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Abstract
Aim: Whether	patients	with	adult	bipolar	disorder	(BD)	who	have	been	clinically	sta-
bilized	with	lithium	or	lamotrigine	should	continue	this	medication	is	not	established	
fully.	This	systematic	review	and	meta-analysis	evaluated	the	efficacy	and	safety	of	
lithium	and	lamotrigine	for	maintenance	treatment	in	clinically	stable	patients	with	
adult	BD.
Methods: This	meta-analysis	included	only	double-blind,	randomized,	placebo-con-
trolled	trials	with	an	enrichment	design	that	selected	patients	who	responded	acutely	
to	lithium	or	lamotrigine.	Reports	prior	to	November	15,	2018,	were	retrieved	from	
the	PubMed/Cochrane	Library/Embase.	The	primary	outcome	was	the	relapse	rate	
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1  | INTRODUC TION

Patients	with	bipolar	disorder	(BD)1	repeatedly	and	irregularly	pres-
ent	mania/hypomania	or	depression	during	their	 life	course,	which	
can	result	 in	social	and	occupational	disability.2	A	meta-analysis	of	
mood	stabilizer	usage3	reported	that	continuing	their	use	significantly	
reduced	the	relapse	rate	for	adult	BD	patients	[risk	ratio	(RR)	=	0.68,	
95%	confidence	intervals	(95%CI)	=	0.60-0.77,	P	<	0.001],	and	there-
fore,	 recent	 treatment	guidelines	 for	BD	have	 recommended	 their	
continuation	 for	 a	 long	period,	 even	 after	 remission.4,5	A	network	
meta-analysis	of	randomized	controlled	trials	(RCTs)	investigated	the	
comparative	efficacy	and	safety	of	pharmacological	treatments	for	
BD	and	suggested	that	lithium	should	be	used	as	the	first-line	treat-
ment	for	preventing	relapse	in	patients	with	this	disorder.6	However,	
that	meta-analysis	 included	both	RCTs	with	 an	 enrichment	 design	
(ie	which	selected	patients	who	had	 responded	acutely	 to	 lithium)	
and	those	without	an	enrichment	design	(ie	which	included	patients	
who	had	responded	acutely	to	drugs	other	than	lithium	or	who	had	
not	received	any	treatment	prior	to	the	study).6	Consequently,	that	
analysis	 did	not	directly	 establish	whether	patients	with	 adult	BD	
clinically	stabilized	by	taking	lithium	should	continue	with	this	medi-
cation,	and,	unfortunately,	this	important	clinical	question	remained	
unanswered.

Therefore,	we	conducted	a	systematic	review	and	meta-analysis	
that	included	only	double-blind	randomized	placebo	controlled	trial	
(DBRPCTs)	with	an	enrichment	design	for	lithium	having	the	aim	of	
evaluating	its	efficacy	and	safety	for	the	maintenance	treatment	of	
clinically	 stable	patients	with	adult	BD.	Since	only	 lamotrigine	has	
been	approved	for	the	maintenance	treatment	of	adult	patients	with	
BD	in	Japan,	consequently,	we	conducted	an	additional	systematic	
review	and	meta-analysis	that	 included	only	DBRPCTs	with	an	en-
richment	design	for	lamotrigine.

2  | METHODS

2.1 | Inclusion criteria and search strategy

This	systematic	review	and	meta-analysis	was	performed	according	
to	the	Preferred	Reporting	Items	for	Systematic	Reviews	and	Meta-
Analyses	(PRISMA),7	and	the	PRISMA	checklist	is	presented	below	in	
the	Supplementary	Appendix.	Before	beginning	the	study,	we	regis-
tered	its	protocol	on	the	PROSPERO	database	of	systematic	reviews	
(lithium:	CRD42018114563;	lamotrigine:	CRD42018117399).

We	 included	 only	 DBRPCTs	 with	 an	 enrichment	 design	 that	
selected	patients	who	had	responded	acutely	to	lithium	or	to	lam-
otrigine.	Our	systematic	literature	review	used	the	following	strat-
egy:	 Patients-Intervention-Comparator-Outcome.	 The	 patients	
were	 adults	with	BD	 that	had	been	 clinically	 stabilized	by	 taking	
lithium/lamotrigine;	 the	 intervention	 was	 a	 continuation	 of	 the	
lithium/lamotrigine	 treatment;	 the	 comparator	 was	 placebo;	 and	
the	outcomes	were	efficacy	and	safety,	as	detailed	in	the	following	
section.

Miura	 et	al.'s	 network	 meta-analysis,6	 described	 earlier,	 had	
already	 identified	 six	 DBRPCTs	 related	 to	 our	 strategy:	 two	 for	
lithium8,9	 and	 four	 for	 lamotrigine.10‒13	 That	 study's	 final	 search	
date	was	June	28,	2013;	therefore,	we	started	our	search	period	
at	January	1,	2013	(to	provide	a	short	period	of	overlap	with	Miura	
et	al.'s	study),	and	we	accepted	reports	published	up	to	November	
15,	 2018.	 Relevant	 studies	 were	 identified	 through	 searches	 of	
the	PubMed,	Cochrane	Library,	and	Embase	databases,	using	the	
search	 terms	 “(bipolar	OR	affective)	AND	 (maintenance,	prophy-
laxis,	 recurrence,	 relapse,	 admission,	OR	prevent*)	AND	 (lithium	
OR	 lamotrigine).”	 There	 was	 no	 language	 restriction.	 Additional	
eligible	studies	were	also	sought	by	examining	the	reference	lists	
of	 the	primary	articles	and	relevant	 reviews.	At	 least	 two	of	our	

due	to	any	mood	episode	at	the	study	endpoint.	Other	outcomes	were	relapse	rates	
due	to	a	manic/hypomanic/mixed	episode	or	depression	at	the	study	endpoint,	dis-
continuation	rate,	death,	and	death	by	suicide.	Risk	ratios	(RRs)	(95%	confidence	in-
tervals)	 were	 calculated.	 When	 the	 random-effects	 model	 showed	 significant	
differences	between	groups,	the	number-needed-to-treat	(NNT)	was	estimated.
Results: The	search	retrieved	two	studies	regarding	lithium	(N	=	218)	and	four	evalu-
ating	lamotrigine	(N	=	706).	Both	drugs	were	superior	to	placebo	for	reducing	the	re-
lapse	 rate	 due	 to	 any	 mood	 episode	 [lithium:	 RR	=	0.52	 (0.41-0.66),	 P < 0.00001,	
I2	=	0%,	NNT	=	2.3	(1.6-4.2);	 lamotrigine:	RR	=	0.81	(0.70-0.93),	P = 0.004,	 I2	=	0%,	
NNT	=	8.3	(5.0-25.0)]	and	all-cause	discontinuation.	There	were	no	significant	differ-
ences	in	other	outcomes	between	lithium	or	lamotrigine	and	the	placebo	groups.
Conclusion: Both	drugs	showed	benefit	for	preventing	relapse	in	clinically	stable	pa-
tients	with	adult	BD.	However,	the	number	of	studies	and	patients	in	this	analysis	was	
small.
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eleven	authors	(KO,	KS,	SE,	YH,	MH,	YMatsuda,	YMatsui,	NM,	IN,	
MO,	and	TK)	 independently	assessed	the	selected	studies	based	
on	the	 inclusion/exclusion	criteria.	Each	of	the	 identified	studies	
was	checked	against	 the	 inclusion	and	exclusion	criteria	and	any	
discrepancies	 in	 coding	 were	 resolved	 by	 discussion	 among	 the	
authors.

2.2 | Outcomes

We	included	the	outcome	measures	of	at	least	two	studies	for	each	
outcome	measure.	The	primary	outcome	was	the	study-defined	re-
lapse	 rate	due	 to	any	mood	episode	at	 the	 study	endpoint.	Other	
outcomes	were	 a	manic/hypomanic/mixed	 or	 depressive	 episode,	
all-cause	 discontinuation,	 discontinuation	 due	 to	 adverse	 events,	
death,	and	death	by	suicide.

2.3 | Data extraction

The	authors	independently	extracted	data	from	the	included	stud-
ies.	 An	 intention-to-treat	 or	 a	modified	 intention-to-treat	 analysis	
was	applied.	When	data	required	for	the	meta-analysis	were	missing,	
we	 contacted	 the	 study	 investigators	 and	 requested	 their	 unpub-
lished	data	or	we	extracted	data	regarding	a	death	in	a	lithium	study9 
from	a	previous	review	article.14

2.4 | Statistical analysis

The	 meta-analyses	 were	 conducted	 using	 Review	 Manager,15 
and	 for	each	one	 the	RR	 (with	95%CI)	was	calculated.	When	 the	
random-effects	 model	 showed	 significant	 differences	 between	
groups,	 the	 number-needed-to-treat	 or	 number-needed-to-treat-
harm	(NNT	and	NNH,	respectively)	was	estimated.	Heterogeneity	
was	 evaluated	 using	 the	 I2	 statistic,	with	 I2	≥	50%	 considered	 to	
indicate	considerable	heterogeneity.16	The	methodological	quality	
of	the	trials	was	assessed	using	the	Cochrane	risk	of	bias	criteria.	
We	did	not	explore	potential	publication	bias	because	our	analysis	
included	fewer	than	the	10	studies	needed	to	use	the	funnel	plot	
method.16

3  | RESULTS

3.1 | Study characteristics

Searches	of	the	PubMed,	Cochrane	Library,	and	Embase	databases	
yielded	597,	275,	and	437	reports,	respectively.	We	excluded	1219	
of	these	studies	based	on	the	title	or	abstract,	86	after	reading	the	
full	text,	and	four	because	they	were	duplicates.	Consequently,	and	
remarkably,	 although	we	 searched	 and	 checked	 reports	 published	
since	 2013,	 not	 one	 met	 our	 inclusion	 criteria.	 However,	 Miura	
et	al.'s	study6	identified	two	DBRPCTs	for	lithium8,9	(mean	duration,	
65	weeks;	N	=	218)	and	four	for	lamotrigine10‒13	(51	weeks;	N	=	706)	
(Figure	S1).	Table	1	summarizes	the	characteristics	of	these	studies.	
Figure	S2	addresses	the	risk	of	bias	assessment.

3.2 | Lithium vs placebo

The	 meta-analysis	 showed	 that	 lithium	 was	 superior	 to	 placebo	
for	 reducing	 the	 relapse	 rate	due	 to	any	mood	episode	 [RR	=	0.52,	
95%CI	=	0.41-0.66,	 P < 0.00001,	 I2	=	0%,	 NNT	=	2.3	 (1.6-4.2)]	 and	
regarding	 all-cause	 discontinuation	 (RR	=	0.57,	 95%CI	=	0.47-0.69,	
P < 0.00001,	I2	=	0%,	NNH	=	2.3	(1.6-4.3))	(Figure	S3).	If	the	control	
event	rate	(CER,	a	relapse	rate	in	the	control	group)	is	87%,17	NTT	for	
the	primary	outcome	would	be	2.4	(1.9-3.4).	Other	outcomes	did	not	
differ	significantly	between	lithium	and	placebo.	One	study9	reported	
that	there	were	no	significant	differences	in	discontinuation	due	to	
adverse	events,	death,	or	death	by	suicide	between	the	groups.

3.3 | Lamotrigine vs placebo

Lamotrigine	 was	 also	 found	 to	 be	 superior	 to	 placebo	 for	 re-
ducing	 the	 relapse	 rate	 due	 to	 any	 mood	 episode	 [RR	=	0.81,	
95%CI	=	0.70-0.93,	P = 0.004,	I2	=	0%,	NNT	=	8.3	(5.0-25.0)]	and	for	
all-cause	 discontinuation	 [RR	=	0.89,	 95%	 CI	=	0.81-0.98,	 P = 0.02,	
I2	=	52%,	NNT	=	11.1	(7.1-25.0)],	as	detailed	in	Figure	S4.	If	the	CER	
was	87%,17	NTT	for	the	primary	outcome	would	be	6.0	 (3.8-16.4).	
Other	outcomes	did	not	differ	significantly	between	lamotrigine	and	
placebo.

4  | DISCUSSION

These	 results	 suggest	 that	 lithium	and	 lamotrigine	are	beneficial	
for	preventing	relapse	 in	clinically	stable	patients	with	adult	BD.	
Although	 we	 did	 not	 directly	 compare	 lithium	 with	 lamotrigine	
regarding	 relapse	 rate,	 lithium	appeared	 to	be	 associated	with	 a	
lower	risk	in	this	regard	compared	to	lamotrigine.	Both	drugs	were	
well	 tolerated.	However,	 the	 number	 of	 studies	 and	patients	 in-
cluded	 in	 this	 analysis	was	 small.	 There	was	 also	 a	 difference	 in	
duration	 of	 the	 studies	 between	 the	 two	 lithium	 investigations.	
Future	 investigations	 should	 examine	 longer-term	 efficacy	 and	
generate	more	safety	data.	We	did	not	evaluate	several	efficacy	
and	 safety	 outcomes	 for	 lithium	 because	 no	 suitable	 data	 were	
available	 for	 performing	 these	 meta-analyses.	 We	 importantly	
note	that	all	the	DBRPCTs	included	in	the	analysis	were	industry	
sponsored;	therefore,	the	results	might	reflect	an	industry-spon-
sored	bias.16
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