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ARTICLE INFO ABSTRACT

Objective: Efficacy and safety of long-term use of antidepressants (AD) in bipolar disorder (BD) patients remains
highly controversial. Here we performed a meta-analysis of randomized controlled trials (RCTs) exploring the
efficacy and safety of long-term AD use in BD patients.

Methods: English-written literature published in peer-reviewed journal was systematically searched from
Pubmed, EMBASE, CENTRAL, PsycINFO and Clinicaltrials.gov. Each database was searched from its first
available time to August 31, 2016. Additional papers were searched from recent guidelines, expert consensus
and systematic reviews by hand. RCTs exploring the efficacy and safety of long-term (=4 m) antidepressant
treatment for patients with bipolar disorder were eligible. Two authors (HF, JL) independently extracted the
data. Risk ratio (RR), number needed to treat (NNT) and/or number needed to harm (NNH) for new depressive
episodes and new manic/hypomanic episodes were calculated. Subgroup analyses were performed based on
treatment regimen (AD monotherapy or combined with MS), types of antidepressants, funding source, bipolar
subtypes and treatment duration.

Results: Eleven trials with 692 bipolar disorder patients were included in the meta-analysis. The risk of bias
assessment demonstrated moderate bias risk. Antidepressants were superior to placebo in reducing new de-
pressive episodes in bipolar disorders without increasing risk of new manic/hypomanic episodes either used as
monotherapy or in combination with MS. Subgroup analyses revealed that greater benefit and lower risk may be
achieved in BD II than in BD I. However, compared with MS monotherapy, AD monotherapy significantly in-
creased the risk of affective switch with no improvement in prophylaxis of new depressive episodes.
Conclusions: Reduced new depressive episodes may be achieved by long-term AD treatment with no significantly
increased risk of new manic/hypomanic episodes in BD, particularly in BD II. The elevated risk of affective
switch of AD monotherapy compared with MS monotherapy may be contributed to the protective effect of MS in
diminishing manic/hypomanic episodes. Further studies are needed to verify our findings.
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1. Introduction

Depressive episodes in bipolar disorder (BD) usually exhibit higher
prevalence, longer duration, more serious harm on social function and
higher burden than manic/hypomanic episodes (Bopp et al., 2010; Judd
et al., 2002; Miller et al., 2014; Michalak et al., 2008; Solomon et al.,
2010), while the treatment of bipolar depression, especially long-term
treatment, is much less studied and far less optimized in clinical prac-
tice than mania/hypomania (Grunze et al., 2013). Practice guidelines
and expert consensus (Grunze et al., 2013; Goodwin, 2009; Yatham
et al., 2013; Malhi et al., 2015; Pacchiarotti et al., 2013) recommend
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avoiding use of antidepressants (AD) for BD patients, only if the de-
pressive episode is very severe and shows poor response to mood sta-
bilizers (MS) or atypical antipsychotics (AP) monotherapy. And, even in
the case of indispensable use of AD for acute treatment of bipolar de-
pression, the use of AD is recommended to be limited in 6-8 weeks after
full remission of depression (Yatham et al., 2013), much shorter than
the recommended continuation and maintenance treatment duration in
unipolar major depressive disorder (MDD)(Davidson, 2010). Never-
theless, these recommendations have never been backed up by explicit
evidence.

Although discouraged from guidelines, the long-term AD use in BD
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patients is commonly seen in clinical practice, with as high as 40% of
patients taking AD in the maintenance phase (Grande et al., 2013). This
may be due to the inadequate effectiveness or poor tolerability of re-
commended treatment regimens, namely, the MSs and APs. However,
the use of antidepressant in bipolar disorder (BD) treatment, especially
long-term treatment, is highly contentious since two of most commonly
concerned questions about this topic, namely, the effectiveness of long-
term AD treatment for prophylaxis of new depressive episodes and the
risk of new manic/hypomanic episodes inducement are exceedingly
inconclusive due to the limited and inconsistent evidence from clinical
trials (Pacchiarotti et al., 2013; Gitlin, 2012; Ghaemi, 2012).

A previous meta-analysis exploring the benefits and risk of long-
term AD treatment for BD patients demonstrated that long-term ad-
junctive AD treatment had little protection for depression relapse while
significantly increased risk of affective switch (Ghaemi et al., 2008).
However, the results of this meta-analysis may be biased by repeated
using of data for more than one time in multiple-arm trials. Besides, the
authors didn’t differentiate comparisons between AD and placebo from
comparisons between AD and MS, which may result in confounding
results since MS and placebo is considered explicitly to have different
effects on depression relapse prevention and affective switch induce-
ment. Moreover, several new studies with different findings have been
published since the publication of the meta-analysis. Therefore, we
conducted this updated meta-analysis of randomized controlled trials
(RCTs) to address the efficacy and affective switch risk of long-term AD
use in BD patients.

2. Materials and methods
2.1. Literature search

Clinical trials were searched from Pubmed, EMBASE, The Cochrane
Central Register of Controlled Trials (CENTRAL), PsyINFO and
Clinicaltrials.gov using “bipolar disorder”, “manic-depressive disorder”,
“antidepressant or tricyclic OR tetracyclic OR serotonin reuptake in-
hibitor OR noradrenaline reuptake inhibitor OR monoamine oxidase
inhibitor OR sertraline OR venlafaxine OR escitalopram OR citalopram
OR paroxetine OR fluoxetine OR mirtazapine OR fluvoxamine OR bu-
propion OR wellbutrin OR duloxetine OR trazodone OR nefazodone OR
reboxetine OR moclobemide OR mianserine OR amitriptyline OR
chlorimipramine OR St John's wort OR hypericum OR imipramine OR
doxepin OR maprotiline”, “randomized controlled trials”. Publication
date was restricted from every database's first available time to 2016/
08/31. Free text search and Mesh search were combined to improve the
recall ratio. The references of included studies and guidelines were also
systematically searched by hand. The detailed description of search
strategies and results in each database was shown in Appendix.

2.2. Inclusion criteria

Studies included in this meta-analysis should meet the following
criteria:

(1) Inclusion of patients diagnosed with Bipolar I, II or NOS type by
Diagnostic and Statistical Manual of Mental Disorders (DSM-III,
DSM-1V, DSM-IV-TR, DSM-5) or Bipolar Disorder by International
Classification of Diseases (ICD-9, ICD-10) or research domain cri-
teria (RDC) criteria. When both unipolar and bipolar depressed
patients were included, the data of bipolar depressed patients
should be reported separately.

(2) Allocation of patients should be based on randomization.

(3) The average total duration of AD treatment should be lasted for at
least 4 months (we defined the “long-term” as =4 m based on the
criteria used in a previous meta-analysis exploring the efficacy and
safety of antidepressant for acute treatment (16 weeks) of bipolar
disorder (Sidor and Macqueen, 2011)).
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(4) Data about the treatment-emergent of new depressive episodes or
manic/hypomanic episodes during long-term antidepressant treat-
ment for patients who achieved clinical remission or response
should be reported.

2.3. Exclusion criteria

(1) Naturalistic study or observational study design.

(2) Only data about efficacy and safety of acute AD treatment for bi-
polar depression was reported.

(3) Study protocols or inadequate data reporting (no available data for
meta-analysis).

(4) Repeated reporting.

2.4. Data extraction

Data about the demographic information (gender, age), index epi-
sode (depression, mania or not specified), inclusion criteria (diagnosis,
severity, course), treatment regimen (AD monotherapy or in combina-
tion with MSs or APs), pharmacotherapy (AD name, dosage, duration)
and outcome-related variables (definition of new depressive episodes
(relapse or recurrence) and manic/hypomanic episodes (affective
switch), time to new depressive or manic/hypomanic episode, duration
of new depressive or manic/hypomanic episodes, dropout rates) were
extracted from the included studies. This procedure was performed
independently by two investigators (JL, HF) under the guidance of
Cochrane Handbook for Systematic Reviews of Interventions, any dis-
crepancy detected in the extracted data was settled by discussion
among three authors of this paper (BSL, JL, HF). Key missing data or
perplex information of included studies were addressed through e-mail
contact with the authors.

2.5. Risk of bias assessment

Risk of bias of each included trial was assessed according to
Cochrane Handbook for Systematic Reviews of Interventions. The assess-
ment includes the following six items: randomization generation, allo-
cation concealment, blindness of participants and personnel, blindness
of outcome assessment, incomplete outcome data and selective re-
porting. Risk of bias summary figure was generated according to the
above six items by Revman 5.3.

2.6. Data synthesis and analysis

Risk ratio (RR) for new depressive episodes was selected as the
primary outcome. Risk ratio for new manic/hypomanic episodes,
number needed to treat (NNT) and number needed to harm (NNH)
derived from risk difference (RD) were selected as secondary outcomes.
Due to the exceedingly inconsistent reporting about dropouts in dif-
ferent studies and insufficient data about time to new affective epi-
sodes, we finally abandoned meta-analysis of dropout rate, time to new
affective episodes and duration of new episodes, leaving the data ana-
lysis limited to dichotomous data about new depressive or manic/hy-
pomanic episodes. When different criteria of new depressive, manic/
hypomanic episodes were presented in a trial, data about the most
formal and commonly used criteria, namely, the criteria of depressive
or manic/hypomanic episode based on RDC, DSM or ICD diagnostic
system, was selected for meta-analyses. Pooled estimates were tested by
Z statistic, and significance was achieved when a two-tailed P value was
less than 0.05.

Heterogeneity between included studies was assessed by the Q
statistic and the I? statistics. P < 0.1 for Q statistic or 1> > 35% was
taken as indicator of statistical significant heterogeneity (Higgins and
Thompson, 2002). Mantel-Haenszel fixed -effect model (Mantel and
Haenszel, 1959) was selected for meta-analyses due to low hetero-
geneity detected between studies. Subgroup analyses were
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implemented to explore whether treatment regimen (monotherapy or
combination), bipolar subtypes (I, II or I and II), antidepressant types
(first generation or second generation), treatment duration (<6 m
or > 6 m) or funding source (pharmacy or non-pharmacy) exerted in-
fluence on the outcomes of efficacy and safety. However, the results of
some subgroup analyses were associated with lowered reliability owing
to small sample size. Sensitivity and meta-regression were used test the
stability of our findings and explore the factors potentially influencing
our results. Finally, Funnel plot and Egger's test were applied to explore
the potential publication bias.

All the statistic work was performed in the meta-analysis module of
Stata 12.0 for Windows.

3. Results
3.1. Literature search and selection

The electronic database search attached 1508 records and hand
search yielded 14 studies. Of these, twenty were retained for full-text
screening after duplicates discarded and title and abstract screening.
Finally, 9 studies were excluded in full-text screening and eleven stu-
dies were included for meta-analyses. The reasons for exclusion in full-
text screening were as follows: naturalistic design (Altshuler et al.,
2003; Viktorin et al., 2014), study protocol (Simpson et al., 2009), no
data reported about the acute responders or remitters (Sachs et al.,
2007; Leverich et al., 2006), reanalysis of data from other studies
(Amsterdam et al., 2013; Vohringer et al., 2015; Altshuler et al., 2009),
inadequate data reporting (Amsterdam et al., 1998). Eleven studies
were finally included in the meta-analysis. The study selection proce-
dure was shown in Fig. 1.

3.2. Main characteristics of included studies

The comparisons of the included studies were divided into two
major groups: comparing AD with placebo (including AD monotherapy
and AD combined with MS (AD + MS)) or comparing AD monotherapy
with MS monotherapy. The first group (group1) has eleven comparisons
from ten trials, including 637 BD patients (322 in AD group and 315 in
placebo group). Seven comparisons compared AD +MS with MS + pla-
cebo and the other four compared AD alone with placebo. For the
simplification of statistical analysis, one study (Brown et al., 2009)
comparing Olanzapine-Fluoxetine Combination (OFC) with Lamo-
trigine was categorized into this group due to the analogous mood-
stabilizing effect of Olanzapine and Lamotrigine. The second group
(group2) has five comparisons, including 227 BD patients (122 in AD
group and 105 in MS group).

The included eleven studies were published from 1973 to 2015,
with sample sizes ranging from 13 to 172. The ratio of female of the
included subjects ranged from 23% to 77%. Imipramine and fluoxetine
were the most commonly studied ADs: five studies (Prien et al., 1984;
Prien et al., 1973; Quitkin et al., 1981; Kane et al., 1982; Johnstone
et al,, 1990) employed imipramine and four (Brown et al., 2009;
Tamayo et al., 2009; Amsterdam and Shults, 2010; Amsterdam and
Shults, 2005) selected fluoxetine. Only one study hired venlafaxine
(Amsterdam et al., 2015) and one study used four ADs (bupropion,
paroxetine, citalopram and venlafaxine)(Ghaemi et al., 2010). Lithium
Carbonate (Li) is the most frequently used mood stabilizer, except for
three studies: one compared OFC with Lamotrigine (Brown et al.,
2009), one compared OFC with Olanzapine (Tamayo et al., 2009), and
the other has no limitation to a specific MS (Ghaemi et al., 2010). The
average completed treatment duration ranged from 4.4 months to 36
months. Note that in two studies (Brown et al., 2009; Amsterdam et al.,
2015) the randomization procedure was performed when patients were
in acute depressive episode, and data were collected for patients who
achieved response and continued their treatment in maintenance phase.
Two studies were open trials with one (Ghaemi et al., 2010) compared
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1508 of records 16 of additional
identified records
through identified
database through hand
searching searching

I |
!

946 of records after
duplicates removed

926 of records
excluded in title

and abstract
screening

946 of records
screened

9 of full-text articles
excluded, for
naturalistic
design(n=2), study
protocol(n=1), no data
reporting about acute
responders or
remitters(n=2),repeate:
reporting(n=3),
inadequate data
reporting(n=1)

20 of full-text
articles assessed
for eligibility

11 of studies
included in
quantitative
synthesis
(meta-analysis)

Fig. 1. Flowchart of study selection process. Literature was systematically searched from
Pubmed, EMBASE, PsyINFO, CENTRAL and clinicaltrials.gov from their first available
dates to August 31, 2016. Relevant papers were also handly searched from guidelines,
expert consensuses, systematic reviews and meta-analyses.

patients continued with those discontinued AD treatment after remis-
sion from acute depression treatment, and the other (Tamayo et al.,
2009) compared OFC with Olanzapine (OLZ) in responders of a 7-week
OFC treatment for acute depressive episode. All studies except one
(Johnstone et al., 1990) recruited enriched sample, which means only
patients who achieved benefit from acute AD or MS therapy were in-
cluded in the long-term continuation or maintenance treatment. The
main characteristics of the included studies are demonstrated in
Table 1.

3.3. Methodological quality

All the eleven included studies reported randomized controlled trial
design, while only two studies (Amsterdam et al., 2015; Ghaemi et al.,
2010) explicitly declared the method of random sequence generating.
No study reported the specific method of allocation concealment. Three
studies were evaluated as high risk of bias, owing to non-blindness of
the patients, treating clinicians and/or evaluators (Johnstone et al.,
1990; Tamayo et al., 2009; Ghaemi et al., 2010) and incomplete out-
come data reporting (Ghaemi et al., 2010)(Appendix). There is hardly
any bias of selective reporting of the included eleven trials.
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Study Events, Events, PLA Fig. 2. Meta-analyses of AD vs PLA or MS in pro-
ID RR (95% Cl) AD or MS phylaxis of new depressive episodes or inducement

i of new manic/hypomanic episodes. a. AD vs PLA in
a. AD vs PLA: depression prophylaxis of new depressive episodes; b. AD vs PLA
monotherapy —_—— 0.53 (0.34, 0.82) 18/54 32/51 L . . . .
combination —_— 0.66 (0.47, 0.93) 45/268 67/264 in risk of new manic/hypomanic episodes; c. AD vs
first generation AD — 0.68 (0.42, 1.09) 21/102  34/112 MS in prophylaxis of new depressive episodes; d. AD
second generation AD —_— 0.60 (0.43,0.84) 42/220 65/203 vs MS in risk of new manic/hypomanic episodes.
pharm funded —_—— 0.60 (0.38, 0.94) 25/165 37/146 Abbreviations: AD: antidepressants; PLA: placebo;
nonpharm funded —_— 0.66 (0.47,0.93) 38/157 62/169 MS: mood stabilizers; RR: Risk Ratio; CI: confidence
| —_— 0.63 (0.37, 1.06) 20/145 28/128 interval.
Il —_—— 0.58 (0.35, 0.96) 15/47  23/42
land Il —_—— 0.65 (0.44, 0.97) 28/130 48/145
6-24m —_—— 0.68 (0.50, 0.93) 44/170 69/181
4-6m —_— 0.56 (0.33,0.94) 19/152 30/134
b. AD vs PLA: mania’hypomania
monotherapy —_—— 1.11(0.55, 2.27) 12/46 11/47
combination —— 1.14 (0.68, 1.92) 28/257 24/252
first generation AD ——— 1.47 (0.90, 2.39) 28/91 21/100
second generation AD —_—— 0.80 (0.38, 1.70) 12/212  14/199
pharm funded * 0.66 (0.15, 2.90) 3/152 4/134
nonpharm funded ——— 1.30 (0.85, 1.99) 37/151 31/165
| —— 1.29 (0.66, 2.51) 19/145 13/128
1l * 0.69 (0.21, 2.22) 4/33 6/34
land Il —_—— 1.16 (0.62,2.20) 17/125 16/137
6-24m o s el 1.30(0.85, 1.99) 37/151 31/165
4-6m * 0.66 (0.15, 2.90) 3/152 4/134
c. AD vs MS: depression
first generation AD —_— 1.00 (0.57, 1.74) 16/54 19/64
second generation AD —_—— 0.38 (0.21, 0.70) 12/68 19/41
d. AD vs MS: mania/hypomania
first generation AD —_—— 2.55 (1.47,4.42) 28/54 13/64
second generation AD +- 1.39 (0.25, 7.68) 3/28 2/26

T T Favors: AD Favors: PLA or MS T T
1 2 1 5 10

3.4. AD vs placebo (including AD+ MS and AD monotherapy)

3.4.1. Prophylaxis of new depressive episodes

Ten studies with 637 BD patients reported data comparing the ef-
ficacy of AD with placebo in prophylaxis of new depressive episodes,
with seven comparisons (N=532) compared AD in combination with
MS (AD+MS) with MS (+ placebo) and four comparisons (N=105)
compared AD monotherapy with placebo. The relapse rate of new de-
pressive episodes was significantly lower in AD group than in placebo
group (RR=0.64, 95% confidence interval (CI) [0.49-0.83],
P=0.0009) (Fig. 2a), either AD+MS (RR=0.70, 95%CI [0.50-0.971],
P=0.03) or AD monotherapy (RR=0.53, 95%CI [0.35-0.81],
P=0.003) subgroup reached statistical significance (Fig. 3a). The AD
monotherapy regimen revealed a relatively higher efficacy than AD
+MS, though not statistically significant (P=0.31). The NNT for the
total synthesis was 9.1, 95% CI [5.6-20] (for AD+MS: NNT=12.5,
95% CI [7.1-100]; for AD monotherapy: NNT = 3.3 95% CI [2.0-8.3]),
indicating overall moderate efficacy of AD for prevention of new de-
pressive episodes, with high efficacy in AD monotherapy and relatively
small efficacy in AD+MS regimen.

The heterogeneity test showed little heterogeneity between the
studies (Q=6.75, df=10, P=0.749, 1>=0%). By removing one trial
each time, the meta-influence analysis didn't reveal any outlier tended
to bias the results substantially (Appendix). The funnel plot is roughly
symmetric and the Egger's intercept covers zero (t=0.16, p=0.880,
95% CI [—1.75, 2.01]), indicating no signs of publication bias
(Appendix).

3.4.2. Risk of inducement of new manic/hypomanic episodes

As no patients switched to mania or hypomania in either AD or
placebo group in three studies (Kane et al., 1982; Johnstone et al.,
1990; Amsterdam and Shults, 2005), these studies were not included in
the meta-analysis of new manic/hypomanic episodes. Finally, data from
eight comparisons with 602 BD patients (303 in AD group and 299 in
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placebo group) were synthesized. The pooled RR was 1.21, 95% CI
[0.82-1.80] (for AD+MS: RR=1.26, 95% CI [0.77-2.05]; for AD
monotherapy: RR=1.11, 95% CI [0.57-2.16]) (Fig. 2b; 3b). The RD for
the total synthesis was 0.02, 95%CI [ —0.03-0.07], P=0.35, NNH =50
(for AD+MS: RD=0.02, 95% CI [—0.03-0.08]), P=0.35, NNH=50;
for AD monotherapy: RD=0.03, 95% CI=—0.14-0.19, P=0.76,
NNH = 33), indicating no significant difference between AD and pla-
cebo (either AD+MS or AD monotherapy) in inducing new manic/
hypomanic episodes. No significant heterogeneity was detected be-
tween the included studies (Q=0.18, df=7, P=0.638, I2=0%).

3.5. AD monotherapy vs MS monotherapy

3.5.1. Prophylaxis of new depressive episodes

Five trials (Prien et al., 1984; Prien et al., 1973; Kane et al., 1982;
Amsterdam and Shults, 2010; Amsterdam et al., 2015) with 227 pa-
tients (122 in AD group and 105 in MS group) compared AD mono-
therapy with MS monotherapy in prophylaxis of new depressive epi-
sodes and inducement of new manic/hypomanic episodes. All the five
trials were included in the meta-analysis of new depressive episodes. No
significant difference between AD monotherapy and MS monotherapy
in prevention of new depressive episodes was detected (RR=0.71,
95%CI [0.48-1.06], P=0.09; RD=-0.10, 95% CI [—0.22-0.02])
(Fig. 2c). Heterogeneity between these studies was low (Q=3.93,
df=4, P=0.415, I*=0%).

3.5.2. Risk of inducement of new manic/hypomanic episodes

As no patient experienced new mania/hypomania episodes in either
AD or placebo group in the study Amsterdam et al., 2015 (Amsterdam
et al., 2015), this study was not included in the analysis of new manic/
hypomanic episodes. The pooled estimate of the remained four studies
(N=172) revealed significantly higher risk of new manic/hypomanic
episodes in AD monotherapy than MS monotherapy (RR =2.35, 95%CI
[1.42-3.91], P=0.001) (Fig. 2d). The RD between two groups is large
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Study Events, Events, PLA % Fig. 3. Summary of subgroup meta-analyses com-

1D RR (95% Cl) AD or MS Weight paring AD with PLA or MS in prophylaxis of new

a.AD vs PLA for prophylaxis of depression depresswtla epllsodes or mducement' of new ma.mc/

Prien 1973(1) —_— 0.40(0.17,0.95) 4/13  10/13 10.11 hypomanic episodes. a. AD vs PLA in prophylaxis of

Quitkin 1981 —_— 0.77 (0.18,3.21)  3/37 4/38 3.99 new depressive episodes; b. AD vs PLA in risk of new

Kane 1982(1) < 0.67 (0.06, 7.85) 1/6 1/4 1.21 : s . . .
manic/hypomani i . AD vs MS in prophy-

Kane 1982(2) _— 0.70 (0.20, 2.44)  2/5 417 3.37 an ¢/hypomanic P SOde.s’ ¢ s MS in p "ophy

Prien 1984(1) —_— 0.78 (0.36, 1.69) 8/36 12142 11.20 laxis of new depressive episodes; d. AD vs MS in risk

Johnstone 1990 —_—— 1.60 (0.51,5.03) 3/5 3/8 2.33 of new manic/hypomanic episodes. These meta-

Amsterdam 2005 0.43(0.18,1.03)  3/8 44 5.85 analyses were subgrouped by treatment regimen

Brown 2009 —_—— 0.75(0.38, 1.50)  13/95 14177 15.64 h bined with id

Tamayo 2009 —_— 0.38(0.16,0.89) 6/57  16/57 16.18 (monotherapy vs combined with MS), antidepressant

Ghaemi 2010 —_— 0.77 (0.42,1.39) 11/32 17138 15.71 types (first generation vs second generation),

Amsterdam 2010(1) —_—— 0.62(0.32,1.19) 9/28 14127 14.41 funding source (pharmacy funded vs non-pharmacy

- = 19/ =

Subtotal (I-squared = 0.0%, p = 0.749) <> 0.64 (0.49,0.83) 63/322 99/315 100.00 funded), BD subtypes (I vs TT vs T and ID) and treat-

b.AD vs PLA for risk of mania/hypomania ment duration (6-24 m vs 4-6 m). Abbreviations:

Prien 1973(1) B e — 1.60 (0.71,3.60) 8/13 5/13 14.49 AD: antidepressants; PLA: placebo; MS: mood stabi-

Quitkin 1981 2.31(0.78,6.85) 937 438 1143 lizers; RR: Risk Ratio; CI: confidence interval.

Kane 1982(2) + 1.40 (0.11,17.45) 1/5 17 241

Prien 1984(1) —_—— 1.06 (0.51,2.20) 10/36 11/42 29.42

Brown 2009 + 0.41(0.08, 2.15) 2/95 4177 12.80

Tamayo 2009 + 3.00(0.12,72.13) 1/57 0/57 1.45

Ghaemi 2010 —_—— 1.43(0.48,4.24) 6/32 5/38 13.24

Amsterdam 2010(1) —_——r 0.58 (0.15,2.19) 3/28 5/27 14.75

Subtotal (I-squared = 0.0%, p = 0.638) <:> 1.21(0.82,1.80) 40/303 35/299 100.00

c.AD vs MS for prophylaxis of depression

Amsterdam 2010(2) —_—— 0.56 (0.30, 1.05) 9/28 15/26 40.31

Amsterdam 2015 —_——— 0.28 (0.07,1.11)  3/40 4/15 15.08

Kane 1982(3) < 1.60 (0.21,11.92) 2/5 1/4 2.88

Prien 1973(2) —_— 0.92(0.32,2.62) 4/13 6/18 13.04

Prien 1984(2) —_—— 0.97 (0.48,1.98) 10/36 12/42 28.70

Subtotal (I-squared = 0.0%, p = 0.415) < 0.71(0.48,1.06) 28/122  38/105 100.00

d.AD vs MS for risk of mania’hypomania

Amsterdam 2010(2) + 1.39(0.25,7.68) 3/28 2/26 14.35

Kane 1982(3) & 2.50 (0.13, 48.85) 1/5 0/4 3.77

Prien 1973(2) —_— 5.54 (1.40,21.92) 8/13 2/18 11.61

Prien 1984(2) —_—— 2.02(1.11,3.65) 19/36 11/42 70.26

Subtotal (I-squared = 0.0%, p = 0.549) <> 2.35(1.42,3.91) 31/82 15/90 100.00

I I
02 Favors: AD 1 Favors: PLA or MS 50

(RD=0.23,95% CI [0.11-0.35], P=0.0002), and the NNH is small
(NNH=4.3, 95% CI [2.9-9.1]), indicating significantly higher risk of
affective switch in AD monotherapy comparing with MS monotherapy.
The heterogeneity in this analysis is also low (Q=2.11, df=3,
P=0.549, I’ =0%).

3.6. Subgroup analyses and meta-regression

Subgroup analyses were done by BD subtypes (I, II, I and II), AD
types (first generation, second generation), funding source (pharmacy,
non-pharmacy) and treatment duration (<6 m, > 6 m). These sub-
groups revealed that only BD II benefits more from long-term AD
treatment: BD II and BD I+1I subgroups had significantly reduced risk
of new depressive episodes, while BD I subgroup had only slightly and
not significantly diminished risk of new depression (Fig. 3a); BD I
subgroup exhibited moderately higher RR of new manic/hypomanic
episodes than BD II, though this difference didn’t achieve statistical
significance (Fig. 3b). Only second generation AD exhibited significant
reduction in new depressive episodes in BD patients, while first gen-
eration AD did not (both first and second generation AD subgroup
didn’t increase the risk of new manic/hypomanic episodes)(
(Fig. 3a&b), this may be due to the fact that most trials used first
generation ADs also recruited BD I or BD I and II rather than BD II). The
relatively small sample size (N=214) in this subgroup may also con-
tribute to nonsignificance. The funding source and treatment duration
exhibited no significant influence on the efficacy of depression pro-
phylaxis and mania/hypomania inducement (Fig. 3a&b). Meta-re-
gression analysis of sample size and sex ratio didn’t reveal statistical
significance (Appendix).

4. Discussion

Long-term antidepressant use in BD patients is commonly seen in

clinical practice, while evidence for this phenomenon is scant (Grunze
et al., 2013). In this study, we meta-analyzed the available published
RCTs addressing the efficacy and safety of long-term (=4 m) AD
treatment for BD patients. Our meta-analyses found that: (1) as com-
pared with placebo, long-term AD treatment, either used as mono-
therapy or in combination with MS, is effective for prophylaxis of new
depressive episodes without increasing the risk of new manic/hypo-
manic episodes; (2) as compared with MS monotherapy, long-term AD
monotherapy didn’t reveal any superiority in preventing new depres-
sive episodes, but had significantly increased risk of new mania/hy-
pomania; (3) BD II subtype benefits more from long-term AD treatment
than BD L.

Psychiatrists were often puzzled by the benefit and risk of pre-
scribing AD for preventing new depressive episodes in bipolar patients.
Our meta-analyses supported the benefit of long-term AD treatment in
reducing new depressive episodes in bipolar disorder patients, either
used alone or in combination with MS. However, smaller efficacy of AD
+MS regimen (NNT=12.5) as compared with AD monotherapy
(NNT=3.3) was detected, indicating potential synergetic effect of AD
and MS in preventing depression relapse and recurrence and minor
superiority of MS+ AD regimen over MS monotherapy.

Beyond disputes about efficacy, the risk of long-term AD treatment
in bipolar disorder is often more contentious. The findings of no in-
creased risk of mania/hypomania during long-term AD treatment as
compared with placebo while elevated risk of affective switch as
compared with MS monotherapy were interesting. The use, especially
long-term use, of AD in BD patients, is intensively augmentative due to
the potential risk of mania/hypomania inducement. However, our re-
sults indicated that the affective switch of BD may be mainly con-
tributed to the naturalistic course of the disease itself rather than AD's
inducement, and, the lower risk of new manic/hypomanic episodes in
MS monotherapy group as compared with AD monotherapy group may
be explained by the protective effect of MS in preventing new mania/
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hypomania symptoms.

The previous meta-analysis (Ghaemi et al., 2008) addressing the
benefit and risk of long-term AD treatment for BD found little benefit in
preventing new depressive episodes while great risk in inducing new
manic/hypomanic episodes, which is contradicted with our findings.
This discrepancy may be interpreted by the separation of comparisons
between AD and placebo and comparisons between AD and MS in our
study. As a matter of fact, our findings are consistent with the results of
subgroup analyses of AD only vs placebo only and AD only vs MS only
in the previous meta-analysis, which also revealed no difference in risk
of new manic/hypomanic episodes between AD (+MS) and placebo
(+MS) while significantly elevated risk in AD only as compared with
MS only.

The findings about the efficacy and safety of long-term AD+MS
treatment for BD is also congruent with conclusions of two previous
naturalistic observational studies (Altshuler et al., 2003; Viktorin et al.,
2014), which declared that benefits of long-term AD + MS treatment in
diminishing risk of new depressive episodes can be achieved with no
increase in risk of new manic/hypomanic episodes. However, the study
of Viktorin et al.Viktorin et al. (2014) also found increased risk of af-
fective switch in patients receiving AD monotherapy, which is opposite
to our findings. A possible explanation for this discrepancy may lie in
the fact that most comparisons comparing AD monotherapy with pla-
cebo included in our study recruited BD II patients (three (Kane et al.,
1982; Amsterdam and Shults, 2010; Amsterdam and Shults, 2005) of
four recruited only BD II patients, the other (Prien et al., 1973) didn’t
declare details of BD subtypes), while the study of Viktorin et al. in-
cluded both patients with BD I and BD II. Since BD II is characterized by
predominantly depressive episodes, the risk of mania/hypomania in-
ducement in this subtype may be much less than that in BD I (Vohringer
et al., 2015; Amsterdam et al., 2015).

Considering the different clinical manifestation between BD I and
BD II, whether clinicians should adopt distinct strategies in prescribing
AD for the two subtypes still remains disputable. As illustrated in the
subgroup meta-analyses, BD II subgroup demonstrated moderately
higher RR in new manic/hypomanic episodes and slightly lower RR in
new depressive episodes than BD I subgroup, although both indicators
didn’t achieve statistical significance in test for subgroup differences,
the trend of greater benefit and lower risk of long-term AD treatment in
BD II than in BD I may call for attention in differentiating treatment
strategies for the two subtypes.

Despite the exhilarating findings of our study, some limitations call
for caution in interpreting the results: (1) The number of included
studies is only eleven and the total sample size synthesized is only
moderate (N=692); (2) Although all the eleven included studies were
RCTs, the randomization procedure was performed in acute depression
phase rather than patients who achieved remission in two studies
(Brown et al., 2009; Amsterdam et al., 2015), which may introduce
selection bias; (3) Three studies included patients (Tamayo et al., 2009;
Amsterdam et al., 2015; Ghaemi et al., 2010) achieved only response
rather than remission in acute depression phase, and the treatment
durations were less than six months in two studies (Brown et al., 2009;
Tamayo et al., 2009), which do not meet the standard criteria of pro-
phylaxis (maintenance) treatment of BD(Tohen et al., 2009; American
Psychiatric Association, 2013) and may confound the residual symp-
toms of one episode with another new episode; (4) The non-blindness of
patients, treating clinicians and/or evaluators in three included studies
(Johnstone et al., 1990; Tamayo et al., 2009; Ghaemi et al., 2010) may
introduce performance and measurement bias, and high dropout rate in
one studies (Ghaemi et al., 2010) is associated with attrition bias; (5)
All studies except one (Johnstone et al., 1990) selected enriched
sample, which may limit the external validity of the results of these
meta-analyses; (6) Owing to inadequate or inconsistent data reporting,
we finally abandoned the planned meta-analyses of time to relapse,
duration of relapse and dropouts, which are also of key value for us to
understand the efficacy and safety of long-term AD treatment.
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Considering the above limitations, future RCTs addressing the risk
and benefit of long-term AD treatment for bipolar disorder should im-
plement randomization in patients who had achieved remission of de-
pression and report clearly about time to depression relapse/recurrence
or mania/hypomania, duration of new affective episodes and dropouts.
And, blindness of participants, treating clinicians and data analyzers
should be tried best to achieve. What's more, more studies are needed to
address the risk and benefits of long-term AD treatment in non-enriched
BD samples.

5. Conclusions

Our meta-analyses suggested that the evidence from current RCTs
seems to back up the long-term use of AD in BD treatment, owing to its
efficacy in prophylaxis of new depressive episodes without significantly
increased risk of mania/hypomania inducement. The higher risk of new
manic/hypomanic episodes in AD monotherapy as compared with MS
monotherapy may be derived from the protective efficacy of MS for
preventing new mania/hypomanic episodes. The superiority of AD
+MS over MS alone, although relatively small, may justify the com-
monly seen phenomenon of long-term AD treatment in BD patients in
clinical practice. Longer AD treatment than recommended in guidelines
should be considered for some BD patients, especially those with BD II
disorder. On account of the limitations of our meta-analyses, future
studies are imperatively needed to address this issue further on.
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