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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 VO, 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 complexpublic healthpriorities that healthcareand public serviceprovid-
ersinternationallyaretackling,particularlyrelatingto smoking,alcohol,poor nutrition and
sub-optimallevelsof physicalctivity [1, 2]. Strategieor public healthinterventionsinclude
environmentalchangesuchasimproving home,work andschoolenvironmentsandsmoking
bansin public spacedjscal,policy andregulationchangesuchaslevieson unhealthyfoods
(e.g.sugartaxandminimum alcoholpricing); industry changesuchasfront of packagéealth
warningson tobaccofood labellingandrestrictionson marketingandadvertisingandstrate-
giesto promoteindividual behaviourchangesuchashealthprofessionatupportand counsel-
ling [1, 2]. Specificallyelevantto individual behaviourchangés the conceptof teachable
momentsdefinedas

[3]. Pregnancys arguedto beaprimeteachable
moment,with womenundergoingalife transitionwhilstin frequentcontactwith healthcare
professionalandserviceproviders[4]. For manywomenandtheir families,this maybetheir
first encountemwith healthcareservicesln the UK, the NationalInstitute for Healthand Care
ExcellencéNICE) guidanceon behaviourchangeemphasisethe importanceof intervening
atkeylife stage®r times,including pregnancy[5]. An underlyingassumptioris thatbehav-
iourschangedueto womenprioritising fetalhealthandalsorespondingto socialnormson
theacceptabilityof certainbehavioursn pregnancyA major questionis whetheror not there
aresimilaritiesor differencescrosshealthbehavioursn women'spropensityfor positive
changeandwhethertherearesharedessonshat canbelearnedfor somebehaviourghat
couldbetranslatedo others.

Keypublic healthpriorities that arestronglyassociatedith healthandsocialinequalities,
andarepatrticularlyrelevantto pregnancydueto potentialimmediaterisk to the motherand/
or fetus,includediet and physicalactivity behaviourglinked to maternalobesityandgesta-
tional weightgain),smokingandalcoholuse. Thesebehaviourdorm the focusof this system-
aticreviewof systematiceviewsHavinga healthydiet and beingphysicallyactiveduring
pregnancycanhavebenefitsfor the motherandherbaby includingimprovedcardiorespira-
tory fithessyeductionin gestationatliabetesand caesareasection[6+9]. However physical
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activity levelgendto declinethroughoutthe courseof pregnancyanddietaryquality is often
suboptimal[10, 11]. Poormaternaldiet and physicalactivity behaviourssanbeassociatewith
both pre-pregnancybesityand excessivgestationaleightgain,which further increases
risksto motherandfetus(including gestationatliabetespre-eclampsianacrosomiacaesar-
eansectionandpre-termbirth), and haveimplicationsfor healthcareesource$12+14].Prev-
alenceof smokingamongpregnantwomenin highincomecountrieshasdeclinedfrom 20to
35%in the 198040 betweernl0%and 20%in the early2000swith afurther declineto below
10%by 2010[15]. However adifferentpictureis evidentamongstsociallydisadvantaged
womenandamongwomenin low incomecountries wheresmokingprevalencéasnot
decreasedndin someplacesontinuesto increasd16, 17]. Healthrisksof smokingin preg-
nancyincludespontaneousbortions,ectopicpregnanciegplacentgpreviaandbabiedbeing
smallfor gestationahge[18, 19]. Prevalencef alcoholusein pregnancyariesby country,it is
lowestin the World HealthOrganisation(WHQO) EasternVediterranearRegion(EMR)
(0.2%95%CI: 0.1+0.9and highestin the WHO Europearregion(25.2%(21.6+29.6Prena-
tal alcoholexposurds associatewvith pretermbirth, low birth weightand FetalAlcohol Spec-
trum Disorderg[20£22].

In light of the potentialfor harmrelatingto thesebehavioursluring pregnancyandthe
concurrentpotentialfor public healthgainthroughintervention,therearenationalandinter-
nationalguidelinesfor dietand physicalactivity behaviourgincluding weightmanagement)
andsmokingcessatiolfi23+25].Guidanceon alcoholconsumptionis variable with advice
rangingfrom abstinenceo light consumption(usuallydefinedasno morethan1to 2 units,
onceor twiceaweek)[26x28].

The extentof adoptionof behaviourchangeamongpregnantwomenis unclear[29]. Preg-
nantwomenmaymakechangeso arangeof healthbehaviourainderpressurdrom societal
norms|[30]. Example®f changedn behaviourinclude “spontaneouquitters'amongwomen
who smoke thoughmanydo not continueto abstainbeyondpregnancyarguablydueto a
newlydefinedself-concepaind perceivedsocialstigmatisatior[3]. Weightmanagement
researclshowssomewomenmakepositivedietarychangeslueto prioritising the healthof
their unborn baby[31], whereagheir perceptionf physicalactivity risk during pregnancy
might influencethis behaviou[32]. Existingevidencesuggestthat manybarriersto being
physicallyactiveduring pregnancyexist,including lackof consistentdvice Jackof societal
support,physicalymptomsof pregnancyandlackof opportunity [33]. Factorghat motivate
womento beactiveduring pregnancyincludeweightcontrol andpotentialfor aneasietabour
anddelivery[33]. Somewomenmayperceivedrinking smallamountsof alcoholduring preg-
nancyasimportantfor their socialliveswhich could alsoinfluencetheir behaviou34].

Thereis clearemphasi®n pregnantwomenasatargetfor interventionacrosdifferent
behaviouradomaing[35]. However,nterventionsin pregnancyandsubsequengvidence
synthesi®f interventionstendto becarriedout in siloswith no attemptto synthesisacross
behaviourglespitethe overlapin targetpopulation.Further,whenconsideringranslationof
effectiventerventionsinto routine practice the samehealthprofessionalareresponsibldor
deliveringmultiple interventionssimultaneously36]. Theincreasingheedfor multiple inter-
ventions,anddevelopmenbf aplethoraof referralsystemspathwaysandguidelinescanulti-
matelypresentasignificantburdento women,healthcargrofessionalandservicesrying to
managecomplexpregnancie$37]. Synthesisingvidenceon interventionsfocusingon differ-
entbehaviouratlomains(smoking,alcoholconsumption diet and physicakctivity) would
enhanceour understandingf the effectivenessf interventionswhich targetbehaviourchange
during pregnancyand couldidentify sharedmechanism®f whattypesof interventionare
effectiveandfor whom,aswell asidentification of similaritiesor differencescrosgifferent
targetbehavioursSuchinformation could helpto inform aninterdisciplinaryapproacho
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public healtharoundpregnancyand guidethe developmentainddeliveryof cost-effective
interventionswith the potentialto impacton short-termandlong-termhealthoutcomedor
womenand children. Theseoutcomesncludeimprovedmaternalweightmanagement,
reducedrisk of gestationatliabetesand hypertension|owerratesof prematuredeliveryand
caesareasectionandof low and high birthweightinfants.

This paperis thefirst to bereportedfrom awider programmeof systematiceviewsof sys-
tematicreviewsexploringdiet, physicalactivity,smokingandalcoholbehaviouralnterven-
tionsdeliveredduring pregnancyThewider programmeaimsto 1) examinethe effectiveness
of interventionson changingoehaviourin pregnantwomen,2) examinethe effectivenessf
interventionson improving pregnancyutcomesand 3) exploreany sharecbehaviouratech-
niguesor contentof interventionsthat maybeassociatewith effectivenesacrosshesebeha-
viouraldomains.This paperreportsthe systematiceviewof systematiceviewsaddressing
aim1.

Materials and methods

This systematiceviewof systematiceviewsprovidesan overviewof the existingevidence
baselt comparedindingsof previoussystematiceviewsjdentifiesresearctygapsandprovides
directionfor future researchspecificallyelatingto interventioneffectivenesacroseha-
viouraldomains We usedthe JoannaBriggsinstitute (JBl) methodologyfor umbrellareviews
[38] andthe PRISMAreportingguidelinesand checklis{ SIPRISMAChecklist)[39]. The pro-
tocolfor this systematiceviewhasbeenpublished40] andwasregisteredn the PROSPERO
databaséCRD42016046302).

Identification of studies

A comprehensiveearchof fourteenbibliographicdatabasewasoriginally conductedn May
2016,andupdatedin March 2018and November2019.The databasesearchedvere:Joanna
Briggsinstitute Databasef Systemati®eviewsandImplementationReports JBICONNECT
+, CochraneDatabasef Systemati®keviewsCochraneDatabas®f Abstractof Reviewof
Effectivenes@©ARE), CochraneHealth TechnologyAssessment§ochraneEconomicEvalu-
ations,PROSPERCEpistemonikosMedline, CINAHL, AMED, ASSIALILACS,andSocial
CareOnline. Greyliteraturewasalsoincludedin the original searchThefollowing databases
weresearchedGoogleScholarNICE EvidencesearchQpenGrey, The Greyliteraturereport,
Nationallnstitute for HealthResearcNIHR) Journald.ibrary, HealthTechnologyAssess-
mentDatabaseQvid HealthManagementnformation CentreDatabaseCochranePregnancy
and Childbirth Group.No studiesvereretrievedfrom the searchof greatliteratureduring the
original searchthereforeno updatesof greyliteraturesearchesereperformed.A combina-
tion of indexandfree-texttermswereusedto searchrelatingto the key conceptof pregnancy
andantenatatare andinterventionsfor changingdifestylebehaviour{S2Table).Thesearch
waslimited to Englishlanguageeviewspublishedoverthe previouslOyearso yield primary
researcltonducted30+yearsprior to thereviewq38]. Conferenceabstractsvereexcluded.
To fulfil therequirementof anumbrellareview,a systematiceviewsearcHilter from the
ScottishintercollegiateGuidelinesNetwork (SIGN)wasapplied.SIGN searcHilters arevali-
datedsearcHilterswhichlimit the searcho aparticularstudytype,in this casesystematic
reviews.

Theresultsweredownloadednto EndNotereferencananagemensoftwarewherethey
werede-duplicatedTitlesandabstractsverescreenedisingpre-definedinclusionandexclu-
sioncriteria. Thefull textswereretrievedandscreenedor all systematiceviewshathadthe
potentialto meetthe inclusioncriteria, or whereit wasnot possibldo definitivelyexclude
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basedn title andabstractalone.Full text screeningiseda pre-definedscreeningemplate
developedor thisreview(S3Table)andreasongor exclusionwererecorded All stagesf
screeningverecarriedout by two reviewersndependentlyincluding NH, JN,LM, LA, CM,
JO,LH, DJ)with anydisagreementdiscusse@ndathird revieweravailablgor arbitration if
required.

Inclusion criteria

Theinclusioncriteriaarebasedn PICOS(population,intervention,comparator putcome,
andstudydesign).Thepopulation(P) werepregnantwomenat any gestationahge We did
not applyrestrictionsbasecdn socio-demographi€actors(e.g.age ethnicity, parity, socioeco-
nomic status) We includedreviewsegardlessf whetherthe interventionstargetedspecific
groupsof womenor whethertheyweredeliveredo the generamaternity population;for
exampleweincludeddiet and physicalactivity reviewshat only includedinterventionsdeliv-
eredto womenwith obesity aswell asthosewhichincludedwomenwith anyBMI. We
excludedsystematiceviewseporting effectivenessf interventionsdeliveredduring the pre-
conceptionor postnataperiods.

Theinterventions(l) includedin the reviewsneededo havecontentwhich aimedto
changehetargetbehaviours:

1. smoking(e.qg.quit ratesrelapse)

2. alcohol(e.g levelof alcoholconsumptionand abstinence)

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

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

While effectivepharmacologicahnddietarysupplemeninterventions(e.g.nicotine
replacementherapy folic acidsupplementationgntailbehaviouracomponentdor compli-
ancetheydo not primarily addresghetargetbehaviouraandwerethusexcluded Systematic
reviewswerenot excludedbasedn thetypeof comparatorgroups(C).

The outcomeqO) of interestwerethe effectivenessf interventionsat changingmaternal
targetbehavioursduring pregnancy(i.e.smoking,alcoholconsumption dietand physical
activity).No restrictionswereplacedon howthetargetbehavioursveremeasuredSystematic
reviewswereexcludedf theyonly reportedthe effectivenessf interventionsdeliveredon
health-relatedutcomege.g.gestationatliabetesgestationalveightgain,hypertension)with-
out reportingthe effectivenesaf the interventionsin changingthetargetbehaviour.

Thestudydesign(S)waslimited to only include systematiceviewsreportingon quantita-
tive interventioneffectivenesdata,with or without meta-analysiPrimaryresearctstudies,
andreviewswherethe primary sourceof evidencaveretheoreticalstudiesqualitativedata,
or opinion wereexcludedMixed methodsreviewswereeligiblefor inclusionif theyincluded
guantitativeeffectivenesdataplusanothertypeof data;howeverpnly the quantitativedata
wereextractedandsynthesised.

Data extraction and quality assessment

All systematiceviewswvhichmettheinclusioncriteriaweredataextractedisingastandard-
isedtemplatewhichincluded:authors yearof publication,aim of thereview,searchstrategy,
inclusionandexclusioncriteria, authorreportedconflict of interest,detailsof includedstudies
(including numberof includedstudiespublicationdaterange studydesignpopulationsam-
plesizejnterventionlocation,andfull citationsfor assessmeiif overlapof includedstudies
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betweersystematiceviews)andnarrativeor meta-analysisesultsrelatingto effectivenessf
interventionsdeliveredduring pregnancyon maternalbehaviouroutcomes.

ThestandardisedBlcritical appraisalnstrumentfor umbrellareviewq38] wasusedto
assesmethodologicabjuality of includedreviewqS4Table).The checklisttomprisesl 1 ques-
tionsrelatingto methodologicatigor, transparencyf reportingandappropriatenessf con-
clusionsandrecommendationsyith optionsof 2yesCif the reviewclearlymeetshe checklist
criteria,and®nao®, 2unclear®or 2not applicabledf the reviewdoesnot clearlymeetthe criteria.
Thereviewswereawardedascoreof 1 for eachchecklisteriteria clearlymetandO for those
not met,with amaximumpossiblescoreof 11. Thereviewswerecategoriseéshigh qualityif
theyscoredd+11 moderatequality for scoref 4+7,andlow qualityfor scoreof 0+£3.No
reviewswereexcludediasedn quality score The percentagef includedreviewsmeetingthe
appraisatriteriawascalculatedor eachof the 11 checklistquestions.

The dataextractionand quality assessmeibolswerepiloted by agroup of reviewergNH,
JN,LH, JO,LM, LA, DJ)andrefinedto improve consistencypetweerreviewersAll data
extractionandquality assessmentgerecarriedout by onereviewerandvalidatedby asecond
reviewer(including LH, CM, LM, LA, DJ,NH, JO).

Evidencesynthesis

Theevidencesynthesigprioritisessearchindgor consistencyn reportedeffectivenessf inter-
ventionsat changingwomen'sbehavioursacrosgeviewsandidentification of gapsn the
existingevidence-bas@& summaryof existingresearclsynthesearepresentedn tabularfor-
matalongsidea more detailednarrativesynthesiof the systematiceviewcharacteristicand
findings[38]. Summanytablesincludethe characteristicsf the includedsystematiceviews,
quality of thereviews pverlapof includedstudieswithin reviewsandauthorreportedconflicts
of interest.Theanalysi®f resultsuseda systematimarrativesynthesisipproach41]. Data
weretabulatedaccordingto thetargetbehaviourgi.e.smoking,alcohol,dietand physical
activity) andbehaviourabutcomegeported(e.g.smokingabstinencealcoholconsumption,
energyintake,MVPA). Reviewghat conducteda meta-analysiszeresummarisedn thetables
with statisticakignificanceand summaryof the direction of effect(basedn the pooledmean
differencerisk ratio and oddsratio). Reviewsvhich did not reportmeta-analysiandinstead
reportedthe resultsof studiesnarrativelywerecodedto reflectthe effectivenessf the inter-
ventionstheyreported.The code®no differencedwasusedif 0+33%of individual studies
reportedsignificantinterventioneffect(positiveor negative)inconsistentevidencetwasused
if 34+59%0f studiesreportedpositiveor negativesignificanteffect;and®favoursintervention®
or 8favourscontrol® wereusedif 60+100%f studiesreporteda positiveor negativesignificant
effectof theintervention[41,42]. A "Summanyof Evidencetableprovidesavisualindication
of thefindings of the reviewusingtraffic light indicators[38] to indicatewhetherthe evidence
favourstheintervention,control, no differenceor inconsistentevidence.

Results
Included systematicreviews

A total of 24,388uniquerecordswereidentified by searchef which 109weresystematic
reviewsof behaviourchangeanterventionsdeliveredn pregnancyl6smoking,4 alcoholand
89dietand/or physicalactivity (Fig 1). Of these 36 reportedthe effectivenessf interventions
deliveredduring pregnancyon behaviourabutcomeswhich arethe focusof this review(S5
Table).

Fromthese 16reviewsreporteddiet and/or physicalactivity behaviourg18%of all diet
and/or physicakctivity interventionreviewsdentifiedin the search). Thisncludedsix reviews
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Fig 1. PRISMAflowchart.
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reportingdiet outcomesonly, two reviewsreporting physicalactivity outcomesonly, and six
reviewsreportingacombinationof physicalactivityanddiet outcomes.

Sixteerof theincludedreviewswerefor smokingbehaviourg100%of all smokinginter-
ventionreviews)and4 for alcoholbehaviourg100%of all alcoholinterventionreviews)and
wereincludedin thisreview.

Theincludedsystematiceviewsreportedarangeof searclstrategiesvhichincludeda
combinationof searchinglatabasealone(n = 15)and supplementinglatabassearchewith
additionalsearctstrategiegn = 21);supplementargearchewerepredominantlycarriedout
by dietand/or physicalactivity reviewqn = 15)versusotherbehavioursandinvolvedsearch-
ing referencdistsof includedstudiesand/or relatedreviews plushandsearchingournalsand
clinicaltrialsregistergTablel, S5Table).

Thepooledsamplesizesn theincludedreviewsrangedfrom 0 women(emptyreviewof
alcoholinterventions[44]) to 31,958vomen(smokingreview[45]) (Tablel, S5Table)there
wasamedianpooledsamplesizeof 4,721lwomenin smokingreviews3,723vomenin diet
and/or physicalctivity reviewsand 2,04 ivomenin alcoholreviews Systematiceviewswere
restrictedto RCTdesignin 18reviewsandincludedRCTsplusotherstudydesignsn 14
reviews(not reportedfor threesmokingreviewsplusoneemptyalcoholreview).Thenumber
of interventionstudiesincludedin the systematiceviewsrangedfrom three[46] to 88[15],
with amedianof 14 studiesfor diet and/or physicalactivity and smoking,andsix studiesfor
alcoholreviewsTheincludedstudiesin the reviewswerepublishedbetweerll952[47] and
2018[48].

The countriesof theinterventionstudiesncludedwithin the systematiceviewswerenot
reportedfor nine of the 36 reviewdfive for smokingreviewd45,49+52] four for diet/physical
activity systematiceviewd47,53+55])plusoneemptyalcoholreviewwith no includedstud-
iesto report[44]. In theremainingsystematiceviewsaccordingto the World Bankclassifica-
tion [43], studieswerepredominantlysetin High-Income Countriesand UpperMiddle-
IncomeCountries.Overall,21 High-Income Countrieswererepresentedin the 26 reviews
reportingthe countries)andnine Upper-Middle-IncomeCountries However L ower-Middle-
IncomeCountrieswereonly representedh diet/physicakctivity reviewgn = 1 country) and
noneof thereviewsncludedanyinterventionstudiesset-inLow-IncomeCountries(Tablel,
S5Table).

Quality

Thequality scoreof theincludedsystematiceviewswerepredominantlyhigh (67%)with no
systematiceviewsatedaslow quality (Table2, S6Table).Out of amaximumpossiblescore
of 11,scoregangedfrom four (moderatequality) [56] to 11 (high quality) [48,49,57+62].
Two of the 16 smoking[48, 49], oneof thefour alcohol[57] andfive of the 16 diet/physical
activity reviewsreachedhe maximumscoreof 11[58+62].All systematiceviewsacrossll
behaviourdadclearlyand explicitly statedquestiong100%for questionl) andalmostall
scoredhighly for appropriatespecificdirectivesfor newresearci{97%gquestion11)(Table2).
Therewerehigh scoreg75+89%j¥or the remainingquestionswith the exceptionof two: criti-
calappraisalvasonly carriedout by two researchers 53%of systematiceviewqquestion6)
andthelikelihood of publicationbiaswasonly assessed 42%0f systematiceviewgquestion
9).

Overlapof included studies

A systematiceviewof systematiceviewswill includeduplicationof original studiesreported
by multiple reviewsTherewereatotal of 504citationsof includedinterventionstudiesn the
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Tablel. Summarydatafor included systemaic reviews.

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

Smokingreviews
(n=16)

Diet and/ or Physial
Activity Reviewgn = 16)

Total acrossall reviews
(n=36)

Time period of includedinterventionstudiesn thereviews

Rangen 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) | O 4 2 6
Searclstrategies:
Databaseenly (n) | 2 12 1 15
Databases Supplenentarysearchen) | 2 4 15 21
Includedstudydesigns:
RCTonly (n) | 1 6 11 18
RCT+ otherdesign(n) | 2 7 5 14
Not reported(n) | O 3 0 3
Numberincludedstudiesn the systematiceviews
Ranggn) | 0to 10 3t0 88 3to 65 3t0 88
Median(n, IQR) | 6 (4to 8) 14(8to 25) 14(8t0 22)
Not reported(n) | n/a n/a n/a n/a
Pooledsamplesizesncludedin the systematiceviews
Ranggn women)| 0to 3,494 1,00%0 31,958 209to 15,328 0to 31,958
Median(n women,IQR) | 2,047(536to 3,408) 4,721(1,00%0 3,723(1,4570 5,693)
15,338)
Not reported(n) | n/a 1review 1review 2reviews
Countriesof interventionstudiesincludedin the Reportedfor 3outof 4 Not reportedfor 5 | Not reportedfor 4 SRs Not reportedfor 10SRs
systemat reviews(reportedfor n systemati reviews) SRY4™ emptyreview) SRs (incl. 1LemptySR)
HICsrepresentedh theincludedinterventions | 1. Norway 1.Argentina 1.Australia 1.Argentina
2.Sweden 2.Australa 2.Belgium 2.Australia
3.UK 3.Canada 3.Canada 3.Belgium
4.USA 4.Denmak 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.ltaly 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.Netherlards
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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Tablel. (Continued)

Alcohol reviews(n = 4 Smokingreviews | Diet and/ or Physial Total acrossall reviews
incl. 1 empty review) (n=16) Activity Reviewqn = 16) (n=36)
UMICs representedn 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.lran
6. Thailand 6.Mexico
7.Turkey 7.SouthAfrica
8.Thailand
9.Turkey
LMICs representedh theincludedinterventions | None None 1.Egypt 1.Egypt
LICsrepresentedh theincludedinterventions | None None None None

Incomestatusof the countriesdefinedaccordirg to the World Bankdatafor the current2020fiscalyeardlow-incomeeconomiesredefinedasthosewith aGNI per
capita,calculaedusingthe World BankAtlasmethad, of $1,02%r lessn 2018jowermiddle-incane economisarethosewith aGNI percapitabetweert$1,026and
$3,995uppermiddle-incane economis arethosewith aGNI per capitabetweert$3,996and $12,375high-income economis arethosewith aGNI per capitaof
$12,376r more°[43]

Abbreviatiors:HICs = High IncomeCountries;UMICs = UpperMiddle-Income Countries;LMICs - = LowerMiddle-Income Countries;LICs= Lowerlncome
Countries.

https://da.org/10.1371¢urnal.pon®232774.t001

16smokingreviewsafterremovalof duplicatecitationsof the samepublicationsacrossmulti-
plereviewsherewere298uniquepublicationsremaining(S7Table).The 16dietand/or phys-
ical activity reviewssimilarly hadatotal of 491citations,of which 311wereunique
publications.Thefour alcoholreviewshad 26 citationsfor includedinterventions of which 16
wereuniquepublications.

Smokingbehaviours. Sixteersystematiceviewseportedbehaviouroutcomesor smok-
ing interventionsduring pregnancy{15,45,48+5256,63+70].Theoutcomegeportedwere
smokingabstinencéor cessation)smokingrelapseand smokingreduction.Thesewere

Table2. Summaryof quality assessmerof included reviews.

Behaviou group Quality assessm#& question Total | Quality category
1 2 3 4 5 6 7 8 9 10 11 SElrE
Subtotd alcohol | 1009%(4/ | 100% | 100% | 75%(3/ | 75%(3/ | 75%(3/ | 75%(3/ | 75%(3/ | 25%(1/ | 50%(2/ | 100% | Range | 50%moderate
reviews,  4) (4/4) (4/4) 4) 4) 4) 4) 4) 4) 4) (4/4) 7+11 50%high

Subtotd smoking | 100% 81% 81% 81% 75% | 56%(9/ | 81% 88% | 38%(6/ | 75% 94% Range 68.7%high
reviews| (16/16) | (13/16 | (13/16) | (13/16) (12/1§ | 16) | (13/16) (14/16)| 16) | (12/16) (15/16) | 4+11 | 31.3%medium

Subtotaldiet and/or |  100% 94% 88% 88% 75% | 44%(7/ | 75% 75% | 50%(8/ | 94% 100% | Range 68.7%high

physicalactivity | (16/16) | (15/16 | (14/16) | (14/16)| (12/19 16) | (12/16)| (12/26)| 16) | (15/16)  (16/16) | 6+11 | 31.3%medium
reviews

Total all behaviours 100% | 89% | 86% | 83% | 75% | 53% | 81% | 83% | 42% | 81% | 97% | Range | 67%high33%
(36/36) | (32/36) | (31/36) | (30/36) | (27/36) | (19/36) | (29/36) | (30/36) | (15/36) | (29/36) | (35/36) | 4+11 moderate

qualityassessnmt questionsvere:1) Is the reviewguestionclearlyand explicitly stated?2) Werethe inclusioncriteriaappropriatefor the reviewquestion?3) Wasthe
searctstrategyappropriate?4) Werethe sourcesandresourcesisedto searctfor studiesadequat?;5) Werethe criteriafor appraisimg studiesapproprige?;6) Was
critical appraigl conducedby two or morereviewersndependetiy?;7) Weretheremethodsto minimize errorsin dataextraction?8) Werethe methodsusedto
combinestudiesappropride?;9) Wasthe likelihood of publicationbiasassessét10) Wererecommendgons for policy and/or practicesupportedby thereported
data?;11) Werethe specificdirectivesfor newresearclappropriate ?For total scorel is givenif yesotherwiseit is zero.For quality: Low qualityis 0+3.Moderae quality
is4+7 High qualityis 8+11.

https://da.org/10.1371durnal.pon®232774.t002

PLOS ONE | https://doi.org/10.1371/journal.pone.0232774 May 29, 2020 10/26



PLOS ONE

Effectiveness of smoking, alcohol diet and physical activity behavioural interventions in pregnancy

measuredy self-reportingmeannumberof cigaretteperday,biochemicallyalidatedreduc-
tion, or meanbiochemicakotinine (S8Table,S9Table).

Smokingabstinence(or cessation)n pregnancy. Smokingabstinencgor cessation)
during pregnancywasreportedin 14systematiceviewg15,45,48+5256,63+6669,70] (S8
Table,S9Tableand Table3), including nine reviewsreporting 33meta-analyse€d 5, 48,49,
52,63+6569,70] (S8Tableand Table3). Findingsfrom meta-analysesereinconsistent Six-
teenmeta-analyséslentified asignificantincreasen smokingabstinenceluring pregnancy
in theinterventionarmswith RRsrangingfrom 1.23(95%CI 1.04,1.45)[15] to 4.39(95%ClI
1.89,10.21)15] (S8Table).However,17 meta-analyseeportedno significantdifference
betweerinterventionandcontrol arms(S8Table).Therewasa noticeabldifferencein the
numberof studiesncludedin meta-analyseportingsignificantand non-significantresults;
all non-significantmeta-analysescludeddatafrom severor fewerstudieswhereashe sig-
nificant resultswerepredominantlyfrom meta-analysescluding greaterthan 10studies
(n=120utof 16).Thelargesimeta-analysién = 97 studies)comparednterventionsfor smok-
ing cessatiorwith control groupsandreportedasignificantincreaseén smokingcessationn
latepregnancy(RR1.3595%CI 1.23,1,48)[15] (S8Tableand Table3). Resultdrom narrative
reviewswerenot consistentwith somefavouringtheintervention[45,51,63], while others
showingno differenceor inconsistenevidencéetweerinterventions[51,56,67].

Smokingabstinence(or cessation)postpartum. Theeffectof smokinginterventions
deliveredn pregnancyon smokingabstinenceostpartumwasexploredby four reviews
reporting20meta-analys€d 5,52,64,65]. Findingslargelyrepresented lackof statistically
significantsmokingabstinencén the postpartumperiodfollowing interventionsbeingdeliv-
eredduring (17 out of 20meta-analyse§8Table).Onenarrativesynthesiseportedhigher
postpartumabstinencen theinterventiongroup[56] (Table3,S9Table).

Smokingrelapse. Smokingrelapseduring pregnancywasmeasuredn onemeta-analysis
andonenarrativereview[63,64],andin onenarrativesynthesig51] with no significant
changedn smokingrelapsean pregnancyreported(S8and S9Tables).

Smokingreduction. Two systematiceviewseported13meta-analysesf smoking
reduction,or numberof cigarettesmokedperday,during pregnancyandpostnatally{15, 64].
Thereweremixedresults Severmeta-analyse®portedasignificantimprovementranging
from RR1.35(95%Cl 1.07,1.71)to 1.66(95%CI 1.27,2.17)for reductionin smokingin
womenin theinterventionarms,anda SMD of -0.25(95%CI -0.46,-0.03)to -0.55(95%ClI
-0.94,-0.15)cigaretteper day(S8Table).However six meta-analyseeportedno significant
difference(S8Table).Resultdrom systematiceviewswhich reportedresultsof biochemical
teststo measuresmokingbehaviourshowedalackof statisticakignificancen five out of six
meta-analyse®portedby two systematiceviewq 15, 64] (S8Table).

Alcohol behaviours

Threesystematiceviewseporteddataon alcoholbehavioursincluding alcoholconsumption
andabstinencg57,71,72]. All systematiceviewsreportednarrativesynthesi®f interventions
(Table4,S10Table).

Alcohol consumption. All reviewsreporteddatafor alcoholconsumptioniwo found no
differencein the quantity of alcoholconsumedetweerinterventionand control armsof
includedstudieqd57, 72], wherea®nesystematiceviewreportedresultsthat favouredthe
intervention[71] (S10Table).

Alcohol abstinence. Two systematiceviewsreporteddatafor abstinencef alcoholdur-
ing pregnancy[57, 72]; both reviewsreportedinconsistenevidencéetweertheincluded
interventionstudiegS10Table).
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Table3. Evidencesummay table for systemaic reviewsreporting maternal smoking behaviour.

Review Smoking Smoking Smoking Smoking Smoking Smoking Smokingreduction | Smoking
abstinence (or abstinence(or relapse relapse reduction reduction (biochemically reduction
cessatio) cessation) pregnang/ postpartum (self-report) | (mean validated) (mean
pregnang postpartum cigarettes/day) cotinine)

Agboola n 6x9mos (n = 2) $ medterm

2010[63] (n=3)
nend preg (n = 5) $ long term
$ (n=1) (n=1)

Chamberhin n late preg (n = 27)& > 18 mos (n = 2)a w late preg n late preg # late preg n late preg (n = 3)3 # late preg

. 2013[64] | ulate preg n£11mos ) — )b (n=8)p (n=2)7 (n=9)> (n=3)3
bioch(n = 18)a
n late preg (n = lG)b
n late preg
bioch(n = 12)13
Chamberkin n late preg spon n12+17mos (n = 2)b
. 2013[64] | ""(n=4)°
Chamberhin w late preg (n = 30)0 n0+x5mos (n = 1l)c u late preg # late preg #Jate preg (n = 2)c # late preg
. 2017[15] (n=5)° (n=2) (n=6)
n-late preg n0+5mos (n = 2)e n late preg # late prfeg
bloch(n = 21)0 (n = 2)d (n = 2)|
n late preg (n = 18)d
 late preg
bioch(n = 15)d
n late preg (n = 2)h
n late preg (n = 4)i
n late preg bioch
(n=97)
Chamberkin n late preg spon n6+11lmos (n = 4)c # late preg u late preg (n = Z)d # late preg
. 2017[15] | Qvit(n =5)d (hn=2)y° (n=2)"
n late preg n12+17mos (n = 3)0
I:'ioch(n = 3)e
n late preg (n = 4)f #>18 mos (I"I = 3)0
n late preg
biOCh(n = 3)f
n late preg (n = 3)9 n0x5mos (n = 6)d
w late preg n6x11lmos (n = 4)d
bioch(n = 3)9
n late preg (n = 4)] nw0+5mos (n = 2)h
n late preg (n = 7)h n0£5mos (n = 3)i
n late preg #thlmos (n = 3)i
bioch(n = G)h
#gate preg (n = 2)i nw0+5mos (n = 2)h
n late preg (n = 3)] n6+11lmos (n = 3)h
n late preg #015 mos (n = 2)]
bioch(n = 2)]

Filion n27+37wk (n = 7) n 28 wk gestto 6 wk

2011[65] Post(n = @)

Griffiths "(n=12)

2018[48]

Hand " (n=14)

2017[50]

Hemsing #' (n=4)

2012[67]

( )
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Table3. (Continued)

Review Smoking Smoking Smoking Smoking
abstinence (or abstinence(or relapse relapse
cessatio) cessation) pregnang postpartum
pregnang/ postpartum

Heminger . |$ (n=7)

2016([66]

Hettema . |"<®™S(n=7)

2010[49] nw>6 mos (n=2)

Hubbard . |$ (n=3)

2016([68]

Kintz . "(n=24)

2014[45]

Naughton . |" (n=12)

008 [69] “(h=7)"

Su . 2014 " (n = 3)n $ long term

[51] (n=32)

Veisani . "(n=3)

2017[70]

Washio . # (n=9) " bwk-6mos y — 4)

2016([56]

Wilson . " (n=21) n earlypost iy = 7)

2018[52] " Iatepost(n =8)

Bold = meta-andysisdata

Smoking
reduction
(mean
cigarettes/dy)

"(h=1)

Smokingreduction
(biochemically

validated)

Smoking
reduction
(mean
cotinine)

$ (n=2)

Abbreviatiors:wk = weeksmos= months,med= medium,gest= gestatimal, post= postpartum bioch= biochemcallyvalidated sponquit = spontaneousuitter.

a:counsellingvs.usualcare[64]

b: counsellingvs.lessintenseinterventiors [64]

c:counsellig vs.usualcare[15]

d: counsellingvs.lessintenseinterventiors[15]
e:healtheducatim vs.usualcare[15]

f: healtheducatim vs.lessintenseintervention[15]
g:feedbackss.lessntenseintervention[15]
h:incentivevs.usualcare[15]

i incentive vs.alternativeintervention[15]

j: incentivevs.lessntenseintervention[15]

k: Socialupportvs.lessntenseintervention[15]

I: Maternalhealthintervention vs.usualcare[15]

m: Maternalhealthinterventionvs.lessintenseintervenion [15]
n: Smokingcessatin intervenion vs.control [15]

o: Self-helpss.usualcare[69]

p: Self-helpss.lessintensiveself-held69]

g: Incentiveq51]

Key

Inconsisten evidencgfor eitherdirection of effector statisticakignificarce)
Inconsisten evidencgfor eitherdirection of effector statisticakignificarce)
Favourdntervention

Favourscontrol

Outcomenot reported

" Direction of effectbincreased

# Direction of effectbdeceased

#" Direction of effectbmixedresults

$ Direction of effectbnodifference

https://da.org/10.1371durnal.pon®232774.t003
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Table4. Evidencesummarytable for systematc reviewsreporting maternal alcoholbehaviours

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

Inconsisentevidencdgfor eitherdirection of effector statisticakignificarce)
No significantdifferencebetweerinterventionand control arm
Favoursntervenion

Outcomenot reported

" Direction of effectbincreased

# Direction of effectbdeceased

$ Direction of effectbnodifferene

https://abi.org/10.1371djurnal.por.0232774.t100

Dietary behaviours

Twelvereviewseporteddataon dietarybehavioursncluding energyintake,macronutrients,
micronutrients,and@healthy®dietarybehavioursor patterns(Table5). Four reviewsprimarily
reportedmeta-analysigalthoughfor someoutcomeghe datareportedwerethe resultsof sin-
gleinterventionstudies)59,60,62,73] (S11Table)andeightreviewsreportednarrativesyn-
thesiq46,47,53,58,61,74+76)(S12Table).

Energyintake. Sixsystematiceviewsreporteddatafor energyintake[47,58+60,/3,74].
Threesystematiceviewswith meta-analysisesultsreportedenergyintakeoutcomeg59, 60,
73];howeverthe majority of outcomeswerereportedfrom singlestudydata(S11Table).
Muktabhant . [60] reportedmeta-analysisf 14 studiesvhich showeddecreasednergy
intake(MD -570.77kj/day)Lau . [59] reportedthedifferencein kcal/daymeasuredy
both self-reportand , atdifferentgestationgduring pregnancyat15to 18
weeksand27to 28weeksand postnatallyat 12+20weeksand 12 months). Themajority of
studiesshoweddecreasednergyintakein theinterventiongroup;howeverpnly software
measurecnergyintakeat 27to 28weekdn pregnancyandboth postnatatime pointswere
significantlyreducedMD -167.00;305.28and-495.00/cal per dayrespectively)59]. Sheri-
fali . [73] reportedsinglestudydatafor decreasetbtal energyintake,andincreaseger-
centenergyfrom carbohydrateandprotein sourcesn theinterventionarm, althoughthe
resultswerenot statisticallysignificant. Threesystematiceviewsreporting narrativesynthesis
showedmixedresults(S12Table):onereviewincludedfive studieshat favouredtheinterven-
tion overall[58], oneincludedtwo studieghatreportedinconsistentevidencdg74] andone
reportedno differencebetweerinterventionand control armsamondfive studieq47].

Macronutrients. Fourreviewsreporteddatafor fatintake;onereviewreportedmultiple
resultsfrom singlestudieqd59] (S11Table)andthreereportedanarrativesynthesig§s8,74,76]
(S1ZTable).Lau . [59] reportedfour resultson the effectivenessf interventionsatreduc-
ing saturatedatintake,eitherself-reportecbr measuredisingsoftwareat 15to 18and27to
28weekgestationAll showeddecreasedaturatedat intake;howeverpnly softwaremeasure
of fatintakeat 27to 28 weekswassignificantlyreducedby -4.40g perday[95%CI -5.63,
-3.17].Thenarrativesyntheseall favouredthe interventionfor the reductionof fat, saturated
fatandsolidfatintake.

Threesystematiceviewsreportednarrativesynthesi®f proteinintake[47,58,74](S12
Table).Two reviewdavouredthe interventionandreportedincreasedrotein intakecom-
paredwith controls[47,74],wherea®nereviewfound no differencebetweergroups[58].
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Table5. Evidencesummay table for systemaic reviewsreporting maternal diet behaviours.

Review Energy Fat Carbohydrate |LowGIl | Protein |Fibre Micronutr ient | Diet Fruit and Animal-
diet or Behavious |vegetabés |basedfood
Gl/GL
Bain . 2015 |#(n=5) #(n=5) #(n=5) $ $" $ (n=1) "H(n=23)
[58] (n=3) |(n=2)
Brown . "H(n=1)
2012[53]
Flynn . #' (n=2) #(n=5) #n=2) #rGUGL | $ " "(n=1) ""(n=3) "(=4) |$ (n=1)
2016[74] (n=2) (n=2) (n=2) "S(n=1)
Gardner . $H(n=6)
2011[75]
Webb-Girard | $ (n=5) " " (n=4) ""in=4) "(n=1) | "(n=1)
. 2012[47] (n=7) "S(n=1)
Mohd Yusof #EleL
. 2014[46] (n=3)
Muktabhant #(n=14) "(n =8)
. 2015[60]
O'Brien . #(n=1) #n=1) #R #JU FR “Min=1) #Mn=1)
2014[76] (n=1) (n=1)
"W #U FA n AN (n=1) "F(n=1)
(n=1) (n=1)
Lau . 2017 |#(n=1or2studies| #(n=1study "(n =14)
[59] reporting8energy | reporting4 fat
outcomes3>9 59 | outcomes, 1519
3'9
Shepherd . "H(n=17)
2017[61]
Sherifali . |# (n=1)
2017[73] “Cn=1)
“P(n=1)
Tieu . 2017 "D #(n=1)
[62] (n=1) "Hn=1)

Bold = meta-andysisdata;Abbreviatiors: AN = avocad@andnuts,C = energyfrom carbohydrateD = Low Gl diet, F = fish, FA = fastfood, FR= fried food, FV = fruit
andvegetable$GI/GL = glycaemidndexor glycaemidoad,H = healthy M = meat,NS= not significant,P = energyfrom protein, R = refinedgrain,S= snacks,
Sig= significant,T = total energyU = unhealthy W = wholegran

Key

Inconsisten evidencgfor eitherdirection of effector statisticakignificarce)

No significantdifferen@ betweerinterventionand control arm

Favourdntervention

Favourscontrol

Outcomenot reported

" Direction of effectbincreased

# Direction of effectbdeceased

#" Direction of effectbmixedresults

$ Direction of effectbnodifference

https://da.org/10.1371durnal.pon®232774.t005

Theevidencébaserelatingto fibre wasinconsistentOnemeta-analysisf eightstudies
reportedanincreaseadonsumptionof fibre [60] (S11Table) althoughthis wasnot statically
significant(RR1.53,95%CI 0.94,2.1).Two reviewsreporting narrativesynthesishowed
inconsistenevidenceelatingto overallfibre intake[58, 74], wherea®nereviewreporteda
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significantincreasen wholegrainanddecreasé refinedgrainconsumption[76] (S12Table);
howeverthe significantresultswerefrom singlestudies.

Threereviewseportednarrativesynthesion carbohydrate/sugantake[58,74,76](S12
Table).Two reviewdsavouredthe interventionin reducingsugaryfoods[58, 76], whereaswo
reportedinconsistentevidenceor no differencein relationto overallcarbohydratg58, 74].
Threereviewseportedglycaemidndex/loador following alow Gl diet[46,62,74]. A single
studyin ameta-analysiseportedsignificantlyincreased¢donsumptionof alow Gl diet follow-
ing intervention(RR5.37,95%CI 1.93,14.89;511Table).Onenarrativesynthesiseviewiden-
tified inconsistenievidencd74] while the otherfavouredthe intervention[46] (S12Table).

Micronutrients. Threereviewseportednarrativesynthesiglatafor dietarysourceof
micronutrients[47,58,74], althoughtwo of thesereporteddatafrom singlestudiesonly [58,
74](S12Table).Bain . [58] reportedno differencen iron intakein asinglestudy,whereas
Webb-Girard . [47] reporteddatafrom four studiesn low incomecountriesthat, overall,
favouredtheinterventionfor increasedron intake.Singlestudydataalsoreporteda signifi-
cantincreasen calcium[74], but no differencein vitamin D or folate[58].

Dietary behaviours/patterns Onereview[62] reportedsinglestudyresultsfor following
weightreducingdietsor makingdietarychangesincethe startof intervention;neitherwere
statisticallysignificant(S11Table).Sixreviewseportednarrativesynthesi®f dietarybehav-
ioursmeasuredn avarietyof wayg47,53,58,61,74,75] (S12Table).Fivereviewsfavoured
theinterventionarm overallin improving healthydietarybehaviour§47,53,58,61,74],
wherea®nereviewreportedno differencein dietarybehaviourg75].

All reviewsreportingfruit andvegetabléntakereporteddatathat favouredtheintervention
arm. A meta-analysisf 14 studiesdentified a significantlyincreaseadonsumptionof fruit
andvegetablservingperdayat 30+368veekgyestatiormmongwomenreceivingthe interven-
tion (MD 0.27,95%CI 0.01,0.53)[59] (S11Table).Threereviewseporting narrativesynthesis
alsoall favouredthe interventionfor both fruit andvegetableonsumption[47,74,76](S12
Table).

Threereviewsreportednarrativesynthesigor animal-basedood sourcesncluding meat
and/orfish[47,74,76],althoughthe synthesewereeitherresultsfrom asinglestudyor from
two studiegS12Table).Onereviewidentified no differencebetweerinterventionandcontrol
arms[74], whereaswo reviewsfavouredthe interventionfor reducingmeatandincreasing
fishconsumptionin HICs[76], or increasingneatconsumptionin LMICs[47]. It isimportant
to notethatthe aim of interventionsto eitherreduceor increaseanimal-basedood sourcess
likely to differ basedn geographyand countryincomestatus.

Two reviewseportedsignificantincrease#n snackconsumptionfollowingintervention
from singlestudieq47, 74],and onereviewreportedsignificantlydecreaseétied food and
fastfood consumptionfrom singlestudieq76] (S12Table).

Physicalactivity behaviours

Tenreviewseportedphysicalactivitybehaviourg54,55,58,59,61,62,73,75,77,78]. The
behaviourseportedvariedacrossneta-analysesndnarrativereviewsandincludedmoderate
to vigorousphysicalactivity (MVPA, min/week),stepgsteps/day)y O, max(amountof oxy-
genusedduring exercise)attendingagym,acombinationof mixed measuresf physical
activity (e.g.physicalactivityindex,engagemernin leisuretime physicalactivity, metabolic
equivalen{MET)) (Table6b).

Threesystematiceviewsreportedmeta-analysesf physicalactivity data[59,62,78] (S13
Table).Interventionsdid not appeato impacton MVPA or stepduring pregnancy59, 78],
but significantlyincreasedneanMETs (SMD 0.39,95%CI 0.14,0.64)andVO2 max(SMD

PLOS ONE | https://doi.org/10.1371/journal.pone.0232774 May 29, 2020 16/26



PLOS ONE

Effectiveness of smoking, alcohol diet and physical activity behavioural interventions in pregnancy

Table6. Evidencesummay table for systemaic reviewsreporting maternal physicalactivity.

Review Moderateto vigorousphysical METs(min/ | Steps(steps/
activity (min/week) week) day)
Bain . 2015[58]
Currie . 2013[54]
Gardner . 2011
[75]
Lau . 2017 [59] n ante 24+26wk (n = 1) n ante 12+28wk
(n=3)
n ante 27+28wk (n = 1) n ante 24+30wk
(n=3)
n ante 34+36wk (n = 1) n ante 32+36wk
(n=2)
n post12 mos (n = 1) n post 6 wk
(n=1)
n post12 mos
(n=1)
Lau . 2017P[59] | " Postéwk(n=1)
n post 13wk (n = 1)
n post12 mos (n = 1)
Nascimento
2012[55]
Shepherd . 2017
[61]
Sherifali . 2017
[73]
Tieu . 2017[62]
Chan . 2019[77]
Flannery . 2019 "(n=8) #(n=3)
[78]

VO,
max

Attending gymat 3 months | Physicalactivity (mixed
postnatal measures)

#' (n=8)
" (n=10)
# (n=4)

"(n=1)

"(n=7)

$ (n=1)
#(n=1)

"(n=9)

(n=2)

Bold = meta-andysisdata;Abbreviatiors:wk = weeksmos= months,ante= antenatalpost= postpartum sr = self-reportedob = objectivdy measured

aandb arethe samesystematiceviewwith but with differentfindings (e.g.significart or no significant)accordingto the time of measuring(i.e. pregnancyweeks)

Key

Inconsisten evidencgfor eitherdirection of effector statisticakignificarce)

No significantdifferen@ betweerinterventionand control arm

Favoursnterventian

Favourscontrol

Outcomenot reported

" Direction of effectbincreased

# Direction of effectbdeceased

#" Direction of effectbmixedresults
$ Direction of effectbnodifference

https://da.org/10.137 1§urnal.pon®232774.t006

0.55,95%CI 0.34,0.75)[78]. Seversystematiceviewsreporteda narrativesynthesig Table6,
Sl14Table)andusedarangeof physicalactivity measurementg4,55,58,61,73,75,77]. Five
narrativesynthesefavouredtheinterventionandreportedincreasedevelsof physicalactivity,
or areduceddeclinein physicalctivity levelsoverthe courseof pregnancyamongwomenin
interventionarms,while two reportedno differenceand onereportedinconsistenievidence.
Interventionsdeliveredduring pregnancyevealednixedresultsfor levelof postpartum
physicalctivity,dependingon the methodof measurementMVPA (reportedby singlestud-
ies)significantlyincreasedt 6 and 13weeksand 12 months,postnatalvhenphysicalactivity
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wasassessagkingself-reportedneasurementgS13Table).However no significantdifference
wasobservedor MVPA or stepsvhenphysicalactivity wasmeasuredbjectively(i.e.acceler-
ometeror pedometer)Table6,S13Table).
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Giventhe natureof the topicsof the reviewsand potentialconflictsof interest particularly
relatingto industry funding, wehavesummarisedvhetherany conflictsof interestwere
reportedby reviewauthors(S15Table).Out of the 36includedstudies 30includedaconflict
of intereststatementAll alcoholanddiet/physicakctivity systematiceviewsncludeda state-
mentregardingconflict of interest whereagherewereonly 10 (out of 16) smokingreviews
thatincludedaconflict of intereststatementOf the 30reviewshat madeadeclarationof
potentialconflictsof interest,24reportedthattherewereno conflictsof interest(all alcohol
reviewsseversmokingreviews13diet and/or physicalactivity reviews) Potentialconflictsof
interestdeclaredvererelatedto receivingfunding (including unrelatedactivitiesto the
review)from organisationsvith apotentialconflict of interest(e.g.productionof nicotine
replacementherapy);havingstockoptionsin acompanywaorking on other projectsof a simi-
lar nature;andinvestigatoron trialsthatwerescreenedndincludedor excludedrom the
review(S15Table).

Discussion

This systematiceviewof systematiceviewsprovidesan overviewof the existingevidence
baseon the effectivenessf interventionsat changingpregnantwomen'sbehavioursn the
contextof smoking,alcoholconsumptiondiet and physicalactivity. When consideringall evi-
dencereported therewasaconsistenpatternacrossll reviewsreportingthatwomenin the
interventionarmsincreasedruit andvegetableonsumptionanddecreasetheir carbohy-
drateintake.Overall therewasalsofairly consistentevidenceacrosghe majority of reviews
for improving healthydiet behavioursreducingfatintake,and reductionin smokingduring
pregnancyHowever therewasalackof consistenevidenceacrosgeviewseportingimprove-
mentsfrom interventionsin relationto energy protein, fibre, or micronutrient intakes;smok-
ing cessatiomabstinencendrelapseanyalcoholor physicakctivity behaviours.
Themostrobustevidences from the reviewswhich reportedmeta-analysesnd pooled
datafrom >1 study.Thesamneta-analysedemonstratedomesimilaritiesandsomedifferences
to the overallcollectiveof all reviews Therewasasignificantlydecreaseénergyintake[59,
60]andincreasedruit andvegetableonsumption[59] amongwomenin theintervention
armsin all meta-analyseeportedfor theseoutcomesThereweremultiple meta-analysesf
>1 studyfor smokingbehavioursapproximatelyhalf of meta-analyse®r smokingabstinence
or cessatiomuring pregnancyfound significantimprovementsn theinterventionarm (16
out of 33analyseseportedby sixreviews)15,48,52,64,69,70] with meta-analysesf a
greatemumberof studiesmorelikely to reportasignificantimprovement,andthe majority of
meta-analyse@ightout of 13)for smokingreductionin pregnancyshowedsignificant
improvementdn the interventionarm. Therewaslimited significanteffecton postpartum
smokingabstinencer cessationvheninterventionsweredeliveredduring pregnancythree
out of 20meta-analysesgportedby two reviewq15,52]. For physicalactivity, meta-analyses
of >1 studyidentified asignificantincreasen METsandVO2 max[78], but no significantdif-
ferencan stepsperday[59, 78].No alcoholstudieswverepooledin ameta-analysidiVhencon-
sideringthe narrativesynthesewhichincluded>1 studythereweremixedresults.The
reviewsreporting narrativesynthesesf diet behaviourslemonstratedhe mostpromising
resultswith 150ut of 22 synthesefavouringtheinterventionarms[46,47,58,61,74]. Three
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out of five synthesesf >1 studyfavouredtheinterventionfor physicakctivity behaviourg54,
61,77].Forsmokingbehaviourstherewerel2synthesesf >1 studyof which four favoured
theinterventionarms[45,50,51,56]. Oneout of five synthesesf >1 studyfor alcoholbehav-
ioursfavouredtheintervention[71].

Comparingthe volumeof evidenceacrosshe differentbehaviouralomains therewere
the samenumberof systematiceviewshatfocussen smokingbehavioursanddietand/or
physicalctivity behaviourgn = 16),which hadasimilar numberof total citations(n = 504
and491)andunique publicationswhich contributedto thesereviewsn = 298and 311).How-
everthereisacleargapin the evidence-basef systematiceviewsandinterventionsto
inform systematiceviewsyelatingto alcoholconsumptionwith only four reviewseporting
16uniquepublicationsout of 26total citations.Dataweremostcomprehensivéor systematic
reviewsof smokinginterventionswhich primarily reportedmeta-analysestherthan narra-
tive synthesisalthoughthe majority of meta-analysedid originatefrom two largesystematic
reviewswhich reportedextensivaneta-analysesf multiple smokingbehaviouroutcomes
accordingto sub-groupf typeof interventionand measurementnethodg[15, 64]. Theevi-
dencefor dietand physicalctivity behavioursncludedapproximatelyequaldatafrom sys-
tematicreviewsreporting meta-analysesnd narrativesyntheseddowever,in thereviews
reportingmeta-analysetherewasfrequentreporting of behaviourabutcomedrom single
studiesratherthan pooleddatafrom multiple studieswhichlimits the evidencebaseWith die-
tary behaviourstherewasan exceptiorfor fruit andvegetableonsumption,energyintake
andfibre whererobustmeta-analyseserereported Whereasthe evidence-basgresentedn
thenarrativesynthesemcludedmultiple studiesfor mostoutcomegqe.g.carbohydratedats
andprotein). This suggestthat evidenceexistsfor theseébehaviourabutcomesput thatthey
aremeasuredndreportedinconsistentlyandthe heterogeneityimits the ability for datato be
pooledin orderto providearobustoverviewof the evidence-base.

Whencomparingthe volumeof availablesystematiceviewevidenceacrossehavioural
domainsiit is alsoimportant to considerthe proportion of existingsystematiceviewson
behaviourainterventionsthat reportbehaviourabutcomesWhensearchindor evidence,
therewereaconsiderablygreatemumberof systematiceviewsof diet and/or physicalactivity
interventionscomparedwith smokingandalcohol(n = 89,16 andfour respectively)While
100%of smokingandalcoholsystematiceviewseportedsmokingandalcoholbehaviours,
only 18%of dietand/or physicalactivity reviewsreportedthesebehavioursandthe majority
focussean the effectivenessf behaviourchangenterventionon health-relatedutcomes
(e.g.gestationatliabeteslargefor gestationahgebabies)While the health-relatecutcomes
of behaviouralnterventionsareundoubtedlyimportant from aclinical perspectivewe should
not underestimateheimportanceof measuringoehavioursboth from apublic healthper-
spectivevherebehaviourchangds considerecan outcomein its ownright, andfrom amech-
anisticperspectiveéo understandhe processewvolvedin interventionshavinganimpacton
healthoutcomesFor exampleif dietandphysicalactivityinterventionsarenot effectiveat
reducingtherisk of adverséealthoutcomedut the behaviouris not measuredthenwedo
not know whethertheinterventionhasfailedbecausé wasineffectiveat changingthe target
behaviouraindthereforecould not impacton the healthoutcomesor if dietandphysical
activity behaviouraverechangedut the interventionwasnot effectiveat preventingadverse
healthoutcomesilf thelatter,this suggestthatthesebehavioursarenot important mecha-
nismsof prevention,or thatthe magnitudeof changeachievedvasnot clinically significant
evenif it werestatisticallysignificant.The actionsfollowing an interventionwould differ
dependingon our understandingf the processkFor exampleif theinterventionwasnot suc-
cessfubltchangingthe targetbehaviourpr the magnitudeof changevasnot largeenoughto
haveaclinicalimpacton diseas@rocesseshenthe contentcould bereviewedo identify how
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to improvetheintensity,timing, deliveryetcto achievehe requiredbehaviourchangelf the
lackof effectwasdueto the behaviourdeingunimportant mechanisticallghenwecould
makerecommendationshat future interventionsneedto targetdifferentmechanismsAlter-
natively,if behaviourchangenterventionsaredemonstratedo beeffectiveat preventing
adversénealthoutcomedut thebehavioursarenot measuredthenwe mayincorrectlyassume
thatthe mechanisnwasrelatedto achangdan behaviourandinvestin theroll out of thistype
of intervention,whereashe effectmayhaveresultedfrom unintended(and unmeasuredgon-
sequencesf theintervention.

This systematiceviewof systematiceviewsemployedigorousmethods We conducted
extensivesearchesf bibliographicdatabaseandgreyliteraturesourcesalthoughtheincluded
reviewswereonly peerreviewedournal articles All screeningvascarriedoutin duplicate
anddataextractionand quality assessmentgerevalidatedusingstandardisegbrotocols.The
protocolfor the reviewwaspublishedasapeerreviewedpaper[40] andon PROSPERO
(CRD4201604630Zyhereweresomedeviationsn methodsandreportingfrom the pub-
lishedprotocol.For examplethe volumeof dataweretrievedin the 89systematiceviewshat
metthewiderinclusioncriteria (i.e.reporting the effectivenessf behaviourchangenterven-
tionsdeliveredn pregnancyon eitherbehaviourabr health-relatedutcomes)vasunman-
ageabl¢o synthesis@nto onereview.Thereforeywemadethe decisionto splitthework into a
largerprogrammeof reviewswith threedistinctaims(asdescribedn theintroduction section)
whichis not whatweoriginally plannedandhadoutlinedin the publishedprotocol [40].
Giventhis, it wasbeyondthe scopeof this reviewto examineeitherthe effectivenessf inter-
ventionson health-relatecutcomespr accordingto the behaviouratontentof theinterven-
tionsreportedby the systematiceviewsFor examplejn somesmokingreviewsjnterventions
werecategorise@ndanalysedccordingto whethertheywere counsellingnterventions',
“self-help';healtheducation'etcwith someobservedlifferencesn results However synthe-
sisingthe behaviouratontentandfeatureof interventiondelivery(length,format, intensity,
provider)acrossll behaviourss complexandwill bethe focusof a subsequenteviewof
reviewswvhichwill addressaim threein our wider researclprogramme.

Aswith all systematiceviewswewerelimited by the availabilityof dataandthis wasa par-
ticularissuefor alcoholbehavioursHoweveroneof the aimsof asystematiceviewof system-
aticreviewsisto describehe currentextentof evidenceandthe gapsto inform future
researchthereforethisis lessof alimitation thanin asystematiceviewof primary studies
whichaimsto pool data.The quality of theincludedsystematiceviewswvasalsoconsideredo
begood,with no reviewsheingcategorisedslow quality overall. Howeveronly abouthalf of
theincludedsystematiceviewsmplementedisk of biasassessmenbeingcarriedout by two
researcherer assessetie likelihood of publicationbias.The majority of interventiondata
includedin the systematiceviewsoriginatedfrom high-incomecountriesfollowedby upper-
middle-incomecountrieswhichis amajor limitation. Theresultsof this systematiceviewof
systematiceviewsareunlikely to berelevantto low- or lower-middle-incomecountries.
Thereweresomedatareportedin the reviewshat highlightsthe potentialdifferencedbetween
targetbehaviourchangebetweerincomesettingssuchastheinterventionsaimingto increase
or reduceanimal-basedood sourcesln high-incomecountriesthereis alreadyover-con-
sumptionof meat-basefbod sourcesandthereforeinterventionsaremorelikely to aimto
reducethis consumptionwhereasn low-incomecountriesthe aimto increaseaneat-based
food sourcesvould beto achieveadequatgrotein andiron intakeduring pregnancyThe
effectivenessf interventionson the targetbehaviourf this reviewarerelevantor lower-
incomecountries.Thereis anincreasingourdenof non-communicabé diseaseglobally
whichaccountedor 71%of deathsn 2016 with almostdoublethe rateamongadultsin low-
andlower-middle-incomecountriescomparedwith adultsin high-incomecountries[79].
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Diet andtobaccdbehavioursarethefirst andthird top risk factorsrespectivelyor global
causesf death[80]; thereforejnterventionstargetingthesebehavioursareessentialespecially
giventhelackof generalisabilitpetweerthe evidence-basef interventionssetin high-
incomecountriesto lower-incomecountries.

This systematiceviewand meta-analysibasidentified the extentof currentresearch
acrosdour behaviouratlomains andimportantly, the gapsin the evidencebasewhichcan
inform future researctactivities.Themostpromisingdatafor behaviourchangen pregnancy
relatego dietarybehavioursFurtherresearchiequiredto advancehis field includesmeasur-
ing diet and/or physicalactivity behaviourchangewhich is crucialto enhanceour understand-
ing on howto capitaliseon the uniqueopportunity that pregnancypresentor behaviour
changenterventions both for public healthandclinical health,andto reduceresearctwaste.
Further,dueto inconsistencyn thewaythat diet,andto someextent,physicalctivity data
arereportedandlimitationsin the ability to pool datafor multiple behaviourabutcomes,
more standardiseaneasurementshouldbeusedto facilitatefuture meta-analyse&iventhe
comparativelyimited dataavailabldor alcoholinterventions,andthe potentialfor severeon-
sequencesf alcoholconsumptionduring pregnancysuchasfetalalcoholsyndrome further
researctshouldbedirectedto this field ensuringwebuild on the knowledgegained andlimi-
tations,of existingresearcho date.Finally,giventheimportanceof the doubleburdenof dis-
easeén low- andmiddle-incomecountries thereis a cleargapin the evidence-baseelatingto
behaviourainterventionsin this context.
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