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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)±led 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 (�í5.0 mm Hg, 95% CI �í7.1 to �í3.0; P �� 0.001) and a

greater decline in diastolic BP (�í2.1 mm Hg, 95% CI �í3.6 to �í0.6; 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 CHWs 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?

· Manyregionsof theworld haveinadequateor inaccessiblehealthresourcesandhealth
professionalsto diagnose,monitor, or managehypertension.

· Thisgapcouldpotentiallybeaddressedbyusingnon-physiciancommunityhealth
workers(CHWs),whoresidein thecommunityandareavailablein sufficientnumbers.

Health-worker-led program to control hypertension
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What did the researchers do and find?

· In aclusterrandomisedcontrolledtrial in 3 verydiverseregionsin rural India,637par-
ticipantswith hypertensionfrom 5 clusterswererecruitedandrandomisedto theinter-
vention,and1,097with hypertensionfrom 10clusterswererecruitedandrandomised
to usualcare.

· Every2 weeks,CHWseducatedpeoplein theinterventionclustersabouthypertension
andmeasuredtheir bloodpressure.

· Bloodpressuredeclinedanaverageof 5.0/2.1mm Hg morein theinterventiongroup
thantheusualcaregroup,andcontrol of bloodpressureimproved.

What do these findings mean?

· Our approachovercomeslimitations in accessto healthcarebyutilising aCHW work-
forcethatnot only is local,but requiresverylittle training.

· This low-costgroup-basededucationandmonitoring interventionisapotentiallyscal-
ableapproachthatcouldbeimplementedacrossotherdiversesettingsin rural India,
andglobally.

· Useof thisapproachmayhelpreducetheemergenceof cardiovasculardiseasesin low-
resourcesettings.

Introduction
Hypertensionis thelargestcontributor to theglobalburdenof disease,andhasaprevalence
thathasalmostdoubledoverthelast25years,from 442million in 1990to 874million in 2015
[1]. Thisgrowthhasoccurredmostrapidly in low- andmiddle-incomecountries(LMICs) [1],
whichnowaccountfor themajority of thosewith hypertension(66%)[2]. India,with rapidly
risingprevalenceof hypertensionalsooccurringin rural regions[3], isnowwellon its wayto
becomingtheglobalªhypertensioncapitalº[4].

Controlling hypertensionisparamountfor reducingrisksof adverseoutcomes,but there
aresignificantbarriersto its control,particularlyin rural regions[5]. Forexample,awareness
of havinghypertensionissignificantlylessamongthosewith hypertensionin rural (mean
25%)thanurban(mean42%)India [5], anddiffersmarkedlyacrossrural regions[5]. In addi-
tion, patientsoftendo not receiveevidence-basedcarefor hypertension,with arecentreview
providingevidencethatonly 25%of peoplewith hypertensionin rural India werereceiving
treatment,andonly 11%hadtheir bloodpressure(BP)controlled[5]. Suchinadequatecareis
partlydueto ashortageof doctors(below1:20,000in someregions)[6] anddoctorabsentee-
ismin publichealthcentres[7]. Otherbarriersincludethecostof treatmentandthelackof
availabilityof medications[8,9].

Sharingtasksbetweencommunityhealthworkers(CHWs)anddoctorsisapromisingand
potentiallyscalableapproachfor deliveringcarefor hypertensionin hard-to-reachsettings
[10], asit improvesaccessto healthcareandreducescostsassociatedwith treatment[11]. Only
7studieshaveincorporatedthisapproachto managinghypertensionin LMICs [12±18],and

Health-worker-led program to control hypertension
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in anotherstudy,it wasunclearwhetherthestaffsharingthetaskswerenursesor CHWs[19].
Furthermore,only 4of thestudiesincludedarandomisedcomparator[12,13,17,18].While
therewerereductionsin BPandimprovedcontrol of hypertension,theinterventionscitedin
thesestudieswereall resource-intensiveindividualisedapproaches.Noneincorporateda
group-basedapproach,whichhasbeenshownto reducecostsin otherdiseases[20], thereby
enhancingscalability.

Weaimedto determinewhetheraCHW-ledgroup-basededucationandmonitoring pro-
gramfor themanagementof hypertensioniseffective,both individually andby region,in
rural India.Weusedaclusterdesignto facilitateour group-basedapproach.

Methods

Studydesign
Thestudywasconductedin 2 stages.Initially, abaselinecommunity-basedsurveywascon-
ductedto identify peoplewith hypertension.Thiswasfollowedbyanopen-labelclusterrando-
misedcontrolledtrial (cRCT)of aninterventionprogramto managehypertension,asoutlined
in our publishedstudyprotocol[21].

Studysetting
Thestudywasconductedin 3 rural regionsof SouthIndia with differing economicandepide-
miologicalprofiles.TheTrivandrumregionin Keralahasarelativelyhigh life expectancyof
76.4years[22] andmorethan90%literacy[23]. In theRishiValleyregion,locatedin Chittoor
District nearthesouthwesternborderof AndhraPradesh,thepopulationlargelycomprisessub-
sistencefarmers.Approximatelyhalf thepopulationin this regionhasno formalschooling[24].
TheWesternGodavaristudyregioniseconomicallyintermediatebetweenthese2otherregions
[23]. In 2011,approximately75%of thepopulationin WestGodavariwereliterate[23].

Ethicsapprovalwasobtainedfrom SreeChitraTirunal Institute for MedicalSciencesand
Technology(Trivandrum,India;SCT/IEC-484/July-2013),theCentrefor ChronicDisease
Control (CCDC-IEC-09-2012),ChristianMedicalCollege(Vellore,India), theHealthMinis-
try ScreeningCommitteeof theGovernmentof India (58/4/1F/CHR/2013/NCDII), andMon-
ashUniversity(CF13/2516±2013001327).

Participants
In eachregion,primary samplingunits (PSUs)werewards,villages,or hamlets,thelastbeing
clustersof approximately10to 200housesgeographicallyseparatedwithin alargervillage(col-
lectivelyreferredto asªvillagesºhereafter)(Fig1).Membersof theinvestigatorteamof each
regionrandomlyselectedthePSUs.To randomlyidentify potentialparticipants,polling lists
wereusedin Trivandrum,whereasalist of residentscompiledfollowingacensuswecon-
ductedwasusedin WestGodavari(see[21] for moredetails).

Ageandsexstratificationwasusedto obtainapproximatelyequalnumbersof malesand
femalesin theagecategories18±24,25±34,35±44,45±54,55±64,and65+yearsin eachPSU.
In Trivandrum,10wardsweresurveyed,with approximately375participantsin each(3,757
total). In WestGodavari,10villagesweresurveyed,with approximately450participantsin
each(4,500total). In theRishiValley,139hamlets,locatedwithin 7villages,wererandomly
selected(6,243participants).Thus,14,500participantsweresurveyedfrom atotalof 27clus-
tersin 3 regionsof India. Individual informedconsentwasobtained,viaasignatureor thumb
print, followingfull explanationof thestudyto potentialparticipantsprior to enrolmentin the
baselinesurveyandagainprior to randomisationinto thecRCT.

Health-worker-led program to control hypertension
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Fig 1. Flowdiagramof trial participants. `Notmeetinginclusioncriteria' refersto thosenot categorisedashypertensivewhenre-assessed for
eligibility. BP,bloodpressure;PHC,primaryhealthcentre;RCT,randomisedcontrolledtrial.

https://doi.org/10.1371/journal.pmed.1002997.g001
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Participant baselineassessments
Prior to commencingthestudy,weengagedwith localvillageleadersin eachregion.Then,a
teamof trainedresearchassistantsconductedabaselinecommunity-basedsurveybetween
September2013andDecember2015.WemeasuredBPandanthropometryandconducted
interviewsto elicit detailson useof medications,demographics,lifestylebehaviours,andaccess
to healthcare.Arterial BPwasmeasuredaftertheparticipanthadbeenseatedquietlyfor at
least15minutes.Threemeasurementsweretakenat3-minuteintervalsusingtheappropriate
cuff sizeandacalibrateddigital automaticBPmonitor (OMRON HEM-907,OMRON Health-
care,Kyoto,Japan)accordingto theWHO STEPSprotocol,modifiedonly byusingtheright
armfor all measurements[25]. Measurementcontinueduntil 2 consecutivereadingsdiffered
by<10 mm Hg systolicand<6 mm Hg diastolic,with amaximumof 5 measurements.The
meanof thelast2 consecutivemeasurementswasconsideredthebaselineBPlevelfor each
participant.

Wemeasuredheightto thenearest0.1cmusingaportablestadiometer(213,Seca,Ham-
burg,Germany)andweightto thenearest0.1kgusingaportabledigitalweighingscale
(9000SV3R,Salter,Kent,UK). Waistandhip circumferenceweremeasuredusingaspring-
loadedtensiontape(Gulick M-22C,PattersonMedical,Illinois, US)in aprivatesetting.In
accordancewith theWHO STEPSprotocol[25], waistcircumferencewasmeasuredat the
midpoint betweenthelowestrib andupperpoint of theiliac crestandat theendof normal
expiration,whilehip circumferencewasmeasuredat themaximumprotrusionof the
buttocks.

At thetime of thebaselinesurvey,all participantswith systolicBP(SBP)� 140mm Hg
and/ordiastolicBP(DBP)� 90mm Hg wereinformedtheymayhavehypertensionandwere
advisedto visit adoctorto havetheir BPre-checked.

Randomisationandeligibility
Participantsre-assessedfor eligibility to berecruitedto thecRCTwerethoseidentifiedas
potentiallyhypertensivein thebaselinecommunity-basedsurvey.Becauseof limited resources,
wedid not recruit or follow-upparticipantsin all PSUs.Insteadtheleadinvestigator(AGT),
locatedoff site,usedacomputer-generatedrandomsequenceto randomlyallocate20%of
PSUsto theinterventionand40%to usualcare(UC) in eachregion(Fig1).Eligibility of all
potentialparticipantswithin thesePSUswasdeterminedprior to enrolment[21], usingthefol-
lowingdefinition for hypertension:(1) self-reportof anexistingdiagnosisof hypertension;(2)
useof antihypertensivemedications;(3) SBP� 140mm Hg and/orDBP� 90mm Hg in the
baselinecommunity-basedsurvey,with asubsequentdiagnosisof hypertensionby their pri-
maryhealthcareprovider;or (4) SBP� 140mm Hg and/orDBP� 90mm Hg both in the
baselinesurveyandatanothermeasurementprior to recruitmentto thecRCT.All peoplewith
verifiedhypertension,i.e.,satisfyinganyof theabovecriteria,wereinvited to participateby the
studyfield staff,andcomprisedtheintention-to-treatgroup.

CHWs and training
Theinterventionprogramwasconductedbyaccreditedsocialhealthactivists(ASHAs),who
areCHWswhoresidein mostvillagesin rural India.Weemployed14ASHAswhowere
alreadyworking in this role in theregion[26]. In 1 villagethathadno ASHA,wespecifically
employedsomeonefor this role.

Prior to commencementof theintervention,CHWsweretrainedto deliverthecommu-
nity-basedprogramovera5-daycourse[21,26].Theywereremuneratedfor their time in
accordancewith governmentsalaryscales(for specificdetailsof this remunerationpleaserefer

Health-worker-led program to control hypertension
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to [21]). This includedtime for training andfor deliveringtheintervention.No further train-
ing wasprovidedduring the3-monthinterventionperiod.However,studysupervisors,who
werespecificallyemployedfor thestudy,reviewedthecontentandactivitieswith CHWsafter
eachinterventionsession.

Patient andpublic involvement
Participantsandthepublicwereinvolvedin theshapingof theinterventionprogramin a
numberof ways.First,theresultsof focusgroupdiscussionandpreliminaryanalysesof the
baselinesurveydrovecontentfor theeducationalmaterials.Theseinteractionshighlighted
poorknowledgeof hypertensionandpooraccessto healthservices.CHWswhowereinvolved
in thepilot training andlocalcliniciansin theRishiValley(K. Kar.andK. Kal.)alsoprovided
feedbackon thiscontent,enablingrefinementof theeducationalresources.In addition,in
October2014astakeholdermeetingwasheldin whichexpertsfrom theMinistry of Health
andtheIndian Councilof MedicalResearchandanindependentresearcherprovidedinput as
to howthisapproachcouldfit within theIndian healthsystem.

Intervention
Theinterventionconsistedof 6 fortnightly sessionsof ~90minutes,heldwithin thevillages
(clusters)in whichtheparticipantsresided,anddeliveredover3 months.Eachparticipantin
aninterventionclusterwasallocatedto 1 of 32groupsin whichtheinterventionwasdelivered:
6 in theRishiValley,14in WestGodavari,and12in Trivandrum.CHWsencouragedgroup
membersto attendall 6 sessions.At thestartof eachfortnightly session,CHWsmeasuredBP
andweighedall participantsto assistwith self-management.During eachsession,theydeliv-
erededucationabouthypertensionandhowto manageit, in thelocallanguage[21,26].This
includeddetailsaboutadheringto medicationsandtheimportanceof makinglifestyle
changes,suchasincreasingphysicalactivityandfollowingahealthierdiet.Pictorialflipcharts
wereusedaseducationaids,andhandoutswereprovidedto participantsto useathome.Full
detailsof theeducationprovided,includingall sessionflipchartsandhandouts,areavailable
online(doi: 10.4225/03/5967f9a94970d[Englishversion]).ThosewhoseBPwascontrolled
wereprovidedthesameeducationasthosewhoseBPwasnot controlled,with positivefeed-
backprovidedwhenBPlevelsweremaintainedbelow140/90mm Hg.

Usualcare
TheUC groupwasnot informedof theinterventionprogram.Theywerecontactedonce
betweenthebaselinesurveyandthefinal follow-up to determinetheir eligibility, i.e.,their
hypertensivestatuswasconfirmed,asfor theinterventiongroup.

Blinding
Asthiswasabehaviouralintervention,neithertheworkersdeliveringtheprogramnor the
participantsin theinterventiongroupcouldbeblindedto theintervention.Participantsin the
UC groupwereunawareof theintervention.Theoutcomeassessorswerethesametrained
researchassistantswhoconductedthebaselinesurvey.Theywerealsonot blindedto treatment
group,astheymonitoredtheCHWsduring deliveryof theintervention.

Outcomes
Participantoutcomeswerecollectedatafollow-upvisit occurringapproximately2months
afterthefinal sessionof thegroup-basededucationandmonitoring program.Theprimary

Health-worker-led program to control hypertension
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outcomewasachangefrom baselinein theproportion of peoplewith controlledhypertension
(BP< 140/90mm Hg), asoutlinedin our clinical trial registration.SecondaryBPoutcomes,as
listedin our publishedprotocol[21], includedchangein SBPandDBPfrom baseline,mea-
suredin anidenticalwayto thebaselinesurveyin accordancewith theWHO STEPSprotocol
[25]. Otheroutcomescomprisedchangesin useof antihypertensivemedications,bodymass
index(BMI), waist±hipratio (WHR), andlifestylebehaviours(physicalactivity,fruit andsalt
intake,tobaccosmoking,andalcoholconsumption).

Samplesize
Our original samplesizewasbasedon ameanSBPamongpeoplewith hypertensionof 147
mm Hg (SD22)anda6±mmHg reductionwith theintervention,slightlylessthanthatseenin
anearliertrial of hypertensionin adevelopedcountry[27]. Wefurther estimated100partici-
pantspercluster(30clusters)andpresumedanintraclasscorrelationcoefficient(ICC) of
0.047,givingadesigneffectof 5.653[28]. At asignificancelevelof 5%andapowerof 80%,and
adjustingfor clustering(i.e.,adjustingfor thedesigneffect),weestimatedrequiring1,097peo-
plewith hypertensionperstudyarm.However,aswehadinsufficientresourcesto includeall
of theclustersin thesubsequentlydesignedcRCT,our eventualsamplesizewasprojectedto
belessthanthis,leadingusto initially proposethisasafeasibilitystudy.Towardstheendof
thebaselinesurvey,apreliminaryanalysisof meanbaselineSBPin 15clustersrevealedthat the
ICC amongthosewith SBP� 140mm Hg was0.01,with 37%havingcontrolledhypertension.
Estimatinganaverageclustersizeof 120yieldedadesigneffectof 2.19(1 + [119� 0.01]=
2.19).Usinga1:2ratio for theinterventionversusUC andapowerof 80%to detectadiffer-
encein theproportion with controlledBPof 37%in UC versus50%in theinterventiongroup
resultedin aninitial requiredsamplesizeof 170in theinterventiongroupand339in UC.Mul-
tiplying by thedesigneffect(i.e.,2.19),to ensureadequatepowerfor acRCT,resultedin a
requirementof 372in theinterventiongroupand742in UC.Fromthebaselinesurvey,we
estimatedthatwewouldhaveapproximately600in theinterventiongroupand1,200in UC.
Thissamplesizewouldgiveus94%powerto detectthesamelevelof effect(i.e.,differencein
theproportion with controlledBPof 37%in UC versus50%in theinterventiongroup),hence
providing therationaleto analysethisasastand-alonecRCT.Samplesizewasdeterminedfor
thewholesampleandnot for subgroups,i.e.,siteor sex.

Data managementandanalysis
Datafrom questionnaireswerecapturedinto anelectronicdatabaseusingTeleFormversion
10.5(Cardiff Software,CA,US).Thedatawerecleanedby identifyingoutliers.Potentialerrors
in theseoutlierswerecheckedwith theoriginal formsandbyseekingclarificationfrom the
researchsites.Errorsidentifiedin thiswaywerethencorrected.

In theanalysiswefollowedintention-to-treatprinciples(StataIC/11.2,StataCorp,College
Station,TX, US).ANOVA wasusedto determinewhetherbaselinecharacteristics(continuous
variables)differedsignificantlybetweentreatmentgroups,andbetweenregions,andwhether
thedifferencesbetweenthetreatmentgroupsvariedaccordingto region.Tukey'stestwas
appliedto determinewhichregionsdiffered.Student'sunpaired� testwasusedto detect
whetherdifferencesexistedbetweenthetreatmentgroupsin eachof the3 regions,soaBonfer-
roni correctionwasappliedto protectagainstincreasedrisk of typeI error.Differencesin cate-
goricalvariablesbetweenregionsandtreatmentgroupswereanalysedusingchi-squaredtests
with Bonferronicorrectionto accountfor multiple comparisonsbetweenandwithin regions.
Two-tailed� � 0.05wasconsideredstatisticallysignificant.
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Theprimary outcomecomprisedmixedeffectslogisticregressionanalyses,clusteredbyvil-
lagewithin regionandadjustedfor baselinecontrol of BP,conductedto determinetheodds
for control of BPfor theinterventionversusUC group.Weusedsimilaranalysesto determine
theoddsof prescriptionof antihypertensivemedication(asecondaryanalysis).Separateanaly-
seswereconductedfor womenandmen.

In sensitivityanalysesthat includedall eligibleparticipants,theoutcomedatafrom individ-
ualswhodroppedout of thestudywereimputedusingmultiple imputationbychainedequa-
tionsassomevariableswerebinaryandotherscontinuous.Twentyimputeddatasetswere
createdfor eachrelevantoutcomevariable.Detailsof theproportion of missingobservations
imputedfor eachvariableandthevariablesusedin eachimputationmodelareprovidedin the
footnotesto tablesandfigures.

For imputedoutcomes,differencesin categoricalvariablesbetweengroupswereinitially
assessedusinga2-sampletestof proportions,while linearregressionwasusedto determine
differencesin continuousvariables.Further,sensitivityanalysesusingthesamemethodswere
conductedin thosewhoseBPwasuncontrolledatbaseline,but without baselineadjustment.

Mixed effectslinearregressionanalyses,adjustedfor baselinecontrol of BPandclustered
byvillagewithin region,wereusedto determinetheeffectivenessof theinterventionin reduc-
ing SBPandDBP(secondaryanalyses).Separateanalyseswereconductedfor womenand
men.

Thetrial wasregisteredwith theClinicalTrialsRegistry±India(CTRI;CTRI/2016/02/
006678).Weappliedfor registrationon 28September2015,approximately2monthsbefore
thefirst patientwasenrolled.Asdelaysin havingatrial approvedareverycommonin India, it
isusualpracticeto commencerecruitingpatientsbeforethefinal registrationnumberis
received.Weobtainedofficial approvalfrom theCTRI on 25February2016(CTRI/2016/
006678),notablywith no changesto theprotocolfrom our originalapplication.

Results
In total,2,382residentswereidentifiedaspotentiallyeligibleto participatein thiscRCT.Since
thebaselinesurvey,46haddiedand140hadmigrated,leaving2,196potentiallyeligible(Fig
1).Amongthese,273did not meettheinclusioncriteriafor verifieddiagnosisof hypertension,
while in 187theeligibility statuscouldnot beascertained(149refusedto participateand38
eitherwereunavailableor their statuswasunknown),resultingin 1,736recruited.In thevil-
lagesrandomlyallocatedto theintervention,the3-monthgroup-basededucationandmoni-
toring programcommencedfirst in WestGodavari(November2015)andlastin Trivandrum
(April 2016).Finalfollow-upof 1,471participantsoccurredbetweenJanuaryandSeptember
2016,with 200(11.5%)refusingor unavailablefor thefinal outcomeassessment.In sensitivity
analyses,outcomevariableswereimputedfor theseparticipants.Two participantsdied,andso
werenot includedin theoutcomeanalyses.

Participantsfrom theRishiValleyregionhadpoorereducationalattainment,literacy,and
othermarkersof socioeconomicpositionthantheother2 regions(Fig2;S1Table).Educa-
tional attainmentwasgreatestin Trivandrum,with 62.0%of participantscompletingat least
class7 (Fig2).Thiscompareswith 23.3%in WestGodavariand17.0%in theRishiValley
(both � for differencefrom Trivandrum< 0.001;Fig2).Participantsin theRishiValleyalso
self-reportedgreaterdifficulty in accessinghealthcarethantheother2 sites(� < 0.001).

Themeanageof participantswas56.8years,and58.2%werefemale(Table1).Overall,
baselinecharacteristicsof participantswerebalancedbetweentheinterventionandUC groups,
exceptthatparticipantsin theinterventiongroupreportedeatingmoreservingsof fruit per
week.Importantly,control of BP,andmeanSBPandDBP,weresimilarbetweengroups
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overall(Table1;Fig3) andwithin regions(S2Table)but differedbetweenregions(S1Fig;S2
Table).BaselinemeanSBPwasapproximately9 mm Hg greaterin participantsin theRishi
Valleythanin theother2 regions(� < 0.001),whilebaselinemeanDBPdifferedbetweenall 3
regions(� < 0.001),beinggreatestin theRishiValley(85.1mm Hg), leastin Trivandrum
(78.5mm Hg),andintermediatein WestGodavari(80.3mm Hg).Therewerealsolargediffer-
encesbetweenregionsin BMI andWHR, whichwereleastin theRishiValleyandgreatestin
Trivandrum(� for difference< 0.001;S2Table).

Primary outcome
In theprimary outcomeanalysis,whichwasclusteredbyvillageandstudyregion,therewas
1.6-fold(95%CI 1.2to 2.1;� � 0.001)bettercontrol of hypertensionin theinterventiongroup
thanin theUC groupat follow-up(Table2;Fig3E).Similarresultswereobtainedin sensitivity
analysesthat includedthosewhowererecruitedbut not followedup (S3Table).In further sen-
sitivity analyseslimited to thosewhoseBPwasuncontrolledatbaseline,similar resultswere
obtainedfor theoverallgroup,but findingsappearedto belimited to men(S4Table).Control
of hypertensionimprovedmorein theinterventionthanUC groupin 2 of the3 regions(S5
Table).

Secondaryoutcomes
In secondaryoutcomes,therewasno evidencefor greateruptakein theuseof BP-lowering
medicationswith theintervention(� � 0.31;Fig3F;Table2),exceptin WestGodavari(� <
0.01;S5Table).Interestingly,therewasgreateruptakeof BP-loweringmedicationsin women
in theinterventionthanUC group,althoughnot in adjustedanalyses(Table2).This improve-
mentin womenappearedto bedrivenby theimprovementobservedin WestGodavari(S6
Table).Therewasno evidencefor achangein useof medicationsbymenin anyregion,
althoughsamplesizesweresmall.

Fig 2. Educational attainment of participants by region. � = 1,711(18missingobservationsfor theRishiValleyand5missingfor WestGodavari, with none
imputed).� � < 0.01,with Bonferroni correction for specificcontrastsbetweeneachof the3 regions.

https://doi.org/10.1371/journal.pmed.1002997.g002
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Overall,SBPdeclinedby8.2mm Hg in theinterventiongroup,6.1mm Hg morethanin
theUC group(Table3;Fig3A and3C).This finding wassimilar in imputationanalysesthat
includedthosewhowerenot followedup (S7Table).Thedeclinein SBPwasgreatestin the
RishiValley,being13.6mm Hg in theinterventiongroup,(S8Table).Thischangein SBPwas
greaterthanin theother2 regions(� < 0.001;distribution shownin S2Fig).Also,in contrast
to theother2 regions,participantsin theRishiValleyregionshowedalargedeclinein SBPin
theUC group.

Similarto thepatternobservedfor SBP,DBPalsodeclinedmorein theinterventiongroup
(4.2mm Hg) thantheUC group(2.2mm Hg;Fig3Band3D;Table3).Also,in contrastto the
other2 regions,therewasalargedeclinein DBPin theUC groupin theRishiValleyregion
(S8Table;S1Fig;distribution shownin S3Fig).

Therewasno evidencefor aneffectof theinterventionon BMI, WHR, physicalactivity,or
fruit consumption(Table4),but theinterventionappearedto resultin greaterreductionsin
extrasaltaddedto food(� � 0.003),smoking(� < 0.001),andalcoholconsumption
(� < 0.001)thanin theUC group(Table5).

Table1. Baselinecharacteristicsof the intention-to- treat sample.

Variable Intervention
� = 637

UC
� = 1,097

Age(years),mean(SD) 56.6(14.3) 56.9(13.7)

Female,� (%) 373(58.7)� 633(57.9)§

SBP(mm Hg), mean(SD) 140.5(22.7) 137.8(22.2)

DBP(mm Hg), mean(SD) 80.4(13.7) 80.6(13.9)

Controlledhypertension,� (%) 277(43.5) 549(50.1)

Antihypertensivemedication, � (%) 242(38.0) 445(40.6)

Bodymassindex(kg/m2), mean(SD) 24.5(4.8)² 24.8(5.0)¶

Waisthip ratio,mean(SD) 0.92(0.09)¶ 0.92(0.09)§

Physicalactivityperday(METS), mean(SD) 928(947)§ 860(896)§

Fruit (weeklyservings), mean(SD) 3.3(5.8)§ 2.5(3.3)k

Vegetables(weeklyservings),mean(SD) 11.3(7.9) 10.5(6.4)

Teaspoonsof saltadded/day, mean(SD) 0.05(0.09)¶ 0.06(0.13)

Adding extrasaltto food,� (%) 227(36.0)¶ 410(38.6)

Currentsmoking,� (%) 96(15.3)¶ 165(15.1)¶

Currentalcoholuse,� (%) 68(10.8)¶ 145(13.3)¶

Noneof thesebaselinedatawereimputed.Control of hypertensionis definedasSBP< 140mm Hg andDBP< 90

mm Hg;control maybeachievedwith useof antihypertensivemedicationsor changinglifestyle.
� Onemissingobservation.
²Two missingobservations.
³Threemissingobservations.
§Fourmissingobservations.
kFivemissingobservations.
¶Sixto eightmissingobservations.Saltaddedto food:34missingobservationsin UC. Thedatafor servingsof

vegetablesin Trivandrumhadsomeerrorsthatcouldnot beresolved.Therefore,thereareno datafor weekly

servingsof vegetablesin this region.Thesedataon servingsof vegetablesrelyon 329observations in theintervention

groupand668in theUC group.

DBP,diastolicbloodpressure;METS,metabolicequivalenttasks;SBP,systolicbloodpressure;SD,standard

deviation;UC, usualcare.

https://doi.org/10.1371/journal.pmed.1002997.t001

Health-worker-led program to control hypertension

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1002997 January 2, 2020 11 / 22



Fig 3. Summaryof study findings. SBP(A) andDBP(B) atbaselineandfollow-up accordingto studygroup. Changein SBP(C) andDBP
(D) in theusualcareandintervention groups.Proportion of patientswith controlledBP(E)andtakingBP-lowering medications(F) at
baselineandfollow-up accordingto studygroup.� valuesfor categorical variablesweregeneratedusingatestfor 2-sampledifferencesin
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Thereappearedto besomesexdifferencesin theeffectsof theinterventionon BP.While
SBPwasreducedin bothwomenandmen(Table3 andS9Table),thereductionin DBP
appearedto occurin menonly.

Therewasno evidencethat theeffectivenessof theinterventionon control of BPdiffered
accordingto ageor otherdifferencesin characteristics(Fig4).This finding appearedto be
similar for womenandmenseparately(S4Fig).

Discussion
ThiscRCT,conductedin rural India,providesevidencethatagroup-basededucationand
monitoring program,deliveredbyhealthworkers,iseffectivein reducingSBPandDBPandin
improvingcontrol of hypertension.Theinterventionwaseffectivein all 3 regions,whichareat
differing stagesof theeconomicandepidemiologicaltransition,indicatingthat theinterven-
tion couldbeeffectiveandscalableacrossrural India.With anestimatedprevalenceof hyper-
tensionof 25%amongadultsin rural India [5], our interventionis thuspotentiallyscalableto
morethan100million adultswith hypertensionliving in rural India.

Our interventionhasenormouspotentialfor reducingBPandimprovingcontrol of hyper-
tensionin poorandhard-to-reachsettings.Thiswasjusta3-monthintervention,yettheBP
reductionattainedwascomparableto thatobservedin clinical trialsof BP-loweringmedica-
tions,equatingto a20%reductionin therisk of coronaryheartdiseaseandvasculardeath
[29]. Apart from theeducationprovidedto interventionparticipantsin agroupsetting,at
eachsessionparticipantsalsohadtheir BPmeasured.Thisongoingmonitoring mayhave

proportions(EandF),whiledifferencesin continuousvariablesweregeneratedusinglinearregression (A±D). Error barsshow95%
confidencelimits. BP,bloodpressure;DBP,diastolicbloodpressure;SBP,systolicbloodpressure.

https://doi.org/10.1371/journal.pmed.1002997.g003

Table2. Effectsof intervention on control of hypertension (primary outcome)andprescription of antihypertensivemedication (secondary outcome) in people
with hypertension: completecaseanalysis.

Outcome Number of participants Changefrom baselineto
follow-up�

� value Adjusted oddsratio (95%CI)² � value

Intervention UC³ 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

Prescribedantihypertensivemedication 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

Prescribedantihypertensivemedication 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±2.5) 0.02

Prescribedantihypertensivemedication 178 411 19(10.7) 54(13.1) 0.40 0.9(0.5±1.7) 0.85

Thereare4 missingobservationsfor sexin theUC groupand1 in theinterventiongroup.
� Changein control of hypertensionwasobtainedby subtractingthenumberof peoplewith control of hypertensionatbaselinefrom thenumberwith control at follow-

up.Thesameapproachwasappliedto prescriptionof antihypertensivemedication.Positivenumberdemonstratesimprovement.
²Oddsratiosobtainedusingmixedeffectslogisticregression, clusteredby villageandstudyregion.For control of hypertension,thedependent variablewascontrol of

hypertensionat follow-up,with adjustmentfor control of hypertensionatbaseline(ICC: overall,0.002;women,0.003;men,0.008).Thesameapproachwasappliedto

prescriptionof antihypertensivemedication(ICC: overall,0.04;women,0.02;men,0.09).
³A personwhodid not havebloodpressuremeasuredat follow-uphaddetailsof medications,andsothereis anextraobservationfor thelatteranalysis.

ICC, intraclasscorrelation coefficient; UC,usualcare.

https://doi.org/10.1371/journal.pmed.1002997.t002
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empoweredparticipantsto determinewhetherandhowtheir lifestylechangesresultedin tan-
giblebenefits[30]. Thisapproachalsoprovidesmotivationfor continuingbehaviouralchanges
or adoptingnewones[30], andthismaybeoneof themechanismsfor thesuccessof theinter-
vention.Furthermore,theprogramincludedseveralcomponentsthatwereevidence-basedfor
improving thecontrol of hypertension.Thesecomponentsincludedimproving theadherence
to antihypertensivemedications[31], providingregularmonitoring of BP[30], andencourag-
ing lifestylechangessuchaslosingexcessweightandincreasingphysicalactivity[32].

Trainedprofessionalsarenot alwaysavailablein rural andremotesettings[6,7].Thus,
training theexistingworkforcein specifictasks,suchasmonitoring BPandprovidingeduca-
tion andsupport,thatdo not requireclinicaldecision-makingbut canbeimplementedusing
evidence-basedprotocols,enablesareorganisationof healthtasksto improveaccessandmini-
misecosts[10]. Althoughotherinvestigatorshavealsoshowntheeffectivenessof task-shifting
managementof hypertensionto CHWs[12,15±17],major limitations includedthat thesestud-
iesinvolvedintensive,time-consumingindividual-basedinterventions[12,13,15±17],lackeda
UC group[14±16],or providedhomeBPmonitors(equipmentunaffordableto thepoor) [12].
Our approach,usingagroup-basedintervention,providesanovel,effective,andpotentially
cheaperandsustainablealternativeto managinghypertensionin disadvantagedandhard-to-
reachsettings.

Table3. Effectsof intervention on secondaryoutcomesin peoplewith hypertension: completecaseanalysis.

Outcome Number of
participants

Unadjusted meanchange(95%CI) Unadjusted net meanchange
(95%CI)

� value Adjusted net meanchange
(95%CI)

� value

Intervention UC Intervention
� = 459

UC
� = 1,012

Overall

SBP(mm Hg) 459 1,011 �8.2 (�10.0 to �6.3) �2.1 (�3.4 to �0.8) �6.1 (�8.4 to �3.8) <0.001 �5.0 (�7.1 to �3.0) � <0.001

DBP(mm Hg) 459 1,011 �4.2 (�5.3 to �3.1) �2.2 (�3.0 to �1.4) �2.0 (�3.4 to 0.6) 0.004 �2.1 (�3.6 to �0.6) ² <0.006

Women

SBP(mm Hg) 280 596 �6.7 (�8.8 to �4.6) �1.5 (�3.1 to 0.2) �5.2 (�8.0 to �2.4) <0.001 �4.8 (�7.2 to �2.3) ³ <0.001

DBP(mm Hg) 280 596 �2.6 (�3.9 to �1.3) �1.7 (�2.7 to 0.8) �0.9 (�2.5 to 0.7) 0.29 �1.3 (�2.7 to 0.0)§ 0.06

Men

SBP(mm Hg) 178 411 �10.5 (�13.8 to �7.2) �3.1 (�5.2 to �1.0) �7.4 (�11.3 to �3.5) <0.001 �6.3 (�10.3 to �2.2) k 0.002

DBP(mm Hg) 178 411 �6.8 (�8.8 to �4.8) �3.0 (�4.3 to �1.7) �3.8 (�6.2 to �1.4) 0.002 �3.9 (�7.0 to �0.8) ¶ 0.014

For changevalues,negativenumberdemonstratesimprovement. Adjustedanalyseswereconductedusingmixedeffectslinearregression,clustered by regionand

village.
� Adjustedfor age,sex,SBPatbaseline, useof antihypertensivemedications,changein bodymassindex,andalcoholuse;37missingobservationsdueto missing

variables.ICC = 0.022.
²Adjusted for age,sex,DBPatbaseline,education,useof antihypertensivemedications,changein bodymassindex,fruit perweek,andalcoholuse;49missing

observationsdueto missingvariables.ICC = 0.020.
³Adjusted for age,SBPatbaseline,regularvisitsto doctor,useof antihypertensivemedications,changein bodymassindex,andaddingsaltto food;32missing

observationsdueto missingvariables.ICC < 0.001.
§Adjusted for age,DBPatbaseline,education,regularvisitsto doctor,useof antihypertensivemedications,andchangein bodymassindex;13missingobservationsdue

to missingvariables.ICC = 0.010.
kAdjustedfor age,SBPatbaseline, education, useof antihypertensivemedications,andalcoholuse;15missingobservationsdueto missingvariables.ICC = 0.021.
¶Adjustedfor age,DBPatbaseline,education, regularvisitsto doctor,useof antihypertensivemedications,andalcoholuse;15missingobservationsdueto missing

variables.ICC = 0.045.

DBP,diastolicbloodpressure;ICC, intraclasscorrelationcoefficient; SBP,systolicbloodpressure;UC, usualcare.

https://doi.org/10.1371/journal.pmed.1002997.t003
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Our findingsconfirm andextendthosefrom othertask-sharinginterventionprogramsof
theeffectof educationprogramsin LMICs.Heetal.reporteda6.6/5.4±mmHg greaterreduc-
tion in BPin participantsexposedto aCHW-ledmulticomponenteducationandcoaching
program,homeBPmonitoring, textmessaging,andbettertrainedphysiciansthanin those
receivingUC [12]. A similardecreaseof 5 mm Hg of SBPwasreportedbyJafaretal.in Paki-
stanin agroupexposedto homehealtheducationandupskilledgeneralpractitioners,com-
paredto othergroups[17], andNeupaneetal.reporteda4.9±mmHg greaterdecreasein SBP
in agroupin Nepalwith home-monitoringandeducation,comparedto UC [13,17].However,
all 3 studieswereof individualised-careapproaches,whicharelikely to bemoreresource-
intensivethanour group-basedapproach.

Simplesurveillancemaybeanincentiveto patientsto takestepsto reducetheir BPlevelsin
regionswith pooraccessto healthcare.Therewasalargeimprovementin SBPandDBPin the
UC groupin theRishiValleyregion,adeclineof 9.5/6.8mm Hg.Followingthebaselinecom-
munity-basedsurvey,participantswhohadBPlevelsof �140/90 mm Hg wereinformedthat
their BPwashighandthat thismight put themat risk of otherdiseases,andwereadvisedto
visit adoctor.While someof theobserveddeclinein BPcouldberegressionto themean,it
might alsosuggestthatBPsurveillanceitselfcanhelpcontrol BPin regionswith pooraccessto
healthcare.

It wasnotablethat theeffectof theinterventiondid not appearto beattributableto new
prescriptionof antihypertensivemedicationat follow-up.Potentially,BPmayhavedeclined
with theadoptionof healthylifestylehabits,with someevidenceof reductionsin alcoholcon-
sumption,aneffectlargelyseenin menasfewwomenconsumedalcoholatbaseline.There
wassomeevidencethataddingsaltto fooddeclined,but asmostof thesaltin thediet isadded
in thecookingprocess,it isunlikely that reducingsaltat thetablewouldexplaintheBPreduc-
tionsobserved.

Table4. Changesin risk factorsfrom baselineto follow-up in the intervention andUC groups(continuous
variables).

Variable Meanchange(95%confidenceinterval) � value

Intervention
� = 637

UC
� = 1,097

BMI (kg/m2)1 0.17(0.03to 0.31)� 0.23(0.12to 0.34)§ 0.50

WHR1 0.006(0.001to 0.012)k 0.003(�0.001 to 0.006)§ 0.29

Physicalactivity(METS)perday2 104(89to 119)² 108(98to 118)² 0.65

Fruit (weeklyservings)2 0.03(�0.47 to 0.53)² 0.48(0.24to 0.72)³ 0.08

Changein BMI betweenbaselineandfollow-upwasimputedfor 260observations(usingBMI atbaseline); changein

WHR wasimputedfor 257observations(usingWHR andBMI atbaseline);changein physicalactivityperdaywas

imputedfor 259observations(usingphysicalactivityatbaseline);changein fruit consumption perweekwasimputed

for 259observations(usingfruit consumption atbaseline).
1Negativenumberdemonstratesimprovement.
2Positivenumberdemonstratesimprovement.
� Two missingobservations.
²Fourmissingobservations.
³Fivemissingobservations.
§Sixmissingobservations.
kSevenmissingobservations.

BMI, bodymassindex;METS,metabolic equivalenttasks;UC, usualcare;WHR, waist±hipratio.

https://doi.org/10.1371/journal.pmed.1002997.t004
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Strengthsand limitations of the study
Thereweresomelimitations to our studythatmayinfluencetheinterpretationof our findings.
Althoughthesamplesizewaslargeoverall,thenumberof participantsin theRishiValleywas
lessthanhalf thenumberof participantsin eitherof theother2 regions.Of theindividuals
with hypertensionidentifiedin thebaselinecommunity-basedsurveyin eachregion,we
recruitedapproximately20%to theinterventiongroupand40%to theUC group.However,
thebaselineprevalenceof hypertensionwastheleastin theRishiValley,andeventhoughwe
surveyedalargernumberof people,it wasnot sufficientto ensuresimilargroupsizes.In addi-
tion, atotalof 263individualsdroppedout of thestudy,mostof whomwerein theinterven-
tion group.Thisraisespotentialissuesaroundtheintention-to-treatapproach,with
subsequentpotentialbiases,asdiscussedbyGiraudeauandRavaud[33]. Weminimisedbias
by randomisingclustersafterthebaselinecommunity-basedsurveywasconducted,andsowe
hadbaselinedataon all thosewhoparticipatedin thebaselinesurvey.Althoughsomepeople
thendroppedout,weincludedtheseindividualsin asensitivityanalysisby imputing their out-
come,therebyreducingthepotentialbiasof excludingtheseindividualswhodroppedout.Of
note,thefindingsfor the2 regionswith alargernumberof individualswhodroppedout are
consistentwith thosefrom theWestGodavariregion,whereonly 24individualsdroppedout,
addingto thecredenceof our findings.Therewerealsono emptyclusters.Wealsoacknowl-
edgethatboth the3-monthinterventionandthefollow-upperiodof 6±8weeks,betweenthe
lastsessionof theprogramandassessmentof outcomes,wererelativelyshort.Becauseof this,
wecannotdeterminewhetherthereisalong-lastingimprovementin controllinghypertension
from our group-basededucationandmonitoring program.It isalsopossiblethat therewas

Table5. Changesin risk factorsfrom baselineto follow-up in the intervention andUC groups(categoricalvariables).

Variable Changein number of individuals (%) � value

Intervention UC

Overall � = 637 � = 1,097

Changein addingextrasaltto food �69 (�11.0)² �73 (�6.9) k 0.003

Changein currentsmoking �18 (�2.9) ² �6 (�0.6) ² <0.001

Changealcoholusein last30days �7 (�1.1) ² 3 (0.2)² <0.001

Women � = 373 � = 633

Changein addingextrasaltto food �37 (10.1)² �45 (7.3)§ 0.13

Changein currentsmoking �6 (�1.7) ² 1 (0.2)² 0.001

Changealcoholusein last30days �1 (�0.1) ² 3 (0.5)� 0.19

Men � = 263 � = 460

Changein addingextrasaltto food �32 (�12.3)� �29 (�6.5) ³ 0.009

Changein currentsmoking �12 (�4.7) � �7 (�1.6) � 0.014

Changealcoholusein last30days �6 (�2.4) � �1 (�0.1) � 0.006

Negativenumberdemonstratesimprovement. Datafor saltuseat follow-upwereimputedfor 254observations(usingsaltuseatbaseline);datafor smoking at follow-up

wereimputedfor 258observations(usingsmokingatbaselineandsex);datafor alcoholconsumption at follow-upwereimputedfor 258observations(usingalcohol

consumption atbaselineandsex).Changein addingsaltto foodwasobtainedby subtractingthenumberof peoplereporting addingsaltto foodatbaselinefrom the

numberaddingsaltto foodat follow-up.Thissameapproachwasappliedfor theothervariablesin thetable.
� Two to four missingobservations.
²Fiveto eightmissingobservations.
³Sixteenmissingobservations.
§Eighteenmissingobservations.
kThirty-four missingobservations.

UC, usualcare.

https://doi.org/10.1371/journal.pmed.1002997.t005
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Fig 4. Forestplot of differencesin control of BPby group,accordingto different characteristicsof the sample
(complete caseanalysis). Thedashedline representstheline of no effect.Symbolsshowpoint estimates,anderror
barsshow95%confidencelimits. � valuesindicatesubgroupinteractions(obtainedusinglogisticregression). The
followingvariableshadmissingdata:BMI, 7;accessto healthcare,9;andregularcheck-ups,7.BMI, bodymassindex;
BP,bloodpressure;DBP,diastolicbloodpressure; SBP,systolicbloodpressure.

https://doi.org/10.1371/journal.pmed.1002997.g004
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someselectionbiasasthecontrol of BPwasrelativelyhighatbaseline,beingapproximately
50%.Indeed,in thosewhodid not participate,only 19.9%hadtheir BPcontrolledatbaseline,
indicatingthatextraeffortsshouldbemadeto improvethereachof theintervention.There
couldpotentiallyhavebeensomepost-randomisationselectionbiasasindividualswere
recruitedfollowingrandomisationof their village.However,potentialparticipantswere
blindedto therecruitmentstatusof their villageat thetime that their eligibility wasestablished
andtheir recruitmentsought,therebyreducingthispotentialbias.Another limitation of our
studyis that it wasnot possibleto blind theoutcomeassessorsto thetreatmentallocationof
theindividualsastheassessorswereinstrumentalin observingthefidelity of theintervention.
However,wereducedtheimpactof detectionbiason our mainoutcomemeasuresbyusing
digital automatedBPmonitors,therebylimiting theinfluenceof theperceptionsof theout-
comeassessorsthatmight havearisenwith theuseof auscultation.A further limitation is that,
for logisticreasons,detailsaboutsaltintakewereaskedof individualsonly aboutsaltaddedat
thetable.However,asmostof thesaltconsumedisaddedduring cooking,thesedetailswould
havebeenbetterobtainedfrom thepersonresponsiblefor thecooking.Thus,thedatawegen-
eratedon saltconsumptionshouldbeinterpretedwith caution.Someof thereductionin BP
observedmaybeattributableto theHawthorneeffect,wherebyparticipantsalterbehaviours
justbecausetheyarebeingobserved.However,thisdoesnot discountthedifferencethatwe
observedbetweentheUC andinterventiongroups,comprisingarandomisedcomparison.

Thereareseveralstrengthsto our study,including thecluster-randomisedallocationof the
PSUsto facilitatedeliveryof thegroup-basedintervention,andtheconsistencyin thedelivery
of theprogramin all 3 regions.ThePSUsweregeographicallyseparatedandhaddifferent
CHWs,therebyminimising contaminationbetweengroups.Anothermajorstrengthisour
inclusionof 3verydiverseregionsof rural India usingtheavailableworkforce,sothatour
findingsmaybegeneralisableto alargeportion of rural India.Additionally, thesamplesizeof
our projectwaslarge,therebyreducingthelikelihoodof achancefinding. Furthermore,our
studyincludedaUC comparator,whichenabledusto minimisetheeffectsof othervariables.
Only 4prior trialsof CHW-led task-shiftinginterventionprogramsto treathypertension
includedaclearlydefinedUC group[12,13,17,18],soour studyisoneof thefewto havea
robustcomparatorto testtheeffectivenessof theintervention.

Conclusion
Our programwaseffectivein increasingtheproportion whohadcontrol of hypertension,and
in reducingbothSBPandDBP.Simplesurveillancealsoappearedto resultin reducedBPin
theserural settings.Our findingsaddto thelimited researchon task-shiftinginterventionsfor
treatinghypertensionin LMICs.In particular,wehaveshownthat this interventionisapplica-
bleacrossverydiverserural settings,sothereisconsiderablepotentialto implementandscale
up acrossrural India andpotentiallyotherresource-poorregionsin othercountries.Future
programsincorporatingcomprehensivecollectionof dataon changesin medicationuse,
changesto lifestylebehaviours,andknowledgeof hypertensionmayhelpteaseout whichfac-
torsarebesttargetedto improvethecontrol of hypertensionin thesesettings.
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