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Abstract
Background  Fluoxetine is one of the selective serotonin reuptake inhibitors that can improve motor and function recovery 
after a stroke. Several randomized controlled trials (RCTs) have investigated the efficacy and safety of fluoxetine compared 
to placebo in post-stroke recovery. However, the results are still controversial.
Aim  This meta-analysis aimed to provide an updated analysis of the efficacy and safety of fluoxetine versus placebo in post-
stroke recovery.
Method  RCTs were searched from electronic databases of PubMed, Embase, Clinical Trials, and the Cochrane Central 
Register of Controlled Trials from inception until July 2022. Google Scholar and the reference lists of included studies were 
screened to identify additional studies. Outcomes were analyzed using risk ratios (RR) and mean differences (MD) with 
95% confidence intervals (CI).
Results  Fourteen RCTs (6584 patients) were included. The fluoxetine group showed a significantly higher Fugl-Meyer 
motor scale (FMMS) score than the placebo group (MD 15.93, 95%CI 9.76–22.7, P < 0.01). No significant differences were 
observed in the modified Rankin Scale (mRS) (mRS ≤ 2, RR 1.00, 95%CI 0.88–1.15, P = 0.95), the Barthel index (MD 12.11, 
95%CI − 0.71 to 24.92, P = 0.06), and the National Institutes of Health Stroke Scale scores (MD − 0.19, 95%CI − 0.43 to 
0.04, P = 0.1) between the two groups. The fluoxetine group showed a lower rate of depression or anxiety than the placebo 
group (RR 0.67, 95% CI 0.49–0.92, P < 0.05). There were no significant differences between the groups regarding gastroin-
testinal adverse reactions (P > 0.05), drowsiness (P > 0.05) or insomnia (P > 0.05).
Conclusion  Fluoxetine improved FMMS and reduced anxiety and depression. More well-designed and large sample-size 
RCTs are required to further analyze the efficacy of fluoxetine in post-stroke recovery.
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Impact statements

•	 Fluoxetine could improve motor recovery assessed by the 
Fugl-Meyer assessment scale (FMMS) in patients who 
have experienced a stroke.

•	 Fluoxetine could reduce anxiety or depression in patients 
after a stroke.

Introduction

Stroke is one of the leading causes of morbidity and mor-
tality worldwide [1]. Recovery of function is the primary 
goal of these patients. Selective serotonin reuptake inhibi-
tors (SSRIs), such as fluoxetine, paroxetine, sertraline, and 
fluvoxamine, represent an important advance in the phar-
macotherapy of mood disorders [2, 3]. Due to their efficacy, 
tolerability, and safety, SSRIs have been used to treat sev-
eral mental conditions, including depression, dysthymia, 
and panic disorders [4, 5]. Studies have shown that SSRIs 
may improve the recovery of function in stroke patients 
through stimulation of neurogenesis, anti-inflammatory 
neuroprotection, and improved cerebral blood flow [6–9]. 
For example, a previous randomized controlled trial (RCT) 
reported that patients who suffered an ischemic stroke had 
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better motor recovery and reduced dependency after three 
months of fluoxetine treatment compared to placebo [10]. A 
meta-analysis of nine placebo-controlled RCTs (n = 6788) in 
2020 investigated fluoxetine use in post-stroke neurological 
recovery. The primary endpoint was disability assessment 
using the modified Rankin Scale (mRS). Secondary end-
points were motor recovery assessed using the Fugl-Meyer 
Motor Scale (FMMS) and activities of daily living based 
on the Barthel index (BI) and the National Institutes of 
Health Stroke Scale (NIHSS). The pooled analysis showed 
that fluoxetine did not improve participants' mRS (P = 0.47) 
and NIHSS (P = 0.08). However, it improved FMMS 
(P < 0.00001) and BI (P < 0.0001) compared to the placebo.

Furthermore, fluoxetine reduced the rate of new-onset 
depression (P < 0.0001) in patients after stroke [11]. 
Another meta-analysis of six RCTs (n = 3710) conducted 
in 2018 indicated that fluoxetine did not reduce disability 
and dependency (the co-primary outcomes) after stroke 
compared to usual care or placebo. Secondary outcomes 
included depression and adverse events. Although fluox-
etine improved depression scores, there was a higher risk 
of seizures with fluoxetine use [12]. Thus, motor recovery 
in stroke patients taking fluoxetine is still unclear, primar-
ily when assessed with mRS and NIHSS. The study on the 
efficacy and safety of fluoxetine in post-stroke patients is still 
being investigated [13]. We aimed to summarize the most 
recent evidence and perform a timely meta-analysis to assess 
the efficacy and safety of fluoxetine in patients after stroke.

Aim

This meta-analysis aimed to provide an updated analysis of 
the efficacy and safety of fluoxetine versus placebo in post-
stroke recovery.

Method

This meta-analysis was performed according to the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) [14].

Search strategy

We systematically searched electronic databases of PubMed, 
Embase, and the Cochrane Central Register of Controlled 
Trials (CENTRAL) from inception to July 8, 2022. The fol-
lowing search strategy was used: (fluoxetine[Title/Abstract]) 
AND (stroke[Title/Abstract]) for PubMed; “fluoxetine”/exp 
AND “stroke”/exp for Embase; “fluoxetine” in Title Abstract 
Keyword AND “stroke” in Title Abstract Keyword for 
Cochrane Library. A hand search was performed to check for 
potentially eligible studies by reviewing the reference lists 

of included studies and searching Google Scholar. Titles, 
abstracts, and full texts were screened to select studies that 
met the inclusion criteria. Only articles written in English 
were included. All records retrieved from electronic data-
bases were imported into Endnote X9 (Thomson Reuters, 
New York, USA) to remove duplicate documents.

Inclusion criteria and study selection

Studies that met the following criteria were included: (1) 
an RCT; (2) enrolled patients (≥ 18 years) with an ischemic 
or hemorrhagic stroke; (3) used fluoxetine (20 mg daily 
administered orally for at least two months) as an interven-
tion group and placebo as a control group; (4) reported at 
least one of the following outcomes: efficacy (mRS, FMMS, 
BI, and NIHSS), depression, anxiety or safety (drowsiness, 
gastrointestinal reaction, and insomnia). An outcome assess-
ment was included in the analysis only when reported by ≥ 3 
RCTs. A stroke is a sudden-onset focal neurological distur-
bance, assumed to be vascular in origin, and lasts more than 
one day. Two reviewers independently screened the titles, 
abstracts, and full texts based on the above inclusion criteria.

Quality assessment and data extraction

Two reviewers independently assessed the risk of bias in 
trials using the Cochrane Risk of Bias tool. The risk of bias 
was judged as low risk, high risk, or unclear risk in the fol-
lowing seven domains: random sequence generation; allo-
cation concealment; blinding of participants and personnel; 
blinding of outcome assessment; incomplete outcome data; 
selective outcome reporting; and other biases [15]. Any disa-
greements were resolved by consulting with a third reviewer.

The following data were extracted: first author, year of 
publication, the country where the study was performed, 
sample size, and outcomes of interest (mRS, FMMS, BI, 
NIHSS, depression, anxiety, drowsiness, gastrointestinal 
reaction, and insomnia). Two authors independently per-
formed the data extraction using a pre-designed data extrac-
tion form. Any disagreements were resolved by consulting 
with a third reviewer.

Statistical analysis

Pooled risk ratios (RR) with 95% confidence intervals 
(95%CI) were used for dichotomous variables (mRS, 
depression, anxiety, drowsiness, gastrointestinal reaction, 
and insomnia). Standardized mean differences (MD) with 
95%CIs were used for continuous variables (FMMS, BI, 
and NIHSS). The I2 test was used to assess heterogeneity 
between studies. A fixed-effects model was used to pool the 
data when I2 < 50% (low heterogeneity between studies). 
Otherwise, a random-effects model was used when I2 ≥ 50% 
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(high heterogeneity between studies). Sensitive analysis was 
conducted to explore the reasons for heterogeneity. The pub-
lication bias was assessed using a visual inspection of the 
funnel plot. P < 0.05 was considered statistically significant. 
All statistical analyses were performed with RevMan soft-
ware (version 5.1; Cochrane Collaboration, Copenhagen, 
Denmark).

Results

Search results and characteristics of included 
studies

As shown in the study selection (Fig. 1), 405 studies were 
identified after removing duplications within the 459 records 
initially extracted from electronic databases. After screening 
the titles and abstracts, 388 citations were excluded, and 17 
potential studies remained for further evaluation by retriev-
ing their full texts. Three studies were excluded due to the 
outcome evaluated (Supplemental Table S1). Finally, 14 
RCTs (n = 6584) were included [7–10, 13, 16–24]. The char-
acteristics of the included studies are presented in Table 1.

Risk of bias

The risk of bias assessment is shown in Fig. 2. The risks 
were high for the blinding of participants and allocation 
concealment (one RCT), the blinding of the outcome 
assessment (one RCT), the incomplete outcome data (one 
RCT), and other biases (two RCTs). Seven RCTs were 

of high methodological quality. Details are shown in 
Supplemental Table S2.

Efficacy outcomes

The modified Rankin scale—mRS (0–2)

Five studies reported mRS (0–2) [7, 9, 10, 13, 17]. No 
significant differences in mRS (0–2) were observed 
between f luoxetine and placebo (RR 1.00, 95%CI 
0.88–1.15, P = 0.95, Fig. 3A). Significant heterogene-
ity and publication bias was observed between studies 
(I2 > 50%, Supplemental Figure S1). Sensitive analysis 
showed that the deletion of any study did not change the 
final result (Supplemental Table S3).

The Fugl‑Meyer motor scale (FMMS)

Four studies (n = 287) reported FMMS [10, 13, 19, 
20]. The fluoxetine group scored significantly higher 
in FMMS than the placebo group (MD 15.93, 95%CI 
9.76–22.70, P < 0.01, Fig. 3B]. Significant heterogene-
ity and publication bias was observed between studies 
(I2 > 50%, Supplemental Figure S2). Sensitive analysis 
showed that the deletion of any study did not change the 
final result (Supplemental Table S4).

Fig. 1   Flow chart and results of literature screening. RCT​ randomized controlled trial
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The Barthel index (BI)

Four studies reported the outcome of BI [8, 21, 22, 24]. 
No significant differences were observed in BI between 
the fluoxetine and placebo groups (MD 12.11, 95%CI 
− 0.71 to 24.92, P = 0.06, Fig. 3C). Significant heteroge-
neity and publication bias was observed between studies 
(I2 > 50%, Supplemental Figure S3). Sensitive analysis 

showed that significant differences were observed between 
the two groups after the deletion of the following two stud-
ies: “He et al. [21]” or “Krishnan et al. [8]” (Supplemental 
Table S5).

The National Institutes of Health Stroke Scale (NIHSS)

When combining data from six RCTs [6, 10, 13, 21–23], 
the fluoxetine group did not show significant differences 

Table 1   The characteristics of the included studies

F/P fluoxetine/placebo, mRS modified Rankin scale, FMMS Fugl-Meyer motor scale, BI Barthel index, NIHSS National Institutes of Health 
Scale, GI gastrointestinal
Age (years): mean age (SD)

Author, year Country/center Interventions No. of patients 
(F/P)

Age (years) Male sex: n 
(F/P)

Outcome of 
interest

Follow-up 
(months)

Krishnan et al. 
[8] 

One center in 
India

Fluoxetine 
20 mg/day/P

84/84 18–80 48/54 BI score, anxiety, 
GI, dizziness, 
drowsiness and 
insomnia

3

Lundstrom(b) 
et al. [7] 

35 centers in 
Sweden

Fluoxetine 
20 mg/day/P

750/750 71(11) 575 mRS 12

Marquez-Romero 
et al. [13]

Three centers in 
Mexico

Fluoxetine 
20 mg/day/P

14/16 54 (10)/60.5 (18) 8/7 FMMS, mRS, 
NIHSS, 
drowsiness, GI, 
insomnia

3

Lundstrom(a) 
et al. [7] 

35 centers in 
Sweden

Fluoxetine 
20 mg/day/P

750/750 71(11) 575 mRS, NIHSS, 
depression, 
insomnia

6

Hankey et al. 
[16] 

43 units in 
Australia, New 
Zealand, and 
Vietnam

Fluoxetine 
20 mg/day/P

642/638 63.5 (12.5)/64.6 
(12.2)

231/245 mRS 6

Focus [9] 103 hospitals in 
UK

Fluoxetine 
20 mg/day/P

1564/1563 71.2 (12.4)/71.5 
(12.1)

975/947 mRS 12

Bonin et al. [17] One center in the 
USA

Fluoxetine 
20 mg/day/P

10/8 50.5 (16.6)/57.4 
(10)

3/6 Drowsiness, GI, 
insomnia

3

Asadollahi et al. 
[18] 

One center in 
Iran

Fluoxetine 
20 mg/day/P

30/30 60.2 (8.5)/ 58.7 
(8.5)

15/17 FMMS, insom-
nia

3

Shah et al. [19] One center in 
India

Fluoxetine 
20 mg/day/P

42/42 59.9 (8.4)/57.6 
(8.1)

29/25 FMMS, anxiety, 
GI, insomnia

3

He et al. [20] One center in 
China

Fluoxetine 
20 mg/day/P

177/170 60.4 (10.3)/62.6 
(11.6)

120/129 BI, NIHSS 6

Guo et al. [21] One center in 
China

Fluoxetine 
20 mg/day/P

177/90 61.5 (10.2)/60.5 
(11.6)

128/66 BI, NIHSS 6

Collet et al. [10] Nine centers in 
France

Fluoxetine 
20 mg/day/P

57/56 66.4 (11.7)/ 62.9 
(13.4)

37/35 mRS, FMMS, 
NIHSS

3

Yan et al. [22] One center in 
China

Fluoxetine 
20 mg/day/P

37/36 64 (7)/62 (7) 22/20 NIHSS 2

Dam et al. [23] One center in 
Italy

Fluoxetine 
20 mg/day/P

16/16 67.5 (8.9)/68.1 
(7.7)

7/6 BI 3
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compared to the placebo group (MD − 0.19, 95%CI − 0.43 
to 0.04 P = 0.1, Fig. 3D). No significant heterogeneity was 
observed between the studies (I2 < 50%), and no publica-
tion bias was present (Supplemental Figure S4).

Depression or anxiety

Three studies reported the outcomes of depression or anxi-
ety [7, 8, 19]. Fluoxetine significantly decreased the num-
ber of patients with depression or anxiety compared to pla-
cebo (RR 0.67, 95%CI 0.49–0.92, P < 0.05, Fig. 4A). No 
significant heterogeneity or publication bias was observed 
between studies (I2 < 50%) (Supplemental Figure S5).

Safety outcomes

There were no significant differences between the fluox-
etine and placebo groups in drowsiness (RR 0.47, 95%CI 
0.02–14.46, P > 0.05, Fig. 4B), gastrointestinal reaction (RR 
0.51, 95%CI 0.10–2.73, P > 0.05, Fig. 4C) or insomnia (RR 
93, 95%CI 0.51–1.70, P > 0.05, Fig. 4D). Significant hetero-
geneity or publication bias was observed for drowsiness or 
gastrointestinal reaction (I2 > 50%, Supplemental Figures S6 
and S7). In contrast, no significant heterogeneity or publi-
cation bias was observed for insomnia (I2 < 50%, Supple-
mental Figure S8). Sensitive analysis showed that deletion 
of any study did change the final results of drowsiness and 
gastrointestinal reaction (Supplemental Tables S6 and S7).

Discussion

This updated meta-analysis identified that patients treated 
with fluoxetine had significantly higher FMMS scores than 
those who received a placebo. No significant differences in 
mRS (0–2), BI, and NIHSS scores were observed between 
the fluoxetine and placebo groups. The two groups also had 
similar rates of adverse events of drowsiness, gastrointestinal 
reaction or insomnia. mRS ≤ 2 was one of the main efficacy 
outcomes in this meta-analysis, and the results did not show 
significant differences between the fluoxetine and placebo 
groups.

Typically, mRS is used to assess disability in patients 
who suffer from a stroke. A relatively high score means poor 
recovery, and a lower score indicates better recovery [25]. 
Most of the studies included in this meta-analysis adopted 
mRS ≤ 2 as the primary outcome. Patients with low scores 
of mRS ≤ 2 were considered independent. This analysis 
showed that fluoxetine-treated patients did not have a better 
functional recovery than placebo in post-stroke recovery. 
Significant heterogeneity and publication bias was observed 
between studies. However, the sensitivity analysis indicated 
that the deletion of any study could not change the result.

Fig. 2   The risk of bias evaluation of randomized controlled trials
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Higher scores were observed in the fluoxetine group 
regarding FMMS, an index designed to assess motor func-
tion, balance, sensation, and joint function in patients with 
post-stroke hemiplegia [26, 27]. Although significant hetero-
geneity and publication bias were observed between stud-
ies, the final result did not change based on the sensitivity 
analysis. BI is used to assess daily activities of daily living, 
which is another assessment of disability or independence, 
with higher scores indicating better functional status [28]. 
Fluoxetine did not show higher BI scores than those in the 
placebo group based on the included studies with signifi-
cant heterogeneity. Sensitive analysis indicated that patients 
treated with fluoxetine had higher scores than those in the 
placebo group after removing two studies [8, 21]. Although 
a previous meta-analysis demonstrated a higher BI score 
in the fluoxetine group, the results were based on a limited 
number of studies [11]. NIHSS is commonly used to assess 

the severity of stroke [29]. Fluoxetine did not show a sig-
nificant difference in NIHSS compared to the placebo group 
based on existing data.

This meta-analysis showed that fluoxetine significantly 
decreased the number of patients developing depression or 
anxiety compared to placebo. One possible reason is that 
fluoxetine has been the treatment of choice for many men-
tal health indications including depression, dysthymia, and 
panic disorder. Regarding adverse events, the fluoxetine and 
placebo groups had similar safety profiles. Sensitive analysis 
showed that deletion of any study did not change the final 
result, although significant heterogeneity and publication 
bias were observed for some adverse events. Based on the 
above results, RCTs that pay more attention to safety out-
comes are necessary.

This meta-analysis has some limitations: (1) a subgroup 
analysis was not performed due to limited studies assessing 

Fig. 3   Comparison of mRS(0–2) (A), FMMS (B), BI (C), and NIHSS (D) between fluoxetine (experimental) and placebo (control) groups. mRS 
modified Rankin scale, FMMS Fugl-Meyer motor scale, BI Barthel index, NIHSS National Institutes of Health Stroke Scale
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specific outcomes, (2) there were inconsistencies in the trials 
that tested participants’ motor and functional recovery, and 
(3) other outcomes, such as complications with fluoxetine 
use, were not analyzed due to insufficient relevant studies.

Conclusion

Fluoxetine improved neurological scores of FMMS and 
reduced depression or anxiety in patients after a stroke. More 
well-designed and large sample-size RCTs are required to 
further evaluate the role of fluoxetine in post-stroke recovery.
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