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Abstract

Background

New methods are required to manage hypertension in resource-poor settings. We hypothe-
sised that a community health worker (CHW)zled group-based education and monitoring
intervention would improve control of blood pressure (BP).

Methods and findings

We conducted a baseline community-based survey followed by a cluster randomised con-
trolled trial of people with hypertension in 3 rural regions of South India, each at differing
stages of epidemiological transition. Participants with hypertension, defined as BP  140/90
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mm Hg or taking antihypertensive medication, were advised to visit a doctor. In each region,
villages were randomly assigned to intervention or usual care (UC) in a 1:2 ratio. In interven-
tion clusters, trained CHWs delivered a group-based intervention to people with hyperten-
sion. The program, conducted fortnightly for 3 months, included monitoring of BP, education
about hypertension, and support for healthy lifestyle change. Outcomes were assessed
approximately 2 months after completion of the intervention. The primary outcome was con-
trol of BP (BP  140/90 mm Hg), analysed using mixed effects regression, clustered by vil-
lage within region and adjusted for baseline control of hypertension (using intention-to-treat
principles). Of 2,382 potentially eligible people, 637 from 5 intervention clusters and 1,097
from 10 UC clusters were recruited between November 2015 and April 2016, with follow-up
occurring in 459 in the intervention group and 1,012 in UC. Mean age was 56.9 years (SD
13.7). Baseline BP was similar between groups. Control of BP improved from baseline to fol-
low-up more in the intervention group (from 227 [49.5%)] to 320 [69.7%] individuals) than in
the UC group (from 528 [52.2%] to 624 [61.7%] individuals) (odds ratio [OR] 1.6, 95% CI
1.2+2.1; P =0.001). In secondary outcome analyses, there was a greater decline in systolic
BP in the intervention than UC group ( i5.0 mm Hg, 95% CI i7.1to i3.0; P 0.001) and a
greater decline in diastolic BP (i2.1 mm Hg, 95% CI i3.6 to i0.6; P 0.006), but no detect-
able difference in the use of BP-lowering medications between groups (OR 1.2, 95% CI 0.8+
1.9; P = 0.34). Similar results were found when using imputation analyses that included
those lost to follow-up. Limitations include a relatively short follow-up period and use of out-
come assessors who were not blinded to the group allocation.

Conclusions

While the durability of the effect is uncertain, this trial provides evidence that a low-cost pro-
gram using CHWSs to deliver an education and monitoring intervention is effective in control-
ling BP and is potentially scalable in resource-poor settings globally.

Trial registration
The trial was registered with the Clinical Trials Registry-India (CTRI/2016/02/006678).

Author summary

Why was the study done?

- Many regionsof theworld haveinadequater inaccessibleealthresourcesindhealth
professional$o diagnosemonitor, or managehypertension.

- Thisgapcould potentiallybeaddressethy usingnon-physiciancommunity health
workers(CHWSs), whoresidein the communityandareavailablen sufficienthumbers.
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What did the researchers do and find?

- In aclusterrandomisedcontrolledtrial in 3 verydiverseregionsin rural India, 637par-
ticipantswith hypertensiorfrom 5 clusterswvererecruitedandrandomisedo theinter-
vention,and 1,09 7with hypertensiorfrom 10clusterswvererecruitedandrandomised
to usualcare.

- Every2 weeksCHWSs educategeoplein theinterventionclustersabouthypertension
andmeasuredheir blood pressure.

- Bloodpressuraleclinedanaveragef 5.0/2.1mm Hg morein theinterventiongroup
thanthe usualcaregroup,andcontrol of blood pressurémproved.

What do these findings mean?

- Our approactovercomedimitations in acces$o healthcardoy utilising a CHW work-
forcethatnot only islocal,but requiresverylittle training.

- Thislow-costgroup-base@ducationand monitoring interventionis apotentiallyscal-
ableapproachthat couldbeimplementedacrosotherdiversesettingsn rural India,
andglobally.

- Useof this approachmayhelpreducethe emergencef cardiovasculadiseasem low-
resourcesettings.

Introduction

Hypertensionis thelargestcontributor to the globalburdenof diseaseand hasa prevalence
thathasalmostdoubledoverthelast25yearsfrom 442million in 1990to 874million in 2015
[1]. Thisgrowth hasoccurredmostrapidly in low- and middle-incomecountries(LMICs) [1],
which now accountfor the majority of thosewith hypertension(66%)[2]. India, with rapidly
rising prevalencef hypertensioralsooccurringin rural regions[3], is nowwellon its wayto
becomingthe global?hypertensiorcapital®[4].

Controlling hypertensioris paramountfor reducingrisksof adverseutcomesput there
aresignificantbarriersto its control, particularlyin rural regiong[5]. For exampleawareness
of havinghypertensioris significantlylessamongthosewith hypertensiorin rural (mean
25%)thanurban(meand2%)india [5], and differsmarkedlyacrossural regiong[5]. In addi-
tion, patientsoftendo not receiveevidence-basechrefor hypertensionwith arecentreview
providing evidencehat only 25%of peoplewith hypertensiorin rural India werereceiving
treatment,andonly 11%hadtheir blood pressurgBP)controlled[5]. Suchinadequatecareis
partly dueto ashortageof doctors(below1:20,000n someregions)[6] anddoctorabsentee-
ismin public healthcentreq7]. Otherbarriersincludethe costof treatmentandthe lack of
availabilityof medicationg8,9].

Sharingtasksbetweercommunity healthworkers(CHWSs) and doctorsis apromisingand
potentiallyscalablepproacHor deliveringcarefor hypertensiorin hard-to-reachsettings
[10], asit improvesacces$o healthcareandreducesostsassociatedith treatment[11]. Only
7 studieshaveincorporatedthis approactto managinghypertensiorin LMICs [12+18],and
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in anotherstudy,it wasunclearwhetherthe staffsharingthe taskswerenursesor CHWs[19].
Furthermore only 4 of the studiesncludedarandomisedcomparatof12,13,17,18While
therewerereductionsin BPandimprovedcontrol of hypertensiontheinterventionscitedin
thesestudieswereall resource-intensivandividualisedapproachedNoneincorporateda
group-basedpproachwhich hasbeenshownto reducecostsin otherdiseasef0], thereby
enhancingscalability.

We aimedto determinewhethera CHW-led group-base@ducationand monitoring pro-
gramfor the managemenof hypertensiornis effectivepoth individually and by region,in
rural India. We useda clusterdesignto facilitateour group-basedpproach.

Methods
Studydesign

Thestudywasconductedn 2 stagesinitially, abaselinecommunity-basedurveywascon-
ductedto identify peoplewith hypertensionThis wasfollowedby an open-labetlusterrando-
misedcontrolledtrial (cRCT)of aninterventionprogramto managéehypertensionasoutlined
in our publishedstudyprotocol[21].

Studysetting

Thestudywasconductedn 3 rural regionsof Southindia with differing economicandepide-
miologicalprofiles. The Trivandrumregionin Keralahasarelativelyhigh life expectancyf
76.4yeard22] andmorethan90%literacy[23]. In the RishiValleyregion,locatedin Chittoor
District nearthe southwesteriborderof Andhra Pradeshthe populationlargelycomprisesub-
sistencdarmers Approximatelyhalfthe populationin this regionhasno formal schooling[24].
TheWesternGodavaristudyregionis economicallyintermediatebetweerthese2 otherregions
[23]. In 2011 approximately75%of the populationin WestGodavariwereliterate[23].

Ethicsapprovalwasobtainedfrom SreeChitra Tirunal Institute for MedicalScienceand
Technology(Trivandrum, India; SCT/IEC-484/July-2013he Centrefor Chronic Disease
Control (CCDC-IEC-09-2012)ChristianMedicalCollegeg(Vellore,India), the HealthMinis-
try ScreenindgCommitteeof the Governmentof India (58/4/1F/CHR/2013/NCDI), andMon-
ashUniversity(CF13/2516+20130327).

Participants

In eachregion,primary samplingunits (PSUswerewards villagespr hamletsthelastbeing
clustersof approximatelyl0to 200housegeographicallgeparatedvithin alargervillage(col-
lectivelyreferredto as?villagestereafter)Fig 1). Membersof the investigatoiteamof each
regionrandomlyselectedhe PSUsTo randomlyidentify potentialparticipants polling lists
wereusedin Trivandrum, whereaslist of residentscompiledfollowing acensusvecon-
ductedwasusedin WestGodavari(sed21] for more details).
Ageandsexstratificationwasusedto obtainapproximatelyequalnumbersof malesand
femalesn theagecategoried8+2425+34 35+4445+5455+64 and 65+yearsn eachPSU.
In Trivandrum, 10wardsweresurveyedwith approximately875participantsin each(3,757
total). In WestGodavari,10villagesveresurveyedwith approximatelyt50participantsin
each(4,500otal). In the RishiValley,139hamlets)ocatedwithin 7 villageswererandomly
selected6,243participants).Thus,14,50Qarticipantsweresurveyedrom atotal of 27 clus-
tersin 3regionsof India. Individual informed consentwasobtained via a signatureor thumb
print, following full explanationof the studyto potentialparticipantsprior to enrolmentin the
baselinesurveyandagainprior to randomisationinto thecRCT.
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Fig 1. Flow diagram of trial participants. "Notmeetinginclusioncriteria' refersto thosenot categoisedashypertensivevhenre-assessdor
eligibility. BP,blood pressurePHC, primary healthcentre;RCT,randomiseccontrolledtrial.

https:/Hoi.org/10.137/ournal.pmd.1002997.g001
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Participant baselineassessments

Prior to commencinghe study,weengagedvith localvillageleadersn eachregion.Then,a
teamof trainedresearctassistantsonducteda baselineeommunity-basedurveybetween
Septembe?013and Decembe015We measuredBPandanthropometryand conducted
interviewsto elicit detailson useof medicationsdemographicdjfestylebehavioursandaccess
to healthcareArterial BPwasmeasuredfterthe participanthadbeenseatedjuietlyfor at
leastl5minutes.Threemeasurementa/eretakenat 3-minuteintervalsusingthe appropriate
cuff sizeanda calibrateddigital automaticBPmonitor (OMRON HEM-907,OMRON Health-
care Kyoto,Japanyccordingto the WHO STEP $rotocol,modified only by usingtheright
armfor all measurementf25]. Measurementontinueduntil 2 consecutiveeadingdiffered
by <10 mm Hg systolicand<6 mm Hg diastolic,with amaximumof 5 measurements he
meanof thelast2 consecutiveneasurementwasconsideredhe baselineBPlevelfor each
participant.

We measuredeightto the nearesd.1cmusingaportablestadiomete 213,SecaHam-
burg, Germany)andweightto the nearesD.1kg usingaportabledigital weighingscale
(9000SV3RSalterKent, UK). Waistandhip circumferencaveremeasuredisingaspring-
loadedtensiontape(Gulick M-22C, PattersorMedical,lllinois, US)in aprivatesetting.In
accordancevith the WHO STEPSrotocol[25], waistcircumferencavasmeasuredtthe
midpoint betweerthelowestrib andupperpoint of theiliac crestandatthe endof normal
expiration,while hip circumferenceavasmeasuredt the maximumprotrusion of the
buttocks.

At thetime of the baselinesurvey all participantswith systolicBP(SBP) 140mm Hg
and/or diastolicBP(DBP) 90mm Hg wereinformed theymayhavehypertensiorandwere
advisedo visitadoctorto havetheir BPre-checked.

Randomisationand eligibility

Participantge-assessdadr eligibility to berecruitedto the cRCTwerethoseidentifiedas
potentiallyhypertensivén the baselineeommunity-basedurveyBecausef limited resources,
wedid not recruit or follow-up participantsin all PSUsInsteadthe leadinvestigatofAGT),
locatedoff site,usedacomputer-generatechndomsequencéo randomlyallocate20%of
PSU¢<o theinterventionand 40%to usualcare(UC) in eachregion(Fig 1). Eligibility of all
potentialparticipantswithin thesePSUswvasdeterminedprior to enrolment[21], usingthefol-
lowing definition for hypertension(1) self-reportof an existingdiagnosiof hypertension(2)
useof antihypertensivenedications(3) SBP  140mm Hg and/orDBP  90mm Hgin the
baselineeommunity-basedurveywith asubsequendiagnosiof hypertensiorby their pri-
mary healthcargrovider;or (4) SBP  140mm Hg and/orDBP  90mm Hg bothin the
baselinesurveyandatanothermeasuremenprior to recruitmentto the cRCT.All peoplewith
verifiedhypertensioni.e.,satisfyinganyof the abovecriteria, wereinvited to participateby the
studyfield staff,and comprisedheintention-to-treatgroup.

CHWs andtraining

Theinterventionprogramwasconductedby accreditedsocialhealthactivistf ASHAS),who
areCHWswhoresidein mostvillagesn rural India. We employedl4 ASHAswho were
alreadyworking in thisrolein theregion[26]. In 1 villagethathadno ASHA, wespecifically
employedsomeondor thisrole.

Prior to commencemenbf theintervention, CHWsweretrainedto deliverthe commu-
nity-basedorogramovera5b-daycourse21,26].Theywereremuneratedor their timein
accordancevith governmentsalaryscalegfor specificdetailsof this remunerationpleaseefer
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to[21]). Thisincludedtime for training andfor deliveringtheintervention.No further train-
ing wasprovidedduring the 3-monthinterventionperiod. However studysupervisorswho
werespecificalllemployedor the study,reviewedhe contentandactivitieswith CHWs after
eachinterventionsession.

Patientand public involvement

Participantsandthe public wereinvolvedin the shapingof theinterventionprogramin a
numberof ways First, the resultsof focusgroupdiscussiorand preliminary analysesf the
baselinesurveydrovecontentfor the educationamaterials Thesenteractionshighlighted
poor knowledgeof hypertensiorandpoor acces$o healthservicesCHWswho wereinvolved
in the pilot training andlocalcliniciansin the RishiValley(K. Kar.andK. Kal.) alsoprovided
feedbaclon this content,enablingrefinementof the educationalesourcesin addition,in
October2014astakeholdemeetingwasheldin which expertdrom the Ministry of Health
andthelndian Council of MedicalResearclandanindependentesearcheprovidedinput as
to howthis approachcouldfit within the Indian healthsystem.

Intervention

Theinterventionconsistedf 6 fortnightly sessionsf ~90minutes,heldwithin thevillages
(clusters)n whichthe participantsresided and deliveredover3 months.Eachparticipantin
aninterventionclusterwasallocatedo 1 of 32groupsin whichtheinterventionwasdelivered:
6in theRishiValley,14in WestGodavariand12in Trivandrum.CHWSsencouragedyroup
memberdo attendall 6 sessiongAt the startof eachfortnightly sessionCHWs measuredBP
andweighedall participantsto assiswith self-managemenbDuring eachsessiontheydeliv-
erededucationabouthypertensiorand howto managet, in thelocallanguagd21,26].This
includeddetailsaboutadheringto medicationsandtheimportanceof makinglifestyle
changessuchasincreasingphysicalactivity andfollowing a healthierdiet. Pictorial flipcharts
wereusedaseducationaids,andhandoutswereprovidedto participantsto useathome.Full
detailsof the educationprovided,including all sessiorilipchartsandhandouts areavailable
online (doi: 10.4225/03/5967f9a943¥[Englishversion]). ThosewhoseBPwascontrolled
wereprovidedthe sameeducationasthosewhoseBPwasnot controlled,with positivefeed-
backprovidedwhenBPlevelsveremaintainedbelow140/90mm Hg.

Usualcare

TheUC groupwasnot informed of the interventionprogram.Theywerecontactedonce
betweerthe baselinesurveyandthefinal follow-up to determinetheir eligibility, i.e.,their
hypertensivestatusvasconfirmed,asfor theinterventiongroup.

Blinding

Asthis wasabehaviouralntervention,neitherthe workersdeliveringthe programnor the
participantsin theinterventiongroupcouldbeblindedto theintervention.Participantdn the
UC groupwereunawareof theintervention. The outcomeassessomerethe sametrained
researclassistantgzsho conductedhe baselinesurvey.Theywerealsonot blindedto treatment
group,astheymonitoredthe CHWs during deliveryof theintervention.

Outcomes

Participantoutcomeswerecollectedat afollow-up visit occurringapproximately2 months
afterthefinal sessiorof the group-baseceducationand monitoring program.Theprimary
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outcomewasachangerom baselingn the proportion of peoplewith controlledhypertension
(BP< 140/90mm Hg), asoutlinedin our clinicaltrial registration.SecondarBPoutcomesas
listedin our publishedprotocol[21], includedchangan SBPand DBPfrom baselinemea-
suredin anidenticalwayto the baselinesurveyin accordancevith the WHO STEP $rotocol
[25]. Other outcomescomprisedchangesn useof antihypertensivenedicationsbodymass
index (BMI), waistzhipratio (WHR), andlifestylebehaviourgphysicalctivity, fruit andsalt
intake,tobaccesmoking,andalcoholconsumption).

Samplesize

Our original samplesizewasbasen ameanSBPamongpeoplewith hypertensiorof 147
mm Hg (SD22)anda6+mmHg reductionwith theintervention,slightlylesshanthat seenin
anearliertrial of hypertensiorin adevelopeatountry[27]. We further estimatedLOOpartici-
pantsper cluster(30clustersland presumedanintraclasscorrelationcoefficient(ICC) of
0.047 givingadesigneffectof 5.65328]. At asignificancdevelof 5%andapowerof 80%.and
adjustingfor clustering(i.e.,adjustingfor the designeffect) we estimatedequiring 1,097peo-
plewith hypertensiorper studyarm. Howeveraswehadinsufficientresourceso includeall
of the clusterdn the subsequentlgesignedRCT,our eventuakamplesizewasprojectedto
belesghanthis,leadingusto initially proposethis asafeasibilitystudy.Towardsthe end of
thebaselinesurvey apreliminary analysiof meanbaselineSBPin 15clustersevealedhatthe
ICC amongthosewith SBP  140mm Hg was0.01 with 37%havingcontrolledhypertension.
Estimatingan averagelustersizeof 120yieldedadesigneffectof 2.19(1 + [119 0.01]=
2.19).Usingal:2ratio for theinterventionversudJC andapowerof 80%to detectadiffer-
encein the proportion with controlledBPof 37%in UC versu$0%in theinterventiongroup
resultedn aninitial requiredsamplesizeof 170in theinterventiongroupand339in UC. Mul-
tiplying by the designeffect(i.e.,2.19) to ensureadequatgowerfor acRCT resultedn a
requirementof 372in theinterventiongroupand742in UC. Fromthebaselinesurveywe
estimatedhat wewould haveapproximately600in theinterventiongroupand1,200n UC.
This samplesizewould giveus94%powerto detectthe samdevelof effect(i.e.,differencen
the proportion with controlledBPof 37%in UC versus50%in theinterventiongroup),hence
providing therationaleto analysehis asa stand-aloneeRCT.Samplesizewasdeterminedfor
thewholesampleandnot for subgroupsi.e.,siteor sex.

Data managementand analysis

Datafrom questionnairesverecapturedinto anelectronicdatabasesingTeleFormversion
10.5(Cardiff SoftwareCA, US).Thedatawerecleaneddy identifying outliers.Potentialerrors
in theseoutlierswerecheckedvith the original formsand by seeking:larificationfrom the
researctsites Errorsidentifiedin this waywerethencorrected.

In theanalysisvefollowedintention-to-treatprinciples(StatalC/11.2,StataCorpCollege
Station,TX, US).ANOVA wasusedto determinewhetherbaselinecharacteristic§continuous
variablesyifferedsignificantlybetweertreatmentgroups,and betweerregionsandwhether
thedifferencedetweerthetreatmentgroupsvariedaccordingto region.Tukey'stestwas
appliedto determinewhichregionsdiffered.Student'sunpaired testwasusedto detect
whetherdifferenceexistedbetweerthe treatmentgroupsin eachof the 3regions soaBonfer-
roni correctionwasappliedto protectagainsincreasedisk of typel error. Differencesn cate-
goricalvariabledbetweerregionsandtreatmentgroupswereanalysedisingchi-squaredests
with Bonferronicorrectionto accountfor multiple comparisondetweerandwithin regions.
Two-tailed  0.05wasconsideredstatisticallysignificant.
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Theprimary outcomecomprisedmixed effectdogisticregressioranalyses;lusteredoy vil-
lagewithin regionandadjustedor baselinecontrol of BP,conductedo determinethe odds
for control of BPfor theinterventionversudJC group.We usedsimilar analyseto determine
the oddsof prescriptionof antihypertensivenedication(a secondananalysis)Separatanaly-
sesvereconductedior womenandmen.

In sensitivityanalyseghatincludedall eligibleparticipants the outcomedatafrom individ-
ualswho droppedout of the studywereimputed usingmultiple imputation by chainedequa-
tionsassomevariablesverebinary and otherscontinuous.Twentyimputeddatasetsvere
createdor eachrelevantoutcomevariable Detailsof the proportion of missingobservations
imputedfor eachvariableandthevariablesisedin eachimputation modelareprovidedin the
footnotesto tablesandfigures.

Forimputed outcomesgdifferencesn categoricalariablesbetweergroupswereinitially
assesseagsinga2-sampleestof proportions,while linearregressiorwasusedto determine
differencesn continuousvariablesFurther,sensitivityanalysesisingthe samemethodswere
conductedn thosewhoseBPwasuncontrolledat baselinebut without baselineadjustment.

Mixed effectdinearregressioranalysesadjustedor baselineontrol of BPandclustered
by villagewithin region,wereusedto determinethe effectivenessf theinterventionin reduc-
ing SBPand DBP (secondananalyses)Separatanalysesvereconductedfor womenand
men.

Thetrial wasregisteredvith the Clinical Trials Registry+Indig CTRI; CTRI/2016/02/
006678)We appliedfor registrationon 28 SeptembeR015 approximately2 monthshefore
thefirst patientwasenrolled.Asdelaysn havingatrial approvedareverycommonin India, it
isusualpracticeto commenceecruiting patientsbeforethe final registrationnumberis
receivedWe obtainedofficial approvalfrom the CTRI on 25February2016(CTRI/2016/
006678)notablywith no changeso the protocolfrom our original application.

Results

In total, 2,382residentsvereidentified aspotentiallyeligibleto participatein this cRCT.Since
thebaselinessurvey46haddied and 140hadmigrated,leaving2,196potentiallyeligible(Fig
1). Amongthese273did not meettheinclusioncriteriafor verifieddiagnosisof hypertension,
whilein 187theeligibility statuscould not beascertainedl149refusedo participateand 38
eitherwereunavailableor their statusvasunknown), resultingin 1,736recruited.In thevil-
lagegandomlyallocatedo theintervention,the 3-month group-base@ducationand moni-
toring programcommencedirst in WestGodavariNovember2015)andlastin Trivandrum
(April 2016) Finalfollow-up of 1,471participantsoccurredbetweenlanuaryand September
2016 with 200(11.5%Yefusingor unavailabldor the final outcomeassessmerin sensitivity
analysesyutcomevariablesvereimputedfor theseparticipants.Two participantsdied,andso
werenot includedin the outcomeanalyses.

Participantdrom the RishiValleyregionhadpoorereducationahttainment literacy,and
othermarkersof socioeconomipositionthanthe other2 regions(Fig 2; S1Table).Educa-
tional attainmentwasgreatesin Trivandrum, with 62.0%of participantscompletingat least
classr (Fig 2). Thiscompareswith 23.3%in WestGodavariand17.0%n the RishiValley
(both for differencefrom Trivandrum < 0.001fig 2). Participantsn the RishiValleyalso
self-reportedgreaterifficulty in accessinpealthcareahanthe other2 sites( < 0.001).

Themeanageof participantswas56.8yearsand58.2%werefemale(Tablel). Overall,
baselinecharacteristicsef participantswerebalancedetweertheinterventionand UC groups,
excepthat participantsin the interventiongroupreportedeatingmore servingof fruit per
week Importantly, control of BP,and meanSBPand DBP,weresimilar betweergroups
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Fig 2. Educationd attainment of participants by region. =1,711(18missingobservéionsfor the RishiValleyand5 missingfor WestGodavarjwith none
imputed). < 0.01with Bonferron correctian for specificcontrastdetweereachof the 3 regions.

https://da.org/10.1371¢urnal.pred.1002997 @02

overall(Tablel;Fig 3) andwithin regions(S2Table)but differedbetweerregions(S1Fig; S2
Table).BaselineneanSBPwasapproximatelyd mm Hg greaterin participantsin the Rishi
Valleythanin the other2regions( < 0.001)while baselineneanDBPdifferedbetweerall 3
regions( < 0.001)peinggreatesin the RishiValley(85.1mm Hg), leastin Trivandrum
(78.5mm Hg), andintermediatein WestGodavari(80.3mm Hg). Therewerealsolargediffer-
encedbetweerregionsin BMI andWHR, whichwereleastin the RishiValleyandgreatesin
Trivandrum ( for difference< 0.001,S2Table).

Primary outcome

In the primary outcomeanalysiswhich wasclusteredby villageand studyregion,therewas
1.6-fold(95%Cl 1.2to 2.1;  0.001)bettercontrol of hypertensiorin theinterventiongroup
thanin the UC groupatfollow-up (Table2; Fig 3E).Similarresultswereobtainedin sensitivity
analyseshatincludedthosewho wererecruitedbut not followedup (S3Table).In further sen-
sitivity analysefimited to thosewhoseBPwasuncontrolledat baselinesimilar resultswere
obtainedfor the overallgroup,but findingsappearedo belimited to men(S4Table).Control
of hypertensiorimprovedmorein theinterventionthan UC groupin 2 of the 3 regions(S5
Table).

Secondaryoutcomes

In secondarputcomestherewasno evidencdor greateruptakein the useof BP-lowering
medicationswith theintervention(  0.31;Fig 3F;Table2), exceptin WestGodavari( <
0.01;S5Table).Interestingly therewasgreatemuptakeof BP-loweringmedicationsn women
in theinterventionthan UC group,althoughnot in adjustedanalyse¢Table2). Thisimprove-
mentin womenappearedo bedriven by theimprovementobservedn WestGodavari(S6
Table).Therewasno evidencdor achangen useof medicationsby menin anyregion,
althoughsamplesizesveresmall.
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Tablel. Baselinecharacteistics of the intention-to- treat sample.

Variable

Age(years)mean(SD)

Female, (%)

SBP(mm Hg), mean(SD)

DBP(mm Hg), mean(SD)
Controlledhypertersion, (%)
Antihypertensivemedicaton, (%)
Bodymassindex (kg/m?), mean(SD)
Waisthip ratio, mean(SD)
Physicahctivity perday(METS, mean(SD)
Fruit (weeklyserving¥, mean(SD)
Vegetable(weeklyservings)mean(SD)
Teaspoonsf saltadded/daymean(SD)
Adding extrasaltto food, (%)
Currentsmoking, (%)
Currentalcoholuse, (%)

Intervention
=637

56.6(14.3)
373(58.7)
140.522.7)
80.4(13.7)
277(43.5)
242(38.0)
24.5(4.8f
0.92(0.09Y
928(947F
3.3(5.8f
11.3(7.9)
0.05(0.09Y
227(36.0f
96(15.3f
68(10.8'

uc
=1,097

56.9(13.7)
633(57.9F
137.822.2)
80.6(13.9)
549(50.1)
445(40.6)
24.8(5.0Y
0.92(0.09§
860(896)
2.5(3.3f
10.5(6.4)
0.06(0.13)
410(38.6)
165(15.1f
145(13.3f

Noneof thesebaselinedatawereimputed. Control of hypertensioris definedasSBP< 140mm Hg andDBP< 90
mm Hg; control maybeachievedvith useof antihypertersivemedicatims or changindifestyle.

Onemissingobservation.
’Two missingobservéons.
’Threemissingobservéons.
SFour missingobservations.
KFivemissingobservations

TSixto eightmissingobservsions. Saltaddedto food: 34 missingobservationsn UC. Thedatafor servingsof
vegetat#sin Trivandrum hadsomeerrorsthat could not beresolvedThereforethereareno datafor weekly

servingof vegetablem this region. Thesedataon servingof vegetal#srely on 329observéionsin theintervention

groupand668in the UC group.

DBP,diastolicblood pressureMETS,metabolicequivalentasks SBP systolicblood pressureSD,standard

deviation;UC, usualcare.

https://abi.org/10.1371durnal.pned.1002997001

Overall, SBPdeclinedby 8.2mm Hg in theinterventiongroup,6.1mm Hg morethanin
the UC group(Table3;Fig 3A and 3C). Thisfinding wassimilarin imputation analyseshat
includedthosewhowerenot followedup (S7Table).Thedeclinein SBPwasgreatesin the
RishiValley,being13.6mm Hg in theinterventiongroup,(S8Table).Thischangan SBPwas
greaterthanin theother2regions( < 0.001gistribution shownin S2Fig).Also,in contrast
to theother2 regions participantsin the RishiValleyregionshowedalargedeclinein SBRn

theUC group.

Similarto the patternobservedor SBPDBPalsodeclinedmorein theinterventiongroup
(4.2mm Hg) thanthe UC group(2.2mm Hg; Fig 3Band 3D; Table3). Also,in contrastto the
other2regionstherewasalargedeclinein DBPin the UC groupin the RishiValleyregion

(S8Table;S1Fig;distribution shownin S3Fig).

Therewasno evidencdor an effectof theinterventionon BMI, WHR, physicalactivity,or
fruit consumption(Table4), but theinterventionappearedo resultin greatereductionsin

extrasaltaddedto food(  0.003)smoking( < 0.001)andalcoholconsumption
( < 0.001)thanin theUC group(Tableb).

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1002997 January 2, 2020
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Fig 3. Summaryof study findings. SBP(A) and DBP (B) at baselineandfollow-up accordingto studygroup Changen SBR(C) andDBP
(D) in theusualcareandintervertion groups. Proportion of patientswith controlledBP(E) andtaking BP-lowe&ing medicatias (F) at
baselineandfollow-up accordingto studygroup. valuedor categorichvariablesveregeneratedisingatestfor 2-sampleifferencesn
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proportions(E andF), while differencesn continuousvariablesveregeneratedisinglinearregressia (A+D). Error barsshow95%
confidercelimits. BP,bloodpressureDBP,diastolichlood pressureSBP systolichlood pressure.

https://abi.org/10.1371djurnal.pned.1002994003

Thereappearedo besomesexdifferencedn the effectsof theinterventionon BP.While
SBPwasreducedn bothwomenandmen(Table3 and S9Table) thereductionin DBP
appearedo occurin menonly.

Therewasno evidencehatthe effectivenessf theinterventionon control of BPdiffered
accordingto ageor otherdifferencesn characteristic$Fig 4). Thisfinding appearedo be
similarfor womenand menseparatelyS4Fig).

Discussion

ThiscRCT,conductedn rural India, providesevidenceahat agroup-baseeducationand
monitoring program,deliveredby healthworkers,is effectivein reducingSBPandDBPandin
improving control of hypertensionTheinterventionwaseffectivan all 3regionswhich areat
differing stage®f the economicand epidemiologicatransition,indicatingthat the interven-
tion couldbeeffectiveandscalablecrosgural India. With anestimatedorevalencef hyper-
tensionof 25%amongadultsin rural India [5], our interventionis thuspotentiallyscalabléo
morethan 100million adultswith hypertensioriving in rural India.

Our interventionhasenormouspotentialfor reducingBPandimproving control of hyper-
tensionin poor andhard-to-reachsettings Thiswasjust a 3-monthintervention,yetthe BP
reductionattainedwascomparabldo that observedn clinicaltrials of BP-loweringmedica-
tions, equatingto a20%reductionin therisk of coronaryheartdiseasendvasculadeath
[29]. Apart from the educationprovidedto interventionparticipantsin agroupsetting,at
eachsessiorparticipantsalsohadtheir BPmeasuredThis ongoingmonitoring mayhave

Table2. Effectsof intervention on control of hypertensbn (primary outcome)and prescription of antihypertensivemedication (seconday outcome) in people
with hypertensbn: completecaseanalyss.

Outcome Number of participants | Changefrom baselineto value Adjusted oddsratio (95%Cl)’ value
follow-up
Intervention uc’ Intervention uc
Overall
Control of hypertension 459 1,011 | 93(20.3) 96(9.5) <0.001 1.6(1.2+2.1 0.001
Prescribedantihypertersivemedicaton 459 1,012 |57(12.4) 100(9.9) 0.14 1.2(0.8+1.9 0.34
Women
Control of hypertension 280 596 52(18.6) 49(8.2) <0.001 1.6(1.1+2.2 0.01
Prescribedantihypertersivemedicaton 280 597 38(13.6) 45(7.5) 0.004 1.5(0.9£2.2 0.09
Men
Control of hypertension 178 411 41(23.0) 48(11.7) |<0.001 1.6(1.1+2.% 0.02
Prescribedantihypertersivemedicaton 178 411 19(10.7) 54(13.1) |0.40 0.9(0.5+1.7 0.85

Thereare4 missingobservéionsfor sexin the UC groupand1in theinterventiongroup.

Changadn control of hypertersionwasobtainedby subtractingghe numberof peoplewith control of hypertersion atbaselindrom the numberwith control atfollow-
up. Thesameapproachwasappliedto prescriptionof antihyperensivemedication.Positivenumberdemonstrategmprovemaent.
* Oddsratiosobtainedusingmixed effectdogisticregressionclusteredby villageand studyregion.For control of hypertensionthe dependenvariablewascontrol of
hypertensiorat follow-up, with adjustmentor control of hypertensiorat baselin€lCC: overall,0.002women,0.003men,0.008) The sameapproachwasappliedto
prescriptionof antihypertenize medication(ICC: overall,0.04;women,0.02;men,0.09).
° A personwho did not haveblood pressuremeasuredt follow-up had detailsof medicationsandsothereis an extraobservatiorfor thelatter analysis.
ICC, intraclas correlatio coefficient UC, usualcare.

https://da.org/10.1371durnal.pred.1002997.102
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Table3. Effectsof intervention on secondaryoutcomesin peoplewith hypertensbon: completecaseanalysis.

Outcome Number of
participants
Intervention
Overall

SBP(mm Hg) | 459

DBP(mm Hg) | 459
Women

SBP(mm Hg) | 280

DBP(mm Hg) | 280
Men

SBP(mm Hg) | 178

DBP(mmHg) | 178

Unadjusted meanchange(95%Cl) Unadjusted net meanchange value | Adjusted net meanchange value
(95%CI) (95%CI)
UC |Intervention uc
=1,012

1,011/ 8.2 (10.0to 6.3) | 2.1 (3.4t0 0.8) | 6.1 (8.41to 3.8) <0.001| 5.0 (7.1 to 3.0) <0.001
1,011 4.2 (5.3 to 3.1) 22(3.0to 1.4) | 2.0(3.4t00.6) 0.004 | 2.1 (3.6 to 0.6)° <0.006
596 | 6.7 (8.8 to 4.6) 15(3.1t00.2) | 5.2 (8.0to 2.4) <0.001| 4.8 (7.2 to 2.3)° <0.001
596 | 2.6 (3.9 to 1.3) 1.7(2.7t00.8) | 0.9 (2.5100.7) 0.29 1.3 (2.7 t0 0.0f 0.06
411 | 10.5(13.8to 7.2) | 3.1 (5.2to 1.0) | 7.4 (11.3to 3.5) <0.001| 6.3 (10.3to 2.2)¥ 0.002
411 | 6.8 (8.8 to 4.8) 3.0(43t0 1.7) | 3.8(6.2t0 1.4) 0.002 | 3.9 (7.0t0 0.8)T 0.014

For changevaluesnegativenumberdemonstraesimprovemant. Adjustedanalysesvereconducedusingmixed effectdinearregressionclusterel by regionand

village.

Adjustedfor age sex,SBPatbaselineuseof antihyperensivemedicatons,changen bodymassndex,andalcoholuse;37 missingobservationslueto missing

variablesICC = 0.022.

* Adjusted for age sex,DBPat baselineeducationuseof antihypertersivemedicatins,changen bodymassndex, fruit perweek andalcoholuse 49 missing
observationslueto missingvariablesICC = 0.020.

° Adjustad for age SBPat baselineregularvisitsto doctor, useof antinyperteni/e medicatiors,changen bodymassindex,andaddingsaltto food; 32 missing
observationslueto missingvariablesICC < 0.001.

SAdjusted for age DBPat baselinegducationregularvisitsto doctor, useof antihyperensivemedicationsandchangen bodymassindex; 13 missingobservationsiue
to missingvariablesICC = 0.010.
Adjustedfor age SBPat baselineeducatim, useof antihyperensivemedicationsandalcoholuse;15missingobservationslueto missingvariablesICC = 0.021.
Adjustedfor age DBPatbaselineeducatbn, regularvisitsto doctor, useof antihyperensivemedicaions,andalcoholuse;15missingobservéions dueto missing

variablesICC = 0.045.

DBP,diastolicblood pressurelCC, intraclas correlationcoefficient SBP systolichlood pressuretJC, usualcare.

https://da.org/10.1371durnal.pred.1002997.103

empoweredarticipantsto determinewhetherandhowtheir lifestylechangesesultedn tan-
giblebenefitd30]. Thisapproachalsoprovidesmotivation for continuing behaviourathanges
or adoptingnewones[30], andthis maybeoneof the mechanismgor the successf theinter-
vention.Furthermore the programincludedseveratomponentghat wereevidence-basefdr
improving the control of hypertensionThesecomponentsncludedimproving theadherence
to antihypertensivenedicationg31], providing regularmonitoring of BP[30], andencourag-
ing lifestylechangesuchaslosingexcessveightandincreasingphysicalactivity [32].

Trainedprofessionalarenot alwaysavailablén rural andremotesettingq6,7]. Thus,
training the existingworkforcein specifictasks suchasmonitoring BPand providing educa-
tion andsupport,that do not requireclinical decision-makingout canbeimplementedusing
evidence-basegrotocols.enablesreorganisatiorof healthtasksto improveaccesand mini-
misecostg10]. Althoughotherinvestigatordiavealsoshownthe effectivenessf task-shifting
managementf hypertensiorto CHWs[12,15+17]major limitations includedthat thesestud-
iesinvolvedintensive time-consumingndividual-basednterventions[12,13,15+17]ackeda
UC group[14+16],or providedhomeBPmonitors (equipmentunaffordableto the poor) [12].
Our approachusingagroup-basedntervention,providesanovel,effectiveand potentially
cheapeandsustainablalternativeto managinghypertensiorin disadvantagednd hard-to-
reachsettings.
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Table4. Changesn risk factorsfrom baselineto follow-up in the intervention and UC groups(continuous

variableg.
Variable Meanchange(95%confidenceinterval) value
Intervention uc
=637 =1,097

BMI (kg/m?)* 0.17(0.03t0 0.31) 0.23(0.12to 0.34§ 0.50
WHR? 0.006(0.001to 0.012Y 0.003( 0.001 to 0.006§ 0.29
Physicahctivity (METS)perday? 104(89to 119§ 108(98to 118§ 0.65
Fruit (weeklyserving§® 0.03( 0.47 t0 0.53§ 0.48(0.24t0 0.72§ 0.08

Changean BMI betweerbaselineandfollow-up wasimputedfor 260observationgusingBMI atbaseling changen
WHR wasimputedfor 2570bservationgusingWHR and BMI atbaseline)changen physicalactivity perdaywas
imputedfor 2590bservationgusingphysicalactivity at baseline)changen fruit consumpgion perweekwasimputed
for 2590bservationgusingfruit consumpton atbaseling
INegativenumberdemonstatesmprovemant.
2Positivenumberdemonstatesimprovemant.
Two missingobservéons.
*Four missingobservéons.
’Fivemissingobservations
SSixmissingobservations
Sevemissingobservations
BMI, bodymassndex;METS,metaboic equivalentasksUC, usualcare;WHR, waistthipratio.

https://abi.org/10.1371durnal.pned.1002997004

Our findings confirm and extendthosefrom othertask-sharingnterventionprogramsof
the effectof educationprogramsin LMICs. He etal.reporteda 6.6/5.4+mmHg greatereduc-
tion in BPRin participantsexposedo a CHW-led multicomponenteducationand coaching
program,homeBPmonitoring, textmessagingand bettertrained physicianghanin those
receivingUC [12]. A similar decreasef 5 mm Hg of SBPwasreportedby Jafaretal.in Paki-
stanin agroupexposedo homehealtheducationand upskilledgenerapractitioners,com-
paredto othergroups[17], andNeupaneetal.reporteda4.9+mmHg greaterdecreasen SBP
in agroupin Nepalwith home-monitoringandeducationcomparedo UC [13,17].However,
all 3 studieswereof individualised-carepproachesyhich arelikely to bemoreresource-
intensivethan our group-basedpproach.

Simplesurveillancenaybeanincentiveto patientsto takestepdo reducetheir BPlevelsn
regionswith poor acces$o healthcareTherewasalargeimprovementin SBPand DBPin the
UC groupin theRishiValleyregion,adeclineof 9.5/6.8mm Hg. Followingthe baselinecom-
munity-basedsurvey participantswho hadBPlevelsof 140/90 mm Hg wereinformed that
their BPwashigh andthat this might put thematrisk of otherdiseasesindwereadvisedo
visit adoctor. While someof the observedieclinein BPcould beregressiorio the mean,it
might alsosuggesthat BPsurveillancetselfcanhelpcontrol BRin regionswith poor accesto
healthcare.

It wasnotablethat the effectof the interventiondid not appeaito beattributableto new
prescriptionof antihypertensivenedicationat follow-up. Potentially BPmayhavedeclined
with the adoptionof healthylifestylehabits,with someevidenceof reductionsin alcoholcon-
sumption,an effectiargelyseenn menasfewwomenconsumedlcoholatbaselineThere
wassomeevidencdahat addingsaltto food declined but asmostof the saltin thedietisadded
in the cookingprocessit is unlikely that reducingsaltat the tablewould explainthe BPreduc-
tionsobserved.
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Table5. Changesn risk factorsfrom baselineto follow-up in the intervention and UC groups(categoricalvariableg.

Variable Changein number of individuals (%) value
Intervention uc
Overall =637 =1,097
Changdn addingextrasaltto food 69 (11.0)° 73 (6.9)% 0.003
Changen currentsmoking 18 (2.9)° 6 (0.6)° <0.001
Changealcoholusein last30days 7 (1.1)° 3(0.2f <0.001
Women =373 =633
Changéen addingextrasaltto food 37 (10.1§ 45 (7.3 0.13
Changen currentsmoking 6 (1.7)° 1(0.2§ 0.001
Changealcoholusein last30days 1(0.1)° 3(0.5) 0.19
Men =263 =460
Changdn addingextrasaltto food 32 (12.3) 29 (6.5)° 0.009
Changen currentsmoking 12 (4.7) 7 (1.6) 0.014
Changealcoholusein last30days 6 (2.4) 1(0.1) 0.006

Negativenumberdemonstréesimprovement. Datafor saltuseat follow-up wereimputedfor 2540bservationgusingsaltuseat baseline)datafor smoking at follow-up
wereimputedfor 258observationgusingsmokingat baselineand sex);datafor alcoholconsumpgion at follow-up wereimputedfor 258observationgusingalcohol
consumpton at baselineand sex).Changen addingsaltto food wasobtainedby subtractingthe numberof peoplereporting addingsaltto food at baselindrom the
numberaddingsaltto food at follow-up. This sameapproachwasappliedfor the othervariablesn thetable.

Two to four missingobservéons.
*Fiveto eightmissingobservéions.
’Sixteermissingobservéions.
SEighteermissingobservations
kThirty-four missingobservations
UC, usualcare.

https://da.org/10.1371durnal.pned.1002997.106

Strengthsand limitations of the study

Thereweresomelimitations to our studythat mayinfluencetheinterpretationof our findings.
Althoughthe samplesizewaslargeoverall the numberof participantsin the RishiValleywas
lesghanhalfthe numberof participantsin eitherof the other2 regions Of theindividuals
with hypertensioridentifiedin the baselinecommunity-basedurveyin eachregion,we
recruitedapproximately20%ito theinterventiongroupand40%to the UC group.However,
thebaselingorevalencef hypertensionwastheleastin the RishiValley,and eventhoughwe
surveyed largernumberof peoplejt wasnot sufficientto ensuresimilar groupsizesin addi-
tion, atotal of 263individualsdroppedout of the study,mostof whomwerein theinterven-
tion group.Thisraisegotentialissuesroundtheintention-to-treatapproachwith
subsequenpotentialbiasesasdiscussethy Giraudeavand Ravaud33]. We minimisedbias
by randomisingclustersafterthe baselineeommunity-basesgurveywasconductedandsowe
hadbaselinagataon all thosewho participatedn the baselinesurvey Although somepeople
thendroppedout, weincludedthesendividualsin asensitivityanalysidy imputing their out-
come therebyreducingthe potentialbiasof excludingthesendividualswho droppedout. Of
note,thefindingsfor the 2 regionswith alargernumberof individualswho droppedout are
consistentvith thosefrom the WestGodavariregion,whereonly 24individualsdroppedout,
addingto the credencef our findings. Therewerealsono emptyclustersWe alsoacknowl-
edgethat both the 3-monthinterventionandthe follow-up period of 6:8weekshetweerthe
lastsessiorof the programandassessmeraf outcomeswererelativelyshort. Becausef this,
wecannotdeterminewhetherthereis along-lastingimprovementin controlling hypertension
from our group-basedducationand monitoring program.lt is alsopossiblaghattherewas
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Fig 4. Forestplot of differencesin control of BP by group, accordingto different characterisics of the sample
(complete caseanalysis) Thedashedine representsheline of no effect. Symbolshowpoint estimatesanderror
barsshow95%confidercelimits. valuesndicatesubgroupinteractions(obtainedusinglogisticregression)The
following variableshadmissingdata:BMI, 7; accesto healthcae,9; andregularcheckups,7.BMI, bodymassndex;
BP,blood pressureDBP,diastolicblood pressureSBP systolichlood pressure

https://cbi.org/10.1371durnal.pned.100299¢004

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1002997 January 2, 2020 17/22



@’PLOS ‘ MEDICINE

Health-worker-led program to control hypertension

someselectiorbiasasthe control of BPwasrelativelyhigh at baselinebeingapproximately
50% .Indeed,in thosewhodid not participate only 19.9%hadtheir BPcontrolledatbaseline,
indicatingthat extraeffortsshouldbemadeto improvethereachof theintervention.There
could potentiallyhavebeensomepost-randomisatiorselectiorbiasasindividualswere
recruitedfollowing randomisationof their village However potentialparticipantswere
blindedto therecruitmentstatusof their villageat the time that their eligibility wasestablished
andtheir recruitmentsoughttherebyreducingthis potentialbias.Another limitation of our
studyisthatit wasnot possibleo blind the outcomeassessots the treatmentallocationof
theindividualsasthe assessomsereinstrumentalin observinghefidelity of theintervention.
Howeverwereducedheimpactof detectionbiason our main outcomemeasure$y using
digital automatedBPmonitors, therebylimiting theinfluenceof the perceptionf the out-
comeassessothat might havearisenwith the useof auscultationA further limitation is that,
for logisticreasonsgetailsaboutsaltintakewereaskedof individualsonly aboutsaltaddedat
thetable.Howeverasmostof the saltconsumeds addedduring cooking,thesedetailswould
havebeenbetterobtainedfrom the personresponsibldor the cooking.Thus,the datawegen-
eratedon saltconsumptionshouldbeinterpretedwith caution.Someof thereductionin BP
observednaybeattributableto the Hawthorneeffectwherebyparticipantsalterbehaviours
justbecaus¢heyarebeingobservedHowever this doesnot discountthe differencethat we
observedetweerthe UC andinterventiongroups,comprisingarandomisedcomparison.

Thereareseverastrengthdo our study,including the cluster-randomisedllocationof the
PSU¢o facilitatedeliveryof the group-basedntervention,andthe consistencyn the delivery
of theprogramin all 3regions.The PSUswveregeographicallgeparate@ndhaddifferent
CHWs, therebyminimising contaminationbetweergroups.Another major strengthis our
inclusionof 3 verydiverseregionsof rural India usingthe availablevorkforce,sothat our
findingsmaybegeneralisablto alargeportion of rural India. Additionally, the samplesizeof
our projectwaslarge therebyreducingthelikelihood of achancdinding. Furthermore our
studyincludedaUC comparatorwhich enabledusto minimisethe effectsof othervariables.
Only 4 prior trials of CHW-led task-shiftinginterventionprogramsto treathypertension
includedaclearlydefinedUC group[12,13,17,18k0our studyis oneof the fewto havea
robustcomparatorto testthe effectivenessf theintervention.

Conclusion

Our programwaseffectivein increasinghe proportion who hadcontrol of hypertensionand
in reducingboth SBPand DBP.Simplesurveillancealsoappearedo resultin reducedBPin
theserural settingsOur findingsaddto thelimited researcton task-shiftinginterventionsfor
treatinghypertensiorin LMICs. In particular,wehaveshownthatthis interventionis applica-
bleacroswerydiverserural settingssothereis considerablg@otentialto implementandscale
up acrosgural India andpotentiallyotherresource-pooregionsin othercountries.Future
programsincorporatingcomprehensiveollectionof dataon change$n medicationuse,
changedo lifestylebehavioursandknowledgeof hypertensiormayhelpteaseout which fac-
torsarebesttargetedo improvethe control of hypertensiorin thesesettings.
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B) or linearregressiorior continuousvariablegC+E),with Bonferronicorrectionfor specific
contrastdetweereachof the 3 regions Error barsshow95%confidencdimits.

(TIF)

S2Fig. Distribution of changein SBPbetweenbaselineand follow-up, by intervention
group and site (completecaseanalysis).
(TIF)

S3Fig. Distribution of changein DBP betweenbaselineand follow-up, by intervention
group and site (completecaseanalysis).
(TIF)

S4Fig. Forestplot of between-groupdifferencesin control of BPin womenand men,
accordingto different characteristicsof the sample(completecaseanalysis).(A) Women;
(B) men.Thedashedine representsheline of no effect.Symbolshowpoint estimatesand
error barsshow95%confidencdimits. valuesndicatesubgroupinteractions(obtained
usinglogisticregression).

(TIF)

S1Table.Socioeconomicharacteristicsof participants in the intervention and UC groups
in the 3regions.
(DOCX)

S2Table.Baselinecharacteristicsof participants with hypertensionin the intervention
and UC groups.
(DOCX)

S3Table.Effectsof the intervention on control of hypertension(primary outcome)and
prescription of antihypertensivemedication (secondaryoutcome)in peoplewith hyperten-
sion: Imputation analysisusing intention-to-treat principles.

(DOCX)

S4Table. Sensitivity analysisof the effectsof the intervention on the primary outcome
(control of hypertension)in peoplewith hypertension,excludingthosewith controlled
hypertensionat baseline.

(DOCX)

S5Table.Changesn risk factorsfrom baselineto follow-up in the intervention and UC
groups(categoricalvariables).
(DOCX)

S6Table.Changedn control of BP and useof antihypertensivemedicationsfrom baseline
to follow-up in womenand menin the intervention and UC groups.
(DOCX)

S7Table.Effectsof the intervention on secondaryoutcomesin peoplewith hypertension:
Imputation analysisusingintention-to-treat principles.
(DOCX)

S8Table.Changedn risk factorsfrom baselineto follow-up in the intervention and UC
groups(continuous variables).
(DOCX)

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1002997 January 2, 2020 19/22



@’PLOS ‘ MEDICINE

Health-worker-led program to control hypertension

S9Table.Changesn BP from baselineto follow-up in womenand menin the intervention
and UC groups.
(DOCX)

Acknowledgmen ts

Theauthorswould like to acknowledgéehe contribution of the participants healthcarevork-
ers,andstaffinvolvedin the study,aswell asthe externalstakeholdersvho providedadviceon
howto ensurethattheinterventionwasrelevanto the Indian healthcaresystem.

Author Contributions

Conceptualization:MichaelaA. Riddell,RohinaJoshi KavumpurathuR. ThankappanClara
K. Chow,Brian Oldenburg,RogerG. EvansAjay S.Mahal,Kartik Kalyanram Kamakshi
Kartik, Nihal Thomas PallabK. Maulik, VelandaiK. Srikanth,Simin Arabshahi Thiruna-
vukkarasuSathishAmandaG. Thrift.

Data curation: AmandaG. Thrift.
Formal analysis:Dilan GiguruwaGamageRogerG. EvansAmandaG. Thrift.

Funding acquisition: MichaelaA. Riddell,RohinaJoshiKavumpurathuR. Thankappan,
ClaraK. Chow,Brian Oldenburg,RogerG. EvansAjay S.Mahal,Kartik Kalyanram,
KamakshiKartik, Nihal Thomas PallabK. Maulik, VelandaiK. Srikanth,Simin Arabshahi,
ThirunavukkarasiBathishAmandaG. Thrift.

Investigation: MichaelaA. Riddell,RohinaJoshiKavumpurathuR. ThankappanClaraK.
Chow,Brian Oldenburg,Ajay S.Mahal,Kartik Kalyanram KamakshiKartik, Oduru Sur-
eshNihal Thomas,Gomathyamma. Mini, PallabK. Maulik, Simin ArabshahiRamaK.
Guggilla,FabrizioD'Esposito AmandaG. Thrift.

Methodology:MichaelaA. Riddell,RohinaJoshi KavumpurathuR. ThankappanClaraK.
Chow,Brian Oldenburg,Ajay S.Mahal,Kartik Kalyanram KamakshiKartik, Oduru Sur-
esh Nihal Thomas,Gomathyamma. Mini, PallabK. Maulik, VelandaiK. Srikanth,Ravi
P.Varma,RamaK. Guggilla,FabrizioD'Esposito;ThirunavukkarasusathishMohammed
Alim, AmandaG. Thrift.

Projectadministration: MichaelaA. Riddell,FabrizioD'Esposito AmandaG. Thrift.

ResourcesMichaelaA. Riddell,RohinaJoshiKartik Kalyanram KamakshiKartik, Oduru
SureshGomathyammaK. Mini, Simin ArabshahiAmandaG. Thrift.

Supervision:MichaelaA. Riddell,RohinaJoshi KavumpurathuR. ThankappanRogerG.
EvansKartik Kalyanram KamakshiKartik, Oduru SureshGomathyamma. Mini, Pallab
K. Maulik, MohammedAlim, AmandaG. Thrift.

Writing *original draft: Dilan GiguruwaGamageRogerG. EvansAmandaG. Thrift.

Writing *review& editing: MichaelaA. Riddell,RohinaJoshiKavumpurathuR. Thankap-
pan,ClaraK. Chow,Brian Oldenburg,RogerG. EvansAjay S.Mahal,Kartik Kalyanram,
KamakshiKartik, Oduru SureshNihal ThomasGomathyamma. Mini, PallabK. Maulik,
VelandaiK. Srikanth,Simin ArabshahiRaviP.Varma,RamaK. Guggilla,FabrizioD'Espo-
sito, ThirunavukkarasiSathishMohammedAlim, AmandaG. Thrift.

References

1. Forouzanfar MH, Liu P, Roth GA, Ng M, Biryukov S, Marczak L, et al. Global burden of hypertension
and systolic blood pressure of at least 110 to 115 mm Hg, 1990+2015. JAMA. 2017; 317(2):165+82.
https://doi.org/10.1001/jama.2016.19043 PMID: 28097354

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1002997 January 2, 2020 20/22



@’PLOS ‘ MEDICINE

Health-worker-led program to control hypertension

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

NCD Risk Factor Collaboration. Worldwide trends in blood pressure from 1975 to 2015: a pooled analy-
sis of 1479 population-based measurement studies with 19.1 million participants. Lancet. 2017; 389
(10064):37+55. https://doi.org/10.1016/S0140-6736(16)31919-5 PMID: 27863813

Gupta R. Convergence in urban-rural prevalence of hypertension in India. J Hum Hypertens. 2016; 30
(2):79+82. https://doi.org/10.1038/jhh.2015.48 PMID: 26108364

Joshi SR, Parikh RM. Indiabdiabe tes capital of the world: now heading towards hypertension. J Assoc
Physicians India. 2007; 55:323+4. PMID: 17844690

Anchala R, Kannuri NK, Pant H, Khan H, Franco OH, Di Angelantonio E, et al. Hypertension in India: a
systematic review and meta-analysis of prevalence, awareness, and control of hypertension. J Hyper-
tens. 2014; 32(6):1170+7. https://doi.org/10.1097/HIJH.0000000000000146 PMID: 24621804

Central Bureau of Health Intelligence. National health profile 2015. New Delhi: Central Bureau of Health
Intelligence; 2015 [cited 2018 Nov 9]. Available from: https://www.thehinducentre.com/multimedia/
archive/02557/National_Health_Pr_2557764a.pdf.

Muralidharan K, Chaudhury N, Hammer J, Kremer M, Rogers FH. Is there a doctor in the house? Medi-
cal worker absence in India. San Diego: University of California, San Diego, Department of Economics;
2011 [cited 2018 Nov 9]. Available from: http://econweb.ucsd.edu/~kamurali/papers/Working%
20Papers/Is%20There%20a%20Doctor%20in%20the%20House%20-%2012%20April,%202011.pdf.

Busingye D, Arabshahi S, Evans RG, Srikanth VK, Kartik K, Kalyanram K, et al. Factors associated with
awareness, treatment and control of hypertension in a disadvantaged rural Indian population. J Hum
Hypertens. 2017; 31(5):347+53. https://doi.org/10.1038/jhh.2016.85 PMID: 28054571

Attaei MW, Khatib R, McKee M, Lear S, Dagenais G, Igumbor EU, et al. Availability and affordability of
blood pressure-lowering medicines and the effect on blood pressure control in high-income, middle-
income, and low-income countries: an analysis of the PURE study data. Lancet Public Health. 2017; 2
(9):e411+9. https://doi.org/10.1016/S2468-2667(17)30141-X PMID: 29253412

World Health Organization. Taking stock: task shifting to tackle health worker shortages. Geneva:
World Health Organization; 2007 [cited 2018 Nov 9]. Available from: http://www.who.int/healthsystems/
task_shifting/TTR_tackle.pdf?ua=1.

Joshi R, Alim M, Kengne AP, Jan S, Maulik PK, Peiris D, et al. Task shifting for non-communicable dis-
ease management in low and middle income countriesb a systematic review. PLoS ONE. 2014; 9(8):
€103754. https://doi.org/10.1371/journal.pone.0103754 PMID: 25121789

He J, Irazola V, Mills KT, Poggio R, Beratarrechea A, Dolan J, et al. Effect of a community health
workerxled multicomponent intervention on blood pressure control in low-income patients in Argentina:
a randomized clinical trial. JAMA. 2017; 318(11):1016+25. https://doi.org/10.1001/jama.2017.11358
PMID: 28975305

Neupane D, McLachlan CS, Mishra SR, Olsen MH, Perry HB, Karki A, et al. Effectiveness of a lifestyle
intervention led by female community health volunteers versus usual care in blood pressure reduction
(COBIN): an open-label, cluster-randomised trial. Lancet Glob Health. 2018; 6(1):e66+73. https://doi.
0rg/10.1016/S2214-109X(17)30411-4 PMID: 29241617

Jafar TH, Silva A, Naheed A, Jehan |, Liang F, Assam PN, et al. Control of blood pressure and risk
attenuation: a public health intervention in rural Bangladesh, Pakistan, and Sri Lanka: feasibility trial
results. J Hypertens. 2016; 34(9):1872+81. https://doi.org/10.1097/HJH.0000000000001014 PMID:
27488552

Kar SS, Thakur JS, Jain S, Kumar R. Cardiovascular disease risk management in a primary health care
setting of north India. Indian Heart J. 2008; 60(1):19+25. PMID: 19212017

Newman PM, Franke MF, Arrieta J, Carrasco H, Elliott P, Flores H, et al. Community health workers
improve disease control and medication adherence among patients with diabetes and/or hypertension
in Chiapas, Mexico: an observational stepped-wedge study. BMJ Glob Health. 2018; 3(1):e000566.
https://doi.org/10.1136/bmjgh-2017-000566 PMID: 29527344

Jafar TH, Hatcher J, Poulter N, Islam M, Hashmi S, Qadri Z, et al. Community-based interventions to
promote blood pressure control in a developing country: a cluster randomized trial. Ann Intern Med.
2009; 151(9):593+601. https://doi.org/10.7326/0003-4819-151-9-200911030-00004 PMID: 19884620

Peiris D, Praveen D, Mogulluru K, Ameer MA, Raghu A, Li Q, et al. SMARThealth India: a stepped-
wedge, cluster randomised controlled trial of a community health worker managed mobile health inter-
vention for people assessed at high cardiovascular disease risk in rural India. PLoS ONE. 2019; 14(3):
e€0213708. https://doi.org/10.1371/journal.pone.0213708 PMID: 30913216

Mendis S, Johnston SC, Fan W, Oladapo O, Cameron A, Faramawi MF. Cardiovascular risk manage-
ment and its impact on hypertension control in primary care in low-resource settings: a cluster-random-
ized trial. Bull World Health Organ. 2010; 88(6):412+9. https://doi.org/10.2471/BLT.08.062364 PMID:
20539854

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1002997 January 2, 2020 21/22



@'PLOS ‘ MEDICINE

Health-worker-led program to control hypertension

20.

21.

22.

23.

24.

25.

26.

27.

28.

20.

30.

31.

32.

33.

Riley SB, Marshall ES. Group visits in diabetes care: a systematic review. Diabetes Educ. 2010; 36
(6):936x44. https://doi.org/10.1177/0145721710385013 PMID: 20974905

Riddell MA, Joshi R, Oldenburg B, Chow C, Thankappan KR, Mahal A, et al. Cluster randomised feasi-
bility trial to improve the Control of Hypertension In Rural India (CHIRI): a study protocol. BMJ Open.
2016; 6(10):e012404. https://doi.org/10.1136/bmjopen-2016-012404 PMID: 27855099

Government of Kerala State Planning Board. Human development report 2005. Thiruvananthapuram:
Government of Kerala State Planning Board; 2005 [cited 2018 Nov 9]. Available from: http:/
planningcommission.nic.in/plans/stateplan/sdr_pdf/shdr_kerala05.pdf.

Government of India. District census 2011. Government of India; 2015 [cited 2018 Nov 9]. Available
from: http://www.census2011.co.in/district.php.

Thrift AG, Evans RG, Kalyanram K, Kartik K, Fitzgerald SM, Srikanth V. Gender-specific effects of
caste and salt on hypertension in poverty: a population-based study. J Hypertens. 2011; 29(3):443+50.
https://doi.org/10.1097/HJH.0b013e328341888c PMID: 21119531

World Health Organization. WHO STEPS: surveillance manual: the WHO STEPwise approach to non-
communicable disease risk factor surveillance. Geneva: World Health Organization; 2017 [cited 2018
Oct 10]. Available from: http://www.who.int/ncds/surveillance/steps/STEPS_Manual.pdf.

Abdel-All M, Thrift AG, Riddell M, Thankappan KRT, Mini GK, Chow CK, et al. Evaluation of a training
program of hypertension for accredited social health activists (ASHA) in rural India. BMC Health Serv
Res. 2018; 18(1):320. https://doi.org/10.1186/s12913-018-3140-8 PMID: 29720161

R nstamL, Berglund G, Isacsson SO, Rydén L. The Skaraborg hypertension project. IIl. Influence on
blood pressure of a medical care program for hypertension. Acta Med Scand. 1986; 219(3):261+9.
PMID: 3486551

Parker DR, Evangelou E, Eaton CB. Intraclass correlation coefficients for cluster randomized trials in
primary care: the cholesterol education and research trial (CEART). Contemp Clin Trials. 2005; 26
(2):260+7. https://doi.org/10.1016/j.cct.2005.01.002 PMID: 15837446

Blood Pressure Lowering Treatment Trialists' Collaboration. Effects of different blood-pressure-lower-
ing regimens on major cardiovascular events: results of prospectively-designed overviews of rando-
mised trials. Lancet. 2003; 362(9395):1527+35. https://doi.org/10.1016/s0140-6736(03)14739-3 PMID:
14615107

White ND, Lenz TL, Smith K. Tool guide for lifestyle behavior change in a cardiovascular risk reduction
program. Psychol Res Behav Manag. 2013; 6:55+63. https://doi.org/10.2147/PRBM.S40490 PMID:
23983496

Matsumura K, Arima H, Tominaga M, Ohtsubo T, Sasaguri T, Fuijii K, et al. Impact of antihypertensive
medication adherence on blood pressure control in hypertension: the COMFORT study. QIM. 2013;
106(10):909+14. https://doi.org/10.1093/gjmed/hct121 PMID: 23696676

Aucott L, Rothnie H, McIntyre L, Thapa M, Waweru C, Gray D. Long-term weight loss from lifestyle inter-
vention benefits blood pressure?: a systematic review. Hypertension. 2009; 54(4):756+62. https://doi.
0rg/10.1161/HYPERTENSIONAHA.109.135178 PMID: 19704106

Giraudeau B, Ravaud P. Preventing bias in cluster randomised trials. PLoS Med. 2009; 6(5):e1000065.
https://doi.org/10.1371/journal.pmed.1000065 PMID: 19536323

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1002997 January 2, 2020 22/22



