University Library

o o A gateway to Melbourne's research publications

Minerva Access is the Institutional Repository of The University of Melbourne

Author/s:
Bortolato, B;Kohler, CA;Evangelou, E;Ledn-Caballero, J;Solmi, M;Stubbs, B;Belbasis,
L;Pacchiarotti, I;Kessing, LV;Berk, M;Vieta, E;Carvalho, AF

Title:
Systematic assessment of environmental risk factors for bipolar disorder: an umbrella
review of systematic reviews and meta-analyses

Date:
2017-03-01

Citation:

Bortolato, B., Kdhler, C. A., Evangelou, E., Ledn-Caballero, J., Solmi, M., Stubbs, B.,
Belbasis, L., Pacchiarotti, I., Kessing, L. V., Berk, M., Vieta, E. & Carvalho, A. F. (2017).
Systematic assessment of environmental risk factors for bipolar disorder: an umbrella
review of systematic reviews and meta-analyses. Bipolar Disorders, 19 (2), pp.84-96.
https://doi.org/10.1111/bdi.12490.

Persistent Link:
https://hdl.handle.net/11343/292573



DR. LARS KESSING (Orcid ID : 0000-0001-9377-9436)

DR. ANDRE CARVALHO (Orcid ID : 0000-0001-5593-2778)

Article type  : Review

Systematic assessment of environmental risk factofer bipolar disorder: an umbrella review of

systematic reviews and metanalyses

Beatrice Bortolath®, Cristiano. A Kohlet”, Evangelos Evangeldd, Jordi Le6rCaballerd®, Marco
Solmit"®° Brendon StubdS8'''? Lazares Belbasié, Isabella Pacchiarotti Lars V. Kessingf,

Michael BerR#**>*® Eduard Viet3 & André F. Carvalhb®
* These authorsscontributed equally as first authors of this manuscript.

! Institute for clinical Research and Education in Medicine, I.R.E.M., Padowg, Ital

2 Department of Clinical Medicine and Translational Psychiatry Research Group, Faculty of

Medicine, FederalUniversity of Ceara, Fortaleza, CE, Brazil,

% Department of Hygiene and Epidemiology, University of loannina Medical School, loannina

Greece;

* Department;of Epidemiology and Biostatistics, School of Public Health, Impevilgigé London,
London, UK;

> Bipolar Unit, Hospital Clinic, University of Barcelona, IDIBAPS, CIBERSAM, Barcelona,

Cataloniag'Spain;

® Institut de NeuropsiquiatrinAddiccions, Parc de Salut Mar, CIBERSAM, Universidad Autonoma
de Barcelona, Barcelona, Catalonia, Spain;

This is the author manuscript accepted for publication and has undergone full peer review but
has not been through the copyediting, typesetting, pagination and proofreading process, which may
lead to differences between this version and the Version of Record. Please cite this article as doi:
10.1111/bdi.12490

This article is protected by copyright. All rights reserved


https://doi.org/10.1111/bdi.12490�
https://doi.org/10.1111/bdi.12490�
https://doi.org/10.1111/bdi.12490�

" Department of Neurosciences, University of Padova, Padova, Italy:
8 Local Health Unit 17 ULSS 17, Mental Health Department, Padova, ltaly;
° Depatment of Medicine, DIMED, Geriatrics Division, University of Padova, Padov; Ita

Ophysiotherapy=Bepartment, South London and Maudsley NHS Foundation Trust, Denmark Hill,
London SE58AZ; United Kingdom;

HHealth Service and Population Reseaf#partment, Institute of Psychiatry, Psychology and
Neuroscience; King's College London, De Crespigny Park, London, Box SE5 8AF, United
Kingdom;

Faculty of Health, Social care and Education, Anglia Ruskin University, Bishdip Limae,
Chelmsford CM1°1SQ, United Kingdom;

Bpsychiatric .Centre Copenhagen, Rigshospitalet, Faculty of Health and Medical Sciences,

University of €Copenhagen, Copenhagen, Denmark.

“Deakin University, IMPACT Strategic Research Centre (Barwon Hedhthpol of Medicine,
GeelongVIC;Australia.

*The Florey lnstitute of Neuroscience and Mental Health, Orygen, National Centre of Excellence for
Youth Mental Health, Parkville, VIC, Australia.

Running Head:'Risk factors for bipolar disorder
Word Count (abstract): 248

Word Count (manuscript): 4041

Number of Figures/Tables:3/1

Supporting Information

* Correspondence:

André F. Carvalhe; MD, PhD; Department of Clinical Medicine, Faculty of MeéjcFederal
University of Ceara, Rua Prof. Costa Mendes, 1608&ntlar, 6043®40, Fortaleza, CE, Brazil.
Phone/Fax: +55 85 33668054 nt&il: andrefc7 @terra.com.br; andrefc7@hotmail.com

This article is protected by copyright. All rights reserved


mailto:andrefc7@terra.com.br�

ABSTRACT

Objectives: sThempathophysiology of bipolar disordés likely to involve both genetic and
environmental risk factors. Our study aimed to provide a systematic search @naresntal risk
factors for BD.“In“addition, we assesgmuksiblehints of bias in this literature, and identified risk

factors supported by high el@miological credibility.

Methods. Wesearched the Pubmed/MEDLINE, EMBASE and Psycinfo datalogses October
7™ 2016 to identify systematic reviews and matmlyses of observational studies that assessed
associations [between putative environmemisk factors and BD. For each metmalysis, we
estimated its summary effect size by means of both randoih fixedeffects models, 95% €I
(confidence interva), the 95% prediction interval, and heterogeneity. Evidence of -stoaly

effects and excess#significance bias were also assessed.

Results: Sixteen references met inclusion criteria (7 ragtalyses and 9 qualitative systematic
reviews). Fifty-one unique environmental risk factors for BD were evaluatia. metaanalyses
investigated.associations with a risk factor for BD. Only, irritable bowel syndrome (IBS) emsrged a
a risk factor for BD supported by convincing eviderifke6; OR=248; 95% CI=235-261, p <
0.001) andrchildheed adversity was support®dhighly suggestive evidencAsthma and obesity
were risk factors for BD supported Byggestiveevidence, and seropositivity Tmxoplasma gondii

and a history efshead injury were supported by weak evidence.

Conclusions: Notwithstanding severanvironmental risk factors for BD were identified, few meta
analyses of observational studies were available. Therefore, furthedesghedand adequately

poweredstudies are necessary to map the environmental risk factors for BD.

KEYWORDS:" bipolar diswder, mania; depressiorsystematic review, mefanalysis, risk factor,

mood disorder, psychiatry; aetiology
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1 INTRODUCTION

Bipolar disorder (BD) has an estimated lifetime prevalence@8tGor type | BD, ®% for type Il
BD, and 14% for subthreshold B@Rcross 11 countrigsBipolar disorderis also associated with
substantial morbidity and mortality due to a high prevalence ebccarring medical (e.g.,
metabolic) and.psychiatric conditions, as well as elevated suicidé Tdeidence indicatethatBD
is largely influenced by genetic factors, with an estimated heritability €8588% ’ However,
genomewide @sociation studies indicate that the cumulative impact of many common alleles of
small effect may=explain only 38% of the phenotypic variance fof® BDrthermore, emerging
evidence indicates that complex gemesironment interactions inalling epigenetic mechanisms
may play a significant role in the patletiology of BD? 1°

Therefore, the identification of putative modifiable risk factors for BD maynalily aid in
the prevention==of* this devastating illness. Furthermore, emerging evidence sudugssts t
neurodevelopmental pathways may ibeolved in the etiopathogenesis of a subset of individuals
with BD.***3 (These data indicate that perinatal and early life insults may contribute to the
pathophysiology of BD. Accordingly, previous systematic reviews indicatep#ratatal infections
(e.g., hfluenza and Toxoplasngondi) may confer a higher risk of Bf}: *°In addition, exposure to
childhood maltreatment isupposedo increase the risk of BD, and alsmay have a detrimental
impact on several, Bbelated outcome®' *’ Finally, a previous systematic review indicates that
environmental risk factors occurring later in life (e.g., substance abugedlsmabe involved in the

development of BD®

To further expad the identification of environmental risk factds BD, the current work
aims toconductan umbrella review of systematic reviews and ragtalyses of environmental risk
factors for BD. Similar efforts have been successfully conducted for a range ropsyahiatric
diseases (e.g..Parkinson’s diseasedemdentiad'® *We will follow a similar methodology herein,
which may enable the assessment of hints of bias in this literature, and also the identification of

environmentalrisksfactors supported by more credible epidemiological evidence.
2 MATERIALS AND METHODS

2.1 Search strategy.and study selection

We systematically searchatie PubMetMEDLINE, EMBASE and PsycINFO databases
from inception to October "7 2016 to identify systematic reviews and metaalyses of
observational studies examining associaiohenvironmental (nogenetic) risk factors with BD.
The search strategy used the keywords “bipolar disorder” and-anatgses or systematic reviews”

This article is protected by copyright. All rights reserved



applia to the title/abstract/keywords fieldswo authors (BB and JLC) independently screened the
titles/abstracts ofetrieved references, and discrepancies were resolved through consensus. If a final
decision could not be reached, a third investigator made the decision regaodsilgieeligibility
(AFC or CAK). The fulttexts of references selected after title/abstract screemarg then reviewed

by the samerinvestigators tietermine final eligibility We included systematic reviews and meta
analyses ofobservational studiegi.e., crosssectional, caseontrol and cohort studiesyhich
investigated environmentaisk factors for BD. No language restrictions were applied. Systematic
reviews and metanalyses of genetic risk factors, peripheral biomarkémD, factors related to
recurrence/relapse. of BDr intervention studiesvere excludedA published umbrella review
evaluated possible/hints of bias in the literature of peripheral biomarkers fSr'\B®also included
systematic reviews,and medaalyss in which adisease state was investigated agsuéative risk
factor for BD(except unipolar depression), but we excluded the whese BD was studied as a risk
factor for another diseasén addition, we excluded systematic reviews and raetdyses that
examined persmlity constructs and prodromal manifestations as putative risk factors foFdD.
metaanalysesvailable only as meetingpstractsye electronically contacted ttethorsin at least

two separate oceasions providedata.This search strategy was augmed through tracking the
citation of included articles in Google Schataive followed an a priori defined but umpished

protocol.

2.2 Data extraction

Two independent investigatofBB and JLC)extractedthe following informationfrom each
included article: (1) first author name; (2) year of publication; (4) the examined risk factors; (5)
number of included studies. If a quantitative synthesis of the evidence wasngelfwe extracted
the summary effect/ size(ES) estimate(risk ratio [RR], odds ratio [OR] hazard ratioHR], or
incident risk ratio) 'with the 95% I€ (confidence intervalsWhenever available, we also extracted
the individualESestimate andhe sample size of individual studies. If a study had several control
groups,we prioritized theextracion of the association witha healthy controlgroup In the articles
where a summary synthesis of the evidence was not available, we exthectadin conclusions
reached by thauthors and the reasofor not performing a metanalysis Whenevetwo references

wereavailable for the same risk factor, we considered the one with the largest number of datasets.

2.3 Statistical analysis
For each metanalysis we estimatedhe summarfSand its 95% CI through both fixed and
randomeffects model$® For metaanalyses where individual study data wec available, we

considered the summary associasigublished by the authar§Ve also calculateché prediction
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interval and its 95% CI, which accounts for betwsardy heterogeneityand estimates the
uncertainty of the associatiothat would be expected in a new study examining that same
associatior? For the largest dataset of each mamalysiswe calculated the standard error ()

the ES If the SE is less than.Dthen the 95% CWwill be lower than @0 (.e., less than the
magnitude of assmaltS). We calculated theé’ Imetric to assess betwestudy heterogeneity. alues

> 50% indicatéhigh heterogeneitgndvalues> 75% suggest very high heterogenéfty>To assess
evidence for smalstudy effects (i.e., whether small studies would have infl&tesl compared to
larger ones), weisedthe regression asymmetry test developed by Egger and cowStRepsvalue

< 0.10in Egger’s tesandthe ES of the largest studpeingmore conservativehanthe summary ES

of the randomeffects metaanalysiswere considered as indicative smaltstudy effect$’ Finally,

we assessed/héethietan excess of significant findingsas presenby means ofhe loannidis'gest®®

In brief, ths test evaluates whether the number of studies with nominally significant results (i.e. with
p < 0.05) among those included in a mataalysis is too largeonsidering thie power to detect
significant effects_at 0=0.05. First, we estimatehe power of each individual study, using a on
central t distributionThe sum ofll power estimates provides te&pected (E) number of data sets
with nominal statistical significance. The actual observed (O) number of statistically significant data
sets is then compared to the E number usigGhmsed test® The larger the difference between O
and E, the'higherthe degree of excess of significance bias. 8mcaueES of a metaanalysis
cannot be precisely determinede considered the ES of the largésta sets theplausible true ES

This decision was based on the fact that simulations indicate that the most appropriate assumption is
the ES of the_largest datasetluded in the metanalysis®® Excess significance fa single meta

analysis was consideredak 0.10 in the loannidis testand O > E.

2.4 Classification of the credibility of evidence

The epidemiologicakredibility of the association of each environmental risk factor with BD
was classified using criteria derived from previously published umbrella retfef¥ve considered
the following eriteriai(1) convincing evidence (Class I): more tha®0D cases, significant summary
associations p( < 10°) per randoreffects calculations, no evidence of sawtlidy effects, no
evidence of excess of significance bias, prediction intervals not including thenduhad large
heterogeneity 1< 50%); (2) highlysuggestive evidence (Class II): significant summary associations
(p < 10°% per randéneffects calculation, more thanODO cases,he largest study with 95% ClI
excluding the null; (3) suggestive evidence (Class Ill): more th@®0lcases, significant summary
associationsp(< 10°) per randoneffects calculations; (4) weak evidence: all other risk factors with

p < 0.05; (5) nonsignificant associations: all associations with 0.05. For risk factors classified as
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class | or Il evidence essitivity analyses were performed limiting the evideogly to prospective

studies.

2.5Methodological quality assessment

Two authors (CAK 'and AFC) rated the methodological quality of included systereaigws and
metaanalyseswith The Assessment of Multiple Systematic Reviews (AMSTAR) instruifent.
Scores range'from 0 to 11 with higher scores indicating greater quality. The AMSTAR scale involves
dichotomous scoring (i.e., 0 or 1) of 11 items related to the methodological rigor of systemat
reviews and ‘metanalyses (e.g., comprehensive search egjyat publication bias assessment).
AMSTAR scofes'are graded as high18), medium (4—7) and low quality (0-3)3?

3 RESULTS

Our search'strategy identified 2,3Rifs, andfollowing exclusion of duplicateand searching
other sourcesthe titlegabstracts of 1,ZDunique references were screened for eligibility. ©f 6
references selected for fixt review, 16 references met inclusion criteri@ne study of the B
articles screened at full text was excluded because a more recent publicatiorahalyzed the
daa>® 3 Sevenof.the 16 eligible articles had a quantitative synthesis providing a summary estimate
of the assdation™of the risk factor and B> ***° Individual study data was available fér
references¥2%*° Three articles reported prevalence rates BD in medical conditions namely
endometriosié! fibromyalgi@* and multiple sclerosi& The remaining? referencegeported only
systematic reviess*:'® ** **® Figure 1 presents the flowchart of study selection, and the reasons for
exclusion aregsummarized in Supplementary Table S1 (see supplement that accompanies the online
version of this“article)The eligible referencesvaluated51 unique risk factors for B. Seven
putative environmental riskactors wereassesseth more than one referenckn these cases, ev

selectedhe reference thamcluded the highest number détasets (see Supplementary Table S2).
< Please, insert Figure 1 around here >

Metaanalyses provided evidence favenenvironmental factorgnd includedb4 studies in
total (median =8; IQR =5 — 10). Three were medical comorbiditigasthma irritable bowel
syndrome (IB$* andobesity’], and one referred to seropositivity to a typical perinatal pathogen
(Toxoplasma gondii*®). The remaininghreewerechildhood adversityy, head injury®® and exposure
to obstetric complication¥ Table 1 presents the risk factossmmary estimatesnd characteristics

of thosemetaanalysesThe number of cases was greater than 10@(ifl.20) metaanalyses. All
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metaanalyss were based on published data and none had acaess/tdual participant datalhe
overall AMSTAR quality scores of thecludedmetaanalyses werenedium(median =7; IQR =
4.5-8.5, Supplementaryfable S3).

< Please, insert Table 1 around here >

Six (854P%) of 7 metaanalyses reported effects that were significant at a nomivaue of
0.05. Four (57%) were significant at p values less thaf0Q under random effects moliedy
(Table 1): asthme® childhood adversity° IBS?® and obesity® The 95% prediction interval rule
under randoneffects modding did not include the nulvalueonly in the metanalysis oflBS
The metaanalysiswhich investigated the prevalence of BD in individuals vegthma® did not

provide information,to calculate prediction intervals.

The results of the largest study were more conservative than the summary ribsuibéta
analysesof childhood adversity® IBS3 and obesitf, and in the metanalysis of exposure to
obstetric complicatiori$ it was in the reverse directioin 2 metaanalyses, the SD of the largest
study was less. than.1D. Two metaanalyses had large heterogeneity %1250%, childhood
adversity*® andTrgondii infection') andonehad very large heterogeneity > 75%, obesit§f). The
metaanalyse thatiassessed exposure to obstetric complic3tiang obesit§f as risk factors for BD
had evidence.for smadtudy efects which provides an indication of publication bidhe largest
individual study-hackithera more conservative effect size thithe randorreffects summary edict
sizeestimates for the metnalyses of childhood adversity, IBS and obesitythe metaanalysis of
exposure to ebstetric complicatothe effect size of the largest study was in reverse direction
compared to the summyaeffect size calculated through randefffiects modelling Assuming that
the effect size in théargest studyrepresented thrue efect of the metaanalysis only the meta
analysis of obesifshad a significant difference between the number of observed and expected
‘positive’ (i.e., statistically significantstudiesproviding evidence for excess of significance bias
The metaanalysis=that investigated obesity included only cesssional studie® The meta
analyses that investigatethildhood adversity° exposure to obstetric complicatidh®r T. gondii
infection™ incltid&d only caseontrol studies. The me&nalyses that investigated astfirand head
injury®® included| crossectional and caseontrol studies. Only the metmalysis that investigated

IBS as a risk factomfor Bincluded onlyretrospective ahort studies®

The assessment of themetaanalyses is presented in Table 2. Only the raatdysisof
IBS*® was nominally significant at plevel less than I®per randoneffects calculatiomnd had no

evidence of smaistudy effects, had no evidence for excess significance bias, did not have large
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heterogeneitythe prediction interval excluded the natd had over a 1000 cas@erefore, BB
was classified abavingClass | evidence as a risk factor fob Brhe metaanalyss of childhood
adversity® was significant at @ level less than I®per randonreffects calculation, more than 1,000
cases, and the largest study with 95% CI excluding the null. Therefoldghaod adversity was
classified as*Classl| evidence. The maalyses which evaluategthm& and obesit}f as possible
environmental risk factors for BD metiteria for Class Il evidence, and the matzalyss of head
injury®® and T.“gondii” infection™® met the criteria for weak evidenc&xposure to obstetric

complicationsgprovided no evidence of association as a risk factor fof BD.
< Pleaseénsert Table 2 around here >

Three referencs reported prevalence rates of Bb*" *? The metaanalysis ofStubbg’
included cas@ontral and retrospective cohort studies, and found that patients with fibromyalgia had
a 15.2% prevalenceate of BD(95%CI = 53% — 363%; n = 806 patients with fiboromyalgia)he
systematic reVievof crosssectional studiesonducted byMarrie et al*? reported that in patients
with multiple sclerosis, lifetime prevalence of BD ranged from 0% t2%k = 12 studies), and in
the only study that,was population based, the prevalence of BD 8%s B systematic review
reported aBD prevalence rate of 1B% in patients with endometriosis whpaoling together the 3
included studie§'The overall AMSTAR scores of included memalyses were medium (median =
6.5 IQR 3.75-7.7%2Individual AMSTAR scores for included mesmalyses are provided in Table

S3 (availableroniine).

The qualitativesystematic reviewfound in7 references evaluateatotal of37 unique risk
factors with at least 2 individual studiéhe median number of studiasrossthese 37 systematic
reviews was3(IQR 3-7). From the7 references] included only caseontrol studie$? 2 included
mixed crosssectional and caseontrol studies? **1 included mixed prospective cohorts and nested
casecontrol.studie¥ and the remaining included mixed study designs (esestional, cohorts and
casecontrols)?**>Fhe overall AMSTAR quality scores of thialitativesystematic reviews were
low (median =2; IQR =1.5-2.5; Table S3available onling The factors were divided among smci
demographicfactors (n = 10), familrelated factors (n =), medical comorbidities (n 4),
infections (n#=8), pregnancy and birthrelated factors (n %), individual factors (n =3), and
medications/substance ug¢e = 3). Table 3 presents each risk factor witle ttummary of the
evidence Five risk factors werénvestigated by a single studwith a melian sampleige of 26.5
participants(SupplementaryTable ). For the sociedemographic factors, the largest body of

evidence was provided for gendér= 14) andmost studies found no significant association with
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BD.* Evidence for ethnici} and place of residen®awas conflicting,and most studies suggested
eitheronly atrend or no associatiomith BD. Forfamily-related factors, the largest body of evidence
was provided for parental loss (k = 10), but theese conflicting results (5 studies suggested no
association, 3 studies suggested an association and the remaining 2 provided inconadlltsive.res

a nonsignifieanttrenil** Regarding medical comorbidities, the overall number of studies was low,
with theinclusion ok 5 studies. The studieseviewedacross these qualitative systematic reviews
are heterogeneouggarding classifications of exposures and do provide directly comparable
associations. gFainfectious diseases, the largest number of studies were found for CMV gerinata
infection (k = 11)*, Toxoplasma gondii perinatal infection (k = 9f and HS\{2 perinatal infection (k

= 7)1 For thesehreefactors, the evidence was inconclusive or suggestive of no association with
BD. For CMVspefinatal infectiolf and T. gondii perinatal infectioft, only approximatelyhalf the
studies suggested‘an association. The influenza virus perinatal infeatienpotentially associated
with BPD, as 2 out of 3 studigminted to amassociationRegarding pregnaneyand birthrelated
factors, birth seasonalfywas the factor with largest number of studies (k = 9). Only small sample
sized studiesuggested an association of wirsgring birth and increased risk for Bl@hereaghe
largest studiess.suggested no associateor the 7 studies assessing pregnancy and birth
complications (PBC&Y evidence was inconclusive, with differamethods of assessment of PBCs.
One nested casmntrol study suggests that gegm birth (< 37 weeks) may increase the risk of BD
in female&’, while-a'cohort study provided evidence thatteren birth (3236 weeks) increased by
3-fold the riskof BD'in both gender® For the individual factors, 3 of 4 studies (n =8a) showed

that exposure.to recent stressful evardsurring within a short period prior to the first onset (e.g.
within 6 months} was associated with an increased risk for Binally, reviewed studies on
medications and substance use suggested an association of cAonaipmid usé® with BD (k =

2-3). Metaanalyss were not performed due to high heterogen8ity.
< Please, insert Table 3 around here >
4 DISCUSSION

We provide a systematic assessment of putative environmental risk factors for BD across
published systematic reviews and matelyses by applying piaefined methodological criteria. To
the best of our knewledge, this represents the first effort to siméhavailable evidence considering
potential biases in this literatur€ompared to previous similar efforts conducted in a range of
neuropsychiatric disordéfs® * our data indicate that the search for environmental risk factors for

BD has been thus far a relatively undéurdied area of investigation. One of the most relevdes ro
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of umbrella reviewsand other systematic approaches to integrate evidenoadentify areas where

further research efforts should be directed.

We identified seven metaanalyses that investigated associations of environmental risk
factors for BD, Irritable bowel syndrome was the ombk factor forBD that met criteria for clads
evidence, and exposure to childhood adversity met criteria for class Il eviddesty and asthma
were risk factors which met criteria for class Il evidence, while a history head inpuul
seropositivity tefexeplasma gondii were supported by weak eence. Bipolar disorder is associated
with high rates.of_cenorbid medical conditionsvhich at least in part may be due to shared
environmental risk, factors and pathophysiological pathways, and thsccooring medical
conditions may“play a significant contribution tlte decreased life expectancy observed among
individuals with/BD* °* °* For example, an increase in peripheral inflammation observed in
individuals with-IBS? may contribute to neuroinflammation, which is thought to helevant
pathophysiological-event in BB > Furthermore, stressful life events may precipitate the onset of
both BD (as obseéfved in the systematic review conductdibghiya et al*?) and IBS®. Likewise,
several mechanistic pathways including but not limitedimmune dysfunction and genetic
polymorphisms and abnormalities in the circadian system may contribute to a higvedepce of
BD in obese individual3> *>’ Notwithstanding, we found that weak evidence supports asthma as a
putative risk factor for BDa recent large prospective study found that asthma and other atopic

diseases mayrificrease the risk of BD.

A history of traumatic brain injury was associated with BD in a raetlysis thatncluded
three sudies, which:followed either crosectional or caseontrol designd® However, this recent
metaanalysis/did not include at least two laigale prospective studies which found evidence that
traumatic brain‘ifjury maincrease the risk of BEY: ® Therefore, clearly the incorporation of these

and future studies may require an up-dated synthesis of available evidence in thaurear f

Accumulating evidence provide increasing support to the notion that neurodevelopmental
factors may play a.role in the pathtiology of BD'* ! Seropositivity toT. gondii may confer a
higher risk for'BD although the epidemiological credibility of available evideneeeak, while a
recent systematic review suggests that perinatal influenza infection may increase the risk of BD.
Exposure to perinatal pathogens may activate immune mechaldadiag to a longerm up
regulation of immune systems, and since immune factors influence neural growtmanal,sthis
may disrupt neurodevelopmental trajectori®s.®® A recent study found ewvéhce for a gene

environmental interaction involving the&s3804099 single nucleotide polymorphism (SNP) of the
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toll-like receptor 2 (TLR2) gene in B#.This study provides preliminary evidence to the hypothesis
that prenatal immunactivation due to exposure to pathogens may modulate immune pathways
relevant to the pathophysiology of BD. The role of neurodevelopmental factors for BD &ex furt
supported by the fact that pterm birth may be a risk factor for BD although this evaemwas
supported onlyby=a qualitative systematic reviéw.

Qualitative systematic reviews provide some suggestive clues to several possible
environmental.fisk.factors for BD. For example, preliminasgdenceindicates that the use of
cannabis and epioids may confer a higher risk for'Bm. addition, proximal stressful life events

(i.e., those océlrring 6 months prior to illness onset) may increase the risk’df BD

Some Jlimitations of this umbrella review s#gve discussion. First, the assessment of
heterogeneity andsexcess of significance findings provide hints of bias but not proof tBeveoél
sourcesof true heterogeneity are possible. For example, Bpeisse a heterogeneous phenotype
with highly variable illness trajectorigd ® In addition, the multivariable adjustment of potential
confounders |(e.g. eoccurring metabolic disturbanc&S)could vary across component studies
included in eligible metanalyses, thus providing a possible source of heterogen&gcond, we
did not assess the quality of individual studies included in the systematic rewdwseteanalyses
because thisswas:beyond the scope of this umbrella review. This was a primary aim of the systematic
reviews and metanalyses inaded herein. Third, we collected only putative environmental risk
factors which=havesbeen evaluated through systematic reviews anémaétses. Thus, we might
have missed some associations which were not yet been evaluated in systematic reviews and meta
analysesFor examplean unhealthier dietary pattern, exposure to smoking in utero, and exposure to
corticosteroids may be putative risk factors for BD which deserve furtheringcréourth, the
methodological “quality of included mesmalyses was in general medium, whereas the
methodological quality of narrative systematic reviewas overall low. Finally, we found no

protective environmental factor for BD supported by robust evidence.

Despite these limitations, this umbrella review has important relevant clinical and research
implications. First'and foremost, BD is a heterogeneous phenotype and several of the emt@onm
risk factors.evaluated in this effort seem to cross traditional ditighcategories. For example,
evidence indicatessthat IBS may be a risk factor for major depressive disondete exposure to
perinatal pathogens could be a ngpecific risk factor for several disorders with a
neurodevelopmental component (e.g., schizophrenia and aftiSwoine risk factors may increase

the risk of certain subtypes of BD. For example, an increasing body of evidence indicateslyhat ea
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onset BD may have some specific pathophysiological mechafistfginally, this umbrella review

indicates that the fine mapping of putative environmental risk fafdoBD deserves further study.

5. CONCLUSIONS

This umbrella review of systematic reviews and natalyses identified fifsone unique risk
factors for BD,.Hewever, only irritable bowel syndrome (IBS) emerged as a cisk &upported by
class | evidence. In addition, relatively few putative environmental risk factors for BD have been
evaluated through=metanalyses, and several hints of bias were found in this literdRewently,
efforts have beensdirected to characterize precursors or even a prodrome of Bienfifieation of
environmental riskactors for BD require further study, and may further aid in the characterization of

individuals atrisk to develop BD, who ultimately may benefit from preventative interventions.
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Figure 1. Flowchart of literature search.
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Random Largest study
N of Total number effects Effect Egger’s
Risk factor primary of cases/ summary 95% PI . g size 12 testp
studies controls effect size random - fixed (95% value
(95% CI) Cl)
Wu et al.}> Asthmd 4 50,358/109,218 2.12 N/A <0001 N/A N/A  NA 44 0514
(1.57-2.87)
PalmierClaus et___ Childhood 13 1,146/977 2.86 0.90-9.14 <0.001 <0001 192 032 71 0.567
al.* adversity (2.03— 4.04) (1.39—
2.64)
Scott et al®’ Exposure to 8 272/341 1.15 0.23-5.81 0.659 0.799 058 0.28 49 0.004
obstetic (0.62-2.11) (0.25-
complications 1.35)
Perry et al® Head injury 3 313/5,370 1.85 0.09-36.95 0.009 0.009 218 069 O 0.201
(1.17-2.94) (1.22—-
3.91)
Tseng et af*? Irritable bowel 6 177,117/192,092 2.48 2.30-2.66 <0001 <0001 247 0.07 O 0.797
syndrome (IBS) (2.35-2.61) (2.34-
2.61)
Zhao et al? Obesity 9 12,259/615,490 1.77 0.90-3.43 <0001 <0001 125 0.03 82 0.019
(1.40-2.23) (1.19-

This article is protected by copyright. All rights reserved



1.30)

Sutterland et af® T. gondii inRUGHE  Sianificance163/13,836 1.52 0.48-4.76 Swapstudy 0.001Randem 0.39 67 0.896
size threshold 95% predigipn ; jqfstimate of effects or qffests.

_ _ Classification’
(number  reached (under interval rule heterogeneity excess sungayy

Of f‘aqu\ tha randam cianificanc~n affact cizao
7 trHe-retrteroT St reorce———Erectroree

Table 1. Characteristics, quantitative syntheis, and bias assessment of thenfeta-analyses of risk factors for bipolar disorder.

Abbreviations: Cl*="confidence intervalN/A = not availablePI = prediction interval
& Meta-analysis data was obtained as provided in the published report.

® Epidemiologicél studies were not included in the meta-analysis since theytestalhiddhood adversity in a sample of bipolar patients.
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effects model) bias (95% ClI)
Asthma” >1000 < 0.001 N/A Small N/A 2.12 I
(1.57-2.87)
Childhood adversity? >1000 <10° Including the null Large Neither 2.86 I
value (2.03-4.04)
Exposureo obstetic <500 > 0.05 Including the null Small Smaltstudy 1.15 Non-
complications! value effects (0.62—2.11) significant
Head injury® < 500 > 0.001 Including the null Small Neither 1.85 Weak
but < 0.05 value (1.17-2.94)
Irritable bowelsyAdromé® > 1000 < 10° Excluding the null Small Neither 2.48 I
value (2.35-2.61)
Obesity”® >1000 > 10° but Including the null  Very Large Both 1.77 1
0.001 value (1.40-2.23)
T. gondii infection™ >1000 >0.001 Including the null Large Neither 1.52 Weak
but < 0.05 value (1.05-2.19)

Table 2. Assessment across thenteta-analyses of risk factors for bipolar disorder.

% Heterogeneity'was categceid as not large (12 < 50%), large $150% but I? < 75%), and very large (I> > 75%)

® Convincingtevidence criteria (Class I): more than 1,000 cases, significant spassaciations (p < 13 per randorreffects calculations, no evidence of

smallstudy effects, no evidence of excess of significance bias, prediction inteotateluding the null and not large heterogigy (I° < 50%); Highly:

suggestive evidence critei{@lass I1): significant summary associations (p £)fler randoreffects calculation, more than 1,000 cases, the largest study
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with 95% CI excluding the null; Suggestive evidence criteria (Class 1l1): more than 1,000 casesasigsifinmary associans (p < 10) per random

effects calculations; Weak evidence criteria: all other risk factors with.p5s Ronsignificant associations: all associations with pG50

Table 3. Evidenceacross thesystematic reviewf risk factors for bipolar disorder.

N
Study Environmental factor _ Main findings
studies
Sociodemographical factors
2/7 studies supported an association between a higher educai@tarid an elevated risk foDgn =
Tsuchiya et al*® Education 7 2,953]. 3 community surveys did not support this association [n = 1,513-4,914]. Two other community

surveys suggested an inverse association [j673618,572]

1/2 studies found an association between a higher educational level of parents arehaadisk for

: 43 :
Tsuchiya et al; Education of parents 2 BD [n= 123]. The other study found no association [n= 1709 community adolescent sample]

One study suggested an increased risk for BD in Caribbean born subjects when contpanedevborn
in the UK [n = 2 million registered sample UK]. Other study suggested a non-sighifiead for non-
whites at higher risk for B than whites [n = 6,673 community sample, USA]. One survey suggested
higher rates of BD in Jews with a father of North African origin than those wéttharfof European
origin [n = 4,914 community sample, Israel]. Three more community surveys in the Uitesl @it not
Tsuchiya et al’; Ethnicity 8 support significant differences between Caucasard other ethnic groups [n = 1,709-18,572], although
Asians may be at lower risk only for DSM-defined bipolar | disorder than whitesstOdyg showed an
association between black ethnicity and a decreased risk cBRpared with whites [n = 423,937
first-admitted subjects, USA]. None of the various ethnicities in Ethiopia app®eaeskdw an increased

risk for BD [n = 1,420 community sample]
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Tsuchiya et al*® Gender

Tsuchiya et al*? Income
Tsuchiya et al*? Marital status
Tsuchiya et al*® Occupation
Tsuchiya et af*? Place of residence

Socieeconomic status
(SES)

Tsuchiya et al*?

Tsuchiya et al*? Unemployment

14

The community surveys have not shown a statistically significant gender differdifegne or period
prevalence of B [n=865-18,572]. One study found female predominance in an adolescent sample [age
14-18, r= 1,710]. Findings seem in favof no association between a specific gender andcaeased

risk for BD, although the exceptiomemain.

Two community surveys suggested a weak trend towards an association betvezendome and an

increased risk for BD

5/7 studies discussing marital status showed that single persons tend to be associated with an ele
for BD compared with married or cohabiting persons. One of the remaining studies sutigestesl

association is limited to female subjects. The last study (community suha@ygd no association.

1/3 studies supported an association between a higher occupatasaimtl an increased risk fdd fh =

1,500]. 2/3 studies did not support the association.

Seven community surveys arehisterbased studies showed a trend for an association between urb
residence and an increased risk f@ B = 7,301-115,000]. One survey suggested no association of place
of residence andB[n = 3798]

Threestudies exploring SES and BD that used a summary score showed inconsistenfresufshem
indicated an association between a higher social class and a slightly increased risk-{oi38]1 23 ereas

one indicated no association [n = 2 million].

2/4 community surveys suggested a weak trend towards an association between unemplogran
increased risk for BD, while one suggested such an association limited to male subjects. The last study

implied no association.

Family-related factors
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Tsuchiya et al’} Ch”d_ pare.nt
relationship

Tsuchiya et al*® Childbirth

Tsuchiya et al** Parental occupation

Tsuchiya et al*? Parental loss

3

10

2/4 studies found that a dysfunctional relationship with parents during childhood and auaegas
associated with an increased risk for BD. One study implied a simsgaciation between a father’s
aggression and BD but not a mother’s aggression, but the association disappeared diitey fadjus

subjects’ psychiatric comorbidity. The fourth study did not support the association [n = 19-5,877]

2/3 studies suggested that giving birth is associated with an increased risk fowBDeém within a 3-
month period after the birth [n = 36-50]. Another study has supported this association in wtmmea w

12-month postpartum period [n =21Imillion admitted femalsubjects followed up]

2/3 studies suggested an association between higher occupational class of par@mesievated risk for

BPD. 1/3 studies did not support the association.

3/10 studies found a statistically significant association between early parental loss (e.g. a death ¢
separation for a long period during childhood and adolescence) and an increased risknfer BI3$2.1
million births followed up]. One studguggested a nesignificant trend towards the association [n = 79].
One study indicated that only parental separation but not death had such an associdtesdtigtical
significance disappeared after controlling for other social adversittepaental psychiatric disorders [n

= 5,877]. The rest of the studies did not support the association [n = 19-462]

Medical comorbidities

Vannucchi et a** " Asperger syndrome

Pope et al*! Endometriosis

In adults with AS, BD comorbidity ranges from 6.0% to 21.4% of the cases. Among ASD9gatient
positive family history foaffective disorders can be found in the 17% and 13% of the family members of

Adutistic and Asperger subjects respectively.

1/3 studies found thatamen with pelvic pain related to endometriosis were more likely to have BD
diagnosis as compareéd women with chronic pelvic pain [n=39]. Another study found no significant
differences in prevalence of BD between women with endometeassiempared to controls [n = 67]. The
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Leo and Singh Migraine

Premenstrual

syndrome or

last study reported only a prevalence of 62.7% of BD in women with endometriosis, wahtra group

to compare [n = 16].

Two clinic-based cross sectiorstbidies found that the weighted mean prevalence of BD in migraine
patients diagnosed based in the IHS criteria w@%9n = 1,102] (3.2-fold greater than the 12-month
prevalence rates of BPD in the general population). Two epidemiological stusiresgmples derived
from the community found that the weighted mean prevalence of BD in patiemeskagwith the same
criteria was % (21-fold greater than the Zhonth prevalence rates of BD in the general population).
The last study had the sample derived from a Health Maintenance Organizadiéoured a prevalence of
4.7% type | BD and 3.9% type Il BD, and an OR = 4.7 (1.4-15.4) comparing migraine veigrame

patients.

One study from a community sample, among 201 subjects with subthreshold premenstruaicdyspht
disorder, 3.8 % had BD{OR= 53) and 0.3% had BM-(OR 0.5). Among 74 PMDD patnts, 57% had
BD-I (OR 7.9) and 499% had BDII (OR 8.1), while Q8 % of subjects without PMDD [n = 828] had BD-

and 0.6% ha®D-Il. Another study found arevalence of BD prevalence of 9% in controls, 17% across

Cirillo et al.,*® : . .
premenstrual depressed peMS women and 15% across ndaepressed peMS women [n = 247]. The final study
dysphoric disorder found that women with LLPDD (late luteal phase dysphoricrdesg scored higher on measures of
hypomania than controls at all menstrual cycle phases (elevated, unstable moods, impulsiveness,
overeactivity, irritability) [n = 30]
Infections

Barichello et al*! BOF)V petrinatal
infection

One of two studies demonstrated an associsgween BDV and BDin bipolar patients BoDV
circulating immune complexes were significantly elevated3#5 p = 0.001). However, Hornig and

colleagues performed a casentrol study utilizing molecular assays @RCR and PCR) and serologic
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Barichello et al**

Barichello et al**

Barichello et al**

Barichello et al*

1<

Barichello et a

Tsuchiya et al*?

Barichello et al**

CMV perinatal

infection

HSV-1 perinatal
infection

HSV-2 perinatal
infection

HHV-6 perinatal
infection

Influenza virus

perinatal infection

Influenza virus

prenatal infection

Toxoplasma gondii

perinatal infection

11

assays (ELISA and IFA) to evaluate the presence of BoDV virus or antibodiesuthibesalid not find
immunoreactivity to He/80, Strain V, No/98, Universal, or Avian BoDV genotypésrisamples from

bipolar patients

5/11 studies showed significant associations between @Midody levels and bipolar disorder. In one
study, CMV IgG concentrations were higher in bipolar disorder compared to healtigisohtrother
study showed that when groups of seropositive and seronegative bipolar disorder pateeatsnpared,

there was a decrease in the right hippocampal volume in-Bdsitive patients (p =.044).

2/5 studies showed association between HSYand bipolar disorder

1/7 studies showed an association between HSV-2 and bipolar disorder

No study demonstrated an association between HHV-6 and bipolar disorder

2/3 studies demonstrated an association between influenza infection and bipolar disorder

One study implied a trend towards statistical significance for an increased risk of an occurrence of
from exposure during the second trimester BB1 births followed up]. The other studies have not

supported this trend [#525-21 million births followed up ].

5/9 studies showed an associatiop@ifinatalT. gondii infection andBD
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Pregnancy and birth -related factors

Tsuchiya et al*? Birth seasonality

Indicators of fetal

Marangoni et aliy deYe|0pment |
(gestational age, birtt

weight, Apgar score)

Physical and

M _ ho emotional stress
arangoni et al’; _
during pregnancy

(famine, war stress)

Tsuchiva et al Pregnancy and/or birt
suchiya et al;
4 complications (PBCs;

Marangoni et al*® Smoking during
’ pregnancy

Six of the nine studies supported an association between a winter—spring birthetenchted risk for BD
compared with general livieirth statistics [n = 29418,021].
Three other studies did not support this association [n = 220—2.1 million birthsddllap].

One study found thadre-term birth (<37 weeks) alone, or associated with low wirtight (<2500 g)
increased the risk of bipolar disorder only in females. A second study found a sevenréadenn the
risk of bipolar disorder in very preterm (<32 weeks), and a tfldancreased risk in preterm (326
weeks) of both sexes. The third study found that only planned delivery by c-section increasédothe
BD among several factors (Apgar score, birth presentation, birth type, uterineagleeduced labor).

Prenatal exposure to war during the 1st trimester increased the risk far loiigokrder (1 study). Prenatal

famine (1 study) and maternal bereavement (1 study) were not assectht8d.

3/7 studies suggested an association between a higher score and an elevated risk fol BD [
measured by an early version of Lewis’s score; n=306neasured by Mirdal's scorehd other studies
have not supported this. Results regarding sums@oses of PBCs are conflicting. The inconsistency

may result from the varying definitions of PBCs used.

In the Northern California Birth Cohort, af@ld increased risk of BD in offspring of mother who smoked

during pregnancy was detected. In an independent sample this association was n@d.eplicat

Individual factors
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Tsuchiya et al*? Handedness 2  BD was not associated wittandedness [n = 36—88]
1/3 studies indicated that premorbid adjustment [as measured by means of the Predjostideft
Scale] of subjects with BD was poorer than that of normal controls during eelodes but this was not so
Tsuchiya et al®® _Premorbid adjustmen 3  during childhood [n = 28]. Another study suggesiesimilar association by means of the Global
Assessment of Functioning score [n,7@9]. The third study suggested that disciplinary difficulties at
school predict BPD [n = 462]
3/4 studies suggested that an exposure to recent stressful events occurring Waiperi®d prior to the
Tsuchiya et al*®...Recent stressful even 4 first onset (e.g. within 6 months) was associated with an increased risk for BEL{58]. This was not
supported by another study [n = 14]
Medications/substance use
Marangoni et al*® Cannabis 3 Three community studies suggested an association with BD. The studies repa@#tl-ah.03- 4.98
Two community studies suggested an association of opioids use and BPD. The firs¢sbuidy raraOR
Marangoni et al'® Opioids 2  2.0(1.1-3.7), with 1,499 exposed and 33,154 non-exposed. The second study re@sdice aril2
(1.52—2.96)or weekly/daily usewith 461 exposed and 17,011 non-exposed.
One community study (subjects with lifetime alcohol, substance, MiDKiety disorder) found an
Marangoni et al*..Tranquilizers/sedatives 2  association with BD [aOR =30 (1.15-1.94); 3 years follow-up; n = 15,329]. Another community study

found a norsignificant effect of tranquiers and sedatives [n =,4D5].

Abbreviations: aOR = adjusted odds rati®@oDV = Borna disease viru8D = bipolar disorderCMV = cytomegalovirusEBV = EpsteinrBarr virus;HHV -6 =

Human herpes vird6; HSV = herpes simplex virugHS = International Headache Sociel§) = Intelligence QuotientyiIDD = major depressive disordédR

= odds ratioVZV = varicellazoster virus

This article is protected by copyright. All rights reserved



Eligibility Screening Identification

Included

bdi_ 12490 f1.doc

Records identified through Additional records identified
database searching through other sources
(n=2327) (n=1)

Records after duplicates removed

(n=1205)

\ 4
Records screened % Records excluded

(n=1205) i’ (n=1140)

\ 4
Full-text articles assessed Full-text articles excluded,
for eligibility > with reasons
(n =65) (n =49)

Y

Studies included in
qualitative synthesis
(n=16)

A 4

Studies included in
guantitative synthesis
(n=7)

This article is protected by copyright. All rights reserved



