diagnostic statistics with 
values around 1. 

DISCUSSION

This NMA confers us a relatively complete profile 
of the efficacy and tolerability of antidepressant agents 
for patients with PSD. From this NMA, the pooled 
analysis revealed that paroxetine, imipramine, reboxetine, 
nortriptyline and citalopram showed statistically 
significant treatment efficacy when compared with 
placebo in PSD patients in reducing HAMD score at 
the end of treatments. Intriguingly, we observed a little 
difference among analysis of 4-week, 8-week efficacy 
and the results after completion of treatments. Further 
secondary analysis of response rates also showed 
relatively consistent positive effects of antidepressants on 
treating PSD. We did not observe significant difference 
among the drugs in tolerability analysis.

Paroxetine ranked highest in our primary main 
outcome, probably because it is one of the first two potent 
inhibitors of serotonin re-uptake among six SSRIs [25], 
works by selectively inhibiting the neuronal presynaptic 
reuptake of serotonin to facilitate serotoninergic 
neurotransmission [26, 27]. In consistent with other studies 
broadly [28–30], our NMA demonstrated that paroxetine 
was significantly superior to placebo and comparable to 
other drugs like imipramine, clomipramine and so on in 
relieving depressive symptoms. However, this evidence 
could be less convincing for the relatively low quality and 
small sample size. Apart from the effects on depression, 
evidence also showed that paroxetine effectively improved 

Figure 2: Network of eligible comparisons. The width of the lines is proportional to the number of trials comparing every pair of 
treatments, and the size of every circle is proportional to the number of randomly assigned participants (sample size). TCM = Traditional 
Chinese Medicine. (A) Network of eligible comparisons for efficacy after treatment completion. (B) Network of eligible comparisons 
for efficacy of four-week duration. (C) Network of eligible comparisons for efficacy of eight-week duration. (D) Network of eligible 
comparisons for response rate. (E) Network of eligible comparisons for tolerability.
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the cognitive and functional performance of patients with 
PSD, as well as their quality of life [31]. However, a large 
study (n = 13 741) conducted by the UK Drug Safety 
Research Unit reported that male sexual dysfunction 
was more common with paroxetine than fluoxetine [32], 
which indicated that paroxetine could be a particular 
disadvantage for stroke survivors with compromised 
sexual function.

An intriguing finding is that duloxetine, as a SNRI 
antidepressant, was proved to be clearly superior to SSRIs 
(citalopram and sertraline) with a faster and significantly 
more reduction of depressive symptoms especially in the 
first month of treatment [33], which may be attributed to its 
double selective reuptake-inhibiting effect on serotonergic 
and noradrenergic neurotransmission [34, 35]. While 
SSRIs are known to inhibit only serotonergic receptors, 
SNRIs act on noradrenergic receptors as well. However, 
the significant difference disappeared at the endpoint of 
the whole study, which may be attributed to the gradually 
increased antidepressant action of SSRIs during the longer 
duration of treatment. In other words, the effectiveness 
of SSRIs increased, while the effectiveness of duloxetine 
disappeared with longer term treatment. Thus, for aged 
patients with underlying diseases, duloxetine may be 

a better choice in order to get an early improvement. 
Besides, a rapid onset of antidepressant action may also 
be useful for decreasing the risk of suicide and depressive 
relapse, and shorten days of hospitalization [36].

As far as response rate, nortriptyline and paroxetine 
ranked high in the SUCRA analysis, and was both 
numerically superior to fluoxetine. Particularly, if no 
response to antidepressants has been shown for 6 weeks, 
there would be no benefit to continue the medication, which 
means medication should be changed [37]. Therefore, 
based on the results of our NMA, it may be appropriate 
to try paroxetine for patients who did not show response 
to previous antidepressant, for paroxetine seems to have 
excellent potential in treating post-stroke depression.

With regard to tolerability, no statistically 
significant differences were detected. Insufficient data 
for assessing adverse effects may be one of the reasons 
underlying this result. Larger sample sizes and more 
specific assessment of adverse events might be helpful 
to reveal the potential harmful effects of antidepressants. 
Another possible explanation is the drop-out rate may 
not reflect the real adverse events rate. Nonetheless, 
there is still a trend that antidepressants were less well 
tolerated for some adverse effects. This suggests that 

Figure 3: Forest plot of network meta-analysis results. Treatments are reported in order of efficacy ranking according to SUCRAs. 
All treatments are compared to placebo. (A) Summary mean difference and credible intervals from network meta-analysis of HAMD score 
change at the end of treatment; (B) Summary mean difference and credible intervals from network meta-analysis of HAMD score change 
at four-week; (C) Summary mean difference and credible intervals from network meta-analysis of HAMD score change at eight-week; (D) 
Summary odds ratio and credible intervals from network meta-analysis of response rate; (E) Summary odds ratio and credible intervals 
from network meta-analysis of adverse events; MD = mean difference, OR = odds ratio, CrI = credible intervals, SUCRA = surface under 
the cumulative ranking curve,  TCM = Traditional Chinese Medicine.
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one should be extremely cautious when prescribing 
antidepressants for stroke survivals with PSD because 
they are particularly vulnerable to the adverse effects. 
Many stroke patients with underlying cardiovascular 
problems are on polytherapy, which may lead to drug 
interactions. For example, SSRIs may increase the 
effects of anticoagulant agents, leading to increased risk 
of hemorrhage when administered with analgesic agents 
(NSAIDs or acetylsalicylic acid) [38], probably owing to 
their direct action on platelet function mediated through 
inhibiting platelet serotonin uptake [39] or inhibition of 
cytochrome P450 enzymes in the liver [40]. Thereby, 
anti-coagulation therapy requires particularly careful 
observation when SSRIs are prescribed. TCAs may 
increase or reduce anticoagulant effects of anticoagulant 
agents, and increase risk of ventricular arrhythmias when 
used with antibiotic (e.g. moxifloxacin) or antiarrhythmic 
agents [38]. Therefore, physicians should review the 
adverse effect profiles of different drug classes to choose 
an agent meeting the clinical demands of the exact patient. 

Our meta-analysis has several weaknesses. 
First, risk of bias and methodological shortages within 
individual studies, and the relatively small sample size of 
some trials, which may restrict our findings for clinical 
application. Particularly, the existing variations in the 
characteristics of recruited participants (e.g., age, time 
after stroke onset and different doses of antidepressants) 
may also introduce potential bias. Hence, although our 
NMA currently represents the best available evidence, it 
may not be necessarily the best possible evidence. Thus, 
our findings are not decisive and more high-quality RCTs 
with appropriate duration in patients with PSD were 
needed. Second, we only retrieved trials used HAMD scale 
for the purpose of performing statistical analysis, which 
may to some extent introduce selective bias. However, 
HAMD has been taken as a gold standardized scale of the 
severity of depression for over 50 years, and it was ideally 
suited to measure the effects of drug treatments [41, 
42]. Besides, this objective clinician scoring instrument, 
mainly based on clinician observations, not only gained 
popularity among physicians because it is simple to use, 
but also is well accepted by patients for making them feel 
that the clinicians are quite familiar with their conditions, 
including psychological and somatic symptoms [43]. 
Third, several studies excluded participants with some 
complications (e.g., aphasia, cognitive impairment, or 
history of psychiatric illness) and such strict exclusion 
criteria probably weaken the external validity, for a large 
proportion of stroke survivors would be excluded and the 
rest were presumably not representative of patients with 
PSD requiring management in the “real word” [44, 45]. 
Furthermore, the accuracy of the results may be affected 
by missing data in some non-English publications and 
unpublished trials with negative results. Finally, the wide 
time range of the included publications (1984–2012) 
might introduce heterogeneity.

The guidelines of the American College of Physicians 
recommended that antidepressant therapy should last for at 
least 4 months to prevent recurrence. Therefore, further 
research should manage to conduct larger multicenter 
RCTs with long-term follow-up, which is necessary to 
identify effective and safe antidepressants for PSD, as well 
as the optimal duration and dose to maximize therapeutic 
benefits. In addition, future studies should focus on relapse 
prevention as well as long-term maintenance, and carry out 
subgroup analysis based on diverse length of time between 
beginning of depression and onset stroke, for depression 
occurring in the early phase of stroke may differ from the 
one appearing several months post stroke.

MATERIALS AND METHODS

This systematic review is reported according to 
the Preferred Reporting Items for PRISMA statement 
extension for NMA (Appendix 1) [46] and was performed 
according to a priori established protocol registered with 
PROSPERO (CRD42016049049) [47].

Details of the methods have been depicted in our 
priori published protocol. We also reviewed trials on 
non-pharmacological interventions (e.g. psychotherapy, 
repetitive transcranial magnetic stimulation). Because 
trials of pharmacological interventions differ from non-
pharmacological interventions in terms of patients, 
recruitment strategies, control interventions and outcomes, 
these pharmacological trials are decided to be analyzed 
separately.

Search strategy and study selection

To compare the safety and efficacy of different drugs 
for PSD treatment, we captured RCTs published in English 
and up to March 1, 2017, and compiled from the following 
databases: PubMed, Embase and the Cochrane Library 
Central Register of Controlled Trials (CENTRAL). We 
manually screened references from published systematic 
reviews in the discipline and retrieved trials. A modified 
search algorithm for each database was adapted  
(Appendix 2). 

We captured RCTs that attempted to evaluate 
antidepressants at licensed doses of these medications with 
other drugs or placebo in the management of patients with 
PSD. Patients had to be diagnosed with stroke (ischemic or 
hemorrhagic), and depression according to specific criteria 
(e.g., DSM or depression scales (e.g., HAMD). Only 
trials using the HAMD scale for assessing the depression 
degree of patients were included, with reported results of 
mean score change from baseline to post-treatment, or the 
proportion of patients responding to treatment (defined 
as a reduction of more than 50% in HAMD score), or 
study discontinuation for any reason. Three independent 
investigators (LHD, SQ and YY) initially screened all the 
trials. Disagreements were resolved by discussion.
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Comparison and outcomes

For efficacy analysis, the primary outcome was the 
mean change in HAMD between baseline and endpoint. 
The secondary outcome was defined as the proportion of 
patients who responded to treatment (showing a decrease 
of ≥ 50% measured by HAMD score).

For our main efficacy analysis, when a trial reported 
multiple data with different endpoints, we collected 
data after completion of the whole treatments (e.g., the 
treatment duration was eight-week while data were 
provided weekly, we gave priority to the data of eight-
week). Moreover, we used the measurement points 
closest to four-week and eight-week respectively, to 
conduct analysis of short- and medium-term effects. For 
tolerability analysis, the outcome was presented by the 
discontinuation (dropout rate) for any reason. 

Data extraction and statistical analysis

Two reviewers (LHD, SQ) extracted the relevant 
information from the obtained publications with a pre-
established data extraction sheet. An approximation of the 
mean was used to evaluate the outcomes, where data were 
merely available in graphic format. The highest standard 
deviations in the HAMD scores from the other trials were 
recruited when data were presented without standard 
deviations [48]. For tolerability analysis, we excluded 
studies in which zero drop-out events were reported across 
all treatment arms.

For outcomes for which two or more trials 
comparing two interventions were available, we firstly 
conducted a conventional pairwise meta-analysis 
applying random-effects model option [49]. To combine 
direct and indirect evidence, we conducted fixed-effects 
Bayesian NMA employing Markov chain Monte Carlo 
methods in WinBUGS version 1.4.3. A Bayesian fixed-
effect framework was considered appropriate due to 
the limited number of trials concerning each edge in 
the network [50, 51]. The results of NMA with effect 
sizes (MD or OR) and their credible intervals (CrI) 
were summarized. We evaluated the relative ranking 
probability of each strategy and obtained the hierarchy 
of competing interventions using rankograms and surface 
under the SUCRA [52].  To check for inconsistency, we 
employed the node-splitting method [53]. To check for 
the assumption of consistency in the entire network, the 
design-by-treatment model was constructed [51]. Finally, 
sensitive analysis was performed to value the robustness 
of the findings. 

Risk of bias and quality of evidence

The validity of the meta-analysis was assessed 
by qualitative appraisal of study designs and methods. 
Two independent assessors (LHD, SQ) assessed risk 

of bias using the Cochrane Collaboration Handbook 
[48], focusing on selection bias, information bias, 
and bias in the analysis. We used the funnel plot to 
detect publication bias, only when at least ten studies 
were available [48]. The GRADE methodology 
was performed to rate the quality of evidence. In 
this approach, direct evidence from RCTs starts at 
high quality and can be downgraded based on risk 
of bias, imprecision, indirectness, inconsistency 
(or heterogeneity) and publication bias to levels of 
moderate, low and relatively low quality [54].

CONCLUSIONS

Using randomized trial data and a novel evidence 
synthesis approach, we evaluated the relative efficacy 
and tolerability of the available pharmacological 
interventions for PSD. Our results suggest that 
paroxetine, imipramine, reboxetine, nortriptyline, 
citalopram and fluoxetine are associated with significant 
HAMD score reduction compared with placebo at 
the end of treatment. In order to get a quicker relief 
of depression, duloxetine may be useful for its rapid 
onset of antidepressant action. The tolerability was 
comparable among all the antidepressants. More high-
quality RCTs are needed in this fields. Future studies 
should focus on long-term effectiveness and tolerability 
of antidepressants, and investigate the optimal timing 
and thresholds for treatments associated with the highest 
response and remission rate.

ACKNOWLEDGMENTS

The authors acknowledge Ian Charles Tobias for 
reviewing the manuscript. M. Liu and D.R. Wang are 
responsible for the conception and design of the study. 
L.H. Deng, S. Qiu and Y. Yang did and interpreted the 
analysis. L.H. Deng, Y. Yang, Y.X Li, and L. Wang 
were responsible for the acquisition of data. S. Qiu and 
L.H. Deng wrote the first draft of the manuscript. and 
interpreted the data and wrote the final version. All authors 
critically revised the Article for important intellectual 
content and approved the final version. M. Liu obtained 
public funding.

CONFLICTS OF INTEREST

None.

FUNDING

This study was supported by The National Key 
Research and Development Program of China, Ministry 
of Science and Technology of China (2016YFC1300500–
505).



Oncotarget23727www.oncotarget.com

REFERENCES

 1. Hackett ML, Pickles K. Part I: frequency of depression 
after stroke: an updated systematic review and meta-
analysis of observational studies. Int J Stroke. 2014; 9: 
1017–1025.

 2. Morris PL, Robinson RG, Andrzejewski P, Samuels J, Price 
TR. Association of depression with 10-year post-stroke 
mortality. Am J Psychiatry. 1993; 150:124–129.

 3. Bartoli F, Lillia N, Lax A, Crocamo C, Mantero V, Carrà 
G, Agostoni E, Clerici M. Depression after stroke and risk 
of mortality: a systematic review and meta-analysis. Stroke 
Res Treat. 2013; 2013:862978.

 4. Turner-Stokes L, Hassan N. Depression after stroke: a 
review of the evidence base to inform the development of 
an integrated care pathway. Part 1: Diagnosis, frequency 
and impact. Clin Rehabil. 2002; 16:231–247.

 5. Naess H, Lunde L, Brogger J, Waje-Andreassen U. 
Depression predicts unfavourable functional outcome and 
higher mortality in stroke patients: The Bergen Stroke 
Study. Acta Neurol Scand Suppl. 2010; 122:34–38.

 6. West R, Hill K, Hewison J, Knapp P, House A. 
Psychological disorders after stroke are an important 
influence on functional outcomes: a prospective cohort 
study. Stroke. 2010; 41:1723–1727.

 7. Wulsin L, Alwell K, Moomaw CJ, Lindsell CJ, Kleindorfer 
DO, Woo D, Flaherty ML, Khatri P, Adeoye O, Ferioli S, 
Broderick JP, Kissela BM. Comparison of two depression 
measures for predicting stroke outcomes. J Psychosom Res. 
2012; 72:175–179.

 8. Carson AJ, MacHale S, Allen K, Lawrie SM, Dennis M, 
House A, Sharpe M. Depression after stroke and lesion 
location: a systematic review. Lancet. 2000; 356:122–126.

 9. Robinson RG, Jorge RE. Post-Stroke Depression: A Review. 
Am J Psychiatry. 2016; 173:221–231.

10. Jørgensen TS, Wium-Andersen IK, Wium-Andersen MK, 
Jørgensen MB, Prescott E, Maartensson S, Kragh-Andersen 
P, Osler M. Incidence of Depression After Stroke, and 
Associated Risk Factors and Mortality Outcomes, in a 
Large Cohort of Danish Patients. JAMA Psychiatry. 2016; 
73:1032–1040.

11. Folstein MF, Maiberger R, McHugh PR. Mood disorder 
as a specific complication of stroke. J Neurol Neurosurg 
Psychiatry. 1977; 40:1018–1020.

12. House A, Knapp P, Bamford J, Vail A. Mortality at 12 and 
24 months after stroke may be associated with depressive 
symptoms at 1 month. Stroke. 2001; 32:696–701.

13. Cole MG, Elie LM, McCusker J, Bellavance F, Mansour A. 
Feasibility and effectiveness of treatments for post-stroke 
depression in elderly inpatients: systematic review. J Geriatr 
Psychiatry Neurol. 2001; 14:37–41.

14. Hackett ML, Anderson CS, House AO. Management 
of depression after stroke: a systematic review of 
pharmacological therapies. Stroke. 2005; 36:1098–1103.

15. Hackett ML, Anderson CS, House A, Xia J. Interventions 
for treating depression after stroke. Cochrane Database Syst 
Rev. 2008; 4:CD003437.

16. Lipsey JR, Robinson RG, Pearlson GD, Rao K, Price TR. 
Nortriptyline treatment of post-stroke depression: a double-
blind study. Lancet. 1984; 1:297–300.

17. Reding MJ, Orto LA, Winter SW, Fortuna IM, Di Ponte 
P, McDowell FH. Antidepressant therapy after stroke. A 
double-blind trial. Arch Neurol. 1986; 43:763–765.

18. Chen Y, Guo JJ, Zhan S, Patel NC. Treatment effects of 
antidepressants in patients with post-stroke depression: a 
meta-analysis. Ann Pharmacother. 2006; 40:2115–2122.

19. Chollet F, Acket B, Raposo N, Albucher JF, Loubinoux I, 
Pariente J. Use of antidepressant medications to improve 
outcomes after stroke. Curr Neurol Neurosci Rep.2013; 13:318.

20. Bryer JB, Starkstein SE, Votypka V, Parikh RM, Price 
TR, Robinson RG. Reduction of CSF monoamine 
metabolites in post-stroke depression: a preliminary report. 
J Neuropsychiatry Clin Neurosci. 1992; 4:440–442.

21. Gerdelat-Mas A, Loubinoux I, Tombari D, Rascol 
O, Chollet F, Simonetta-Moreau M. Chronic administration 
of selective serotonin reuptake inhibitor (SSRI) paroxetine 
modulates human motor cortex excitability in healthy 
subjects. Neuroimage. 2005; 27:314–322.

22. Miyai I, Reding MJ. Effects of Antidepressants on 
Functional Recovery Following Stroke: A Double-Blind 
Study. J Neuro Rehab. 1998; 12:5–13.

23. Lokk J, Delbari A. Management of depression in elderly 
stroke patients. Neuropsychiatr Dis Treat. 2010; 6:539–549.

24. Carod-Artal FJ. Post-stroke depression (II): Its differential 
diagnosis, complications and treatment. Rev Neurol. 2006; 
42:238–44.

25. Sanchez C, Hyttel J. Comparison of the effects of 
antidepressants and their metabolites on reuptake of 
biogenic amines and on receptor binding. Cell Mol 
Neurobiol. 1999; 19:467–89.

26. Dechant KL, Clissold SP. Paroxetine. A review of its 
pharmacodynamic and pharmacokinetic properties, and 
therapeutic potential in depressive illness. Drugs. 1991; 
41:225–253.

27. Bonnin A, Zhang L, Blakely RD, Levitt P. The SSRI 
citalopram affects fetal thalamic axon responsiveness 
to netrin-1 in vitro independently of SERT antagonism. 
Neuropsychopharmacology. 2012; 37:1879–1884.

28. Lundmark J, Scheel Thomsen I, Fjord-Larsen T, Manniche 
PM, Mengel H, Møller-Nielsen EM, Pauser H, Wålinder J. 
Paroxetine: pharmacokinetic and antidepressant effect in the 
elderly. Acta Psychiatr Scand Suppl. 1989; 350:76–80.

29. Purgato M, Papola D, Gastaldon C, Trespidi C, Magni LR, 
Rizzo C, Furukawa TA, Watanabe N, Cipriani A, Barbui C. 
Paroxetine versus other anti-depressive agents for depression. 
Cochrane Database Syst Rev. 2014; 4:CD006531.

30. Sugarman MA, Loree AM, Baltes BB, Grekin ER, Kirsch I. 
The efficacy of paroxetine and placebo in treating anxiety 



Oncotarget23728www.oncotarget.com

and depression: a meta-analysis of change on the Hamilton 
Rating Scales. PLoS One. 2014; 9:e106337.

31. Horváth S, Karányi Z, Harcos P, Nagy Z, Németh G, 
Andor G. Clinical effectiveness and safety of paroxetine in 
post-stroke depression: results from a phase 4, open label, 
multicenter clinical trial with 26 weeks of follow-up. Orv 
Hetil. 2006; 147:2397–2404.

32. Turner S, Hassan N. Depression after stroke: a review of the 
evidence base to inform the development of an integrated 
care pathway. Part 2: Treatment alternatives. Clin Rehabil. 
2002; 16:248–60.

33. Karaiskos D, Tzavellas E, Spengos K, Vassilopoulou S, 
Paparrigopoulos T. Duloxetine versus citalopram and 
sertraline in the treatment of poststroke depression, anxiety, 
and fatigue. J Neuropsychiatry Clin Neurosci. 2012; 
24:349–353.

34. Trivedi MH, Desaiah D, Ossanna MJ, Pritchett YL, 
Brannan SK, Detke MJ. Clinical evidence for serotonin and 
norepinephrine reuptake inhibition of duloxetine. Int Clin 
Psychopharmacol. 2008; 23:161–169.

35. Iyengar S, Webster AA, Hemrick-Luecke SK, Xu 
JY, Simmons RM. Efficacy of duloxetine, a potent and 
balanced serotonin-norepinephrine reuptake inhibitor in 
persistent pain models in rats. J Pharmacol Exp Ther. 2004; 
311:576–584.

36. Wang YM, Li N, Yang LL, Song M, Shi L, Chen WH, Li SX, 
Wang XY, Lu L. Randomized controlled trial of repetitive 
transcranial magnetic stimulation combined with paroxetine 
for the treatment of patients with first-episode major 
depressive disorder. Psychiatry Res. 2017; 254:18–23.

37. Snow V, Lascher S, Mottur-Pilson C. Pharmacologic 
treatment of acute major depression and dysthymia. 
American College of Physicians- American Society of 
Internal Medicine. Ann Intern Med. 2000; 132:738–42.

38. Espárrago Llorca G, Castilla-Guerra L, Fernández Moreno 
MC, Ruiz Doblado S, Jiménez Hernández MD. Post-stroke 
depression: an update. Neurologia. 2015; 30:23–31.

39. Mitchell PB. Selective serotonin reuptake inhibitors: 
adverse effects, toxicity and interactions. Adverse Drug 
React Toxicol Rev 1994; 13: 121–44.

40. Yap KB, Low ST. Interaction of èuvoxamine with warfarin 
in an elderly woman. Singapore Med J 1999; 40: 480– 82.

41. Hamilton M. A rating scale for depression. J Neurol 
Neurosurg Psychiatry. 1960; 23:56–62.

42. Williams JB. Standardizing the Hamilton Depression Rating 
Scale: past, present, and future. Eur Arch Psychiatry Clin 
Neurosci. 2001; 251:6–12.

43. Worboys M. The Hamilton Rating Scale for Depression: 
The making of a ‘‘gold standard’’ and the unmaking of a 
chronic illness, 1960–1980. Chronic Illn. 2013; 9:202–219.

44. Turner-Stokes L. Post-stroke depression: getting the full 
picture. Lancet. 2003; 361:1757–8.

45. Zimmerman M, Mattia JI, Posternak MA. Are subjects 
in pharmacological treatment trials of depression 
representative of patients in routine clinical practice? Am J 
Psychiatry. 2002; 159:469–473.

46. Hutton B, Salanti G, Caldwell DM, Chaimani A, Schmid 
CH, Cameron C,  Ioannidis JP, Straus S, Thorlund K, Jansen 
JP, Mulrow C, Catalá-López F, Gøtzsche PC, et al. The 
PRISMA extension statement for reporting of systematic 
reviews incorporating network meta-analyses of health care 
interventions: checklist and explanations. Ann Intern Med 
2015; 162:777–84.

47. Sun X, Deng L, Qiu S, Tu X, Wang D, Liu M. 
Pharmacological and psychotherapeutic interventions for 
management of post-stroke depression: A Bayesian network 
meta-analysis of randomized controlled trials. Medicine 
(Baltimore). 2017; 96:e6100.

48. Higgins G, Green S, eds. Cochrane handbook for systematic 
reviews of interventions version 5.1.0. Updated March, 
2011. London: The Cochrane Collaboration, 2011.

49. DerSimonian R, Laird N. Meta-analysis in clinical trials. 
Control Clin Trials. 1986; 7:177–188.

50. Salanti G, Higgins JP, Ades AE, Ioannidis JP. Evaluation 
of networks of randomized trials. Stat Methods Med Res. 
2008; 17:279–301.

51. Higgins JP, Jackson D, Barrett JK, Lu G, Ades AE, White 
IR. Consistency and inconsistency in network meta-
analysis: concepts and models for multi-arm studies. Res 
Synth Methods. 2012; 3:98–110.

52. Higgins JP, Thompson SG, Deeks JJ, Altman DG. 
Measuring inconsistency inmeta-analyses. BMJ. 2003; 
327:557–60.

53. Lu G, Ades AE. Combination of direct and indirect evidence in 
mixed treatment comparisons. Stat Med. 2004; 23:3105–3124.

54. Salanti G, Giovane CD, Chaimani A, Caldwell DM, Higgins 
JPT. Evaluating the quality of evidence from a network 
meta-analysis. PLoS One 2014; 9:e99682.


