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Several drugs previously tested in clinical trials and approved for different indications have been repurposed for
bipolar disorder. We carried out a systematic meta-review of meta-analyses of randomized placebo-controlled
trials investigating repurposed drugs as adjunctive treatments for mania and bipolar depression. We per-
formed a critical appraisal using ‘A MeaSurement Tool to Assess systematic Reviews’ Version 2 (AMSTAR 2). We
synthesized results on efficacy, tolerability, and safety, assessing evidence quality according to the ‘Grading of
Recommendations, Assessment, Development and Evaluations’ (GRADE) approach. Our systematic search
identified nine eligible studies investigating 12 drugs, four for mania and eight for bipolar depression. The
quality of reporting was heterogeneous according to AMSTAR 2. In mania, allopurinol (for symptoms reduction
and remission at 4-8 weeks) and tamoxifen (for response and symptoms reduction at 4-6 weeks) showed higher
efficacy than placebo, with low and very low quality of evidence, respectively. Concerning bipolar depression,
modafinil/armodafinil (for response, remission, and symptoms reduction at 6-8 weeks) and pramipexole (for
response and symptoms reduction at 6 weeks) were superior to placebo, despite the low quality of evidence.
Results on the efficacy of celecoxib and N-acetylcysteine were of low quality and limited to certain outcomes.
Overall, the lack of evidence of high and moderate quality does not allow us to draw firm conclusions on the
clinical utility of repurposed drugs as adjunctive treatments for mania and bipolar depression, highlighting the
need for additional research.

1. Introduction

Bipolar disorder (BD) is a severe illness, affecting about 2% of the
population worldwide, with significant disease burden, marked impact
on the quality of life, increased risk of suicide, and a chronic and
recurring course (Carvalho et al., 2020). The treatment of BD is based on
both pharmacological (Yatham et al., 2018) and non-pharmacological
approaches, such as psychotherapeutic (Lovas and Schuman-Olivier,
2018) and lifestyle interventions (Bauer et al., 2016). Nonetheless, the
management of BD remains not entirely satisfactory (Carvalho et al.,
2020; Ferrari et al., 2016). In terms of psychopharmacological treat-
ments, only mood stabilizers, antipsychotics, and antidepressants have
received regulatory approval for BD so far (Yatham et al., 2018; Geddes
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and Miklowitz, 2013). Notwithstanding research efforts on novel ther-
apeutics for BD, their possible mechanisms of action, their effects, and
their potential use in the different phases of the disease (Haggarty et al.,
2021), few advances have been made in the last decades (Dean et al.,
2018; Geddes and Miklowitz, 2013). However, growing evidence sup-
ports the involvement of different biological abnormalities in the com-
plex pathophysiology of BD (Haggarty et al., 2021; Langan and
McDonald, 2009), suggesting novel approaches to target additional
pathways (Phillips and Kupfer, 2013). This is consistent with drug
repurposing strategies, based on the identification of novel indications
for drugs which have previously obtained regulatory approval or have
been tested in clinical trials for other illnesses (Langedijk et al., 2015).
Drug repurposing is considered a rapid, cost-effective, and reduced-risk
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strategy for the development of new treatment options also for psychi-
atric disorders (Fava, 2018; Hemphill and Sampat, 2012). Several
agents, all sustained by a plausible biological rationale, have been
evaluated for BD in order to fill the relevant treatment gap (Kessing
et al., 2019; Dean et al., 2018). A relatively recent narrative review has
provided an update on new adjunctive treatment options for BD,
including pharmacotherapy, nutraceuticals, and hormone therapy
(Dean et al, 2018). Nonetheless, despite the large number of
meta-analyses investigating such drugs for the treatment of BD mood
episodes, to our knowledge no systematic work has previously summa-
rized meta-analytic findings and assessed their quality. Hence, we per-
formed a meta-review systematically reviewing and critically evaluating
meta-analytic findings on efficacy, tolerability, and safety of repurposed
drugs as adjunctive treatments for mania and bipolar depression. We
aimed to provide a comprehensive, up-to-date guidance on the available
evidence on these treatments and their potential role in clinical practice.

2. Material and methods

The current work was performed following standard recommenda-
tions for conducting overviews of reviews (Pollock et al., 2021). A
protocol was submitted to the International Prospective Register of
Systematic Reviews (PROSPERO) and was registered on January 1, 2021
(CRD42021223777).

2.1. Eligibility criteria

A ’repurposed drug’ was defined as a compound which had previ-
ously obtained regulatory approval or had been tested in clinical trials
for other diseases (Langedijk et al., 2015). We included meta-analyses of
randomized controlled trials (RCTs) on adults suffering from BD during
an acute mood episode (mania or depression) which compared a
repurposed drug and placebo as adjunctive treatments. To be eligible,
meta-analyses had to report measures of efficacy (i.e., response, remis-
sion, changes in symptom scores), tolerability (completion of treatment,
dropout/discontinuation), and safety (side/adverse effects) outcomes
after at least 3 weeks of treatment for manic episodes (Cipriani et al.,
2011) and at least 4 weeks for depressive episodes (Cipriani et al., 2018).

In case of overlapping data from meta-analyses investigating iden-
tical drug and clinical outcomes, we selected the one including the
largest number of RCTs or the most complete findings. In order to
improve consistency and comparability of data, we excluded: i) meta-
analyses on drugs belonging to classes already approved for the treat-
ment of BD; ii) meta-analyses of monotherapy trials; iii) meta-analyses
including studies other than RCTs; iv) non-systematic pooled analyses.

2.2. Search strategy and study selection

A systematic literature search for meta-analyses of RCTs was con-
ducted on Ovid MEDLINE, Embase, APA PsycInfo, and the Allied and
Complementary Medicine (AMED) electronic databases (via Ovid), as
well as on the Cochrane Database of Systematic Reviews (CDSR), on
March 2, 2021. No language restrictions were applied. The reference
lists of the included studies and of relevant reviews (Firth et al., 2019;
Dean et al., 2018) were also searched to identify possible additional
studies. Gray literature, conference abstracts, and all publications not
having undergone peer-review were excluded. The full search strategy is
shown in Supplement S1. After a preliminary screening based on titles
and abstracts, full texts were retrieved to evaluate eligibility. Articles
were independently screened and read in full text by three authors (DC,
BB, FM), and any potential disagreement was resolved by discussion
with a fourth author (FB).

2.3. Critical appraisal of included meta-analyses

In order to evaluate the quality of reporting, we performed a critical
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appraisal of the included studies using ‘A MeaSurement Tool to Assess
systematic Reviews’ Version 2 (AMSTAR 2) (Shea et al., 2017), whose
16 items are designed to methodologically assess systematic reviews. We
considered four items as critical in our work: adherence to a previously
established protocol (item 2); satisfactory assessment of the risk of bias
in individual studies (item 9); use of appropriate methods to perform the
meta-analysis (item 11); consideration of the risk of bias in primary
studies when interpreting and discussing the results (item 13).
Following standard recommendations (Shea et al., 2017), the overall
confidence in the results of each meta-analysis was categorized as high
(zero or one non-critical weaknesses), moderate (more than one
non-critical weakness), low (one critical weakness), or critically low
(more than one critical weakness). Five authors (FB, DC, BB, FM, IR)
independently assessed the included studies applying AMSTAR 2, and
disagreements were resolved by discussion.

2.4. Data extraction

Three authors (DC, BB, FM) independently extracted data and
blindly cross-checked them for accuracy. A data extraction template was
used to collect key information from the eligible studies, including:
author(s) and year of publication; investigated repurposed agent(s);
tested mood polarity (manic or depressive episode); number of included
trials (k); total sample size (N) and number of subjects allocated to the
index intervention and to placebo; tested doses; concomitant standard
treatments; follow-up duration; main details needed to assess the quality
of the included studies with AMSTAR 2; measures of the effects with
their 95% confidence intervals (95%CIs), p-values, and heterogeneity
measures (I statistic values). In order to improve consistency and
readability, we converted Odds Ratios (ORs) into Risk Ratios (RRs) for
dichotomous outcomes and Mean Differences (MDs) into Standardized
Mean Differences (SMDs) for continuous outcomes. Stata statistical
software package release 16 was used (StataCorp, 2019).

2.5. Data synthesis and interpretation

We performed a narrative synthesis of efficacy (primary), tolera-
bility, and safety (secondary) outcomes for each treatment. Statistical
significance was set at p < 0.05 and the magnitude of the effect size was
classified according to conventional cut-offs (Schiinemann et al., 2021;
Olivier and Bell, 2013; Rosenthal, 1996; Cohen, 1988).

Heterogeneity was assessed by considering the reported 12 value,
categorized as low (25%), moderate (50%), or high (75%) (Higgins
et al., 2003).

2.6. Quality of evidence

We evaluated the quality of evidence from single meta-analyses
following the GRADE approach (Schiinemann et al., 2021; Guyatt
et al., 2008). Accordingly, we assessed factors that may reduce the
quality of evidence.

Considering systematic reviews as the primary unit (Pollock et al.,
2021), evidence quality was evaluated according to the following items:

e risk of bias, rating down when potential (one level) or crucial (two
levels) limitations were likely to lower the confidence in the effect
estimate;

heterogeneity and inconsistency of results, rating down meta-
analyses with an I? > 50%;

indirectness, rating down when populations, interventions, com-
parators (placebo), and outcomes were somehow (one level) or
seriously (two levels) different from those of clinical interest;
imprecision, rating down by one level for wide CIs when the differ-
ence in magnitude between the estimated effect size and the 95%CI
boundaries was over one level of magnitude; by two levels for very
wide CIs when the difference in magnitude between the effect size
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and the 95%CI boundaries was over two levels of magnitude (Guyatt
et al., 2011);

e publication bias, rating down when the literature search did not
include ongoing studies and unpublished data or when funnel plots
and Egger’s test, if available, showed asymmetry.

We categorized significant meta-analytic findings according to the
confidence that the effect estimate was correct. We thus considered ef-
fect estimates as of i) high, ii) moderate, iii) low, or iv) very low quality
if they i) lied close, ii) were likely to be close but possibly substantially
different, iii) might be substantially different, or iv) were likely to be
substantially different from the true effect (Balshem et al., 2011). The
quality was addressed independently by four authors (FB, DC, FM, IR)
and any disagreement was resolved by discussion.

3. Results
3.1. Search results

Our systematic search generated 2,168 records via Ovid (446 from
Ovid MEDLINE, 992 from Embase, 728 from APA PsycInfo, and 2 from
AMED), reduced to 1,413 unique articles after deduplication, and 198
systematic reviews from the CDSR.

The screening of titles and abstracts identified 58 potentially eligible
studies from Ovid and two from the CDSR, as well as three from the
manual search of the reference lists of the included studies and two
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relevant reviews (Firth et al., 2019; Dean et al., 2018).

After a full-text review, nine out of 63 studies met the eligibility
criteria and were included in this meta-review (Bahji et al., 2021; Kishi
et al., 2021; Nery et al., 2020; Nunez et al., 2020; Palacios et al., 2019;
Tundo et al., 2019; Bartoli et al., 2017a; McCloud et al., 2015; Mukai
etal., 2014). Search and screening are described in Supplement S1. The
list of the excluded articles (with related reasons) after full-text review is
reported in Supplement S2. The study selection process is fully
described in Fig. 1.

3.2. Study characteristics

The included studies were all in English and published between 2014
(Mukai et al., 2014) and 2021 (Bahji et al., 2021; Kishi et al., 2021). We
identified 12 repurposed drugs from the nine included meta-analyses:
four drugs, i.e., allopurinol (Bartoli et al., 2017a), melatonin and
ramelteon (Kishi et al., 2021), and tamoxifen (Palacios et al., 2019) were
investigated as adjunctive treatments for mania; eight drugs, i.e., ace-
tylsalicylic acid (ASA) (Bahji et al., 2021), celecoxib (Bahji et al., 2021),
N-acetylcysteine (NAC) (Bahji et al., 2021; Nery et al., 2020), pioglita-
zone (Bahji et al., 2021), memantine (Bahji et al., 2021; McCloud et al.,
2015), modafinil/armodafinil (Nunez et al., 2020), pramipexole (Tundo
et al., 2019), and inositol (Bahji et al., 2021; Mukai et al., 2014) were
tested as add-on to standard therapy for bipolar depression. Sample sizes
ranged from 41 subjects for inositol (Bahji et al., 2021; Mukai et al.,
2014) to 1,587 for modafinil/armodafinil (Nunez et al., 2020).

k=2,168 records identified through
search via Ovid, of which:
k=446 from Ovid MEDLINE
k=992 from Embase
k=728 from PsycInfo
k=2 from AMED

k=198 records identified through
Cochrane Database of Systematic
Reviews search

y

k=1,413 records after deduplication

I Screening by titles and abstracts I

k=58 records via Ovid

k=2 records from CDSR

k=3 records from the reference lists
of the included studies
and of relevant reviews

k=6 narrative /

k=63 records read in full text form

no meta-analytic results
k=2 repurposed drugs not

included

k=25 mixed/unsuitable k=54 articles
population excluded
k=21 inconsistent data /

more comprehensive or
higher quality meta-analysis

A

I Screening by full texts I

available

k=9 articles included
in the meta-review

Fig. 1. Study selection process flow chart.
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The characteristics of the included meta-analyses are displayed in
Table 1.

3.3. Critical appraisal of the included meta-analyses

According to AMSTAR 2, the included meta-analyses met between
six (Palacios et al., 2019) and 15 (McCloud et al., 2015) criteria.
Considering critical domains, confidence in the reporting was deemed
high for two studies (Bartoli et al., 2017a; McCloud et al., 2015); mod-
erate for one study (Kishi et al., 2021); low for four studies (Bahji et al.,
2021; Nery et al., 2020; Nunez et al., 2020; Tundo et al., 2019); critically
low for two studies (Palacios et al., 2019; Mukai et al., 2014).

The appraisal of the included meta-analyses according to AMSTAR 2
and the overall confidence in their results are displayed in Table 2. A
detailed judgment for each AMSTAR 2 item is shown in Supplement S3.

3.4. Drugs repurposed for mania

Allopurinol. According to findings from five RCTs with follow-up
periods ranging from 4 to 8 weeks, accounting for a total of 469 in-
dividuals, adjunctive allopurinol in manic and mixed-manic episodes
showed higher efficacy than placebo in reducing Young Mania Rating
Scale (YMRS) scores, with a small-to-moderate effect size (N = 433;
SMD = —0.34, 95%CI: —0.60 to —0.09, p = 0.007) and low heteroge-
neity across studies (1? = 35%). No influence of allopurinol dosage (p =
0.50), follow-up duration (p = 0.41), and concurrent standard treatment
(p = 0.59) was found. A subgroup analysis confirmed the efficacy of
adjunctive allopurinol in pure manic episodes, with an effect of mod-
erate size (k = 3; N = 230; SMD = —0.52, 95%CI: —0.78 to —0.25, p <
0.001). Clinical remission rates were higher for allopurinol than for
placebo (k =2; N=177; RR = 1.51, 95%CI: 1.20 to 1.90, p < 0.001; ’=
0%). Data on discontinuation (RR = 0.91, 95%CIL: 0.66 to 1.26, p = 0.58;
I? = 0%) and side effects — i.e., asthenia (p = 0.78), diarrhoea (p = 0.75),
dizziness (p = 0.73), headache (p = 0.41), and somnolence (p = 0.59) —
did not show any difference between allopurinol and placebo, with low
heterogeneity (Bartoli et al., 2017a).

Melatonin and ramelteon. A meta-analysis of three RCTs (N = 122)
favoured add-on melatonin-receptor agonists, i.e., melatonin and
ramelteon, over placebo, reporting significant differences in the
improvement of YMRS scores (Kishi et al., 2021) at study endpoints (3-8

Table 1
Characteristics of the included studies.
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Table 2
Critical appraisal according to AMSTAR 2 and overall confidence in the results of
the review.

Author(s), Number of items Weaknesses detected Overall confidence
year rated positively in critical and non- in the results of the
(total) critical items review
Bahji et al. 11 One critical flaw, more Low
(2021) than one non-critical
weakness
Bartoli et al. 14.5 No critical flaws, one High
(2017) non-critical weakness
Kishi et al. 12.5 No critical flaws, more Moderate
(2021) than one non-critical
weakness
McCloud 15 No critical flaws, one High
et al. non-critical weakness
(2015)
Mukai et al. 10 More than one critical Critically low
(2014) flaw
Nery et al. 12.5 One critical flaw, more Low
(2020) than one non-critical
weakness
Nunez et al. 10.5 One critical flaw, more Low
(2020) than one non-critical
weakness
Palacios 6 More than one critical Critically low
et al. flaw
(2019)
Tundo et al. 11 One critical flaw, more Low
(2019) than one non-critical

weakness

weeks). However, when these were standardized, no differences were
estimated considering both melatonin and ramelteon (k = 3; N = 114;
SMD = —-0.56, 95%CI: —1.15 to 0.03, p = 0.07; = 55.7%) and
melatonin only (k = 2; N = 95; SMD = —0.66, 95%CI: —1.48 to 0.16, p
= 0.12; I = 73.7%). All-cause discontinuation (k = 3; N=122; RR =
0.95, 95%CI: 0.45 to 1.99, p = 0.88) and side effects (k =2; N = 81) —i.
e., sedation (p = 0.28), nausea/vomiting (p = 0.29), and headache (p =
0.48) — did not differ between the two groups, with no heterogeneity (12
= 0%) (Kishi et al., 2021).

Tamoxifen. In a meta-analysis of three RCTs (N = 82), tamoxifen in
adjunct to lithium or valproate showed superiority to placebo on

Author(s), year Repurposed drug Mood polarity k N N N Dose Concomitant Follow-up duration
total int PLB treatment (weeks)
Bahji et al. (2021) Acetylsalicylic acid Bipolar 2 68 24 44 162-1,000 mg/day N/R 6-16
Celecoxib depression 2 93 49 44 400 mg/day N/R 6-8
Inositol 2 41 21 20 5.7-19 g/day N/R 6
Memantine 2 261 129 132 5-20 mg/day N/R 8-12
N-acetylcysteine 4 240 118 122 1,000-3,000 mg/ N/R 16-24
day
Pioglitazone 2 82 40 42 15-45 mg/day N/R 6-8
Bartoli et al. (2017a)  Allopurinol Mania 5 469 236 233 300-600 mg/day MS, AP 4-8
Kishi et al. (2021) Melatonin Mania 3 122 61 61 2-6 mg/day MS, AP 3-8
Ramelteon 8 mg/day
McCloud et al. Memantine Bipolar 2 261 129 132 5-20 mg/day LTR, Val, Flu 8-12
(2015) depression
Mukai et al. (2014) Inositol Bipolar 2 41 21 20 5.7-19 g/day Li, Val, CBZ, AD 6
depression
Nery et al. (2020) N-acetylcysteine Bipolar 6 248 125 123 1,000-3,000 mg/ MS, AP, AD 10-24
depression day
Nunez et al. (2020) Modafinil/ Bipolar 5 1,587 795 792 174.2 mg/day MS, AP 6-8
Armodafinil depression 150 mg/day
Palacioset al. (2019)  Tamoxifen Mania 3 82 40 42 40-80 mg/day Li, Val 4-6
Tundo et al. (2019) Pramipexole Bipolar 2 43 22 21 1-5 mg/day MS, AD 6
depression

k = number of included RCTs; N = number of participants; int = intervention; PLB = placebo.
AD = Antidepressants; AP = Antipsychotics; CBZ = Carbamazepine; Flu = Fluoxetine; Li = Lithium; LTR = Lamotrigine; MS = Mood Stabilizers; Val = Valproate.

N/R = not reported.
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response rates (k = 2; N = 49; RR = 3.29, 95%CI: 1.27 to 8.52) and
manic symptom score changes (k = 2; N = 49; SMD = —0.97, 95%CI:
-1.57 to —0.36) after 4-6 weeks of treatment, with no heterogeneity
between studies. Acceptability in terms of study completion was similar
between tamoxifen and placebo groups (k = 3; N = 82, 81.7% females;
RR = 1.02, 95%CI: 0.92 to 1.12; 2= 0%) (Palacios et al., 2019).

Measures of the effect for the main outcomes in mania are provided
in Table 3.

3.5. Drugs repurposed for bipolar depression

Acetylsalicylic acid. A meta-analysis of two RCTs (N = 69) found no
differences in terms of clinical response (RR = 1.91, 95%CI: 0.79 to
4.58), clinical remission (RR = 1.34, 95%CI: 0.46 to 3.86), and change
in depression severity scores (SMD = —0.62, 95%CI: -2.16 to 0.92)
among individuals with bipolar depression who received ASA as
augmentation to standard treatment for 6-16 weeks. Dropout rates due
to all causes were comparable between ASA and placebo groups (RR =
1.00, 95%CI: 0.41 to 2.47) (Bahji et al., 2021).

Celecoxib. A meta-analysis of two RCTs (N = 93) found that subjects
with bipolar depression treated with adjunctive celecoxib were more
likely to achieve clinical remission (RR = 3.30, 95%CI: 1.40 to 7.80)
after 6-8 weeks. Nonetheless, such positive effect was not confirmed for
response rates (RR = 1.53, 95%CI: 0.92 to 2.52) and changes in
depression severity scores (SMD = —0.42, 95%CI: -1.98 to 1.15). There
were no significant differences in all-cause dropout rates (RR = 0.64,
95%CI: 0.30 to 1.34) (Bahji et al., 2021).

N-acetylcysteine. Meta-analytic data showed that adjunctive NAC was
more effective than placebo in improving depression scores up to 24
weeks of treatment (k = 6; N = 248; SMD = —0.45, 95%CI: —0.84 to
—0.06), with a moderate statistical heterogeneity (1% = 49%) (Nery
et al., 2020), but had no effects on clinical response (k = 4; N = 240; RR
= 0.84, 95%CI: 0.51 to 1.38) and remission (k = 4; N = 240; RR = 0.87,
95%CI: 0.49 to 1.56) (Bahji et al., 2021). Dropout rates were similar (k
= 4; N = 240; RR = 1.00, 95%CIL: 0.70 to 1.42) (Bahji et al., 2021).

Pioglitazone. A meta-analysis of two RCTs (N = 82) showed no dif-
ferences in clinical response (RR = 1.02, 95%CI: 0.58 to 1.79), remission
(RR = 1.00, 95%CI: 0.27 to 3.80), changes in depression severity scores
(SMD = 0.95, 95%CI: —-0.64 to 2.53), and dropouts (RR = 1.29, 95%CI:
0.50 to 3.30) between add-on pioglitazone and placebo after 6-8 weeks
of treatment (Bahji et al., 2021).

Table 3
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Memantine. Meta-analytic data based on two RCTs (N = 261) did not
show differences between memantine and placebo in terms of response
rates (RR = 1.34, 95%CI: 0.82t0 2.17, p = 0.24; P= 26.2%), remission
rates (RR = 1.42, 95%CI: 0.79 to 2.54, p = 0.24; = 27.2%) (McCloud
et al., 2015), and change in depressive symptom scores (SMD = —0.19,
95%CI: -1.74 to 1.35) (Bahji et al., 2021) at study endpoints (8-12
weeks). Acceptability did not significantly differ in total dropouts (RR =
0.84, 95%CI: 0.58 to 1.21, p = 0.34; 12 = 0%) and in discontinuation for
lack of efficacy (RR = 0.62, 95%CI: 0.20 to 1.97, p = 0.42; 2 = 0%)
(McCloud et al., 2015).

Modafinil/armodafinil. A meta-analysis of five RCTs with follow-ups
of 6-8 weeks (N = 1,587) verified that modafinil (k = 1) and armoda-
finil (k = 4) were superior to placebo with regard to response (RR =
1.18, 95%CI: 1.01 to 1.37, p = 0.03; 12 = 34%) and remission rates (RR
= 1.38, 95%CL: 1.10 to 1.73, p = 0.005; I? = 18%), as well as to
depressive symptom scores (SMD = —0.18, 95%CI: -0.28 to —0.08, p <
0.001; I = 2.4%), at study endpoints. No differences in overall
discontinuation (RR = 1.08, 95%CI: 0.89 to 1.30, p = 0.45; = 0%)
were found, although modafinil/armodafinil entailed an increased risk
of gastrointestinal disorders (RR = 1.41, 95%CI: 1.09 to 1.84, p = 0.01;
12 = 0%), nausea (RR = 1.72, 95%CIL: 1.09 to 2.73, p = 0.02; I? = 0%),
and dry mouth (k = 3; N = 1,109; RR = 2.18, 95%CI: 1.11 to 4.29, p =
0.02; ?= 0%) (Nunez et al., 2020).

Pramipexole. A meta-analysis (k = 2; N = 43) showed that prami-
pexole was largely superior to placebo in inducing clinical response (RR
= 4.12, 95%CI: 1.40 to 12.15, p = 0.01) and depressive symptoms
reduction (SMD = —1.16, 95%CIL: -1.82 to —0.51, p < 0.001), but not
clinical remission (RR = 2.85, 95%CI: 0.64 to 12.81, p = 0.17), after 6
weeks of treatment, with no statistical heterogeneity. No differences in
all-cause dropouts were detected (RR = 1.56, 95%CI: 0.21 to 11.64, p =
0.66; 12 = 0%) (Tundo et al., 2019).

Inositol. Meta-analytic data based on two RCTs (N = 42) did not find
add-on inositol to be more effective than placebo on response rates (RR
=1.59, 95%CI: 0.89 to 2.86) (Mukai et al., 2014), remission rates (RR =
1.31, 95%CI: 0.51 to 3.39) (Bahji et al., 2021), and change in depressive
symptom scores (SMD = 0.11, 95%CI: -0.52 to 0.75, p = 0.72; = 0%)
at 6 weeks (Mukai et al., 2014). No differences in dropouts due to any
cause were estimated (RR = 0.82, 95%CI: 0.35 to 1.93) (Bahji et al.,
2021).

Measures of the effect for the main outcomes in bipolar depression
are provided in Table 4.

Measures of effects and grading of evidence for repurposed drugs as adjunctive treatments for mania.

Repurposed drug Author(s), year k N ES [95%CI] Grading of the evidence
Clinical response — RRs
Tamoxifen Palacios et al. (2019) 2 49 3.291 [1.27 to 8.52] VERY LOW
BXXX
Clinical remission - RRs
Allopurinol Bartoli et al. (2017a) 2 177 1.51%** [1.20 to 1.90] LOW
BDXX
Changes in symptom scores — SMDs
Allopurinol (manic/mixed) Bartoli et al. (2017a) 5 433 —0.34** [-0.60 to —0.09] LOW
HPXX
Allopurinol (pure manic) Bartoli et al. (2017a) 3 230 —0.52*** [-0.78 to —0.25] LOW
BOXX
Melatonin, Ramelteon Kishi et al. (2021) 3 114 —0.56 [-1.15 to 0.03] N/A
Melatonin Kishi et al. (2021) 2 95 —0.66 [—1.48 to 0.16] N/A
Tamoxifen Palacios et al. (2019) 2 49 —0.97' [-1.57 to —0.36] VERY LOW
Acceptability (all-cause discontinuation) — RRs
Allopurinol Bartoli et al. (2017a) 5 469 0.91 [0.66 to 1.26] N/A
Melatonin, Ramelteon Kishi et al. (2021) 3 122 0.95 [0.45 to 1.99] N/A
Tamoxifen Palacios et al. (2019) 3 82 1.02 [0.92 to 1.12] N/A

*p < 0.05; **p < 0.01; ***p < 0.001; {p-value not reported.

95%CI = 95% Confidence Interval; ES = Effect Size; k = number of included RCTs; N = number of included subjects; N/A = Not Applicable; RRs = Risk Ratios; SMDs =

Standardized Mean Differences.
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Table 4
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Measures of effects and grading of evidence for repurposed drugs as adjunctive treatments for bipolar depression.

Repurposed drug Author(s), year k N ES [95%CI] Grading of the evidence
Clinical response — RRs
Acetylsalicylic acid Bahji et al. (2021) 2 68 1.91 [0.79 to 4.58] N/A
Celecoxib Bahji et al. (2021) 2 93 1.53 [0.92 to 2.52] N/A
N-acetylcysteine Bahji et al. (2021) 4 240 0.84 [0.51 to 1.38] N/A
Pioglitazone Bahji et al. (2021) 2 81 1.02 [0.58 to 1.79] N/A
Memantine McCloud et al. (2015) 2 261 1.34 [0.82 to 2.17] N/A
Modafinil/Armodafinil Nunez et al. (2020) 5 1,587 1.18 [1.01 to 1.37] LOW
BDOXX
Pramipexole Tundo et al. (2019) 2 43 4.12*% [1.40 to 12.15] LOW
BDXX
Inositol Mukai et al. (2014) 2 41 1.59 [0.89 to 2.86] N/A
Clinical remission - RRs
Acetylsalicylic acid Bahyji et al. (2021) 2 68 1.34 [0.46 to 3.86] N/A
Celecoxib Bahji et al. (2021) 2 93 3.30 [1.40 to 7.80] LOW
N-acetylcysteine Bahji et al. (2021) 4 240 0.87 [0.49 to 1.56] N/A
Pioglitazone Bahji et al. (2021) 2 81 1.00 [0.27 to 3.80] N/A
Memantine McCloud et al. (2015) 2 261 1.42 [0.79 to 2.54] N/A
Modafinil/Armodafinil Nunez et al. (2020) 5 1,587 1.38** [1.10 to 1.73] LOW
BOXX
Pramipexole Tundo et al. (2019) 2 43 2.85 [0.64 to 12.81] N/A
Inositol Bahji et al. (2021) 2 41 1.31 [0.51 to 3.39] N/A
Changes in symptom scores — SMDs
Acetylsalicylic acid Bahji et al. (2021) 2 68 —0.62 [-2.16 to 0.92] N/A
Celecoxib Bahji et al. (2021) 2 93 —0.42 [-1.98 to 1.15] N/A
N-acetylcysteine Nery et al. (2020) 6 248 —0.45' [-0.84 to —0.06] LOW
Pioglitazone Bahji et al. (2021) 2 81 0.95 [-0.64 to 2.53] N/A
Memantine Bahji et al. (2021) 2 261 —0.19 [-1.74 to 1.35] N/A
Modafinil/Armodafinil Nunez et al. (2020) 5 1,587 —0.18*** [-0.28 to —0.08] LOW
BDOXX
Pramipexole Tundo et al. (2019) 2 43 —-1.16 [-1.82 to —0.51] LOW
BDOXX
Inositol Mukai et al. (2014) 2 41 0.11 [-0.52 to 0.75] N/A
Acceptability (all-cause discontinuation) — RRs
Acetylsalicylic acid Bahji et al. (2021) 2 68 1.00 [0.41 to 2.47] N/A
Celecoxib Bahji et al. (2021) 2 93 0.64 [0.30 to 1.34] N/A
N-acetylcysteine Bahji et al. (2021) 4 240 1.00 [0.70 to 1.42] N/A
Pioglitazone Bahji et al. (2021) 2 82 1.29 [0.50 to 3.30] N/A
Memantine McCloud et al. (2015) 2 261 0.84 [0.58 to 1.21] N/A
Modafinil/Armodafinil Nunez et al. (2020) 5 1,587 1.08 [0.89 to 1.30] N/A
Pramipexole Tundo et al. (2019) 2 43 1.56 [0.21 to 11.64] N/A
Inositol Bahji et al. (2021) 2 41 0.82 [0.35 to 1.93] N/A

*p < 0.05; **p < 0.01; ***p < 0.001; {p-value not reported.

95%CI = 95% Confidence Interval; ES = Effect Size; k = number of included RCTs; N = number of included subjects; N/A = Not Applicable; RRs = Risk Ratios; SMDs =

Standardized Mean Differences.

All outcomes of interest available from the included meta-analyses,
with their effect estimates, are reported in Supplement S4.

3.6. Grading of the evidence

According to the GRADE assessment, no body of evidence could be
deemed of high or moderate quality. With regard to drugs repurposed
for mania, evidence of efficacy should be considered as of low quality for
allopurinol and of very low quality for tamoxifen, mainly due to high or
unclear risk of bias of the included RCTs, imprecision of the estimates,
and uncertainty of publication bias. For similar reasons, all evidence
concerning drugs repurposed for bipolar depression was graded as of
low quality. The overall assessment of the quality of evidence for add-on
drugs tested for mania and bipolar depression is displayed in Tables 3
and 4, respectively. A detailed report of the GRADE assessment is shown
in Supplements S5 and S6.

4. Discussion
In this meta-review, based on nine eligible studies, we appraised,

synthesized, and graded the available evidence from meta-analyses of
RCTs examining the efficacy, tolerability, and safety of 12 drugs
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repurposed as adjunctive treatments of acute mood episodes (mania and
depression) in BD. Our work enabled to summarize a large number of
findings and to make a careful judgment on repurposed drugs, based on
a balanced evaluation of the effect sizes, the quality of evidence, and the
clinical relevance of considered outcomes (Balshem et al., 2011).
Meta-analytic data on drugs repurposed for mania indicated allo-
purinol and tamoxifen as possibly effective and safe adjunctive thera-
peutic options. Allopurinol, a xanthine oxidase inhibitor that may act
increasing adenosine levels, was found to have significant effects on
both manic symptoms reduction and clinical remission (Bartoli et al.,
2017a). Its efficacy was not influenced by dosage, follow-up duration, or
concurrent standard treatment. Notwithstanding the low quality of ev-
idence and the small-to-moderate magnitude of the efficacy outcomes,
this finding appears promising in terms of possible clinical applicability,
especially in pure manic episodes. This, along with the abnormalities of
the purinergic system that have been demonstrated to contribute to the
pathophysiology of BD (Bartoli et al, 2016, 2017b), should encourage
further clinical studies, with larger samples and longer follow-ups.
Likewise, the anti-cancer drug tamoxifen in adjunct to standard treat-
ment with lithium or valproate showed superiority to placebo in terms of
response to treatment and reduction in manic symptoms, with large
effects (Palacios et al., 2019). Although the mechanisms of action of
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tamoxifen are not entirely elucidated, this result seems to support the
hypothesis that protein kinase C might represent a biochemical target
for the treatment of BD (Armani et al., 2014). Tamoxifen has been
suggested as a treatment option for acute mania in recent guidelines
(Yatham et al., 2018). However, findings on tamoxifen efficacy should
be interpreted with caution in terms of clinical recommendations since,
notwithstanding the large effect sizes, they are based on evidence of very
low quality and on critically poor reporting according to AMSTAR 2.
Conversely, evidence did not support the use of melatonin-receptor
agonists as adjunctive treatments for mania, although the small sam-
ple size did not allow us to rule out their beneficial effect (Kishi et al.,
2021).

As regards drugs repurposed for bipolar depression, mixed findings
could be derived from meta-analyses. First, the rationale on the use of
stimulants and stimulant-like drugs — acting on dopaminergic, norad-
renergic, and serotoninergic neurotransmission (Corp et al., 2014;
Connolly and Thase, 2011) — seems supported by meta-analytic evi-
dence. We found racemic modafinil and its (R)-enantiomer armodafinil
to be more effective than placebo on all three efficacy outcomes exam-
ined, with only minor side effects. However, the magnitude of the effects
was small and both the quality of evidence and the overall confidence in
the results of the meta-analysis could not be judged more than low
(Nunez et al., 2020), limiting the clinical relevance of these findings.
Further, adjunctive treatment with pramipexole was superior to placebo
in inducing response to treatment and reducing symptoms of bipolar
depression, without safety concerns (Tundo et al., 2019). However, both
the body of evidence and the review report were of low quality, limiting
its actual relevance in clinical practice. Consistently, at present prami-
pexole is recommended only as a possible third-line option for the
treatment of bipolar depression (Yatham et al., 2018). Additional studies
yielding more precise estimates could better define its role in the
treatment of bipolar depression. In sum, currently available evidence
does not enable to warrant specific recommendations about add-on
stimulant drugs. Nonetheless, given the absence of clearly effective
treatments for depressive episodes in BD and the enduring controversies
about the use of traditional antidepressants in this condition (Gitlin,
2018), their utilization in the clinical management of BD may represent
a feasible augmentation strategy.

Second, in light of the possible role of inflammation in the patho-
genesis of BD (Bartoli et al., 2020a; Misiak et al., 2020; Langan and
McDonald, 2009), several agents with anti-inflammatory properties
have been suggested for the treatment of bipolar depression.
Meta-analytic evidence showed that adjunctive celecoxib performed
better than placebo in terms of remission, while add-on NAC was more
effective than placebo in reducing depression scales scores, with no
safety issues (Bahji et al., 2021; Nery et al., 2020). However, the
magnitude of the effects was only small-to-moderate and both evidence
quality and overall confidence in the results of the reviews were low.
Moreover, no positive effects were detected for other outcomes, severely
limiting their possible clinical utility. Additionally, data did not suggest
any efficacy of ASA and pioglitazone (Bahji et al., 2021). Thus,
notwithstanding the biological rationale, the clinical perspectives of
anti-inflammatory agents in the treatment of bipolar depression remain
uncertain.

Third, evidence does not support the clinical utility of memantine
and inositol as add-on treatments for bipolar depression (Bahji et al.,
2021; McCloud et al., 2015; Mukai et al., 2014). In particular, NMDA
receptor antagonist memantine was not superior to placebo, despite the
possible involvement of the glutamatergic system in the pathophysi-
ology of BD (Bartoli et al., 2020b; Sanacora et al., 2008). Other gluta-
mate receptor modulators have been evaluated as add-ons for bipolar
depression, including single-dose intravenous ketamine, but conclusions
about its extremely rapid antidepressant effect are limited by the small
sample sizes and the short follow-ups of relevant studies (McCloud et al.,
2015). Current evidence is thus insufficient to support the clinical use of
glutamatergic agents for the treatment of bipolar depression. Similarly,
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no effects were estimated for second messenger precursor inositol,
notwithstanding its link to serotonin, dopamine, and glutamate re-
ceptors (Mukai et al., 2014).

As a whole, our study provides a comprehensive overview about
drugs repurposed as adjunctive treatments for acute mood episodes in
BD. Benefiting from a study design acknowledged as the highest level of
evidence synthesis methods (Fusar-Poli and Radua, 2018), we were able
to examine a vast amount of meta-analytic data and to explore a broad
range of treatment options with the aim of providing up-to-date evi-
dence to clinicians and regulatory decision makers.

Nonetheless, the findings of this meta-review should be interpreted
with caution considering some limitations. First, several factors down-
graded the quality of evidence, not allowing to draw strong conclusions
about many of the investigated drugs. Second, the overall confidence in
the results of the meta-analyses could be deemed moderate-to-high only
for three of the included studies, primarily because some of them did not
adequately assess or discuss the risk of bias of the original RCTs. Third,
the included studies provided data only on short-term follow-ups, pre-
cluding clear information on long-term efficacy and side effects. More-
over, the nature of our synthesis did not allow direct comparisons
between the different interventions addressed, since meta-reviews, by
definition, are limited by methodological variability across the included
meta-analyses (Pollock et al., 2021; Ioannidis, 2009). In addition, our
study design did not allow to consider data — even if available or
retrievable — appropriate to derive the number needed to treat/harm for
relevant outcomes, precluding a deeper interpretation of the possible
clinical utility of single repurposed drugs. Finally, as existing
meta-analyses did not consider all the possible treatment options,
recent, single RCTs are not covered by our meta-review. Other agents
have been repurposed as possible adjunctive treatments for BD,
including cytidine (Yoon et al., 2009), levothyroxine (Stamm et al.,
2014), and minocycline (Husain et al., 2020; Savitz et al., 2018) for
bipolar depression, as well as medroxyprogesterone (Kulkarni et al.,
2014) and rivastigmine (Keshavrzi et al., 2019) for mania.

In sum, since standard treatments for mania and bipolar depression
remain not entirely satisfactory, the analysis of novel therapeutic stra-
tegies stands as a major issue to enhance the management of BD (Car-
valho et al., 2020; McIntyre et al., 2020; Ferrari et al., 2016). The lack of
evidence of high and moderate quality does not allow making reliable
recommendations for the use of repurposed drugs in clinical practice.
However, some of them have shown promising results and deserve
further research, with adequate study designs, larger samples, and direct
comparisons between drugs.
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