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Abstract

Objective: Inflammation has been implicated in thek, pathophysiologyand progressioof
mood disorders and as such has become a target of interest in the treatment of bgudir dis
(BD). Therefore, the objective of the current qualitative and quantitativewewas to
determinewthe overall antidepressant effect of adjunctiveirdlgmmataoy agents in the
treatment.of bipoladepression

Methods: Completed and ongoing clinical trials of amtflammatory agents for BD published
prior to May*15, 2015 were identified through searching the PubMed, Embase, PsychINFO, and
Clinicaltrials:.gov databasesData from randomized controllettials (RCTs) assessing the
antidepressant effect of adjunctive mechanistically divansenflammatory agents were pooled

to determine standard mean differences (SMD) compared to standard therapy alone.

Results: Ten RCTs were identified for qualitative review. Eight RCTs=(812) assessing
adjunctive.norsteroidal antinflammatory drugs (= 53), omegeB polyunsaturated fatty acids
(n = 140), "Nacetylcysteine (r= 76), and pioglitazone (r= 44) in the treatment of BD met
inclusion criteria for quantitative analysis. The overall effect size of atijen@ntr
inflammatories ordepressive symptoms wa3.40 (95% contience intervat0.14 t0-0.65, p=
0.002), indicative of a moderate and statisticalfynificant antidepressant effetteterogeneity
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of the pooled sample wasw (2 = 14% p = 0.32). No mani¢hypomanicinduction or

significanttreatment emergent advemrseents were reported.

Conclusions: Overall, a moderate antidepressant effeeis observed for adjunctive anti
inflammatory.,agents compared to conventional therapy alone in the treatment of bipolar
depression, The small number of studies, diversity of ageatsd small sample sizes limited

interpretation‘othe current analysis.

Key words: aspirin — lipolar disorder depression #nflammation— infliximab — minocycline —
N-acetylcysteine (NAC)— nonsteroidal ati-inflammatory drugs (NSAIDs)- omega 3

polyunsaturated fatty acidspioglitazone

Bipolar disorder (BD) is a chronitiness associated with high levels of morbidity and mortality
(1, 2). Current psychopharmacologic therapies are often insufficient, yielding highofates
treatment ‘resistance with recurrent and persistent depressive epi8hdeBurther, current
treatments.areften poorly toleratedvith clinically substanve side effectsncluding, butnot
limited tos»weight gain osteoporosisjnsulin resisance and cardiovascular toxiciti@-6).
Therefore, there israurgentneed to elucidate novel targets thaay yield improved efficacy,

tolerabilityand possibly diseasanodifying effects.

The innatesimmune systehas been proposed as a novel target in the treatment of BD. (7, 8)
Since Horrobin’s initial hypothesis that immunity plays a role in the effects of lithium i(GBD
disparate lines of empirical evidence implicate peripheral and cémiraine dysfunébn in the
pathophysiologyand pheomenologyof BD (7, 10) For example, erum levels of pro
inflammatory. cytokinesnterleukin (L)-4, tumor necrosis fdor alpha TNF-a), soluble IL-2
receptor $l=2R), IL-1p, IL-6, soluble receptor of TNEIpha type 1 (STNFR1) and-i@active
protein (CRP)_have been consistently shown to be elewatsdbjectswith BD compared to
healthy controlg11-13) While there is some variability in cytokine levels during depressive,
manic and euthymic periodsaccumulating evidence indicates thperipheral cytokine
abnormalities @ persistent,suggestingthat BD is associated witla chronic lowgrade
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inflammatory state(11, 12, 1419). Several biologically plausible mechanisms have been
proposed to explain the interaction between inflammation and mood disordersreand a

extensively reviewd elsewheré€7, 10, 20, 21).

Anti-inflammatory agents haveébeen increasinglynvestigated as novel treatments of mood
disorders(¥). <Anti-inflammatory agents have been most extensively investigated in major
depressive“disorder (MDD); in a recent matelysis, 14 trials were identified @ 6,262)
investigating the antidepressant effects of cytokine inhibitorsaalvant norsteroidal anti
inflammatories drugs (NEDs) (22). Pooling of effect sizes revealed a moderate antidepressant
effed of thesemagents [standard mean difference (SMQR}4 95% confidence interval (Cl)
—0.57 b -0 1} with no significant increase in adversaventg22). Of note, this metanalysis

did not include emeg8 polyunsaturated fatty acids (ome8g, a naturdly occurring agent with
some antiinflammatory properties. Omegas havebeen extensively investigated for their
antidepressant effecyselding mixedresults(23, 24) Further, aspirin as one of the oldest agents
in medicinepwas highlighted in a recent review as a potential new therapy for a range of
neuropsychiatric disorders due to its anflammatory effects and abilitio reduce oxidative
stresq25).

While many more studiesalie been conducted in the MDD populations, several studies have
now evaluated the antiepressant effects of adjunctive anflammatory agents in the treatment

of BD. A recent systematic review qualitatively evaluated the effectsamfdi/lcysteine (NAE
NSAIDs and=omeg8s in BD (26); however, the overall antiepressant effect size of anti
inflammatory agents in BD has yet to be quantified. Therefore, the priobgagtive of the
current review, wa to systematically (in accordance with PRISMA), qualitatively and
quantitatively. _evaluateahe antidepressant effects of amtiflammatory agents in BD. In
addition, the current review aims to systematically evaluate the quality afdlueled trialsn
accordanceswitlthe recommendations in tHéochrane Handbook for Systematic Review of
InterventionsOf note, however, the current analysis was not registered with or approved by the
Cochrane CollaborationOngoing clinical trials evaluating artiflammabry agents in BD will

alsobe reviewed.
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Methods

Search methods for identification of trials

PubMed, Psycinfo, Cochranend Embase databases were searched from inception to May 15,
2015. The ,PubMed search was limited to human studies, including clinical trials, tibsaiva
studies!"metanalyses and review articles, written in the English language using the following
sarch string:"(bipolar depressiar bipolar disorderor BD) and [inflammation or immune
dysfunction or antrinflammatory or celecoxib or nonsteroidal antinflammatory drugsor
NSAIDS oi=NAC or N-acetylcystein®r omega3 polyunsaturated fatty acids pioglitazoneor
infliximab ‘or tumor necrosis factor (TNF)r interleukinor minocycline or cytokine] Various
combinations of the following search terms were used to search for additional articles in all four
databases: bipolar disorder (BDjpolar depresion, inflammation, cytokines, interleukin, anti
inflammatory, infliximab, pioglitazone, aspirin, statin, minocycline, celecoxib, Inigatment,
antidepressant; ldeetylcysteine (NAC), NSAID, omega creatineand clinical trial. Reference

lists from“identified articles were manually searched for additional relevant studies. All
identified~articles were screened by two independent reviewers (JR and RK) for inclusion in
gualitativesand quantitative analysié/here there was disagreement on inclusion, consensus was

reached through discussion.

Inclusion giteria

I.  Human studies with participants over the age ofy&ars (no upper limit) with a
diagnosis ofbipolar I disorder BD-I), bipolar Il disorder BD-11), or bipolardisorder not
otherwise specifiedBD-NOS) as defined by Diagnostic and Statistical Manual (DSM) or
International Classification of Disease (ICD) criteria (no restrictions on edition used)
any.phase of illnessxcept for acute mania.

ii. Randomized clinical trials of adjunctive aimflammatory agentge.g, conventional
therapy plus adjunctive artiffammatory agenttompared to adjunctive placelje.g,
conventional therapy plus adjunctive placebo).

iii.  Depression severity was assessedrapdrted using standardized and validated scales.
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iv. Data was provided to allow for calculation of effect size, namely, change in siepres
scores from baseline to primary endpoint for both treatment and plaoabol groups
Where data was not provideauythors were contacted to obtain necessary data. If the
authors could not provide the necessary data, the trial was excluded)diemntitative

analysis.

Exclusion’citeria

i.  Unpublished datezonference abstragtepenlabel trials and observational wdies(only
included,in qualitative review)
ii.  Studies‘includingplacebecontrol subjectsusing antiinflammatory treatmentsluring
and/or leading up tthe clinical trialwithout a washout period.
iii.  Multiple reports from the same data set (eogly original study was included to prevent
overweighting of one data set).

iv.  Studiestincluding a mixed sample compositiath enrollment not delimited to BD.

Data extraetion and statistical analysis

Using a standardized data extraction spreadsheet, data was extracted from includedystudies
two independent reviewers (JR and RK) to systematically evaluate study characteristics, risks of
bias and depressioe\erity £ores required for calculation effect size Changes in depression
severity sceres oadjunctive antinflammatory treatment versus conventional therapy alone
were used Inthe analysis. Where mean change and/or standard deviation values were not

reported, these were calculated based on repGitedr p-values.

The prespecified primaryutcome was the pooled effect size of change in depression severity of
adjunctive antinflammatory agents compared to adjunctive placebo, @gventional therap

plus adjunetive placehoin BD. A pre-specified pvalue of 0.05 was set to determine the
presence of a statistically significant reduction in depression severity. The clinical significance
of the reduction in depression severity was determined by the magnitude of Gbates size

as described below. Of note, pooling of response andsemirates was not possible with the
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current analysis given the lack of available data from identified articles.a secondary
outcome, subgrouping of studies based on specific agent or class of agents was conducted to

evaluate the pooled effect sizeeafch antinflammatory agent alone.

Pooling of effect sizes and tests of heterogeneity were conducted using Review Manager 5.3
software. Effect sizes, using Cohed'&ffect size where 0.2 = small, 0.5 = medjwand 0.8 =

large, were“calculated using ¢muous variables to determine tltandard mean difference
(SMD) of ehange in depression scores for plaeetatrolled trials. A random effects model was
used. Samples were not sgibuped into responders and r@sponders as an insufficient
number of studies reported responder sub-grouped analysis.

Pooled effect size€SMD) were subgrouped based on astiflammatory agent tested and then
pooled to calculate overadffect sizeof all anttinflammatory agents included. Critical values for
pooled effeckizes were set at 0.05. Homogeneity in effect sizesestsd using th@-statistic

(v?) for eachragent. Heterogeneity was quantified usindftbitistic where 25% = small, 50%

= moderate, and 75% = high heterogeneity (27).

Assessment of bias

The risk of bias was assessed for all clinical trials included in the quantitative analysis. As per
recommendations in theochrane Handbook for Systematic Review of Interventimas was
assessed based on the following six domains: sequence gen@ragidmased on description of
randomization), allocation concealment, blinding of outcome assessors, interttieat, for

profit bias,and adverse events bias. Risk of bias was designated to be highbedgsotocols

were concerning for bias in a given domain or if description of the domain wasdfrotte the
primary text..FOor example, if sequence generation methods were not exmlastyibed, this
domain weuld be labeled dsgh risk Where an adequate protocol was described for a given
doman, it would be labeletbw risk
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To assess$or publication bias, a funngdlot was created using Rew Manager 5.3 Software.
An Egger’s test could not be conducted as a minimunewofstudies isequired (28)and tre

current analysis only identifiegight studies meeting inclusion criteria.

Results

Search'results

After removal of duplicates, the irali search yielded 355 recordsgFl). After screening of
titles and abstracts, 35 ftiktxt articles and clinical trial protocols were evaluated for inclusion in
analysis. “Ten completed randomized controlled tr®@€T9 met inclusion criteria for
gualitative reviewincluding five studies of omeg@s (29-33) two of NSAID (34, 35), two of
NAC (36, 37)and one of pioglitazoné38). Study results and parti@pt demographics are
summarized in Table 1. Of these trials, two were excluded from quantitative aijalysty)

An RCT ofremega8s byKeck etal. (31) wasexcluded as changén depession severity scores
were not reported and thus the effect size could not be accurately calculat®CTAsf NAC

for maintenancéy Berk etal. (37 wasexcluded as both placebo and treatment grauipally
received.eightveeks of treatment witbpen label NAC prior to commencing the study with no
reported wash out period, and randomization occurred in stabilized largelgepoessed
individuals. Of note, both of these trials are discussed in the qualitative sissalyth results
summarized“iny@ble 1. In additiond published clinical trials, sevengoing clinical trials of
antiinflammatory agents for BD were identified on ClinicalTrials.gas shown in
Supplementary Table SINCT01403662, NCT01514422, NCT01429272, NCT01797575,
NCT01479829, NCT02363738, NCT02294591

Assessment ofbias
The quality*of.the included clinical trials was assessed systematically Visgsa of bias in
accordance withthe Cochrane Handbook for Systematic Review of Interventibruded

studies were assessed fbras in six domains, namely, sequence generation, allocation

concealment, blinding of outcome assessors, intemtdreat, forprofit bias and adverse events
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bias. The esults are summarized in TableNbtably, three studiesad high risk for bias for
inadequate reportingf adverse event80, 33, 36) Two studies were found to have high risk of
bias in several categories for irgplate reporting of sequence generation, concealment, blinded
outcome analysis and adequate intentmireat analysi$30, 38) Publication bias was assessed
using a funnel.plot as shown in Figure 2. An Egger’s test could not be conducted as a minimum
of ten studies._is required for this analy&8).

Pooled antidepressant effectanitiinflammatory agents

The pooled effect size was based on a total of 312 participants including studies assessing
omega3s ("= 140), NSAIDs (n=53), NAC (n= 76),and pioglitazone (i 44). As shown in
Figure 3, the averall SMD of adjunctivantiinflammatory agents compared to conventional
therapy alone_was-0.40 (95%ClI: -0.14 to-0.65, p= 0.002) indicative of astatistically
significantmoderateantidepressant effect. Heterogeneity of the poséedple was found to be
low (y? = 877ydf = 7, p = 0.322 = 14%) Of the included studies, no serious adverse events
were observed and side effect profiles wemn@parable to the placebo groupafle 1). As well,

as summarized in Table there was no induction of manic/hypomanic episodessigraficant
increase<n manic symptoms severity scavéh administration ofantrinflammatory agents in

any of the identified studies. The lack of change in mania rating scales oriandott
manic/hypemanic episodesiggests thafi) antrinflammatoy agents do not appear to induce
manidhypemanic episodeasnd(ii) the observed decrease in depression severity is unlikely to be

secondary tesmanic/hypomanic induction.

Antidepressant effectsf omega3sin BD

Five RCTs.were identified assessing the antidepressant effects of adjunctive3simegatients

with BD _(29:33). Of these studies, only two reported a significant reduction in depressive
symptom severit)compared to placeb(29, 32). The other three identified studies found no
significant difference imeduction of depressive symptom seve(89, 31, 33) Chiu et al. (39)
evaluated the effects of ome@ain acutely manic inpatientsith BD in a fourweek RCT and

found no difference in Young Mania Rating Scale (YMRSjamilton Depression Rating Scale
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(HDRS) scores compared to placebo. No serious adverse events were observed in any of these
trials.

For the quantitative analysis, four RCTs were included 140). Of note, an RCT of ome@a

by Keck et.al.. (31) was excludeats change in depression scores were not reported and thus
effect size,could not be calculatéahly odds ratios ofecurence weraeported; authors were

not able to“provide original data to allow for SMD calculatiopstsonal communication
Notably, this'trial found no significamintidepressant effect of omegaafter a sixweek trial of

EPA 6g/day (n= 121). The remaining four RCTs were pooled, revealing an SMi.86

(95% Ct -0.73sto 0.0L) however, the effect failed to reach statistisighificance (p= 0.051).
Heterogeneityrof the pooled samplestaw (2 = 3.26, df = 3, p = 0.3% = 8%).

Antidepressantféect of NSAIDsand &pirinin BD

Two studiesiwere identified using adjunctive NSAIDs in the treatment df3BD35). Nery et al

(34) conductedx sixweek RCT with adjunctive celecoxib 4@ty oral daily versus conventional
therapy alene in 2&atients withBD-I or BD-Il in a current depressive or mixed episode.
Adjunctive-celeoxib lowered HDRS by Week 1; however, the primary outcome was negative as
change in depressi@ymptomseveritywas not significantly different frorthe placebo group by

the study endpoint (i.e.Week §. Saroukhani (3passessed the effect of adjunctiasB0 mg

oral three times dajlin 32 married maleuthymicsubjectswith BD and found no significant
difference ‘between treatment andq@bo groups by the end of the-gigek RCT.Curiously,

these authors reported that aspirin reduced lithium induced sexual side effextserious
adverse events,were observed in either trial. Pooling of effect sizes for these two RCTs reveals
an SMD 01.0.0495% Ct -0.52 to 0.56)ndicative of o statistical difference between adjunctive
NSAIDs andseonventional therapy alone. Pooling of results had low heteroggaeit.(7, df

=1, p =.0:68J% = 0%).

Of note, in addition to these completed and ongoing RCTs, Stolk. €4l conducted a
retrospective chart review of 5,145 patienith BD, finding that lowdose aspirin produced a
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statistically significant reduction in the relative risk of clinical deterioration in patients on
lithium, whereas other NSAIDs and glucocorticoids did not lzeneeffect.

Antidepressantféect of NAC in BD

Two RCTs, assessing the antidepressant effects of NAC in BD were identified for qualitative
review (36,"37)In a 24week RCT, Berk et a(36) studied 75subjectswith BD-1 or BD-II with

at least one"depressed, mixed manic episode in the last snonths Subjectsvere randomized

to adjunctive NAC 1,000mg oral twice daily compared to conventional therapy alone.
AdjunctivesNAC lowereddepression symptom severity as measuredbyptgomery-Asberg
Depression‘Rating Scale (MADRS) scores throughout the trial with a statistically significant
difference compared to placeboogp by the primary endpoint (i,e24 week¥ No serious
adverse events were obserwgith NAC treatment The calculated effect size wak75 (95%

Cl: -1.22 't0 -0.28) indicative of a large and statistically significant effect size. Of note,
Magahaesretal(41) conducted a pogtoc analysis of 1Bubjectsfrom this sample who met
criteria for'a ecurrent major depressive episode (MDE) at baseline. This analysis showed that 8/10
participants,.in the NC group demonstrated a 50% reduction in MADRS during the trial
compared«to only ongarticipant in the placebo group. Magalhaes additionally noted reductions
in manic symptoms in a poltc analysis and in B} (4143).

Berk et al (8Jeonducted an additional study assessing adjunctive NAC for maintenaraggythe

in an RCT ef«149 subjectsith BD. This trial was excluded from quantitative analysis as both
placebo andreatmem groups initially received an eighteek open label trial of adjunctive NAC
prior to entering the 2dveek RCT without a washout period. During the eigbek operabel

trial of NAC, significant reduction in depressive symptoms were n@i#)xl however, during the
subsequent doublgind RCT phase, there was minimal further change in depression severity
with scoressrémaining l0\{87). As such, from this low phase Il baseline depression stioeee

were no Statistically signdant differences in recurrence, clinical functioning or quality of life

measures betwedAC and placebo groups.

Antidepressant effect of pioglitazone
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One RCT was identified investigating the effects of pioglitazone, a Righina agonist with
potent ati-inflammatory and ardiyperglycemic effect§38). Zeinoddini et al. (38) conducted a
six-week doubleplind RCT comparing the effects of adjunctive pioglitazonenporal daily
versus adjunctive placebo (both groups received lithium titrated to serumoied6-0.8
mEq/L) in-48outpatientswith BD-1 with a current MDE A significantly greater reduction of
HDRS scores'was observed in the pioglitazone group compared to the placebo greegsa, W
4, and 6. "No'serious adverse events were observed. The calculated effect siz&4v@5%
Cl: -1.14 to 0.06p = 0.08).

Antidepressantféect of TNFa inhibitors in BD

No completed trials of TNfe inhibitors for BD were identified. However, one notable trial
assessed infliximab in treatment resistant depre$sier60) and included subjectgth BD (n =

9) in their sample. While overall antidepressant effect was negative for this study, a significant
antidepressant‘effect was ebged for a subgroup of subjects, namely, those with eletéded

levels ofCRP _and TNFa (45). No significant adverse events were reported.

Discussion

In summary;“the current analysis suggests that adjunctitienflammatory agents have a
significantantidepressant effect in B&when compared tglacebo(as measured by change in
depressive symptom severityDf note, the reduction in depressive symptom severity is not an
epiphenomenon of hypomanic induction, as indicated by no significant change in mania rating
scales or observed induction of manic/hypomanic episodes in any of the studiesedientié

effect size wasfound to be moderate (SMED.40) with low heterogeneity of the pooled sample

(1 = 14%)..@f note, this effect size is comparable to the antidepressant effect size of olanzapine
(SMD = 0:52), quetiapine (SMD= -0.29) lurasidone (SMD= -0.36), and olanzapinet
fluoxetine (SMD=-0.45) as indicated by a recent mataalysig(46).
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Subgroup analysis of NSAIDs, ome@a and pioglitazongalbeit underpoweredevealed effect

sizes that were not statistically significant. Only adjunctive NAC fwasd to independently

have a statistichl significant antidepressant effect; however, ¢ffect size was based only on a
single studyrather than a pooled sampl&his finding is mirrored by a metanalysis of NAC in
depression.by. Fernandesal. @7), showing an aggregate positive effédterefore, the current

study suggests thapents withanti-inflammatoryeffectsmay haveantidepressant properties

BD, however,"no specific agent may be recommended as the pooled effects for each specific
agent alone;"with the exception of NA®@as not significant; statistical significance was only

reached when pooling the effects of aichanistically dissimilaagents together.

A major limitation of the current review and metaalysis was the limited number of studied an
small sample sizes yieldingtatal of only 312 participantsWhile a limited number of studies
evaluating the antidepressant effects of-arftammatories in BD have been completed, several
ongoing Studies are currently underway assessing the effects of a@8incelecoxib
(NCT01479829), NAC (NCT01797575, NCT02294591), infliximab (NCT02363738\
minocycline (NCT01403662, NCT01514422, NCT01429272om@ared to the recent meta
analysis of.antinflammatory agents for MDD by Kohler et al. §22 = 6262), the resultsfdhe
current meteanalysis aresignificantlylessrobust It is notable howvever,thatthe antidepressant
effect size reportetty Kohler et al. in MDD (SMD= —-0.34; 95% CIl —0.11 to-0.57) was
similar to the effect size in BD found in the current study (S#D.40; 95% CI: -0.14 to -0.65).

In additionygiven thesmall number ofknown studies of antinflammatory agents for BD,
studies including subjects in any phase of illessept for studies of acute mania, as this would
obscure depression rating scales) were included in the current analysis to minimigeexaflu
studies. Phase, of illness at time of randomization is summarized in Table 1. While the majority
of studies randomized subjects during an acute depressiveeemsnte studies did not specify

the phase.ofillnessr stated that subjects had experienceecant mood episode within the past

six months«te_one yealConceptually, measuring change in depression severity scores for
currently depressed versus euthymic patients would certainly vary, however, frelapser
prevention perspective, measwirelapse and change in depression severity with adjunctive

anti-inflammatory agents versus conventional therapy alone would still be ofintere
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Another limitation was the exclusn of one study assessing om&gafrom the quantitative
analysis due to inadequate reporting of change in depression scores. In thiKetkdgt al
(31) found nosignificant effect of omeg8sin depressio severity in BD. Therefore, hdtis
study been.ncluded, it may have decreased the overall effect size. As such, tieel repalgd
SMD may be oveestimating the effect of omegs. Notably, however, thealculated effect
size for"omegas in the current study (SMB -0.36; 95% CiI-0.73 to 0.01) was similar to the
effect size reportedy Sarris et al. (49in their metaanalysis of omeg8s for depressive
symptoms in BD which did include the study by Keck et al. (SWHD.338; 95% CI-0.035 to-
0.641). The presence of potentialalsi in severabf the included studies (Tablg RBresents as

another limitation of the current analysis.

Conclusions

Taken together, the current review suggests #tjtinctive antrinflammatory agents may
potentially“play a role in th&uture treatment obipolar depression; however, currently there is
insufficient.evidence to recommend the clinical use of any particulart.agkeis analysis may
serve as.a“proaif-concept of antinflammatory agents in BD while not providing conclusive
resultson efficacy or safety. Therefore, further studies are merited to assess the efficacy,
tolerability:.and safety of anihflammatory agents in the treatment of BDlinical trials
assessingginflammatorpiomarkers may be of particular relevaneg@ngoing clnical trials
assessing the“effects of minocycline, aspirin, NAC, infliximab and NSAIDs may add to the
therapeutic armamentarium and support the notion that inflammation is a coreneminpf the
pathophysiology of the disordeAdditionally, future studds mayendeavor tadentify the effect

of antrinflammatory agents on specific domains (eanhedonia, cognition, etc.) of bipolar
depressiop.which would have greateclinical relevance, as well aserve to improvethe
understanding of the role of inflammation in the pathophysiology of BD.
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Figure legends
Fig. 1. PRISMA study selection flow diagrarRCTs = randomized controlledals.
Fig. 2. Funneplot to assess for publication bias. SEtandarderror; SMD = standard mean

difference O3FA =omega3 polyunsaturated fatty acids; NSAIDS = nsteroidal ati-
inflammatory drugs; NAC = Ncetylcysteine.
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Fig. 3. Forest plot of pooled effect sizes of adjunctive mnfitemmatory agents for bipolar
depression. SD = standard deviation; Cl = confidence interval; O3FA = omega-3 palyatesit
fatty acids; NSAIDS =on-steroidal ati-inflammatory drugs; NAC = Nxcetylcysteine.
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Table 1. Summary of study characteristics, demographics, efficacy, and side effects?

Study Study Diagnostic Adjunctive® Sex, female, | Age, years, | Outcome Effect, p- Side effects
length, | criteria agent and n (%) mean = SD | measure value
weeks dosage, n
Omega 3 fattyacids
Frangou et al. /| 12 DSM-1V Paraffin oil 16 (61.45) 46.5 +10.3 | HDRS-17 0.03 NS difference between
2006 (32) (research) BD-I | (n=26) YMRS NS groups
orBD-lland > | EPA 1 g/day 19 (79.17) 49.2+11.2 | CGI 0.04 Mostly include GI: loose
10 on HDRS-17 | (n =24) stools, upset stomach,
EPA 2 g/day 22 (88.00) 455+9.6 flatulence
(n=25)
Frangoue€t.al...| 12 DSM-IV BD-I Paraffin oil 7 (100) 415+8.6 HDRS-17 NS Not reported
2007 (33) and > 10o0n (n=7)
HDRS-17, EPA 2 g/day 7 (100) 41.8+8.6
female, lithium | (n=7)
for past 12
weeks
Hirashima et 4 DSM-IV BD-I, Placebo 9 (100) 26.7+6.2 HDRS-23 NS Not reported
al. 2004 (30) female, (n=9) YMRS NS
unknown EPA5 g+ DHA
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phase ofillness | 3g+1.7¢g
other (n =6)
EPA13g+ 12 (100) 39.5+13.8
DHAO0.7 g
(n=6)
Keck et al. 16 DSM-IV BD-I, Paraffin 31 (54.4) 49+13 IDS-C NS NS difference between
2006 (31) BD-II, or BD- (n=29) groups
NOS EPA 6 g/day 25(42.4) 46+ 11 Mostly included,
(n=28) mood/anxiety and Gl
16 DSM-IV rapid Paraffin 17 (61) 42+12 symptoms
cycling BD (n=128)
EPA 6 g/day 13 (42) 44 +12
(n=31)
Murphy et/ali™y| 16 DSM-IV BD-I Placebo 9 (60) 40.0 £10.3 | MADRS NS NS difference between
2012 (50) with mood (n=15) YMRS NS groups
episode in last | O3FA 3 (20) 40.0+9.6 | GAF NS No severe effects, mild GI
year EPA 3 g/day discomfort
(n=15)
O3FA 7 (46.7) 45.0+9.8

EPA 3 g/day +
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CYT 2 g/day

(n=15)
Stoll et al. 16 DSM-IV BD-I, Olive oil 11 (68.6) 44.6 £10.4 | HDRS 0.002 NS difference between
1999 (29) mood episode | (n=16) YMRS NS groups
within past GAS NS Mild GI discomfort
year Cal <0.001
EPA 6.2 g/day | 9(64.3) 41.4+6.8
+DHA 3.2
g/day
(n=14)
N-acetylcysteine
Berk at al. 24 DSM-IV BD-l or | Placebo 22 (56.6) 46.6 £13.8 | MADRS 0.002 NS difference between
2008 (36) BD-Il, mood (n=37) BDRS 0.012 groups
episode within CGI-S-BP 0.026 Mostly change in energy,
past 6 months CGI-S-D NS headaches, heartburn and
NAC2g/day | 23(60.5) 446+112 | CGH-S-M oINS joint pain
(n = 38) CGI-I-BP NS
CGI-I-D NS
CGI-I-M NS
YMRS NS
Q-LES-Q 0.006
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LIFE-RIFT 0.002
SLICE/LIFE 0.009
GAF 0.030
SOFAS 0.025
Berk et al. 24 DSM IV BD-l or | Placebo 41 (56.2) 44.4+11.8 | MADRS, NS Not reported
2012 (37) BD-II (n=73) BDRS, CGI- | differences
S-BP, CGI-S- | on all
D, CGI-S-M, | outcome
NAC2g/day |60(78.9) | 47.1+109 | CCMBP, | measures
(n = 76) CGlI-I-D,
CGI-I-M,
YMRS, Q-
LES-Q, LIFE-
RIFT,
SLICE/LIFE,
GAF, SOFAS
NSAIDS-and-aspirin
Nery et al, 6 DSM-IV BD-l or | Placebo 9 (64.3) 41.1+9.5 HDRS NS NS difference between
2008 (34) BD-Il, HDRS of | (n=11) YMRS NS groups

This article is protected by copyright. All rights reserved




> 18 current Celecoxib 400 | 7 (50) 42.3+10.4 Mild rash
depressed, mg/day
treated for one | (n=12)
month prior
with standard
Saroukhani‘et DSM-IV-TR Placebo 15 (100) 39.6+9.7 HDRS NS NS difference between
al. 2012 (35) BAD, married (n=15) YMRS NS groups
men age 20— — Mostly increased appetite,
Aspirin 240 15 (100) 35.6+9.0
45 years, drowsiness, nervousness,
mg/day
lithium and constipation
(n=15)
therapy and
YMRS < 12
(stable)
Pioglitazone
Zeinoddini.et DSM-IV-TR BD- | Placebo 8(36.4) 31.8+5.6 HDRS 0.006 NS difference between
al. 2015 (38) | with current (n=22) YMRS NS groups
depression, No serious side effects
Pioglitazone 15 | 7 (31.8) 33.6+5.5

age 18-50
years, HDRS-17
>20,YMRS < 8

at

mg for 1 week
then increased

to 30 mg for 5

reported
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randomization | weeks (n =22)

DSM = Diagnostic and Statistical Manual of Mental Disorders; BD = bipolar disorder; BD-I = bipolar I disorder; BD-II = bipolar II disorder;
BD-NOS ='bipolar disorder not otherwise specified; BAD = bipolar affective disorder; HDRS = Hamilton Depression Rating Scale; YMRS =
Young Mania-Rating Scale; EPA = eicosapentaenoic acid; DHA = docosahexaenoic acid; O3FA = omega-3 fatty acid; CYT = cytidine; NAC =
N-acetylcysteine; NSAIDS = non-steroidal anti-inflammatory drugs; CGI = Clinical Global Impressions Scale; IDS-C = Inventory of
Depressive Symptomatology-Clinical Rating Scale; MADRS = Montgomery-Asberg Depression Rating Scale; GAF = Global Assessment of
Functioning; BDRS = Bipolar Depression Rating Scale; CGI-S-BP = Clinical Global Impressions Scale-Severity-Bipolar; CGI-S-D = Clinical
Global Impressions Scale-Severity-Depression; CGI-S-M = Clinical Global Impressions Scale-Severity-Mania; CGI-I-BP = Clinical Global
Impressions.Seale-Improvement-Bipolar; CGI-I-D = Clinical Global Impressions Scale-Improvement-Depression; CGI-I-M = Clinical Global
Impressions Scale-Improvement-Mania; Q-LES-Q = Quality of Life Enjoyment and Satisfaction Scale; LIFE-RIFT = Longitudinal Interval
Follow-up!\Evaluation-Range of Impaired Function Tool; SLICE/LIFE = Streamlined Longitudinal Interview Clinical Evaluation from the
Longitudinal Tnterval Follow-up Evaluation; SOFAS = Social and Occupational Functioning Assessment Scale; NS = non-significant; GI =

gastrointestional.

aAll anti-inflammatory treatments were adjunct to conventional guideline based bipolar disorder pharmacotherapy. Placebo groups

received conventional guideline-based pharmacotherapy with adjunct placebo.
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Table 2. Summary of study bias

Study Sequence Concealment | Blinded outcome Intention-to-treat | Adverse For-profit bias
generation assessment analysis events bias

Omega-3 fatty acids

Frangou et al:2006 (32) Low Low Low Low Low High

Frangou et al. 2007 (33) Low Low Low Low High Low

Hirashima et@l-2004 (30) | High High High Low High Low

Keck et al. 2006 (31) Low Low Low High Low High

Murphy et al. 2012 (50) Low Low Low Low Low Low

Stoll et al. 1999+(29) Low Low Low Low Low Low

N-acetylcysteine

Berk at al. 2008 (36) Low Low Low High High Low

Berk et al. 2012+(37) Low Low Low Low Low Low

Non-steroidal anti-inflammatory drugs and aspirin

Nery et al. 2008 (34) Low Low Low Low Low Low

Saroukhani‘etal. 2012 (35) | Low Low Low Low Low Low

Pioglitazone

Zeinoddini etal. 2015 (38) | Low High High High Low Low
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