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Abstract

Background

Chronic noncommunicable diseases (NCDs) have emerged as a huge global health prob-

lem in low- and middle-income countries. The magnitude of the rise of NCDs is particularly

visible in Southeast Asia where limited resources have been used to address this rising epi-

demic, as in the case of Indonesia. Robust evidence to measure growing NCD-related bur-

dens at national and local levels and to aid national discussion on social determinants of

health and intra-country inequalities is needed. The aim of this review is (i) to illustrate the

burden of risk factors, morbidity, disability, and mortality related to NCDs; (ii) to identify exist-

ing policy and community interventions, including disease prevention and management

strategies; and (iii) to investigate how and why an inequitable distribution of this burden can

be explained in terms of the social determinants of health.

Methods

Our review followed the PRISMA guidelines for identifying, screening, and checking the eli-

gibility and quality of relevant literature. We systematically searched electronic databases

and gray literature for English- and Indonesian-language studies published between Jan 1,

2000 and October 1, 2015. We synthesized included studies in the form of a narrative syn-

thesis and where possible meta-analyzed their data.

Results

On the basis of deductive qualitative content analysis, 130 included citations were grouped

into seven topic areas: risk factors; morbidity; disability; mortality; disease management;
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interventions and prevention; and social determinants of health. A quantitative synthesis

meta-analyzed a subset of studies related to the risk factors smoking, obesity, and

hypertension.

Conclusions

Our findings echo the urgent need to expand routine risk factor surveillance and outcome

monitoring and to integrate these into one national health information system. There is a

stringent necessity to reorient and enhance health system responses to offer effective, real-

istic, and affordable ways to prevent and control NCDs through cost-effective interventions

and a more structured approach to the delivery of high-quality primary care and equitable

prevention and treatment strategies. Research on social determinants of health and policy-

relevant research need to be expanded and strengthened to the extent that a reduction of

the total NCD burden and inequalities therein should be treated as related and mutually rein-

forcing priorities.

Introduction
TheeightMillennium DevelopmentGoals(MDGs)havefor alongtime governedtheglobal
publichealthagendabydeterminingfundingprioritiesandsteeringtheactionsof ministries,
healthcareinstitutions,andinternationalnon-governmentalorganizations[1]. Regrettably,
eventhoughchronicnoncommunicablediseases(NCDs)werealreadytheworld'sleading
causeof deathanddisabilityin 1990(thehealth-relatedbaselinefor theMDGs) [2], thesewere
not specificallyrecognizedor addressedin theMDG agenda.Neglectingthegravethreat
posedbyNCDsto humanhealthandcountries'economicdevelopmentin theMDG agenda
hasbeendescribedasahugefailureof theinternationaldevelopmentcommunity[3, 4]. In ret-
rospect,thereisevidencethatespeciallyin low- andmiddle-incomecountries(LMICs), the
risingburdenof NCDswasareasonfor theunequalprogressin achievingthehealth-related
goals,includingmaternalandchild healthimprovements,andthereversalof gainsalready
madeon otherMDGs,suchastheeradicationof extremepovertyandhunger[5, 6].

Sincethen,theimportanceof developingrobustevidenceof theincreasingglobalburdenof
NCDsandhelpingtransformcommitmentsinto actionhasbeencontinuouslyemphasized
sincethedisseminationof theªGlobalStrategyfor thePreventionandControl of Noncommu-
nicableDiseasesºadoptedby the53rd World HealthAssemblyin 2000[7]. Further,equitable
approachesto thepreventionandcontrol of NCDs,asmostprominentlyexemplifiedby the
ª25by25Goalº,playacentralrole in theUN-led discussionaboutthepost-2015sustainable
developmentagenda[8, 9]. Theacutenessof this issueisalsomirrored in the2014updateof
theWHO GlobalStatusReporton NoncommunicableDiseases[10] andthe2015GlobalBur-
denof Diseaseupdate[2], whichbothdemonstratetheglobalburdenof epidemiologicaltran-
sitionstowardsNCDs.

Thesedatarevealagrowinganddisproportionateimpactof theNCD epidemicin particu-
lar on LMICs in whichmorethanthreequartersof cardiovascular-anddiabetes-related
deaths,nearly90%of deathsfrom chronicrespiratorydiseases,andmorethantwo thirds of all
deathsfrom canceroccur[10]. Themagnitudeof theriseof NCDsisparticularlyvisiblein
SoutheastAsiawherestill only limited resourceshavebeenusedto addresstherisingNCD epi-
demicandhealthinequalities[11]. Similarto otherLMICs,in Indonesia,socialdeterminants
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of healthandintra-country inequalitiesin healthhavenot receivedexplicitattentionin
nationaldiscussionsandthiscreatesdifficultiesin formulatingandimplementingactionsthat
reducehealthdisparitiesandhelpto lessenthetotalburdenthatNCDsinflict on humansuf-
feringandthesocioeconomicstructureof thecountry.

Currently,acomprehensiveandcritical reviewof NCD-relatedevidencewith afocuson
healthinequalitiesdoesnot existfor Indonesia.In light of this,asystematicreviewof relevant
literaturewasundertakenwith theaimsof: (i) illustratingtheburdenof risk factors,morbidity,
disability,andmortality relatedto NCDs;(ii) identifyingexistingpolicyandcommunityinter-
ventions,includingdiseasepreventionandmanagementstrategies;and(iii) investigatinghow
andwhyaninequitabledistribution of thisburdencanbeexplainedin termsof thesocial
determinantsof health.

Methods

Data sources
Weretrievedcitationsthroughasystematicreviewof relevantpeer-reviewedresearcharticles
andnon-peer-reviewedgrayliteraturereports.In theabsenceof anyªgoldstandardºfor rigor-
oussystematicgrayliteraturesearchmethods,wefollowedandcombinedseveralstrategies
to identify relevantgrayreportsfor our systematicreview.Thegrayliteraturewasretrieved
through(i) manualtargetedweb-basedsearchesof homepagesof majornationalIndonesian
governmentalinstitutions(i.e.NIHRD, theNationalInstituteof HealthResearchandDevel-
opmentwithin theMinistry of Health;BAPPENAS,theMinistry of NationalDevelopment
Planning,StatisticsIndonesia)andinternationalnongovernmentalorganizations(e.g.the
World HealthOrganization,theWorld Bank);(ii) pursuingreferencesof referencesviaªsnow-
ballingºfrom thereferencelistsandbibliographiesof thereportsidentifiedthroughthefirst
strategyandthepeer-reviewedarticlesidentifiedin PubMed;(iii) personalknowledgeusing
theexpertiseof theauthors.In our review,wefollowedlargelythePraguedefinition of graylit-
erature,whichdefinesit asªmanifolddocumenttypesproducedon all levelsof government,
academics,businessandindustry in print andelectronicformatsthatareprotectedby intellec-
tualpropertyrights,of sufficientqualityto becollectedandpreservedby library holdingsor
institutional repositories,but not controlledbycommercialpublishersi.e.,wherepublishingis
not theprimary activityof theproducingbody[12]. To accountfor thelargeheterogeneityof
grayliteraturein termsof outletcontrol andsourceexpertise,weusedonly so-called1st tier
grayliterature,whichdemandssignificantretrievabilityandcredibility [13]. Weconsidered
thefollowing instantiations:booksandbookchapters,dissertations,publicationsfrom govern-
mentalagencies,policydocuments,think tankpublications,reportsfrom NGOsandconsult-
ing firms,committeereports,reportsfrom funding agencies,programevaluationreports,
working anddiscussionpapers,reportson websites.

Wesupplementedthegrayliteraturesearcheswith electronicdatabasesearchesperformed
in PubMed(www.ncbi.nlm.nih.gov/pubmed)andin theelectronicjournal ªBuletinPenelitian
SistemKesehatanº(Bulletinof HealthSystemResearch;http://ejournal.litbang.depkes.go.id),
whichisanIndonesianopen-accessjournalpublishedby theNIHRD since1997.

Weran 17separatesearchesin thePubMeddatabaseusingthefollowingsearchtermsto
identify English-andIndonesian-languagepeer-reviewedarticlespublishedbetween01/01/
2000and01/10/2015:ªchronicdiseaseºORªnoncommunicablediseaseº,ªcancerº,ªdiabetesº,
ªcardiovasculardiseaseºORªstrokeºORªmyocardialinfarctionº, ªchronicobstructivepulmo-
narydiseaseºORªlung diseaseº,ªhigh bloodpressureºORªhypertensionº,ªoverweightºOR
ªobesityº,ªdyslipidemiaº,ªcholesterolº,ªsmokingºORªtobaccoº,ªalcoholº,ªexerciseºOR
ªphysicalactivityº,ªfoodhabitsºORªunhealthydietº, ªdisabilityº,ªactivitiesof daily livingº
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ORªADLº, ªfunctionalhealthº,ªmultimorbidityº ORªcomorbidityº,AND ªIndonesiaº.We
appliedbothkeywordsearchesandMeSHterm (MedicalSubjectHeadings)searchesandused
theBooleanoperatorsORandAND to combinesearchterms.Correspondingtranslationsof
theabovetermsinto theIndonesianlanguagewereusedto searchfor relevantIndonesian-lan-
guagearticlesin theBulletinof HealthSystemResearch.ThejournalprovidesEnglishtransla-
tionsof thetitlesandabstractsof its publicationsandwith fiveof theauthorsbeingIndonesian
nativespeakers,theteamhadthenecessarylanguageproficiencyto criticallyappraisethenon-
Englishfull-texts.

Study selection
Thissystematicreviewincludedarticlesandgrayreportsthatexaminedthedifferentialeffects
of socialdeterminantson mortality,morbidity, or disabilitystemmingfrom oneor severalof
theWHO's priority NCDs,i.e.cancer,cardiovasculardiseases,chronicobstructiverespiratory
diseases,anddiabetesaswellastheir commonmodifiablebehavioralrisk factors(e.g.tobacco
smoking,harmfuluseof alcohol,unhealthydieting,andphysicalinactivity) andbiologicalrisk
factors(e.g.hypertension,overweight/obesity,or acombinationof risk factorslike thecardio-
metabolicsyndrome).Weincludedoutcomesthatwereself-reported,self-reporteddoctor
diagnosed,or measuredwithin thestudy.Wealsoconsideredarticlesandreportsfocusingon
policyor communityinterventions,includingdiseasepreventionandmanagementstrategies.
Wechoseto usethecommencingdateJanuary1,2000becausetheliteratureanddataavail-
ability on NCDsin Indonesiahasbeenon therisesincetheearly2000s.

In orderto identify relevantcitationsfor inclusion,two levelsof screeningwereused:First,
titles,abstracts,andkeywordswerescreenedaccordingto theeligibility criteriamentionedin
Table1.Fulfilling only oneexclusioncriterion wassufficientto excludeanarticleor report
from this review.In thesecondlevel,full textarticlesor reportsmeetingthefirst screening

Table 1. Exclusion criteria.

Formali ties: - Published before 01/01/2000
- Written in a language other than English or Indonesian
- Studies with serious ethical issues
- Studies/data published in more than one paper (duplicates) (only for the meta-
analysis)
- Studies that failed the critical appraisal
- Gray literature with moderate or low retrievability and credibility

Study
Populatio n:

- Study setting does not include Indonesia
- Study was conducted among populations of Indonesian origin residing outside of
Indonesia
- Study employed no representative population sample
- For studies that include both pediatric and adult populations and where it is not
possible to extract data for adults separately

Study Design: - Purely clinical or experimental study design; clinical or treatment guidelines; case
reports
- Economic evaluation studies
- Synthesis research papers such as systematic reviews and meta-analyses
- Methodology papers (validation studies, mathematical model testing, etc.)
- Editorials, commentaries, opinion pieces, or letters

Outcome : - Oral health
- Mental health
- Pediatric NCDs (e.g. juvenile type-1 diabetes mellitus, childhood leukemia, etc.)
- Gestational conditions (e.g. diabetes, hypertension, etc.)
- Developmental disabilities, mental disabilities, accident-related disabilities

Relatedn ess: - Analysis does not address any differential effects regarding one or more social
determinants of health, health inequalities or inequities, or disadvantaged or vulnerable
population.

https://doi.org/10.1371/journal.pone.0179186.t001
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levelwereobtainedandevaluated.Theinitial screening,dataextraction,andqualityassess-
mentweredoneindependentlybyonereviewer(JS)andcheckedbyasecondreviewer(NN).
Disagreementsweresettledbyconsensuswith theotherco-authors.Thereferencemanage-
mentsoftwareEndNoteVersionX6(ThomsonReuters,NY, USA)wasusedto import and
manageall literaturefor this review.

Our PubMedsearchreturnedatotalof 3,049articles.After applyingthefirst levelof screen-
ing (= titles,keywords,abstracts),391articleswereidentifiedaspotentiallyrelevant.When
applyingthesecondscreeninglevel(= full texts),106articleswereidentifiedascloselyrelated
andwereincludedfor dataextractionandanalysis[14±119].Fromtheinitial 27articlesidenti-
fied in theIndonesianjournalBulletinof HealthSystemResearch,weincluded14in this
review[120±133].Additionally,10out of 14grayreportswereaddedthroughhandsearches
[134±143].Thewholeflow diagrampresentingtheselectionprocessof thefinal 130included
citationsisshownin Fig1.

Data extraction
In thiswork,asynthesisof two commonframeworksin socialepidemiologyservedaspoints
of departure:theDisablementProcessmodelbyVerbruggeandJette[144]andtheWHO

Fig 1. PRISMA flow diagram for bibliographic search.

https://doi.org/10.1371/journal.pone.0179186.g001
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SocialDeterminantsof HealthInequalitiesmodel[145].Thefirst focuseslargelyon thebio-
medicalprocessof healthchange,i.e.from risk factorexposureto mortality viapathology,
impairment,function loss,anddisability.Thelatter,however,seeksto integrateevidencethat
links aninterrelatedsetof social-behavioralcomponents(i.e.structuralandintermediary
determinants)to explaininequalitiesandinequitiesduring thedisablementprocess[146].
Guidedby thesetwo frameworks,wecreatedandpilotedour dataextractionform on tenran-
domlyselectedarticles.Wethenextractedthefollowing information from eacheligiblearticle
andreport in orderto systematicallyassessthedata:first author'sname,publicationdate,title,
studysetting(s),year(s)of datacollection,studydesignandanalysismethods,samplesize
includingageandsexdistributions,disablementprocessfactorsaddressedin study,typeof
socialdeterminantsof healthadjustedfor in theanalyses,main resultsor conclusions.

Weassessedthequalityof quantitativeobservationalstudiesusingthepoint systemfrom
theNewcastle-OttawaScale(NOS)[147].TheNOSprovidesaseparatetool for cross-sectional,
cohort,andcase-controlstudies.Studiescouldscoreamaximumof ninepoints.A higher
point scorecorrelatedwith alowerrisk of biasin theindividual studies.Qualitativestudies
wereassessedusingtheCritical AppraisalSkillsProgram(CASP)[148,149].Qualitativepapers
canreceivethefollowing threecategoriesregardingtheir qualitycriteria:ªclearlymetº,ªclearly
not metºandªunclearº.GrayreportswereevaluatedusingtheAACODSchecklist,which
highlightstheareasof Authority, Accuracy,Coverage,Objectivity,DateandSignificance
[150].

Weanalyzedthemajority of selectedcitationsusingdeductivecontentanalysis,whichisa
widelyusedresearchtechniquein publichealth[151].Thismethodisusedwhenthestructure
of analysisisalreadyoperationalizedon thebasisof anexistingframework.Thismethodis
ableto dealwith largetextualdataandtheanalysisprovidesanopportunity to makereplicable
andvalid inferencesfrom datato their contextandto constructpracticalandcorroborating
evidenceto guidepolicy[152].Dueto theheterogeneityof outcomesandresultsacrossstudies,
manyof our resultsarepresentedin theform of anarrativesynthesis.A meta-ethnography
wasnot meaningfulbut whereverpossiblewemeta-analyzeddatafor certainrisk factorsusing
arandom-effectsmeta-analysismodel.Dueto datalimitations,weonly calculatedpooled
prevalence(95%CIs)andmeans(SD)bymeta-analysiswhereat leastfivestudieswereavail-
able.Heterogeneityamongstudieswasassessedwith theCochranechi-square(X2) andfurther
quantifiedby I2 [153].Statisticalsignificancewasdefinedatp<0.05.Publicationbiaswas
testedbyusingtheBeggandEggertests.All analysesweredoneusing����� in STATAVer-
sion12(StataCorporation,CollegeStation,Texas,USA).ThePRISMAStatement(Preferred
ReportingItemsfor SystematicReviewsandMeta-Analysiswith afocuson healthequity)
[154]guidedthemethodsof thiswork.No protocolwasregistered.

Results

Research and bibliometric characteristics
Thesystematicsearchesyielded1,783nonduplicatecitationsof which130(7%)metour eligi-
bility criteria.All werepublishedbetweentheyears2000and2015usingdatacollectedat the
earliestin 1989andat thelatestin 2013.Thenumberof datacollectionsaswellaspublications
increasedconsiderablyduring thepastfiveto tenyears,indicatingthegrowingimportanceof
NCDsin publichealthandepidemiologicalresearchin Indonesia.However,while therehas
beenasteadyincreasein citationsusingquantitativemethodssince2000,it isonly in recent
years(2010onwards)thatqualitativestudieson NCDshaveemerged.Of the130includedcita-
tions,nineusedqualitativeresearchdesigns[52,59,74,77,88,92,93,100,117],two utilized
mixedmethodologies[47,113],andsevenfocusedon theprojectdesignor evaluationof risk
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factorinterventionsor NCD prevention[30,51,57,61,65,78,86].Tenof thecitationswere
basedon grayreports[134±143].Thevastmajority employedquantitativemethods(n = 102)
[14±29,31±46,48±50,53±56,58,60,62±64,66±73,75,76,79±85,87,89±91,94±99,101±112,
114±116,118±133].Amongthesewere84cross-sectional,tencohort,andeightcase-control
studies.Fifty studiesperformedprimary datacollectionsmostlyin hospital-basedsettings.The
majority usedcommunity-basedor population-basedsecondarydatasetssuchasfrom the
PurworejoHealthandDemographicSurveillanceSite(HDSS),IndonesianFamilyLifeSurveys
(IFLS),NationalBasicHealthResearchStudies(Riskesdas),NationalSocio-EconomicHouse-
hold Surveys(Susenas),or theWHO STEPwiseapproachto Surveillance(STEPS).Samplesizes
rangedfrom 18strokesurvivorsin aqualitativestudyin CentralAceh[59,77] to asampleof
664,196peopleparticipatingin the2007Riskesdasstudy[127].Themajority of studiesincluded
bothwomenandmen;afewfocusedon sex-or gender-specificissuesandincludedonly one
group.With regardto theauthors'affiliation, in 53%of all casesthefirst authorwasbasedin
Indonesiawhilethisappliedto only 37%of thelastauthors.Whenthefirst or lastauthorswere
not basedatanIndonesianinstitution, moreoftenthannot (79%)theauthorwasbasedin a
high-incomecountrysuchastheUSA,Sweden,or theNetherlands.On thebasisof deductive
contentanalysis,the130includedcitationsweregroupedinto seventopicareas:(1) risk factors,
(2) morbidity, (3) functionallimitationsanddisability,(4) mortality, (5) diseasemanagement,
(6) interventions,preventionandmanagement,and(7) socialdeterminantsof health;anover-
viewof this isprovidedin Fig2.A final quantitativesynthesismeta-analyzedasubsetof 12stud-
iesrelatedto themostcommonNCD risk factors:smoking(n = 7) [28,40,46,65,99,101,123],
hypertension(n = 5) [28,40,46,65,134],andobesity(n = 7) [15,28,35,46,65,67,119].Read-
erspleasenotethatacitationcouldbelongto morethanonetopicarea.

Risk factors
Seventy-threecitationsfocusedon behavioral(tobaccosmoking,alcoholconsumption,physi-
calinactivity,unhealthydiet) andbiological(overweight/obesity,hypertension)risk factorsfor
NCDs[14,15,18±24,26±29,31,33,35,37,40,42±50,53,60,62,64,65,67±71,79,80,84,85,
89,96±99,101,102,104,111,112,117,119,122,123,125,126,128±140,142,143,155].

Themostcommonlystudiedbehavioralrisk factorwastheuseof tobaccoin theform of
cigarettesmoking.Wefoundseveralnationalestimatesfor smokingprevalencefrom different
datasources.While thesearenot directlycomparableto eachother,theydo still confirm the
relativehighprevalenceof smoking(highestrecordedprevalencewas36%in 2011[140]),
especiallyamongmen(highestestimatewas78%in 2001[134])andanincreaseovertime,
especiallysince2006[98,134,137±140,142,143].

Fig 2. Summa ry of results showing the number of citations in each domain of the disableme nt
process.

https://doi.org/10.1371/journal.pone.0179186.g002
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Therewereseveralstudiesfocusingon theassociationbetweensmokingandspecific
chronicdiseasessuchaslungcancer[45,129],chronicobstructivepulmonarydiseases
(COPDs)[111],pre-diabetes[96,130],diabetes[43,70],undiagnoseddiabetes[60], coronary
heartdiseases[18,133],cardiovasculardiseases[71,123],reoccurringmyocardialinfarction
[23], andstroke[22]. Somestudiesfocusedon specificgroupsof smokerssuchaswomen
[125],diabetespatients[47], andphysicians[33]. A fewstudiesreportedon theuseof smoke-
lesstobacco[101],betelquid chewing[89], or morerecentlytheuseof electroniccigarettes
[112].

Only averyfewstudiesareavailableon theharmfuluseof alcoholandits associationswith
NCDs.Accordingto the2001STEPSsurvey,77%and98%of all menandwomenwereab-
stainers[134].ThelatestRiskesdassurveyreportsanationalprevalenceof 3%[136]whilea
subnationalstudyestimatestheprevalenceof moderatedrinking to be6.3%[42].

Despitebeingamajorbehavioralrisk factorfor arangeof NCDs,studieson physicalinac-
tivity amongIndonesianadultsarerare.Nationaldatasuggestadecliningprevalenceof physi-
calinactivity from 32%in 2008[139] to 26%in 2013[142].A subnationalstudyin Purworejo
HDSSshowsthatmenweremorephysicallyactivethanwomen(26%vs.12%)andthatoccu-
pationalandtransport-relatedactivitiesweremorecommonthanactivitiesduring leisuretime
[44].

An inadequateandunhealthydiet isstronglyassociatedwith awiderangeof NCDsanda
triggerfor further biologicalrisk factorsto developandadvance.Only alittle information was
availableon behavioralaspectsof food intakepatternsandfoodchoicesuchasfruit andvege-
tableconsumptionor unhealthysnackingandconveniencefood.Accordingto theRiskesdas
surveys,themajority of Indonesians(94%)did not consumeanadequateamountof fruits and
vegetables,which is fiveportionson sevencontinuousdays.Thisdid not significantlychange
between2007and2013[137,142].AlsotheSTEPsurveysin theDepokcommunityshoweda
lackof adequatefruit andvegetableintake.Between2003and2006,thenumberof servings
perdayincreasedslightlyfrom 1.9to 2.1for fruits but remainedthesamefor vegetables(1.7
servingsperday).However,thenumberof peoplewhoatefiveservingsperdayslightly
increasedfrom 14%in 2003to 18%in 2006[135,136].

Thereareseveralstudieson diet-relatedrisk factorssuchaslipid profilesandbodyfatdis-
tributions [14,15,26,49,53,64],transfattyacids[68,69],dyslipidemia[49], andmetabolic
syndrome[19,27,37,62].Thirteenstudiesprovidedinsightinto therisk factoroverweight/
obesity[20,21,48,67,79,80,84,97,102,139,142,143,155].Nationaldataestimatethat16±
21%of all Indonesianmenand26±31%of all womenwereoverweight;almost5%of thewhole
populationwasobese[97,139,142,143].Wefound two morestudiesfocusingon bodymass
indexanddiabetes[67] andcardiovasculardiseases[132].Onestudyfocusedon underweight
asarisk factorfor coronaryheartdiseases[80]. Wefoundonestudyfocusingon theincrease
of overweightandobesityamongBalinesewomenundergoingurbanizationandlifestyle
changes[21] andthreestudiesfocusingspecificallyon thedualburdenof themalnutrition
phenomenon,whichappearswhenpopulationsundergoarangeof demographicandepidemi-
ologicaltransitions[20,84,102].Two studiesfocusedon theassociationbetweenoverweight/
obesityandhypertension[35,46].TheWHO estimatedthat in 2008,37.4%of thewholepopu-
lation hadraisedbloodpressure.ThelastSTEPsurveyin Depokfrom 2006estimatesthepro-
portionsof raisedsystolicanddiastolicbloodpressureto be23%and11%,respectively[136].
A totalof sevenstudiesfocusedon bloodpressureamongvaryingpopulationssuchasurban
women[104],rural adults[50], andoverweightandnormal-weightelderlypeople[31], and
amongpeoplewithout anti-hypertensivemedication[24]. Threestudiesfocusedon risk factors
andsocialdeterminantsfor hypertension[117,126,128].Weidentifiedtenstudiesthat
focusedon severalof theabove-mentionedbehavioralandbiologicalrisk factorsandtheir
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associationwith NCDssuchasstroke[22], coronaryheartdisease[122,133],myocardial
infarction [23], impairedglucosetolerance,anddiabetes[43,60,70,96,130,131].Fourstudies
lookedat thefrequentco-occurrenceof risk factors,so-calledclustering[28,29,40]or patterns
[119].

After meta-analysisof sevenstudies,whichuseddatacollectedbetween2000and2012[28,
40,46,65,99,101,123],weestimatedapooledprevalenceof smokingof 34%(95%CI 19.14±
48.94).Weobservedahighdegreeof heterogeneity(I2 = 100%;p<0.001)with prevalence
ratesrangingfrom 1.4%to 87%.Fig3 showsthat theprevalenceof smokingdifferedsignifi-
cantlybetweenmenandwomen.Dueto datalimitationswewerenot ableto stratifybyany
otherdeterminants.However,wepresentthedatabasedon theyearof datacollectionwith a
cutoff in theyear2001whenIndonesia'sdecentralizationtook place.Decentralizationradically
transformedthecountry'spoliticalsystem,shiftingautonomyanddecision-makingpoweron
keyfunctionsof state,including theprovisionof healthcare,towardsthedistricts.Forboth
menandwomen,theprevalenceof smokingincreasedovertime from 61.5%and3.4%before
2001to 64.5%and5.1%since2001,respectively.Fig4 showsasimilar trendwith regardto
obesity,whichwasderivedafterpoolingsevenstudiesusingdatacollectedbetween1996and
2008[15,28,35,46,65,67,119].MeanBMI increasedfollowingdecentralizationin 2001for
bothmenandwomenfrom 20.9to 23.4and21.8to 24.9,but womenatall timeshadahigher
BMI thanmen.ThepooledmeanBMI was22.4(SD21.6±23.1;I2 = 99%;p<0.001).Theesti-
matedpooledprevalenceof hypertensionwas24.6(24.1±25.1).Amongthefivestudies[28,40,
46,65,134]thatuseddatafrom theyears2000to 2005,weobservedahighdegreeof heteroge-
neity (I2 = 99%;p<0.001)with ratesrangingfrom 8.6%to 28.9%.In contrastto smokingand
obesity,Fig5showsthat theprevalenceof hypertensionvariedlessbetweenmenandwomen
andshowedadecreasingtrendafter2001for bothsexes,i.e.from 24.8and26.7to 17.2and

Fig 3. Prevalenc e of smoking in Indonesia, 2000±2012.

https://doi.org/10.1371/journal.pone.0179186.g003
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Fig 5. Prevalenc e of hypertensi on in Indon esia, 2000±2005.

https://doi.org/10.1371/journal.pone.0179186.g005

Fig 4. Mean BMI in Indon esia, 1996±2008.

https://doi.org/10.1371/journal.pone.0179186.g004
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