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Abstract

Background

Pregnancy is a teachable moment for behaviour change. Multiple guidelines target pregnant

women for behavioural intervention. This systematic review of systematic reviews reports

the effectiveness of interventions delivered during pregnancy on changing women's behav-

iour across multiple behavioural domains.

Methods

Fourteen databases were searched for systematic reviews published from 2008, reporting

interventions delivered during pregnancy targeting smoking, alcohol, diet or physical activity

as outcomes. Data on behaviour change related to these behaviours are reported here.

Quality was assessed using the JBI critical appraisal tool for umbrella reviews. Consistency

in intervention effectiveness and gaps in the evidence-base are described.

Results

Searches identified 24,388 results; 109 were systematic reviews of behaviour change inter-

ventions delivered in pregnancy, and 36 reported behavioural outcomes. All smoking and

alcohol reviews identified reported maternal behaviours as outcomes (n = 16 and 4 respec-

tively), whereas only 16 out of 89 diet and/or physical activity reviews reported these behav-

iours. Most reviews were high quality (67%) and interventions were predominantly set in

high-income countries. Overall, there was consistent evidence for improving healthy diet

behaviours related to increasing fruit and vegetable consumption and decreasing
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carbohydrate intake, and fairly consistent evidence for increase in some measures of physi-

cal activity (METs and VO2 max) and for reductions in fat intake and smoking during preg-

nancy. There was a lack of consistent evidence across reviews reporting energy, protein,

fibre, or micronutrient intakes; smoking cessation, abstinence or relapse; any alcohol

behaviours.

Conclusions

The most consistent review evidence is for interventions improving dietary behaviours dur-

ing pregnancy compared with other behaviours, although the majority of diet reviews priori-

tised reporting health-related outcomes over behavioural outcomes. Heterogeneity between

reported behaviour outcomes limits ability to pool data in meta-analysis and more consistent

reporting is needed. Limited data are available for alcohol interventions in pregnancy or

interventions in low- or middle-income-countries, which are priority areas for future

research.

Introduction
Therearemultiple complexpublichealthpriorities thathealthcareandpublicserviceprovid-
ersinternationallyaretackling,particularlyrelatingto smoking,alcohol,poornutrition and
sub-optimallevelsof physicalactivity[1, 2]. Strategiesfor publichealthinterventionsinclude
environmentalchangesuchasimprovinghome,work andschoolenvironments,andsmoking
bansin publicspaces;fiscal,policyandregulationchangessuchaslevieson unhealthyfoods
(e.g.sugartaxandminimum alcoholpricing); industrychangesuchasfront of packagehealth
warningson tobacco,food labellingandrestrictionson marketingandadvertising;andstrate-
giesto promoteindividual behaviourchangesuchashealthprofessionalsupportandcounsel-
ling [1, 2]. Specificallyrelevantto individual behaviourchangeis theconceptof teachable
moments,definedas���������� 	

������ ���� ��	���� �	 �	����� ����������� �	 ��	�����
	���� ��	�� ��������
��� ����� �����	���� [3]. Pregnancyisarguedto beaprime teachable
moment,with womenundergoingalife transitionwhilst in frequentcontactwith healthcare
professionalsandserviceproviders[4]. Formanywomenandtheir families,thismaybetheir
first encounterwith healthcareservices.In theUK, theNationalInstitute for HealthandCare
Excellence(NICE) guidanceon behaviourchangeemphasisestheimportanceof intervening
atkeylife stagesor times,includingpregnancy[5]. An underlyingassumptionis thatbehav-
iourschangedueto womenprioritising fetalhealthandalsorespondingto socialnormson
theacceptabilityof certainbehavioursin pregnancy.A majorquestioniswhetheror not there
aresimilaritiesor differencesacrosshealthbehavioursin women'spropensityfor positive
change,andwhethertherearesharedlessonsthatcanbelearnedfor somebehavioursthat
couldbetranslatedto others.

Keypublichealthpriorities thatarestronglyassociatedwith healthandsocialinequalities,
andareparticularlyrelevantto pregnancydueto potentialimmediaterisk to themotherand/
or fetus,includedietandphysicalactivitybehaviours(linked to maternalobesityandgesta-
tional weightgain),smokingandalcoholuse.Thesebehavioursform thefocusof thissystem-
aticreviewof systematicreviews.Havingahealthydiet andbeingphysicallyactiveduring
pregnancycanhavebenefitsfor themotherandherbaby,including improvedcardiorespira-
tory fitness,reductionin gestationaldiabetesandcaesareansection[6±9].However,physical
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activitylevelstendto declinethroughoutthecourseof pregnancyanddietaryqualityisoften
suboptimal[10,11].Poormaternaldietandphysicalactivitybehaviourscanbeassociatedwith
bothpre-pregnancyobesityandexcessivegestationalweightgain,whichfurther increases
risksto motherandfetus(includinggestationaldiabetes,pre-eclampsia,macrosomia,caesar-
eansectionandpre-termbirth), andhaveimplicationsfor healthcareresources[12±14].Prev-
alenceof smokingamongpregnantwomenin high incomecountrieshasdeclinedfrom 20to
35%in the1980sto between10%and20%in theearly2000s,with afurther declineto below
10%by2010[15]. However,adifferentpictureisevidentamongstsociallydisadvantaged
womenandamongwomenin low incomecountries,wheresmokingprevalencehasnot
decreasedandin someplacescontinuesto increase[16,17].Healthrisksof smokingin preg-
nancyincludespontaneousabortions,ectopicpregnancies,placentapreviaandbabiesbeing
smallfor gestationalage[18,19].Prevalenceof alcoholusein pregnancyvariesbycountry,it is
lowestin theWorld HealthOrganisation(WHO) EasternMediterraneanRegion(EMR)
(0.2%,95%CI: 0.1±0.9)andhighestin theWHO Europeanregion(25.2%,(21.6±29.6).Prena-
tal alcoholexposureisassociatedwith pretermbirth, low birth weightandFetalAlcoholSpec-
trum Disorders[20±22].

In light of thepotentialfor harmrelatingto thesebehavioursduring pregnancy,andthe
concurrentpotentialfor publichealthgainthroughintervention,therearenationalandinter-
nationalguidelinesfor dietandphysicalactivitybehaviours(including weightmanagement)
andsmokingcessation[23±25].Guidanceon alcoholconsumptionisvariable,with advice
rangingfrom abstinenceto light consumption(usuallydefinedasno morethan1 to 2 units,
onceor twiceaweek)[26±28].

Theextentof adoptionof behaviourchangeamongpregnantwomenisunclear[29]. Preg-
nantwomenmaymakechangesto arangeof healthbehavioursunderpressurefrom societal
norms[30]. Examplesof changesin behaviourinclude`spontaneousquitters'amongwomen
whosmoke,thoughmanydo not continueto abstainbeyondpregnancy,arguablydueto a
newlydefinedself-conceptandperceivedsocialstigmatisation[3]. Weightmanagement
researchshowssomewomenmakepositivedietarychangesdueto prioritising thehealthof
their unbornbaby[31], whereastheir perceptionsof physicalactivityrisk during pregnancy
might influencethisbehaviour[32]. Existingevidencesuggeststhatmanybarriersto being
physicallyactiveduring pregnancyexist,including lackof consistentadvice,lackof societal
support,physicalsymptomsof pregnancyandlackof opportunity [33]. Factorsthatmotivate
womento beactiveduring pregnancyincludeweightcontrol andpotentialfor aneasierlabour
anddelivery[33]. Somewomenmayperceivedrinking smallamountsof alcoholduring preg-
nancyasimportant for their socialliveswhichcouldalsoinfluencetheir behaviour[34].

Thereisclearemphasison pregnantwomenasatargetfor interventionacrossdifferent
behaviouraldomains[35]. However,interventionsin pregnancy,andsubsequentevidence
synthesisof interventions,tendto becarriedout in siloswith no attemptto synthesiseacross
behavioursdespitetheoverlapin targetpopulation.Further,whenconsideringtranslationof
effectiveinterventionsinto routinepractice,thesamehealthprofessionalsareresponsiblefor
deliveringmultiple interventionssimultaneously[36]. Theincreasingneedfor multiple inter-
ventions,anddevelopmentof aplethoraof referralsystems,pathwaysandguidelines,canulti-
matelypresentasignificantburdento women,healthcareprofessionalsandservicestrying to
managecomplexpregnancies[37]. Synthesisingevidenceon interventionsfocusingon differ-
entbehaviouraldomains(smoking,alcoholconsumption,dietandphysicalactivity)would
enhanceour understandingof theeffectivenessof interventionswhichtargetbehaviourchange
during pregnancyandcouldidentify sharedmechanismsof whattypesof interventionare
effectiveandfor whom,aswellasidentificationof similaritiesor differencesacrossdifferent
targetbehaviours.Suchinformation couldhelpto inform aninterdisciplinaryapproachto
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publichealtharoundpregnancyandguidethedevelopmentanddeliveryof cost-effective
interventionswith thepotentialto impacton short-termandlong-termhealthoutcomesfor
womenandchildren.Theseoutcomesincludeimprovedmaternalweightmanagement,
reducedrisk of gestationaldiabetes,andhypertension,lowerratesof prematuredeliveryand
caesareansectionandof low andhighbirthweightinfants.

Thispaperis thefirst to bereportedfrom awiderprogrammeof systematicreviewsof sys-
tematicreviewsexploringdiet,physicalactivity,smokingandalcoholbehaviouralinterven-
tionsdeliveredduring pregnancy.Thewiderprogrammeaimsto 1) examinetheeffectiveness
of interventionson changingbehaviourin pregnantwomen,2) examinetheeffectivenessof
interventionson improvingpregnancyoutcomes,and3) exploreanysharedbehaviouraltech-
niquesor contentof interventionsthatmaybeassociatedwith effectivenessacrossthesebeha-
viouraldomains.Thispaperreportsthesystematicreviewof systematicreviewsaddressing
aim1.

Materials and methods
Thissystematicreviewof systematicreviewsprovidesanoverviewof theexistingevidence
base.It comparesfindingsof previoussystematicreviews,identifiesresearchgapsandprovides
directionfor future research,specificallyrelatingto interventioneffectivenessacrossbeha-
viouraldomains.WeusedtheJoannaBriggsInstitute (JBI)methodologyfor umbrellareviews
[38] andthePRISMAreportingguidelinesandchecklist(S1PRISMAChecklist)[39].Thepro-
tocol for thissystematicreviewhasbeenpublished[40] andwasregisteredon thePROSPERO
database(CRD42016046302).

Identification of studies
A comprehensivesearchof fourteenbibliographicdatabaseswasoriginallyconductedin May
2016,andupdatedin March2018andNovember2019.Thedatabasessearchedwere:Joanna
BriggsInstituteDatabaseof SystematicReviewsandImplementationReports,JBICOnNECT
+, CochraneDatabaseof SystematicReviews,CochraneDatabaseof Abstractsof Reviewsof
Effectiveness(DARE),CochraneHealthTechnologyAssessments,CochraneEconomicEvalu-
ations,PROSPERO,Epistemonikos,Medline,CINAHL, AMED, ASSIA,LILACS,andSocial
CareOnline.Greyliteraturewasalsoincludedin theoriginalsearch.Thefollowingdatabases
weresearched:GoogleScholar,NICE Evidencesearch,OpenGrey,TheGreyliteraturereport,
NationalInstitute for HealthResearch(NIHR) JournalsLibrary,HealthTechnologyAssess-
mentDatabase,Ovid HealthManagementInformation CentreDatabase,CochranePregnancy
andChildbirth Group.No studieswereretrievedfrom thesearchof greatliteratureduring the
original search,thereforeno updatesof greyliteraturesearcheswereperformed.A combina-
tion of indexandfree-texttermswereusedto search,relatingto thekeyconceptsof pregnancy
andantenatalcare,andinterventionsfor changinglifestylebehaviours(S2Table).Thesearch
waslimited to Englishlanguagereviewspublishedovertheprevious10yearsto yieldprimary
researchconducted30+yearsprior to thereviews[38]. Conferenceabstractswereexcluded.
To fulfil therequirementsof anumbrellareview,asystematicreviewsearchfilter from the
ScottishIntercollegiateGuidelinesNetwork(SIGN)wasapplied.SIGNsearchfiltersarevali-
datedsearchfilterswhich limit thesearchto aparticularstudytype,in thiscase,systematic
reviews.

Theresultsweredownloadedinto EndNotereferencemanagementsoftware,wherethey
werede-duplicated.Titlesandabstractswerescreenedusingpre-definedinclusionandexclu-
sioncriteria.Thefull textswereretrievedandscreenedfor all systematicreviewsthathadthe
potentialto meettheinclusioncriteria,or whereit wasnot possibleto definitivelyexclude
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basedon title andabstractalone.Full textscreeningusedapre-definedscreeningtemplate
developedfor this review(S3Table)andreasonsfor exclusionwererecorded.All stagesof
screeningwerecarriedout by two reviewersindependently(including NH, JN,LM, LA, CM,
JO,LH, DJ)with anydisagreementsdiscussedandathird revieweravailablefor arbitration if
required.

Inclusion criteria
Theinclusioncriteriaarebasedon PICOS(population,intervention,comparator,outcome,
andstudydesign).Thepopulation(P)werepregnantwomenatanygestationalage.Wedid
not applyrestrictionsbasedon socio-demographicfactors(e.g.age,ethnicity,parity,socioeco-
nomicstatus).Weincludedreviewsregardlessof whethertheinterventionstargetedspecific
groupsof womenor whethertheyweredeliveredto thegeneralmaternitypopulation;for
example,weincludeddietandphysicalactivityreviewsthatonly includedinterventionsdeliv-
eredto womenwith obesity,aswellasthosewhichincludedwomenwith anyBMI. We
excludedsystematicreviewsreportingeffectivenessof interventionsdeliveredduring thepre-
conceptionor postnatalperiods.

Theinterventions(I) includedin thereviewsneededto havecontentwhichaimedto
changethetargetbehaviours:

1. smoking(e.g.quit rates,relapse)

2. alcohol(e.g.levelof alcoholconsumptionandabstinence)

3. diet (e.g.nutritional compositionof thediet)

4. physicalactivity(e.g.levelsof moderateto vigorousphysicalactivity(MVPA))

While effectivepharmacologicalanddietarysupplementinterventions(e.g.nicotine
replacementtherapy,folic acidsupplementation)entailbehaviouralcomponentsfor compli-
ance,theydo not primarily addressthetargetbehavioursandwerethusexcluded.Systematic
reviewswerenot excludedbasedon thetypeof comparatorgroups(C).

Theoutcomes(O) of interestweretheeffectivenessof interventionsatchangingmaternal
targetbehavioursduring pregnancy(i.e.smoking,alcoholconsumption,dietandphysical
activity).No restrictionswereplacedon howthetargetbehavioursweremeasured.Systematic
reviewswereexcludedif theyonly reportedtheeffectivenessof interventionsdeliveredon
health-relatedoutcomes(e.g.gestationaldiabetes,gestationalweightgain,hypertension)with-
out reportingtheeffectivenessof theinterventionsin changingthetargetbehaviour.

Thestudydesign(S)waslimited to only includesystematicreviewsreportingon quantita-
tive interventioneffectivenessdata,with or without meta-analysis.Primaryresearchstudies,
andreviewswheretheprimary sourcesof evidenceweretheoreticalstudies,qualitativedata,
or opinion wereexcluded.Mixed methodsreviewswereeligiblefor inclusionif theyincluded
quantitativeeffectivenessdataplusanothertypeof data;however,only thequantitativedata
wereextractedandsynthesised.

Data extraction andquality assessment
All systematicreviewswhichmettheinclusioncriteriaweredataextractedusingastandard-
isedtemplatewhich included:authors,yearof publication,aimof thereview,searchstrategy,
inclusionandexclusioncriteria,authorreportedconflict of interest,detailsof includedstudies
(including numberof includedstudies,publicationdaterange,studydesign,populationsam-
plesize,interventionlocation,andfull citationsfor assessmentof overlapof includedstudies
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betweensystematicreviews),andnarrativeor meta-analysisresultsrelatingto effectivenessof
interventionsdeliveredduring pregnancyon maternalbehaviouroutcomes.

ThestandardisedJBIcritical appraisalinstrumentfor umbrellareviews[38] wasusedto
assessmethodologicalqualityof includedreviews(S4Table).Thechecklistcomprises11ques-
tionsrelatingto methodologicalrigor, transparencyof reportingandappropriatenessof con-
clusionsandrecommendations,with optionsof ªyesºif thereviewclearlymeetsthechecklist
criteria,andªnoº, ªunclearºor ªnot applicableºif thereviewdoesnot clearlymeetthecriteria.
Thereviewswereawardedascoreof 1 for eachchecklistcriteriaclearlymetand0 for those
not met,with amaximumpossiblescoreof 11.Thereviewswerecategorisedashighqualityif
theyscored8±11,moderatequalityfor scoresof 4±7,andlow qualityfor scoresof 0±3.No
reviewswereexcludedbasedon qualityscore.Thepercentageof includedreviewsmeetingthe
appraisalcriteriawascalculatedfor eachof the11checklistquestions.

Thedataextractionandqualityassessmenttoolswerepilotedbyagroupof reviewers(NH,
JN,LH, JO,LM, LA, DJ)andrefinedto improveconsistencybetweenreviewers.All data
extractionandqualityassessmentswerecarriedout byonereviewerandvalidatedbyasecond
reviewer(including LH, CM, LM, LA, DJ,NH, JO).

Evidencesynthesis
Theevidencesynthesisprioritisessearchingfor consistencyin reportedeffectivenessof inter-
ventionsatchangingwomen'sbehavioursacrossreviews,andidentificationof gapsin the
existingevidence-base.A summaryof existingresearchsynthesesarepresentedin tabularfor-
matalongsideamoredetailednarrativesynthesisof thesystematicreviewcharacteristicsand
findings[38]. Summarytablesincludethecharacteristicsof theincludedsystematicreviews,
qualityof thereviews,overlapof includedstudieswithin reviews,andauthorreportedconflicts
of interest.Theanalysisof resultsusedasystematicnarrativesynthesisapproach[41]. Data
weretabulatedaccordingto thetargetbehaviours(i.e.smoking,alcohol,dietandphysical
activity)andbehaviouraloutcomesreported(e.g.smokingabstinence,alcoholconsumption,
energyintake,MVPA). Reviewsthatconductedameta-analysisweresummarisedin thetables
with statisticalsignificanceandsummaryof thedirectionof effect(basedon thepooledmean
difference,risk ratio andoddsratio).Reviewswhichdid not reportmeta-analysisandinstead
reportedtheresultsof studiesnarrativelywerecodedto reflecttheeffectivenessof theinter-
ventionstheyreported.Thecodeªno differenceºwasusedif 0±33%of individual studies
reportedsignificantinterventioneffect(positiveor negative);ªinconsistentevidenceºwasused
if 34±59%of studiesreportedpositiveor negativesignificanteffect;andªfavoursinterventionº
or ªfavourscontrolº wereusedif 60±100%of studiesreportedapositiveor negativesignificant
effectof theintervention[41,42].A `Summaryof Evidence'tableprovidesavisualindication
of thefindingsof thereviewusingtraffic light indicators[38] to indicatewhethertheevidence
favourstheintervention,control,no differenceor inconsistentevidence.

Results

Included systematicreviews
A totalof 24,388uniquerecordswereidentifiedbysearches,of which109weresystematic
reviewsof behaviourchangeinterventionsdeliveredin pregnancy;16smoking,4 alcoholand
89diet and/orphysicalactivity(Fig1).Of these,36reportedtheeffectivenessof interventions
deliveredduring pregnancyon behaviouraloutcomes,whicharethefocusof this review(S5
Table).

Fromthese,16reviewsreporteddietand/orphysicalactivitybehaviours(18%of all diet
and/orphysicalactivityinterventionreviewsidentifiedin thesearch).Thisincludedsixreviews
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Fig 1. PRISMAflowchart.

https://doi.org/10.1371/journal.pone.0232774.g001
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reportingdietoutcomesonly, two reviewsreportingphysicalactivityoutcomesonly,andsix
reviewsreportingacombinationof physicalactivityanddiet outcomes.

Sixteenof theincludedreviewswerefor smokingbehaviours(100%of all smokinginter-
ventionreviews)and4 for alcoholbehaviours(100%of all alcoholinterventionreviews)and
wereincludedin this review.

Theincludedsystematicreviewsreportedarangeof searchstrategieswhichincludeda
combinationof searchingdatabasesalone(n = 15)andsupplementingdatabasesearcheswith
additionalsearchstrategies(n = 21);supplementarysearcheswerepredominantlycarriedout
bydiet and/orphysicalactivityreviews(n = 15)versusotherbehaviours,andinvolvedsearch-
ing referencelistsof includedstudiesand/or relatedreviews,plushandsearchingjournalsand
clinical trialsregisters(Table1,S5Table).

Thepooledsamplesizesin theincludedreviewsrangedfrom 0 women(emptyreviewof
alcoholinterventions[44]) to 31,958women(smokingreview[45]) (Table1,S5Table);there
wasamedianpooledsamplesizeof 4,721womenin smokingreviews,3,723womenin diet
and/orphysicalactivityreviews,and2,047womenin alcoholreviews.Systematicreviewswere
restrictedto RCTdesignin 18reviewsandincludedRCTsplusotherstudydesignsin 14
reviews(not reportedfor threesmokingreviewsplusoneemptyalcoholreview).Thenumber
of interventionstudiesincludedin thesystematicreviewsrangedfrom three[46] to 88[15],
with amedianof 14studiesfor dietand/orphysicalactivityandsmoking,andsixstudiesfor
alcoholreviews.Theincludedstudiesin thereviewswerepublishedbetween1952[47] and
2018[48].

Thecountriesof theinterventionstudiesincludedwithin thesystematicreviewswerenot
reportedfor nineof the36reviews(five for smokingreviews[45,49±52],four for diet/physical
activitysystematicreviews[47,53±55])plusoneemptyalcoholreviewwith no includedstud-
iesto report [44]. In theremainingsystematicreviews,accordingto theWorld Bankclassifica-
tion [43], studieswerepredominantlysetin High-IncomeCountriesandUpperMiddle-
IncomeCountries.Overall,21High-IncomeCountrieswererepresented(in the26reviews
reportingthecountries)andnineUpper-Middle-IncomeCountries.However,Lower-Middle-
IncomeCountrieswereonly representedin diet/physicalactivityreviews(n = 1country)and
noneof thereviewsincludedanyinterventionstudiesset-inLow-IncomeCountries(Table1,
S5Table).

Quality
Thequalityscoresof theincludedsystematicreviewswerepredominantlyhigh (67%)with no
systematicreviewsratedaslow quality(Table2,S6Table).Out of amaximumpossiblescore
of 11,scoresrangedfrom four (moderatequality) [56] to 11(high quality) [48,49,57±62].
Twoof the16smoking[48,49],oneof thefour alcohol[57] andfiveof the16diet/physical
activityreviewsreachedthemaximumscoreof 11[58±62].All systematicreviewsacrossall
behaviourshadclearlyandexplicitlystatedquestions(100%for question1) andalmostall
scoredhighly for appropriatespecificdirectivesfor newresearch(97%question11)(Table2).
Therewerehighscores(75±89%)for theremainingquestions,with theexceptionof two:criti-
calappraisalwasonly carriedout by two researchersin 53%of systematicreviews(question6)
andthelikelihoodof publicationbiaswasonly assessedin 42%of systematicreviews(question
9).

Overlapof included studies
A systematicreviewof systematicreviewswill includeduplicationof original studiesreported
bymultiple reviews.Therewereatotalof 504citationsof includedinterventionstudiesin the
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Table1. Summarydatafor includedsystematic reviews.

Alcohol reviews(n = 4
incl. 1 empty review)

Smokingreviews
(n = 16)

Diet and / or Physical
Activity Reviews(n = 16)

Total acrossall reviews
(n = 36)

Timeperiodof includedinterventionstudiesin thereviews

Rangein years: 1982to 2011 1976to 2017 1952to 2018 1952to 2018

Earliestyearbefore1990(n) 1 2 2 5

Earliestyearfrom 1990(n) 1 8 1 10

Earliestyearfrom 2000(n) 1 2 11 14

Earliestyearfrom 2010(n) 0 4 2 6

Searchstrategies:

Databasesonly (n) 2 12 1 15

Databases+ Supplementarysearches(n) 2 4 15 21

Includedstudydesigns:

RCTonly (n) 1 6 11 18

RCT+ otherdesign(n) 2 7 5 14

Not reported(n) 0 3 0 3

Numberincludedstudiesin thesystematicreviews

Range(n) 0 to 10 3 to 88 3 to 65 3 to 88

Median(n, IQR) 6 (4 to 8) 14(8 to 25) 14(8 to 22)

Not reported(n) n/a n/a n/a n/a

Pooledsamplesizesincludedin thesystematicreviews

Range(n women) 0 to 3,494 1,009to 31,958 209to 15,328 0 to 31,958

Median(n women,IQR) 2,047(536to 3,408) 4,721(1,009to
15,338)

3,723(1,457to 5,693)

Not reported(n) n/a 1 review 1 review 2 reviews

Countriesof interventionstudiesincludedin the
systematic reviews(reportedfor n systematic reviews)

Reportedfor 3 out of 4
SRs(4th emptyreview)

Not reportedfor 5
SRs

Not reportedfor 4 SRs Not reportedfor 10SRs
(incl. 1 emptySR)

HICs representedin theincludedinterventions 1.Norway 1.Argentina 1.Australia 1.Argentina

2.Sweden 2.Australia 2.Belgium 2.Australia

3.UK 3.Canada 3.Canada 3.Belgium

4.USA 4.Denmark 4.Croatia 4.Canada

5.France 5.Denmark 5.Croatia

6.Greece 6.Finland 6.Denmark

7.Netherlands 7.Germany 7.Finland

8.NewZealand 8.Ireland 8.France

9.Norway 9.Italy 9.Germany

10.Poland 10.Netherlands 10.Greece

11.Spain 11.Norway 11.Ireland

12.Sweden 12.NewZealand 12.Italy

13.UK 13.Spain 13.Netherlands

14.USA 14.Sweden 14.NewZealand

15.Taiwan 15.Norway

16.UK 16.Poland

17.USA 17.Spain

18.Sweden

19.Taiwan

20.UK

21.USA

(�	������ )
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16smokingreviews;afterremovalof duplicatecitationsof thesamepublicationsacrossmulti-
plereviewstherewere298uniquepublicationsremaining(S7Table).The16dietand/orphys-
icalactivityreviewssimilarlyhadatotalof 491citations,of which311wereunique
publications.Thefour alcoholreviewshad26citationsfor includedinterventions,of which16
wereuniquepublications.

Smokingbehaviours. Sixteensystematicreviewsreportedbehaviouroutcomesfor smok-
ing interventionsduring pregnancy[15,45,48±52,56,63±70].Theoutcomesreportedwere
smokingabstinence(or cessation),smokingrelapse,andsmokingreduction.Thesewere

Table1. (Continued)

Alcohol reviews(n = 4
incl. 1 empty review)

Smokingreviews
(n = 16)

Diet and / or Physical
Activity Reviews(n = 16)

Total acrossall reviews
(n = 36)

UMICs representedin theincludedinterventions 1.Mexico 1.Brazil 1.Brazil 1.Brazil

2.Cuba 2.China 2.China

3.Mexico 3.Columbia 3.Columbia

4.Iran 4.Cuba

5.SouthAfrica 5. Iran

6.Thailand 6.Mexico

7.Turkey 7.SouthAfrica

8.Thailand

9.Turkey

LMICs representedin theincludedinterventions None None 1.Egypt 1.Egypt

LICsrepresentedin theincludedinterventions None None None None

Incomestatusof thecountriesdefinedaccording to theWorld Bankdatafor thecurrent2020fiscalyearªlow-incomeeconomiesaredefinedasthosewith aGNI per

capita,calculatedusingtheWorld BankAtlasmethod, of $1,025or lessin 2018;lowermiddle-incomeeconomiesarethosewith aGNI percapitabetween$1,026and

$3,995;uppermiddle-incomeeconomiesarethosewith aGNI percapitabetween$3,996and$12,375;high-incomeeconomiesarethosewith aGNI percapitaof

$12,376or moreº [43]

Abbreviations:HICs = High IncomeCountries;UMICs = UpperMiddle-IncomeCountries;LMICs - = LowerMiddle-IncomeCountries;LICs= LowerIncome

Countries.

https://doi.org/10.1371/journal.pone.0232774.t001

Table2. Summaryof quality assessment of included reviews.

Behaviour group Quality assessment question Total
score

Quality category

1 2 3 4 5 6 7 8 9 10 11

Subtotal alcohol
reviews

100%(4/
4)

100%
(4/4)

100%
(4/4)

75%(3/
4)

75%(3/
4)

75%(3/
4)

75%(3/
4)

75%(3/
4)

25%(1/
4)

50%(2/
4)

100%
(4/4)

Range
7±11

50%moderate
50%high

Subtotal smoking
reviews

100%
(16/16)

81%
(13/16)

81%
(13/16)

81%
(13/16)

75%
(12/16)

56%(9/
16)

81%
(13/16)

88%
(14/16)

38%(6/
16)

75%
(12/16)

94%
(15/16)

Range
4±11

68.7%high
31.3%medium

Subtotaldiet and/or
physicalactivity

reviews

100%
(16/16)

94%
(15/16)

88%
(14/16)

88%
(14/16)

75%
(12/16)

44%(7/
16)

75%
(12/16)

75%
(12/16)

50%(8/
16)

94%
(15/16)

100%
(16/16)

Range
6±11

68.7%high
31.3%medium

Total all behaviours 100%
(36/36)

89%
(32/36)

86%
(31/36)

83%
(30/36)

75%
(27/36)

53%
(19/36)

81%
(29/36)

83%
(30/36)

42%
(15/36)

81%
(29/36)

97%
(35/36)

Range
4±11

67%high 33%
moderate

qualityassessment questionswere:1) Is thereviewquestionclearlyandexplicitlystated?;2) Weretheinclusioncriteriaappropriatefor thereviewquestion?;3) Wasthe

searchstrategyappropriate?;4) Werethesourcesandresourcesusedto searchfor studiesadequate?;5) Werethecriteriafor appraising studiesappropriate?;6) Was

critical appraisal conductedby two or morereviewersindependently?;7) Weretheremethodsto minimizeerrorsin dataextraction?; 8) Werethemethodsusedto

combinestudiesappropriate?;9) Wasthelikelihoodof publicationbiasassessed?;10)Wererecommendationsfor policyand/orpracticesupportedby thereported

data?;11)Werethespecificdirectivesfor newresearchappropriate?.For total score1 is givenif yesotherwiseit is zero.For quality:Lowquality is 0±3.Moderatequality

is 4±7.High quality is 8±11.

https://doi.org/10.1371/journal.pone.0232774.t002
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measuredbyself-reporting,meannumberof cigarettesperday,biochemicallyvalidatedreduc-
tion, or meanbiochemicalcotinine(S8Table,S9Table).

Smokingabstinence(or cessation)in pregnancy. Smokingabstinence(or cessation)
during pregnancywasreportedin 14systematicreviews[15,45,48±52,56,63±66,69,70] (S8
Table,S9TableandTable3), includingnine reviewsreporting33meta-analyses[15,48,49,
52,63±65,69,70] (S8TableandTable3).Findingsfrom meta-analyseswereinconsistent.Six-
teenmeta-analysesidentifiedasignificantincreasein smokingabstinenceduring pregnancy
in theinterventionarmswith RRsrangingfrom 1.23(95%CI 1.04,1.45)[15] to 4.39(95%CI
1.89,10.21)[15] (S8Table).However,17meta-analysesreportedno significantdifference
betweeninterventionandcontrol arms(S8Table).Therewasanoticeabledifferencein the
numberof studiesincludedin meta-analysesreportingsignificantandnon-significantresults;
all non-significantmeta-analysesincludeddatafrom sevenor fewerstudies,whereasthesig-
nificant resultswerepredominantlyfrom meta-analysesincludinggreaterthan10studies
(n = 12out of 16).Thelargestmeta-analysis(n = 97studies)comparedinterventionsfor smok-
ing cessationwith control groupsandreportedasignificantincreasein smokingcessationin
latepregnancy(RR1.35,95%CI 1.23,1,48)[15] (S8TableandTable3).Resultsfrom narrative
reviewswerenot consistent,with somefavouringtheintervention[45,51,63],whileothers
showingno differenceor inconsistentevidencebetweeninterventions[51,56,67].

Smokingabstinence(or cessation)postpartum. Theeffectof smokinginterventions
deliveredin pregnancyon smokingabstinencepostpartumwasexploredby four reviews
reporting20meta-analyses[15,52,64,65].Findingslargelyrepresentedalackof statistically
significantsmokingabstinencein thepostpartumperiodfollowing interventionsbeingdeliv-
eredduring (17out of 20meta-analyses,S8Table).Onenarrativesynthesisreportedhigher
postpartumabstinencein theinterventiongroup[56] (Table3,S9Table).

Smokingrelapse. Smokingrelapseduring pregnancywasmeasuredin onemeta-analysis
andonenarrativereview[63,64],andin onenarrativesynthesis[51] with no significant
changesin smokingrelapsein pregnancyreported(S8andS9Tables).

Smokingreduction. Two systematicreviewsreported13meta-analysesof smoking
reduction,or numberof cigarettessmokedperday,during pregnancyandpostnatally[15,64].
Thereweremixedresults.Sevenmeta-analysesreportedasignificantimprovementranging
from RR1.35(95%CI 1.07,1.71)to 1.66(95%CI 1.27,2.17)for reductionin smokingin
womenin theinterventionarms,andaSMDof -0.25(95%CI -0.46,-0.03)to -0.55(95%CI
-0.94,-0.15)cigarettesperday(S8Table).However,sixmeta-analysesreportedno significant
difference(S8Table).Resultsfrom systematicreviewswhichreportedresultsof biochemical
teststo measuresmokingbehaviourshowedalackof statisticalsignificancein fiveout of six
meta-analysesreportedby two systematicreviews[15,64] (S8Table).

Alcohol behaviours
Threesystematicreviewsreporteddataon alcoholbehaviours,includingalcoholconsumption
andabstinence[57,71,72].All systematicreviewsreportednarrativesynthesisof interventions
(Table4,S10Table).

Alcohol consumption. All reviewsreporteddatafor alcoholconsumption;two foundno
differencein thequantityof alcoholconsumedbetweeninterventionandcontrol armsof
includedstudies[57,72],whereasonesystematicreviewreportedresultsthat favouredthe
intervention[71] (S10Table).

Alcohol abstinence. Two systematicreviewsreporteddatafor abstinenceof alcoholdur-
ing pregnancy[57,72];both reviewsreportedinconsistentevidencebetweentheincluded
interventionstudies(S10Table).
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Table3. Evidencesummary tablefor systematic reviewsreporting maternalsmokingbehaviour.

Review Smoking
abstinence(or
cessation)
pregnancy

Smoking
abstinence(or
cessation)
postpartum

Smoking
relapse
pregnancy

Smoking
relapse
postpartum

Smoking
reduction
(self-report)

Smoking
reduction
(mean
cigarettes/day)

Smokingreduction
(biochemically
validated)

Smoking
reduction
(mean
cotinine)

Agboola�� ��.
2010[63]

" 6±9mos (n = 2) $ med term

(n = 3)

" end preg (n = 5) $ long term

(n = 1)$ (n = 1)

Chamberlain
�� ��. 2013[64]

" late preg (n = 27)a " > 18 mos (n = 2)a " late preg

(n = 8)a
" late preg

(n = 2)a
# late preg

(n = 9)a
" late preg (n = 3)a # late preg

(n = 3)a" late preg

bioch(n = 18)a
" 6±11mos (n = 3)b

" late preg (n = 16)b

" late preg

bioch(n = 12)b

Chamberlain
�� ��. 2013[64]

" late preg spon

quit(n = 4)b
" 12±17mos (n = 2)b

Chamberlain
�� ��. 2017[15]

" late preg (n = 30)c " 0±5mos (n = 11)c " late preg

(n = 5)c
# late preg

(n = 2)c
#late preg (n = 2)c # late preg

(n = 6)c

" late preg

bioch(n = 21)c
" 0±5mos (n = 2)e " late preg

(n = 2)d
# late preg

(n = 2)i

" late preg (n = 18)d

" late preg

bioch(n = 15)d

" late preg (n = 2)h

" late preg (n = 4)i

" late preg bioch

(n = 97)k

Chamberlain
�� ��. 2017[15]

" late preg spon

quit(n = 5)d
" 6±11mos (n = 4)c # late preg

(n = 2)d
" late preg (n = 2)d # late preg

(n = 2)h

" late preg

bioch(n = 3)e
" 12±17mos (n = 3)c

" late preg (n = 4)f #>18 mos (n = 3)c

" late preg

bioch(n = 3)f

" late preg (n = 3)g " 0±5mos (n = 6)d

" late preg

bioch(n = 3)g
" 6±11mos (n = 4)d

" late preg (n = 4) j " 0±5mos (n = 2)h

" late preg (n = 7)h " 0±5mos (n = 3)i

" late preg

bioch(n = 6)h
#6±11mos (n = 3)i

#late preg (n = 2)i " 0±5mos (n = 2)h

" late preg (n = 3)j " 6±11mos (n = 3)h

" late preg

bioch(n = 2)j
#0±5mos (n = 2)j

Filion �� ��.
2011[65]

" 27±37wk (n = 7) " 28 wk gestto 6 wk

post (n = 6)

Griffiths �� ��.
2018[48]

" (n = 12)

Hand �� ��.
2017[50]

" (n = 14)

Hemsing�� ��.
2012[67]

#" (n = 4)

(�	������ )
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Table3. (Continued)

Review Smoking
abstinence(or
cessation)
pregnancy

Smoking
abstinence(or
cessation)
postpartum

Smoking
relapse
pregnancy

Smoking
relapse
postpartum

Smoking
reduction
(self-report)

Smoking
reduction
(mean
cigarettes/day)

Smokingreduction
(biochemically
validated)

Smoking
reduction
(mean
cotinine)

Heminger �� ��.
2016[66]

$ (n = 7)

Hettema�� ��.
2010[49]

" <6 mos (n = 7)

" >6 mos (n = 2)

Hubbard �� ��.
2016[68]

$ (n = 3)

Kintz �� ��.
2014[45]

" (n = 24)

Naughton�� ��.
�008 [69]

" (n = 12)l

" (n = 7)m

Su�� ��. 2014
[51]

" (n = 3)n $ long term

(n = 32)

Veisani�� ��.
2017[70]

" (n = 3)

Washio�� ��.
2016[56]

#" (n = 9) " 6wk-6mos(n = 4) " (n = 1) $ (n = 2)

Wilson �� ��.
2018[52]

" (n = 21) " earlypost(n = 7)

" latepost(n = 8)

Bold= meta-analysisdata

Abbreviations:wk = weeks,mos= months,med= medium,gest= gestational,post= postpartum,bioch= biochemicallyvalidated,sponquit = spontaneousquitter.

a:counsellingvs.usualcare[64]

b:counsellingvs.lessintenseinterventions[64]

c:counselling vs.usualcare[15]

d: counsellingvs.lessintenseinterventions[15]

e:healtheducation vs.usualcare[15]

f: healtheducation vs.lessintenseintervention[15]

g:feedbackvs.lessintenseintervention[15]

h: incentivevs.usualcare[15]

i: incentivevs.alternativeintervention[15]

j: incentivevs.lessintenseintervention[15]

k: Socialsupportvs.lessintenseintervention[15]

l: Maternalhealthintervention vs.usualcare[15]

m: Maternalhealthinterventionvs.lessintenseintervention [15]

n: Smokingcessation intervention vs.control [15]

o:Self-helpvs.usualcare[69]

p: Self-helpvs.lessintensiveself-help[69]

q: Incentives[51]

Key

Inconsistent evidence(for eitherdirectionof effector statisticalsignificance)

Inconsistent evidence(for eitherdirectionof effector statisticalsignificance)

Favoursintervention

Favourscontrol

Outcomenot reported

" Direction of effectÐincreased

# Direction of effectÐdecreased

#" Direction of effectÐmixedresults

$ Direction of effectÐnodifference

https://doi.org/10.1371/journal.pone.0232774.t003
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Dietary behaviours
Twelvereviewsreporteddataon dietarybehavioursincludingenergyintake,macronutrients,
micronutrients,andªhealthyºdietarybehavioursor patterns(Table5).Fourreviewsprimarily
reportedmeta-analysis(althoughfor someoutcomesthedatareportedweretheresultsof sin-
gleinterventionstudies)[59,60,62,73] (S11Table)andeightreviewsreportednarrativesyn-
thesis[46,47,53,58,61,74±76](S12Table).

Energyintake. Sixsystematicreviewsreporteddatafor energyintake[47,58±60,73,74].
Threesystematicreviewswith meta-analysisresultsreportedenergyintakeoutcomes[59,60,
73];however,themajority of outcomeswerereportedfrom singlestudydata(S11Table).
Muktabhant� ��. [60] reportedmeta-analysisof 14studieswhichshoweddecreasedenergy
intake(MD -570.77kj/day).Lau� ��. [59] reportedthedifferencein kcal/daymeasuredby
bothself-reportand��	����� ���	���, atdifferentgestations(during pregnancyat15to 18
weeksand27to 28weeks,andpostnatallyat12±20weeksand12months).Themajority of
studiesshoweddecreasedenergyintakein theinterventiongroup;however,only software
measuredenergyintakeat27to 28weeksin pregnancy,andbothpostnataltime pointswere
significantlyreduced(MD -167.00,-305.28,and-495.00k/calperdayrespectively)[59]. Sheri-
fali � ��. [73] reportedsinglestudydatafor decreasedtotalenergyintake,andincreasedper-
centenergyfrom carbohydrateandproteinsourcesin theinterventionarm,althoughthe
resultswerenot statisticallysignificant.Threesystematicreviewsreportingnarrativesynthesis
showedmixedresults(S12Table):onereviewincludedfivestudiesthat favouredtheinterven-
tion overall[58], oneincludedtwo studiesthat reportedinconsistentevidence[74] andone
reportedno differencebetweeninterventionandcontrol armsamongfivestudies[47].

Macronutrients. Fourreviewsreporteddatafor fat intake;onereviewreportedmultiple
resultsfrom singlestudies[59] (S11Table)andthreereportedanarrativesynthesis[58,74,76]
(S12Table).Lau� ��. [59] reportedfour resultson theeffectivenessof interventionsat reduc-
ing saturatedfat intake,eitherself-reportedor measuredusingsoftware,at15to 18and27to
28weeksgestation.All showeddecreasedsaturatedfat intake;however,only softwaremeasure
of fat intakeat27to 28weekswassignificantlyreducedby-4.40gperday[95%CI -5.63,
-3.17].Thenarrativesynthesesall favouredtheinterventionfor thereductionof fat,saturated
fatandsolidfat intake.

Threesystematicreviewsreportednarrativesynthesisof protein intake[47,58,74] (S12
Table).Two reviewsfavouredtheinterventionandreportedincreasedprotein intakecom-
paredwith controls[47,74],whereasonereviewfoundno differencebetweengroups[58].

Table4. Evidencesummarytablefor systematic reviewsreporting maternalalcoholbehaviours.

Review Alcohol consumption Alcohol abstinence

Gilinsky �� ��. 2011[72] $ (n = 8) $ " (n = 6)

Gebara�� ��. 2013[71] # (n = 8)

Stade�� ��. 2009[57] $ (n = 4) $ " (n = 4)

Key

Inconsistentevidence(for eitherdirectionof effector statisticalsignificance)

No significantdifferencebetweeninterventionandcontrol arm

Favoursintervention

Outcomenot reported

" Direction of effectÐincreased

# Direction of effectÐdecreased

$ Direction of effectÐnodifference

https://doi.org/10.1371/journal.pone.0232774.t004
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Theevidencebaserelatingto fibre wasinconsistent.Onemeta-analysisof eightstudies
reportedanincreasedconsumptionof fibre [60] (S11Table),althoughthiswasnot statically
significant(RR1.53,95%CI 0.94,2.1).Two reviewsreportingnarrativesynthesisshowed
inconsistentevidencerelatingto overallfibre intake[58,74],whereasonereviewreporteda

Table5. Evidencesummary tablefor systematic reviewsreporting maternaldiet behaviours.

Review Energy Fat Carbohydrate Low GI
diet or
GI/GL

Protein Fibre Micronutr ient Diet
Behaviours

Fruit and
vegetables

Animal-
basedfood

Bain �� ��. 2015
[58]

#(n = 5) # (n = 5) #(n = 5) $
(n = 3)

$"
(n = 2)

$ (n = 1) " H (n = 3)

Brown �� ��.
2012[53]

" H (n = 1)

Flynn �� ��.
2016[74]

#" (n = 2) # (n = 5) #(n = 2) #"GI/GL

(n = 2)
"
(n = 2)

$ "
(n = 2)

" (n = 1) " H (n = 3) " (n = 4) $ (n = 1)

" S(n = 1)

Gardner �� ��.
2011[75]

$ H (n = 6)

Webb-Girard
�� ��. 2012[47]

$ (n = 5) "
(n = 7)

" (n = 4) " H (n = 4) " (n = 1) " (n = 1)

" S(n = 1)

Mohd Yusof
�� ��. 2014[46]

# GI/GL

(n = 3)

Muktabhant
�� ��. 2015[60]

#(n = 14) "(n = 8)

O'Brien �� ��.
2014[76]

# (n = 1) #(n = 1) #R

(n = 1)
#U FR

(n = 1)
" FV (n = 1) #M (n = 1)

" W

(n = 1)
# U FA

(n = 1)
" AN (n = 1) " F (n = 1)

Lau �� ��. 2017
[59]

# (n = 1 or 2 studies
reporting8 energy
outcomes;3Sig, 5NS)

#(n = 1 study
reporting4 fat
outcomes,1Sig,
3NS)

"(n = 14)

Shepherd�� ��.
2017[61]

" H (n = 17)

Sherifali �� ��.
2017[73]

#T (n = 1)

" C (n = 1)

" P (n = 1)

Tieu �� ��. 2017
[62]

" D

(n = 1)
#H (n = 1)

" H (n = 1)

Bold= meta-analysisdata;Abbreviations:AN = avocadoandnuts,C = energyfrom carbohydrate, D = LowGI diet,F = fish,FA = fastfood,FR= fried food,FV = fruit

andvegetables,GI/GL = glycaemicindexor glycaemicload,H = healthy,M = meat,NS= not significant,P= energyfrom protein,R= refinedgrain,S= snacks,

Sig= significant,T = total energy,U = unhealthy,W = wholegrain

Key

Inconsistent evidence(for eitherdirectionof effector statisticalsignificance)

No significantdifferencebetweeninterventionandcontrol arm

Favoursintervention

Favourscontrol

Outcomenot reported

" Direction of effectÐincreased

# Direction of effectÐdecreased

#" Direction of effectÐmixedresults

$ Direction of effectÐnodifference

https://doi.org/10.1371/journal.pone.0232774.t005
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significantincreasein wholegrainanddecreasein refinedgrainconsumption[76] (S12Table);
however,thesignificantresultswerefrom singlestudies.

Threereviewsreportednarrativesynthesison carbohydrate/sugarintake[58,74,76] (S12
Table).Two reviewsfavouredtheinterventionin reducingsugaryfoods[58,76],whereastwo
reportedinconsistentevidenceor no differencein relationto overallcarbohydrate[58,74].
Threereviewsreportedglycaemicindex/loador followingalow GI diet [46,62,74].A single
studyin ameta-analysisreportedsignificantlyincreasedconsumptionof alow GI diet follow-
ing intervention(RR5.37,95%CI 1.93,14.89;S11Table).Onenarrativesynthesisreviewiden-
tified inconsistentevidence[74] while theotherfavouredtheintervention[46] (S12Table).

Micronutrients. Threereviewsreportednarrativesynthesisdatafor dietarysourcesof
micronutrients[47,58,74],althoughtwo of thesereporteddatafrom singlestudiesonly [58,
74] (S12Table).Bain� ��. [58] reportedno differencein iron intakein asinglestudy,whereas
Webb-Girard� ��. [47] reporteddatafrom four studiesin low incomecountriesthat,overall,
favouredtheinterventionfor increasediron intake.Singlestudydataalsoreportedasignifi-
cantincreasein calcium[74], but no differencein vitamin D or folate[58].

Dietary behaviours/patterns. Onereview[62] reportedsinglestudyresultsfor following
weightreducingdietsor makingdietarychangessincethestartof intervention;neitherwere
statisticallysignificant(S11Table).Sixreviewsreportednarrativesynthesisof dietarybehav-
ioursmeasuredin avarietyof ways[47,53,58,61,74,75] (S12Table).Fivereviewsfavoured
theinterventionarmoverallin improvinghealthydietarybehaviours[47,53,58,61,74],
whereasonereviewreportedno differencein dietarybehaviours[75].

All reviewsreportingfruit andvegetableintakereporteddatathat favouredtheintervention
arm.A meta-analysisof 14studiesidentifiedasignificantlyincreasedconsumptionof fruit
andvegetableservingsperdayat30±36weeksgestationamongwomenreceivingtheinterven-
tion (MD 0.27,95%CI 0.01,0.53)[59] (S11Table).Threereviewsreportingnarrativesynthesis
alsoall favouredtheinterventionfor both fruit andvegetableconsumption[47,74,76] (S12
Table).

Threereviewsreportednarrativesynthesisfor animal-basedfoodsourcesincludingmeat
and/or fish [47,74,76],althoughthesyntheseswereeitherresultsfrom asinglestudyor from
two studies(S12Table).Onereviewidentifiedno differencebetweeninterventionandcontrol
arms[74], whereastwo reviewsfavouredtheinterventionfor reducingmeatandincreasing
fishconsumptionin HICs [76],or increasingmeatconsumptionin LMICs [47]. It is important
to notethat theaimof interventionsto eitherreduceor increaseanimal-basedfoodsourcesis
likely to differ basedon geographyandcountryincomestatus.

Two reviewsreportedsignificantincreasesin snackconsumptionfollowing intervention
from singlestudies[47,74],andonereviewreportedsignificantlydecreasedfried foodand
fastfoodconsumptionfrom singlestudies[76] (S12Table).

Physicalactivity behaviours
Tenreviewsreportedphysicalactivitybehaviours[54,55,58,59,61,62,73,75,77,78].The
behavioursreportedvariedacrossmeta-analysesandnarrativereviews,andincludedmoderate
to vigorousphysicalactivity(MVPA, min/week),steps(steps/day),VO2 max(amountof oxy-
genusedduring exercise),attendingagym,acombinationof mixedmeasuresof physical
activity(e.g.physicalactivityindex,engagementin leisuretime physicalactivity,metabolic
equivalent(MET)) (Table6).

Threesystematicreviewsreportedmeta-analysesof physicalactivitydata[59,62,78] (S13
Table).Interventionsdid not appearto impacton MVPA or stepsduring pregnancy[59,78],
but significantlyincreasedmeanMETs(SMD0.39,95%CI 0.14,0.64)andVO2 max(SMD
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0.55,95%CI 0.34,0.75)[78]. Sevensystematicreviewsreportedanarrativesynthesis(Table6,
S14Table)andusedarangeof physicalactivitymeasurements[54,55,58,61,73,75,77].Five
narrativesynthesesfavouredtheinterventionandreportedincreasedlevelsof physicalactivity,
or areduceddeclinein physicalactivitylevelsoverthecourseof pregnancy,amongwomenin
interventionarms,while two reportedno differenceandonereportedinconsistentevidence.

Interventionsdeliveredduring pregnancyrevealedmixedresultsfor levelof postpartum
physicalactivity,dependingon themethodof measurement.MVPA (reportedbysinglestud-
ies)significantlyincreasedat6 and13weeks,and12months,postnatalwhenphysicalactivity

Table6. Evidencesummary tablefor systematic reviewsreporting maternalphysicalactivity.

Review Moderateto vigorousphysical
activity (min/week)

METs(min/
week)

Steps(steps/
day)

VO2

max
Attending gymat 3 months
postnatal

Physicalactivity (mixed
measures)

Bain �� ��. 2015[58] #" (n = 8)

Currie �� ��. 2013[54] " (n = 10)

Gardner �� ��. 2011
[75]

#" (n = 4)

Lau �� ��. 2017a [59] " ante 24±26wk (n = 1) " ante 12±28wk

(n = 3)

" ante 27±28wk (n = 1) " ante 24±30wk

(n = 3)

" ante 34±36wk (n = 1) " ante 32±36wk

(n = 2)

" post 12 mos (n = 1) " post 6 wk

(n = 1)

" post 12 mos

(n = 1)

Lau �� ��. 2017b [59] " post 6 wk (n = 1)

" post 13 wk (n = 1)

" post 12 mos (n = 1)

Nascimento�� ��.
2012[55]

" (n = 1)

Shepherd�� ��. 2017
[61]

" (n = 7)

Sherifali �� ��. 2017
[73]

$ (n = 1)

Tieu �� ��. 2017[62] #(n = 1)

Chan�� ��. 2019[77] " (n = 9)

Flannery�� ��. 2019
[78]

" (n = 8) # (n = 3) "
(n = 2)

Bold= meta-analysisdata;Abbreviations:wk = weeks,mos= months,ante= antenatal,post= postpartum, sr= self-reported, ob= objectively measured

aandb arethesamesystematicreviewwith but with differentfindings(e.g.significant or no significant)accordingto thetime of measuring(i.e.pregnancyweeks)

Key

Inconsistent evidence(for eitherdirectionof effector statisticalsignificance)

No significantdifferencebetweeninterventionandcontrol arm

Favoursintervention

Favourscontrol

Outcomenot reported

" Direction of effectÐincreased

# Direction of effectÐdecreased

#" Direction of effectÐmixedresults

$ Direction of effectÐnodifference

https://doi.org/10.1371/journal.pone.0232774.t006
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wasassessedusingself-reportedmeasurements(S13Table).However,no significantdifference
wasobservedfor MVPA or stepswhenphysicalactivitywasmeasuredobjectively(i.e.acceler-
ometeror pedometer)(Table6,S13Table).

Conflict of interest
Giventhenatureof thetopicsof thereviewsandpotentialconflictsof interest,particularly
relatingto industryfunding,wehavesummarisedwhetheranyconflictsof interestwere
reportedby reviewauthors(S15Table).Out of the36includedstudies,30includedaconflict
of intereststatement.All alcoholanddiet/physicalactivitysystematicreviewsincludedastate-
mentregardingconflict of interest,whereastherewereonly 10(out of 16)smokingreviews
that includedaconflict of intereststatement.Of the30reviewsthatmadeadeclarationof
potentialconflictsof interest,24reportedthat therewereno conflictsof interest(all alcohol
reviews,sevensmokingreviews,13diet and/orphysicalactivityreviews).Potentialconflictsof
interestsdeclaredwererelatedto receivingfunding (including unrelatedactivitiesto the
review)from organisationswith apotentialconflict of interest(e.g.productionof nicotine
replacementtherapy);havingstockoptionsin acompany;working on otherprojectsof asimi-
lar nature;andinvestigatorson trials thatwerescreenedandincludedor excludedfrom the
review(S15Table).

Discussion
Thissystematicreviewof systematicreviewsprovidesanoverviewof theexistingevidence
baseon theeffectivenessof interventionsatchangingpregnantwomen'sbehavioursin the
contextof smoking,alcoholconsumption,dietandphysicalactivity.Whenconsideringall evi-
dencereported,therewasaconsistentpatternacrossall reviewsreportingthatwomenin the
interventionarmsincreasedfruit andvegetableconsumptionanddecreasedtheir carbohy-
drateintake.Overall,therewasalsofairly consistentevidenceacrossthemajority of reviews
for improvinghealthydietbehaviours,reducingfat intake,andreductionin smokingduring
pregnancy.However,therewasalackof consistentevidenceacrossreviewsreportingimprove-
mentsfrom interventionsin relationto energy,protein,fibre,or micronutrient intakes;smok-
ing cessation,abstinenceandrelapse;anyalcoholor physicalactivitybehaviours.

Themostrobustevidenceis from thereviewswhichreportedmeta-analysesandpooled
datafrom >1 study.Thesemeta-analysesdemonstratedsomesimilaritiesandsomedifferences
to theoverallcollectiveof all reviews.Therewasasignificantlydecreasedenergyintake[59,
60]andincreasedfruit andvegetableconsumption[59] amongwomenin theintervention
armsin all meta-analysesreportedfor theseoutcomes.Thereweremultiple meta-analysesof
>1 studyfor smokingbehaviours:approximatelyhalfof meta-analysesfor smokingabstinence
or cessationduring pregnancyfoundsignificantimprovementsin theinterventionarm(16
out of 33analysesreportedbysixreviews)[15,48,52,64,69,70]with meta-analysesof a
greaternumberof studiesmorelikely to reportasignificantimprovement,andthemajority of
meta-analyses(eightout of 13)for smokingreductionin pregnancyshowedsignificant
improvementsin theinterventionarm.Therewaslimited significanteffecton postpartum
smokingabstinenceor cessationwheninterventionsweredeliveredduring pregnancy(three
out of 20meta-analyses)reportedby two reviews[15,52].Forphysicalactivity,meta-analyses
of >1 studyidentifiedasignificantincreasein METsandVO2max[78], but no significantdif-
ferencein stepsperday[59,78].No alcoholstudieswerepooledin ameta-analysis.Whencon-
sideringthenarrativesyntheseswhich included>1 studythereweremixedresults.The
reviewsreportingnarrativesynthesesof dietbehavioursdemonstratedthemostpromising
resultswith 15out of 22synthesesfavouringtheinterventionarms[46,47,58,61,74].Three
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out of fivesynthesesof >1 studyfavouredtheinterventionfor physicalactivitybehaviours[54,
61,77].Forsmokingbehaviours,therewere12synthesesof >1 studyof whichfour favoured
theinterventionarms[45,50,51,56].Oneout of fivesynthesesof >1 studyfor alcoholbehav-
ioursfavouredtheintervention[71].

Comparingthevolumeof evidenceacrossthedifferentbehaviouraldomains,therewere
thesamenumberof systematicreviewsthat focussedon smokingbehavioursanddietand/or
physicalactivitybehaviours(n = 16),whichhadasimilarnumberof total citations(n = 504
and491)anduniquepublicationswhichcontributedto thesereviews(n = 298and311).How-
ever,thereisacleargapin theevidence-baseof systematicreviews(andinterventionsto
inform systematicreviews)relatingto alcoholconsumptionwith only four reviewsreporting
16uniquepublicationsout of 26total citations.Dataweremostcomprehensivefor systematic
reviewsof smokinginterventionswhichprimarily reportedmeta-analysesratherthannarra-
tivesynthesis,althoughthemajority of meta-analysesdid originatefrom two largesystematic
reviewswhichreportedextensivemeta-analysesof multiple smokingbehaviouroutcomes
accordingto sub-groupsof typeof interventionandmeasurementmethods[15,64].Theevi-
dencefor dietandphysicalactivitybehavioursincludedapproximatelyequaldatafrom sys-
tematicreviewsreportingmeta-analysesandnarrativesyntheses.However,in thereviews
reportingmeta-analysestherewasfrequentreportingof behaviouraloutcomesfrom single
studiesratherthanpooleddatafrom multiple studieswhichlimits theevidencebase.With die-
tarybehaviours,therewasanexceptionfor fruit andvegetableconsumption,energyintake
andfibre whererobustmeta-analyseswerereported.Whereas,theevidence-basepresentedin
thenarrativesynthesesincludedmultiple studiesfor mostoutcomes(e.g.carbohydrates,fats
andprotein).Thissuggeststhatevidenceexistsfor thesebehaviouraloutcomes,but that they
aremeasuredandreportedinconsistentlyandtheheterogeneitylimits theability for datato be
pooledin orderto providearobustoverviewof theevidence-base.

Whencomparingthevolumeof availablesystematicreviewevidenceacrossbehavioural
domains,it isalsoimportant to considertheproportion of existingsystematicreviewson
behaviouralinterventionsthat reportbehaviouraloutcomes.Whensearchingfor evidence,
therewereaconsiderablygreaternumberof systematicreviewsof diet and/orphysicalactivity
interventionscomparedwith smokingandalcohol(n = 89,16andfour respectively).While
100%of smokingandalcoholsystematicreviewsreportedsmokingandalcoholbehaviours,
only 18%of dietand/orphysicalactivityreviewsreportedthesebehaviours,andthemajority
focussedon theeffectivenessof behaviourchangeinterventionon health-relatedoutcomes
(e.g.gestationaldiabetes,largefor gestationalagebabies).While thehealth-relatedoutcomes
of behaviouralinterventionsareundoubtedlyimportant from aclinicalperspective,weshould
not underestimatetheimportanceof measuringbehaviours,both from apublichealthper-
spectivewherebehaviourchangeisconsideredanoutcomein its ownright, andfrom amech-
anisticperspectiveto understandtheprocessesinvolvedin interventionshavinganimpacton
healthoutcomes.Forexample,if dietandphysicalactivityinterventionsarenot effectiveat
reducingtherisk of adversehealthoutcomesbut thebehaviourisnot measured,thenwedo
not knowwhethertheinterventionhasfailedbecauseit wasineffectiveatchangingthetarget
behavioursandthereforecouldnot impacton thehealthoutcomes,or if dietandphysical
activitybehaviourswerechangedbut theinterventionwasnot effectiveatpreventingadverse
healthoutcomes.If thelatter,thissuggeststhat thesebehavioursarenot important mecha-
nismsof prevention,or that themagnitudeof changeachievedwasnot clinicallysignificant
evenif it werestatisticallysignificant.Theactionsfollowinganinterventionwoulddiffer
dependingon our understandingof theprocess.Forexample,if theinterventionwasnot suc-
cessfulatchangingthetargetbehaviour,or themagnitudeof changewasnot largeenoughto
haveaclinical impacton diseaseprocesses,thenthecontentcouldbereviewedto identify how
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to improvetheintensity,timing, deliveryetcto achievetherequiredbehaviourchange.If the
lackof effectwasdueto thebehavioursbeingunimportantmechanisticallythenwecould
makerecommendationsthat future interventionsneedto targetdifferentmechanisms.Alter-
natively,if behaviourchangeinterventionsaredemonstratedto beeffectiveatpreventing
adversehealthoutcomesbut thebehavioursarenot measured,thenwemayincorrectlyassume
that themechanismwasrelatedto achangein behaviourandinvestin theroll out of this type
of intervention,whereastheeffectmayhaveresultedfrom unintended(andunmeasured)con-
sequencesof theintervention.

Thissystematicreviewof systematicreviewsemployedrigorousmethods.Weconducted
extensivesearchesof bibliographicdatabasesandgreyliteraturesources,althoughtheincluded
reviewswereonly peerreviewedjournalarticles.All screeningwascarriedout in duplicate
anddataextractionandqualityassessmentswerevalidatedusingstandardisedprotocols.The
protocolfor thereviewwaspublishedasapeerreviewedpaper[40] andon PROSPERO
(CRD42016046302).Thereweresomedeviationsin methodsandreportingfrom thepub-
lishedprotocol.Forexample,thevolumeof dataweretrievedin the89systematicreviewsthat
metthewider inclusioncriteria(i.e.reportingtheeffectivenessof behaviourchangeinterven-
tionsdeliveredin pregnancyon eitherbehaviouralor health-relatedoutcomes)wasunman-
ageableto synthesiseinto onereview.Therefore,wemadethedecisionto split thework into a
largerprogrammeof reviewswith threedistinctaims(asdescribedin theintroduction section)
whichisnot whatweoriginallyplannedandhadoutlinedin thepublishedprotocol[40].
Giventhis,it wasbeyondthescopeof this reviewto examineeithertheeffectivenessof inter-
ventionson health-relatedoutcomes,or accordingto thebehaviouralcontentof theinterven-
tionsreportedby thesystematicreviews.Forexample,in somesmokingreviews,interventions
werecategorisedandanalysedaccordingto whethertheywere`counsellinginterventions',
`self-help',̀healtheducation'etcwith someobserveddifferencesin results.However,synthe-
sisingthebehaviouralcontentandfeaturesof interventiondelivery(length,format,intensity,
provider)acrossall behavioursiscomplexandwill bethefocusof asubsequentreviewof
reviewswhichwill addressaim threein our wider researchprogramme.

Aswith all systematicreviews,wewerelimited by theavailabilityof dataandthiswasapar-
ticular issuefor alcoholbehaviours.However,oneof theaimsof asystematicreviewof system-
aticreviewsis to describethecurrentextentof evidenceandthegapsto inform future
research,thereforethis is lessof alimitation thanin asystematicreviewof primary studies
whichaimsto pooldata.Thequalityof theincludedsystematicreviewswasalsoconsideredto
begood,with no reviewsbeingcategorisedaslow qualityoverall.However,only abouthalfof
theincludedsystematicreviewsimplementedrisk of biasassessmentsbeingcarriedout by two
researchersor assessedthelikelihoodof publicationbias.Themajority of interventiondata
includedin thesystematicreviewsoriginatedfrom high-incomecountriesfollowedbyupper-
middle-incomecountrieswhich isamajor limitation. Theresultsof thissystematicreviewof
systematicreviewsareunlikely to berelevantto low- or lower-middle-incomecountries.
Thereweresomedatareportedin thereviewsthathighlightsthepotentialdifferencesbetween
targetbehaviourchangebetweenincomesettings,suchastheinterventionsaimingto increase
or reduceanimal-basedfoodsources.In high-incomecountries,thereisalreadyover-con-
sumptionof meat-basedfoodsourcesandthereforeinterventionsaremorelikely to aim to
reducethisconsumption,whereasin low-incomecountriestheaim to increasemeat-based
foodsourceswouldbeto achieveadequateproteinandiron intakeduring pregnancy.The
effectivenessof interventionson thetargetbehavioursof this reviewarerelevantfor lower-
incomecountries.Thereisanincreasingburdenof non-communicablediseasesglobally
whichaccountedfor 71%of deathsin 2016,with almostdoubletherateamongadultsin low-
andlower-middle-incomecountriescomparedwith adultsin high-incomecountries[79].
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Diet andtobaccobehavioursarethefirst andthird top risk factorsrespectivelyfor global
causesof death[80]; therefore,interventionstargetingthesebehavioursareessential,especially
giventhelackof generalisabilitybetweentheevidence-baseof interventionssetin high-
incomecountriesto lower-incomecountries.

Thissystematicreviewandmeta-analysishasidentifiedtheextentof currentresearch
acrossfour behaviouraldomains,andimportantly,thegapsin theevidencebasewhichcan
inform futureresearchactivities.Themostpromisingdatafor behaviourchangein pregnancy
relatesto dietarybehaviours.Furtherresearchrequiredto advancethis field includesmeasur-
ing dietand/orphysicalactivitybehaviourchangewhich iscrucialto enhanceour understand-
ing on howto capitaliseon theuniqueopportunity thatpregnancypresentfor behaviour
changeinterventions,both for publichealthandclinicalhealth,andto reduceresearchwaste.
Further,dueto inconsistencyin thewaythatdiet,andto someextent,physicalactivitydata
arereportedandlimitations in theability to pooldatafor multiple behaviouraloutcomes,
morestandardisedmeasurementsshouldbeusedto facilitatefuturemeta-analyses.Giventhe
comparativelylimited dataavailablefor alcoholinterventions,andthepotentialfor severecon-
sequencesof alcoholconsumptionduring pregnancysuchasfetalalcoholsyndrome,further
researchshouldbedirectedto this field ensuringwebuild on theknowledgegained,andlimi-
tations,of existingresearchto date.Finally,giventheimportanceof thedoubleburdenof dis-
easein low- andmiddle-incomecountries,thereisacleargapin theevidence-baserelatingto
behaviouralinterventionsin thiscontext.
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