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Abstract 

Background

Hypertension is underdiagnosed and undertreated in sub-Saharan Africa. Improving 

hypertension treatment within primary health centers can improve cardiovascular 

disease outcomes; however, individuals with moderate–severe hypertension face 

additional barriers to care, including the need for frequent clinic visits to titrate med-

ications. We conducted a pilot study to test whether a clinician-driven, community 

health worker (CHW)–facilitated telehealth intervention would improve hypertension 

control among adults with severe hypertension in rural Uganda and Kenya.

Methods and findings

We conducted a pilot randomized controlled trial (RCT) of hypertension treat-

ment delivered via telehealth by a clinician (adherence assessment, counseling, 

decision-making) and facilitated by a CHW in the participant’s home, compared to 

clinic-based hypertension care (NCT04810650). We recruited adults ≥40 years with 

BP ≥ 160/100 mmHg at household screening by CHWs, with no restrictions by HIV 

status. After initial evaluation at the clinic, participants were randomized to telehealth 

or clinic-based hypertension follow-up. Randomization assignment was not blinded, 

except for the study statistician. All participants were treated using standard country 

guideline-based antihypertensive drugs. The primary outcome was hypertension con-

trol at 24 weeks (BP < 140/90 mmHg). We also assessed hypertension control at 48 

weeks. In intention-to-treat analyses, we compared outcomes between randomized 
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arms with targeted minimum loss-based estimation using sample-splitting to select 

optimal adjustment covariates (candidates: age, sex, baseline hypertension severity, 

and country). We screened 2,965 adults ≥40 years, identifying 266 (9%) with severe 

hypertension and enrolling 200 (98 telehealth arms, 102 clinic arms). Participants 

were 67% women, median age of 62 years (Q1–Q3 51–72); 14% with HIV. Week 24 

blood pressure was measured in 96/99 intervention and 99/102 control participants; 

week 24 hypertension control was 77% in telehealth and 51% in clinic arms (risk 

difference (RD) 26%, 95% confidence interval (CI) [14%, 38%], p < 0.001). Week 48 

hypertension control was 86% in telehealth and 44% in clinic arms (RD 42%, 95% 

CI [30%, 53%], p < 0.001). Three participants died (telehealth: 2, clinic: 1); all deaths 

were unrelated to the study interventions. Our study was limited by its small sample 

size, although findings are strengthened by being conducted in three primary health 

centers across two countries.

Conclusion

In this pilot, RCT, clinician-driven, CHW-facilitated telehealth for hypertension man-

agement improved hypertension control and reduced severe hypertension compared 

to clinic-based care. Telehealth focused on individuals with moderate–severe hyper-

tension is a promising approach to improve outcomes among those with the highest 

risk for CVD.

Author summary

Why was this study done?

•	 Fewer than 10% of people with hypertension in Africa have controlled blood 
pressure, contributing to an increasing burden of cardiovascular disease, such 
as heart attacks and strokes.

•	 Previous studies have shown that hypertension can successfully be treated in 
primary care clinics; however, retention in care and hypertension control remain 
sub-optimal in clinic-based settings. Individuals with moderate to severe hyper-
tension face particular challenges with consistent care engagement due to the 
need for frequent clinic visits to titrate medications.

•	 We sought to determine whether community-based hypertension treatment, 
delivered through community health worker home visits and supervised by a 
clinician via telehealth, could improve hypertension control more effectively than 
primary care clinic-based treatment among adults with moderate–severe hyper-
tension in rural Uganda and Kenya.
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What did the researchers do and find?

•	 We conducted a randomized trial in rural Kenya and Uganda among 200 adults identified to have moderate–severe 
hypertension through door-to-door screening by a community health worker.

•	 Participants were randomly allocated to receive hypertension care through either community health worker–facilitated 
telehealth visits in their home or traditional clinic-based care within a government-run primary care clinic in their com-
munity. All participants had free access to antihypertensive medications that were prescribed by clinicians according 
to country guidelines.

•	 We found that 77% of telehealth participants achieved hypertension control measured in all participants at 24 weeks, 
compared to 51% in the clinic-based group.

•	 At 48 weeks, 86% of participants in the telehealth group had controlled blood hypertension versus 44% in the 
clinic-based group, with better retention and visit adherence in the telehealth arm.

What do these findings mean?

•	 In rural settings in East Africa, community health worker–facilitated telehealth improved hypertension control com-
pared to clinic-based care among adults with moderate to severe hypertension.

•	 Telehealth combined with home visits by community health workers can overcome transportation barriers and 
improve patient engagement in the health system, leading to improved outcomes over time.

•	 The main limitation of our study is that it was a small pilot study with relatively few patients. This means that results 
might not apply to all settings or populations. To make sure our findings are as relevant as possible, we conducted the 
study in three different government-run clinics located in two countries.

•	 Further research is needed to assess cost-effectiveness and implementation at scale in routine healthcare settings.

Introduction

Hypertension is the leading cause of cardiovascular disease (CVD) globally and is highly prevalent in Africa, with an esti-
mated 100 million adults affected [1,2]. However, the current hypertension diagnosis, treatment, and blood pressure con-
trol remain alarmingly low, with fewer than 10% of people with hypertension achieving hypertension control [3–5]. Without 
effective treatment, people with severe hypertension are at especially high risk of short-term morbidity and mortality from 
strokes, heart disease, and kidney failure [6].

In rural Kenya and Uganda, hypertension care is predominantly available in specialty clinics within regional referral hos-
pitals, but accessing these specialty clinics poses a significant challenge due to long travel distances and extended wait 
times [7]. Although multiple studies have demonstrated successful delivery of hypertension treatment in community-based 
primary care clinics by nurses or advanced practice providers [8–10], these clinics often face barriers such as lack of 
functional blood pressure cuffs and antihypertensive medications [7]. Additionally, primary care clinics in this setting typi-
cally focus on the episodic care for acute conditions and lack the infrastructure needed for robust, ongoing management 
of chronic conditions such as hypertension. A promising approach for strengthening hypertension care in these settings 
involves adapting the longitudinal care systems originally developed for chronic HIV treatment. This approach not only 
aims to improve CVD prevention among people with HIV, who are at a higher risk for CVD, but also applies the successful 
elements of the HIV chronic care model to hypertension treatment for all adults, irrespective of their HIV status [11,12]. We 
have previously shown that population-level hypertension screening combined with integrated care within primary care 
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can improve hypertension control and reduce mortality in resource-limited settings such as rural Kenya and Uganda, with 
the most substantial mortality benefits observed in individuals with severe baseline hypertension [13].

Although delivering hypertension treatment within primary care clinics can bring care closer to where people live and 
improve hypertension treatment outcomes, several barriers to accessing clinic-based longitudinal hypertension care per-
sist. These include transportation challenges, competing priorities, medication availability and costs, and knowledge about 
hypertension [7]. These barriers are compounded when hypertension is severe and, thus, may require frequent visits to 
titrate medications. Community-based hypertension care outside of a clinic setting could address many barriers, facilitat-
ing ongoing care engagement. Prior studies in Africa have shown that community health workers (CHWs) can be trained 
to correctly measure blood pressure in the community and can improve hypertension screening, linkage to clinic-based 
care, and medication adherence [14–20]. Two large studies in lower-middle-income countries in South Asia (India, Ban-
gladesh, Pakistan, Sri Lanka) demonstrated substantial reductions in blood pressure and improvements in hypertension 
control with CHW home visits to provide hypertension screening, behavioral counseling, and adherence support alongside 
robust referrals to clinic-based treatment [21,22]. Another study in India found that while CHW home visits for adherence 
support improved medication adherence, counseling alone without medication delivery was not enough to improve hyper-
tension control [23].

Other studies have evaluated the expansion of hypertension treatment into the community, without requiring clinic 
attendance. A study in Uganda showed that in-person visits by a clinician and a CHW in the community improved access 
to care and reduced blood pressure more effectively than district hospital-based care [24]. Another study in Colombia 
and Malaysia showed that a CHW-led, primary care physician-supervised intervention to screen for CVD risk and initiate 
treatment in the community lowered 10-year CVD risk and improved blood pressure control compared to clinic-based 
care [25]. We aimed to build on this prior work to determine whether community-based hypertension treatment, delivered 
through CHW home visits and supervised by a clinician via telehealth, could improve hypertension control more effectively 
than primary care clinic-based treatment among adults with moderate–severe hypertension in rural Uganda and Kenya.

Methods

Study design and participants

Between May 12, 2022, and October 16, 2023, we conducted an individual randomized trial testing a clinician-driven, 
CHW-facilitated telehealth intervention for severe hypertension management compared to primary care, clinic-based 
hypertension care in rural Kenya and Uganda. We obtained ethical approval from the Makerere University School 
of Medicine Research and Ethics Committee in Uganda (2020-029); the Kenya Medical Research Institute in Kenya 
(P00151/4173); and the University of California San Francisco in the United States of America (20-32144). This pilot study 
was conducted as one of several pilot randomized trials of the SEARCH Sapphire Phase A study, registered on ClinicalTri-
als.gov (NCT04810650). A summary of the study protocol can be found in S2 File and the full study protocol for the parent 
SEARCH study can be found in S5 File.

The study took place in two communities in rural southwestern Uganda and one community in rural western Kenya. 
Each community had a government-run level 4 health center, which was the closest facility where community members 
could access primary health services. Level 4 health facilities typically provide primary care and basic inpatient and surgi-
cal services and are staffed by one physician and several clinical officers (advanced practice providers) and nurses.

Between May 12 and November 1, 2022, the local Ministry of Health (MoH) CHWs conducted door-to-door 
household-based hypertension screening of all adults aged ≥40 years in the community. CHWs received hands-on 
training in standardized blood pressure measurement with practical assessment of competencies by study clinicians prior 
to study start. During household visits, CHWs measured the blood pressure using automated sphygmomanometers. All 
adults aged ≥40 years received a single blood pressure measurement taken after at least 5 minutes of rest; those with 
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blood pressure ≥140 mmHg systolic or ≥90 mmHg diastolic had two additional measurements taken separated by at least 
1 minute of rest [26]. Consistent with guidelines and to enhance the feasibility of large-scale screening, participants with 
a normal blood pressure on the first reading did not require subsequent readings [26]. Everyone with an elevated blood 
pressure was referred to the nearest government primary health center; those with blood pressure ≥160/100 mmHg were 
given a transportation voucher redeemable for approximately $5 USD upon linkage to hypertension care, based on our 
prior work demonstrating enhanced linkage with the use of transport vouchers [16].

Upon linkage to the health facility, study clinicians repeated blood pressure measurements using the same procedures. 
Participants were eligible for the study if blood pressure was elevated at both community-based and clinic measurement 
(≥140 mmHg systolic or ≥90 mmHg diastolic) and moderate to severely elevated on at least one of these measurements 
(≥160 mmHg systolic or ≥100 mmHg diastolic). Persons who were pregnant were excluded from study eligibility and were, 
instead, immediately linked to care within the prenatal care clinic. Participants with the evidence of possible hypertensive 
urgency/emergency (BP ≥ 180/110 mmHg with possibly related symptoms, or BP ≥ 200/120 mmHg) received immediate 
evaluation and treatment in accordance with the country guidelines within the MoH clinic prior to the initiation of any study 
procedures. Participants completed the written informed consent prior to enrollment.

Randomization and masking

After receiving treatment at an initial clinic visit for hypertension care, participants were randomly assigned to receive 
follow-up hypertension care via telehealth (intervention condition) or in the clinic (comparison condition) using sequentially 
numbered sealed envelopes that when opened by the participant revealed the trial arm. The randomization sequence was 
generated by an independent statistician and was stratified on site and sex and implemented with a stratified block design 
with random block sizes of 2 and 4. Participants, clinicians, and research assistants conducting endpoint assessments 
were not blinded to the randomization arm, but the study statistician (LBB) was blinded until trial completion and analysis.

Procedures

Study enrollment and hypertension care delivery.  All participants completed an initial in-person clinic visit for 
hypertension evaluation and treatment by a study clinician (a Clinical Officer) stationed at the government primary health 
facility in their community. At the enrollment visit, clinical evaluation included symptom and physical exam screening for 
cardiovascular disease complications, blood pressure measurement, height and weight measurement, and laboratory 
assessment that included serum creatinine, random blood glucose, lipids, urine dipstick, and offer of HIV testing (if not 
already known to be living with HIV). The estimated glomerular filtration rate was calculated at baseline using the 2021 
CKD-EPI Creatinine equation [27].

Hypertension treatment at the initial visit and all follow-up visits was provided using a hypertension treatment algorithm 
developed based on country guidelines using locally available antihypertensive medications (S2 File). In primary health 
centers in Kenya and Uganda, hypertension medications are typically available for a small fee (~$1 US dollar per 1-month 
supply). For the study, all medications were provided free of charge to study participants in both the telehealth and clinic 
arms. In the event of medication stock-outs, the study provided additional medication supply to ensure uninterrupted 
access to medications. In both telehealth and clinic-based arms, follow-up visits were scheduled every 4 weeks if hyper-
tension was uncontrolled and every 12 weeks if hypertension was controlled (defined as blood pressure <140/90 mmHg, 
based on country guidelines) [28,29]. Visits could be made by telehealth or in-person for the telehealth arm, with tele-
health being the default unless the clinician determines that an in-person visit is needed. All clinic arm visits were sched-
uled in the clinic.

Telehealth intervention arm.  Telehealth intervention participants received follow-up care via a telehealth visit with 
a study clinician based at their local MoH primary health center. Telehealth visits were facilitated by a MoH CHW who 
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measured the participant’s blood pressure, conducted an adherence assessment including pill count, provided supportive 
medication adherence counseling (e.g., assessing and addressing medication storage, strategies to remember pill-taking), 
and called the clinician for telephone consultation. Clinician involvement included the review of the information provided 
by the CHW, speaking with the participant to assess symptoms and provide counseling, and prescribing medications. 
The CHW then provided the participant with pre-packaged medications at the direction of the clinician. Prior to the visit, 
clinicians packed medications on a weekly basis in anticipation of potential medication combinations that might be needed 
by upcoming participants, based on anticipated hypertension treatment algorithm steps depending on whether their 
blood pressure was controlled or not (e.g., 90-day supply of current medications packaged in the event a participant had 
controlled blood pressure and a 30-day supply of the next algorithm step in the event blood pressure was uncontrolled 
and the clinician decided to intensify the treatment, with unused medications returned to the clinic after the visit). The 
clinician also had the option of asking the patient to come to the clinic for an in-person visit if clinically indicated. Diabetes 
care was also offered through telehealth, with CHWs measuring random blood glucose using portable glucometers and 
medication delivery based on the clinician’s prescription (clinical treatment guidelines in S3 File). We were not able to 
deliver HIV care through the telehealth model, so participants with co-occurring HIV continued to receive HIV care at the 
local MoH primary health center or other clinic of their choice. CHWs recorded information on clinical hypertension visits 
on smartphone-based hypertension telehealth visit forms programmed using Open Data Kit [30]. Clinicians also recorded 
clinical hypertension data from the telehealth evaluation on tablet-based case report forms and in the paper-based MoH 
clinic medical record. CHWs were provided with a smartphone to facilitate telehealth calls and received a stipend to 
compensate for their time.

Clinic-based comparator arm.  Participants in the clinic-based arm received follow-up hypertension care at the 
government MoH-run primary health facility by a study clinician. In rural health facilities in Kenya and Uganda, HIV care 
is imbedded within primary health centers; thus, participants with co-occurring HIV were able to receive HIV care from the 
same clinic. For study participants, clinic-based care was provided according to the principles of patient-centered care 
that we have previously described [13]. Patient-centered hypertension care included 1) nursing triage to expedite visits, 2) 
integrated care together in the same visit with HIV and diabetes care, as relevant, and 3) case-based provider training on 
creating a friendly, welcoming environment.

Implementation strategies.  The telehealth intervention included multiple implementation strategies on top of 
shared strategies for both arms. Telehealth strategies included CHW home visits for blood pressure measurement and 
medication delivery based on clinician prescription, clinician telehealth consultation that was facilitated by the CHW, CHW 
training, and CHW stipend payment to support time delivering the intervention. Shared strategies in both telehealth and 
clinic-based arms included baseline CHW home-based hypertension screening of all adults in the community, transport 
reimbursement to link to the clinic for the initial visit, free hypertension medications, implementation of a country guideline-
based standardized hypertension treatment algorithm, use of an electronic health record for hypertension visits, and case-
based provider training on universal positive regard and friendly services. We provide a detailed list of strategies in Table 
A in S1 File.

Measurements.  We conducted study visits at 24 and 48 weeks of follow-up in all participants, regardless of 
engagement in clinical hypertension care. These study visits were preferentially conducted in the participant’s home, 
although they could be conducted in the clinic if participants presented to the clinic during the study visit window (±2 
weeks). Study visits were conducted by research assistants who were uninvolved in the delivery of hypertension care and 
included blood pressure measurement using above-described measurement protocol, sociodemographic surveys, and 
open-ended assessment of barriers and facilitators with coded responses to capture responses. Research assistants made 
three call/text attempts on different days to schedule study visits at the participant’s home; if unsuccessful, up to three in-
person attempts were made to locate participants for weeks 24 and 48 study visits. Week 24 endpoint visits took place from 
October 27, 2022, to April 21, 2023. Week 48 endpoint visits took place between April 13 and October 16, 2023.
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Outcomes

The primary study outcome was blood pressure control at week 24. Study staff measured blood pressure using the same 
standardized procedures described above. Control was defined as blood pressure <140 mmHg systolic and <90 mmHg 
diastolic, consistent with country guidelines in Kenya and Uganda [28,29]. In the primary analysis, participants without 
week 24 blood pressure measures were assumed to be uncontrolled. Secondary outcomes included hypertension con-
trol at 48 weeks, moderate-to-severe hypertension (average BP ≥ 160/100 mmHg) at 24 and 48 weeks, retention in care 
at 24 and 48 weeks, and mean systolic blood pressure at 24 and 48 weeks. Retention in care was defined as not late 
for the most recent scheduled hypertension clinical visit (either telehealth or in-clinic) by 30 days or more. To assess the 
potential intervention mechanisms, we also assessed patient-reported barriers and facilitators to hypertension care using 
a structured survey at 24 and 48 weeks. We also report the number of attended visits for hypertension care (in-clinic or 
telehealth), proportion of ‘time in care’ defined as the proportion of follow-up time adherent to visit schedules [31], and 
patient-reported medication adherence over the prior 7 days across clinical visits as assessed by CHWs (telehealth arm) 
or clinicians (clinic-based arm). Because our trial was focused on two different strategies for delivering standard-of-care 
hypertension treatment, adverse event monitoring was limited to hospitalizations and deaths.

Statistical analysis

Sample size and power calculations were based on standard formulas for a two-sample test of proportions and done with 
power.prop.test in R [32]. We estimated that 200 participants (~100/arm) would provide 80% power to detect at least a 
20% absolute increase in hypertension control from 40% under the standard-of-care.

We assessed the intervention effect using targeted minimum loss-based estimation (TMLE) [33], which provides precision 
and power gains over an unadjusted effect estimator [34–37]. Within TMLE, we used Adaptive Pre-specification to select 
the optimal adjustment approach via sample-splitting; candidate adjustment variables were age, sex, baseline hypertension 
severity, and country. For all endpoints, we tested the null hypothesis of no change in outcomes using a two-sided test at 
the 5% significance level. For all endpoints, we examined the intervention effect in subgroups of sex, age (<60 versus ≥60 
years), country, baseline hypertension severity, hypertension history (new versus prior diagnosis), baseline use of medication 
for hypertension, and presence of co-morbidities (HIV, diabetes, chronic kidney disease). In sensitivity analyses, we varied 
our approach to missing data and covariate adjustment; further details are found in the Statistical Analysis Plan (S4 File).

Results

We screened 2,965 adults aged ≥40 years for hypertension through systematic household visits conducted by CHWs 
in three rural communities in Kenya and Uganda (Fig 1). One-quarter of those screened had elevated blood pressure 
(≥140/90 mmHg on average of three measures; 750/2965, 25%). Those with blood pressure ≥140/90 mmHg but <160/100 
mmHg (n = 484) were referred to the nearest government primary health center for evaluation and treatment but were not 
eligible for the study. Nine percent of those screened in the community (n = 266/2965) had moderate–severe hypertension 
(average blood pressure ≥160/100 mmHg) and were referred to the nearest government primary health center for both 
clinical evaluation and screening for study enrollment. Of those with moderate–severe hypertension on initial screening, 
214 (80%) linked to clinic, and 200 were enrolled in the study (98 telehealth arm, 102 clinic-based arm). Characteristics of 
participants who did and did not link are shown in Table B in S1 File.

The mean blood pressure of enrolled participants was 167/100 mmHg (standard deviation [SD] 17/11) at 
community-based screening and 161/96 mmHg (SD 20/11) on repeat measurement in the clinic (Table 1). At enrollment, 
36 participants (18%) had evidence of hypertensive urgency/emergency (BP ≥ 180/110 mmHg with possibly related 
symptoms, or BP ≥ 200/120 mmHg) requiring immediate treatment prior to enrollment. The median age was 62 years 
(Q1–Q3 51–72), and most enrolled participants were women (70%; n = 139/200). Fewer than half had previously been 
diagnosed with hypertension (43%; n = 86/200), and only 20% (n = 39/200) reported taking antihypertensive medications in 
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the 7 days prior to enrollment. Baseline co-morbidities identified by either self-report or laboratory testing included diabe-
tes (n = 19/200, 10%), HIV (n = 27/174, 15.5%), and chronic kidney disease (n = 45/200, 23%). No participants reported a 
known history of cardiovascular disease, including stroke, heart attack, or heart failure. Baseline covariates were balanced 
by the arm with the exception of hypertension stage; by chance, a higher proportion of telehealth intervention participants 
had Grade 1 hypertension (50%; n = 49/98) than clinic-based arm participants (37.3%; n = 38/102; Table 1).

HIV testing was offered at the initial clinic visit as part of integrated service delivery; 100 (50%) underwent testing, 26 
(13%) were not tested due to self-reported known HIV-positive status, and 74 declined HIV testing (37%; n = 26 declined 
testing with self-reported negative test in prior 6 months, n = 22 declined testing with self-reported negative test >6 months, 
n = 26 declined testing and self-reported no history of prior testing). One person was newly diagnosed with HIV at study 
enrollment and was linked to same day HIV treatment. Among the 26 participants with known HIV at baseline, all reported 
being in care and 23 of 26 with available viral load data were virally suppressed to <200 copies/mL.

Primary and secondary outcomes

We conducted week 24 study assessments in 195/200 (97%) of both telehealth and clinic arm participants (Fig 1). 
Hypertension control at 24 weeks (<140/90 mmHg; primary outcome) was 77% in the telehealth arm and 51% in the 
clinic-based arm (risk difference (RD) 26%, 95% confidence interval (CI) [14%, 38%], p < 0.001; Table 2). Results were 
robust to handling of missing data and approach to covariate adjustment (Tables C-D in S1 File). The prevalence of mod-
erate–severe hypertension (≥160/100 mmHg) at 24 weeks was 7% in the telehealth arm and 25% in the clinic arm (RD 
−17%, 95% CI [−27%, −8%], p < 0.001). Retention in care at 24 weeks was 90% in the telehealth and 60% in the clinic 
arm (RD 30%, 95% CI [19%, 41%], p < 0.001).

Fig 1.  Consort diagram. All randomized participants were included in primary intention-to-treat (ITT) analysis. For hypertension control outcomes, 
participants with missing blood pressure measurements were assumed to have uncontrolled hypertension. We conducted additional sensitivity analyses 
to evaluate robustness of findings to this assumption. Abbreviations: ITT, intention-to-treat; BP, blood pressure.

https://doi.org/10.1371/journal.pmed.1004632.g001

https://doi.org/10.1371/journal.pmed.1004632.g001
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Table 1.  Baseline Characteristics by Randomization Arm.

Number of participants (%)

Intervention
(n = 98)

Control
(n = 102)

Total
(n = 200)

Country

  Kenya 50 (51.0%) 50 (49.0%) 100 (50.0%)

  Uganda 48 (49.0%) 52 (51.0%) 100 (50.0%)

  Age (median, Q1–Q3) 60 (50–70) 63 (53–73) 62 (51–72)

Sex

  Female 69 (70.4%) 70 (68.6%) 139 (69.5%)

  Male 29 (29.6%) 32 (31.4%) 61 (30.5%)

Body Mass Index

  Underweight (BMI < 18.5) 13 (13.3%) 12 (11.8%) 25 (12.5%)

  Normal (BMI 18.5–24.9) 58 (59.2%) 54 (52.9%) 112 (56.0%)

  Overweight (BMI 25–29.9) 17 (17.3%) 27 (26.5%) 44 (22.0%)

  Obese (BMI ≥30) 10 (10.2%) 9 (8.8%) 19 (9.5%)

Blood pressure ever measured prior to screening 65 (66.3%) 63 (61.8%) 128 (64.0%)

Self-reported prior hypertension diagnosis 43 (43.9%) 43 (42.2%) 86 (43.0%)

Self-reported taking hypertension medications at screening 16 (16.3%) 23 (22.5%) 39 (19.5%)

Diabetes mellitus 8 (8.2%) 7 (6.9%) 15 (7.5%)

  Self-reported diagnosis 6 (6.1%) 5 (4.9%) 11 (5.5%)

  Random glucose ≥11 mmol/L 4 (4.1%) 3 (2.9%) 11 (5.5%)

HIV 12/85 (14.1%) 15/89 (16.9%) 27/174 (15.5%)

Cardiovascular disease (self-reported history of heart attack/stroke) 0 (0%) 0 (0%) 0 (0%)

Chronic kidney disease*

  Any CKD (stage 3+ or urine protein 1+ or greater) 22 (22.4%) 23 (22.5%) 45 (22.5%)

  Proteinuria (≥1+) 14 (14.3%) 14 (13.7%) 28 (14.0%)

  Stage 3a 4 (4.1%) 8 (7.8%) 12 (6.0%)

  Stage 3b 5 (5.1% 1 (1.0%) 6 (3%)

  Stage 4 0 (0%) 0 (0%) 0 (0%)

  Stage 5 1 (1.0%) 2 (2.0%) 3 (1.5%)

Blood pressure at community-based screening (mmHg)

  SBP (screening)

    Mean (SD): 166 (17) 168 (17) 167 (17)

    Median (Q1–Q3): 163 (154–176) 164 (160–173) 164 (159–174)

  DBP (screening)

    Mean (SD): 101 (10) 99 (12) 100 (11)

    Median (Q1–Q3): 102 (94–107) 100 (92–108) 101 (93–107)

Blood pressure at clinic enrollment (mmHg)

  SBP (enrollment)

    Mean (SD): 160 (20) 162 (19) 161 (19)

    Median (Q1–Q3): 152 (146–172) 160 (149–174) 157 (147–173)

  DBP (enrollment)

    Mean (SD): 96 (10) 96 (13) 96 (11)

    Median (Q1–Q3): 95 (89–102) 96 (89–103) 96 (89–102)

Hypertension stage at enrollment†

  140–159/90–99 mmHg 49 (50.0%) 38 (37.3%) 87 (43.5%)

  160–179/100–109 mmHg 23 (23.5%) 40 (39.2%) 63 (31.5%)

(Continued)
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At week 48, we completed end-of-study assessments in 93/98 telehealth participants (95%) and 92/102 clinic-based 
participants (90%). Hypertension control (<140/90 mmHg) was 86% in the telehealth group and 44% in the clinic group 
(RD 42%, 95% CI [14%, 38%], p < 0.001). The prevalence of moderate–severe hypertension (≥160/100 mmHg) at 48 
weeks was 2% in the telehealth arm and 15% in the clinic arm (RD −13%, 95% CI [−21%, −6%], p < 0.001). Fig 2 shows 
the hypertension severity, and Fig A in S1 File shows the mean blood pressure by study arm at enrollment, week 24, and 
week 48. Retention in care at 48 weeks was 83% in the telehealth arm and 50% in the clinic arm (RD 32%, 95% CI [20%, 
44%], p < 0.001). In post hoc effectiveness analyses, time in care over 48 weeks was 89% in the telehealth arm and 63% 
in the clinic arm (difference 26%, 95% CI [19%, 34%], p < 0.001).

Similar intervention effects on control at 24 and 48 weeks were seen across subgroups, defined by age, sex, baseline 
hypertension severity, hypertension history, and presence of co-morbidities (HIV, diabetes, chronic kidney disease); those 
with baseline hypertension medication use had a smaller telehealth intervention effect, driven by improved outcomes in 

Number of participants (%)

Intervention
(n = 98)

Control
(n = 102)

Total
(n = 200)

  ≥180/110 mmHg 26 (26.5%) 24 (23.5%) 50 (25.0%)

  -Asymptomatic 11 (11.2%) 8 (7.8%) 19 (9.5%)

  -Symptomatic‡ 15 (15.3%) 16 (15.7%) 31 (15.5%)

Abbreviations: Q1, first quartile; Q3, third quartile; BMI, body mass index; HIV, human immunodeficiency virus; CKD, chronic kidney disease; SBP, sys-
tolic blood pressure; DBP, diastolic blood pressure; SD, standard deviation; mmHg, millimeters of mercury.

Note: The denominator for all variables in Table 1 is the same as the column total, except for HIV testing where we excluded those who had an unknown 
HIV status and declined testing.
*CKD stage was determined using glomerular filtration rate (GFR) categories defined by the Kidney Disease Improving Global Outcomes (KDIGO) CKD 
Work Group [38].
†Participants were eligible for the study if blood pressure was ≥ 160/100 mmHg at community screening and remained ≥140/90 mmHg at initial clinic visit, 
or if blood pressure was ≥ 160/100 mmHg at initial clinic visit.
‡Symptoms included: severe headache (n = 20), vision changes (n = 16), chest pain (n = 9), shortness of breath (n = 3), leg swelling (n = 6), recent loss of 
consciousness (n = 1).

https://doi.org/10.1371/journal.pmed.1004632.t001

Table 2.  Study outcomes.

Intervention
proportion/mean [95% CI]

Control
proportion/mean [95% CI]

Effect estimates [95% CI]

24 weeks

  Hypertension control (<140/90 mmHg) 77% [69%, 85%] 51% [42%, 60%] 26% [14%, 38%]; p < 0.001

  Moderate–severe HTN (≥160/100 mmHg) 7% [2%, 12%] 25% [16%, 33%] −17% [−27%, −8%]; p < 0.001

  Retention in care 90% [85%, 96%] 60% [51%, 69%] 30% [19%, 41%]; p < 0.001

  Mean SBP (mmHg) 133 [130, 137] 141 [137, 145] −7.5 [−12.9, −2.1]; p = 0.006

48 weeks

  Hypertension control (<140/90 mmHg) 86% [79%, 92%] 44% [34%, 54%] 42% [30%, 53%]; p < 0.001

  Moderate–severe HTN (≥160/100 mmHg) 2% [0%, 4%] 15% [8%, 22%] −13% [−21%, −6%]; p < 0.001

  Retention in care 83% [75%, 90%] 50% [41%, 60%] 32% [20%, 44%]; p < 0.001

  Mean SBP (mmHg) 133 [130, 136] 141 [138, 145] −8.2 [−12.8, −3.7]; p < 0.001

  Time in care 89% [86%, 92%] 63% [56%, 69%] 26% [19%, 35%]; p < 0.001

Abbreviations: HTN, hypertension; SBP, systolic blood pressure; CI, confidence interval; mmHG, millimeters of mercury.

https://doi.org/10.1371/journal.pmed.1004632.t002

Table 1.  (Continued)

https://doi.org/10.1371/journal.pmed.1004632.t001
https://doi.org/10.1371/journal.pmed.1004632.t002
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the clinic-based arm for this group (Fig 3 and Figs B-C in S1 File). Although all participants with HIV enrolled were virally 
suppressed at baseline and well engaged in HIV care at enrollment, their retention in hypertension care at 48 weeks 
varied markedly by arm: 100% in the telehealth arm but only 53% in the clinic-based arm (RD 47%, 95% CI [20%, 74%], 
p = 0.002; Fig E in S1 File).

Self-reported barriers and facilitators of hypertension care engagement

At 48 weeks, 69% of clinic arm participants reported transportation challenges to be a barrier to consistent engagement 
in hypertension care; only 2% of telehealth arm participants noted transportation as a barrier. Participants randomized to 
clinic-based care were more likely to report barriers related to their hypertension diagnosis than intervention participants 
(17% versus 6%), including not wanting to take medications due to concerns about side effects (8% versus 4%), feeling 
well and not wanting to take medications (12% versus 1%), or did not believe that they had hypertension (6% versus 0%). 
Notably, only 2% of participants identified issues with care quality as a barrier to care (same in both arms). Facilitators for 
care engagement were similar by trial arm except for transportation (reported as a facilitator in 90% of intervention and 
5% of control participants). See Figs F-G in S1 File.

Hypertension care delivery

Based on blood pressure measures at clinical hypertension visits (telehealth or clinic-based), analysis of the median 
time to hypertension control was similar in both arms (56 days in telehealth intervention arm, 57 days in clinic-based 

Fig 2.  Hypertension severity. Measured among all study participants (n = 200). Week 24 and week 48 measurements were taken by research 
assistants who were not involved in delivering hypertension care through the telehealth intervention or clinic-based comparator condition. NA indicates 
missing measurements at week 24 or week 48 study visits (refer to Fig 1). Underlying data can be found in Table K in S1 File. Abbreviations: BP, blood 
pressure; mmHg, millimeters of mercury; NA, not applicable (missing).

https://doi.org/10.1371/journal.pmed.1004632.g002

https://doi.org/10.1371/journal.pmed.1004632.g002


PLOS Medicine | https://doi.org/10.1371/journal.pmed.1004632  June 5, 2025 12 / 18

All
Country
  Kenya

  Uganda

Sex
  Women

  Men

Age Group
  Age 40−59 yr

  Age 60+ yr

Baseline hypertension severity
  Grade 1

  Grade 2

  Grade 3

Prior diagnosis of hypertension (HTN)
  History of HTN

  No history of HTN

Baseline hypertension medication
  On HTN medication

  Not on HTN medication

N
200

100

100

139

61

82

118

87

63

50

86

114

39

161

Intervention
77% (69,85)

70% (57,83)

84% (75,94)

80% (71,89)

71% (55,86)

76% (63,88)

78% (67,88)

82% (71,93)

84% (72,97)

62% (43,80)

74% (61,87)

79% (69,89)

75% (53,97)

77% (68,86)

Control
51% (42,60)

36% (23,49)

66% (53,79)

52% (41,63)

48% (31,66)

42% (27,56)

57% (45,70)

52% (36,67)

54% (40,67)

46% (26,66)

58% (44,73)

47% (35,59)

70% (50,89)

46% (36,56)

Risk difference (95% CI)
0.26 (0.14,0.38)

0.34 (0.15,0.52)

0.19 (0.03,0.35)

0.28 (0.14,0.42)

0.22 (−0.01,0.45)

0.34 (0.15,0.53)

0.20 (0.04,0.37)

0.31 (0.12,0.49)

0.31 (0.12,0.49)

0.16 (−0.12,0.43)

0.16 (−0.03,0.35)

0.32 (0.17,0.48)

0.05 (−0.24,0.35)

0.31 (0.17,0.45)

A. Hypertension control at week 24
Favors intervention

0.00 0.25 0.50 0.75 1.00
Risk difference

p−value
<0.01

<0.01

0.02

<0.01

0.06

<0.01

0.01

<0.01

<0.01

0.26

0.11

<0.01

0.71

<0.01

All
Country
  Kenya

  Uganda

Sex
  Women

  Men

Age Group
  Age 40−59 yr

  Age 60+ yr

Baseline hypertension severity
  Grade 1

  Grade 2

  Grade 3

Prior diagnosis of hypertension (HTN)
  History of HTN

  No history of HTN

Baseline hypertension medication
  On HTN medication

  Not on HTN medication

N
200

100

100

139

61

82

118

87

63

50

86

114

39

161

Intervention
86% (79,92)

85% (75,95)

85% (77,94)

88% (81,96)

80% (66,95)

93% (86,101)

80% (70,90)

90% (81,98)

96% (87,104)

69% (51,87)

86% (76,96)

86% (78,95)

81% (61,101)

87% (80,94)

Control
44% (34,54)

35% (24,47)

56% (42,69)

46% (34,57)

40% (23,57)

41% (26,56)

44% (32,57)

53% (37,69)

40% (25,55)

38% (18,57)

48% (33,63)

39% (26,52)

65% (45,86)

38% (27,49)

Risk difference (95% CI)
0.42 (0.30,0.53)

0.49 (0.34,0.65)

0.30 (0.14,0.46)

0.43 (0.29,0.57)

0.41 (0.18,0.63)

0.52 (0.35,0.69)

0.36 (0.20,0.52)

0.37 (0.19,0.55)

0.56 (0.38,0.73)

0.32 (0.05,0.58)

0.38 (0.20,0.56)

0.48 (0.32,0.63)

0.16 (−0.13,0.45)

0.49 (0.36,0.62)

B. Hypertension control at week 48
Favors intervention

0.00 0.25 0.50 0.75 1.00
Risk difference

p−value
<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

0.02

<0.01

<0.01

0.26

<0.01

Fig 3.  Hypertension control by subgroup. (A) Hypertension control at 24-week study visit, stratified by subgroup. (B) Hypertension control at 48-week 
study visit, stratified by subgroup. Sub-group analyses were prespecified in the statistical analysis plan, with the exception of prior diagnosis of hyperten-
sion and baseline hypertension medication which were post hoc analyses requested during peer review. Abbreviations: yr, years; HTN, hypertension; CI, 
confidence interval.

https://doi.org/10.1371/journal.pmed.1004632.g003

https://doi.org/10.1371/journal.pmed.1004632.g003
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comparator arm). By 24 weeks, 91% (95% CI [83%, 95%]) of telehealth intervention participants achieved hypertension 
control during at least one clinical hypertension visit compared to 69% (95% CI [58%, 76%]) for clinic-based comparator 
arm participants (Fig D in S1 File).

Over 48 weeks of follow-up, all telehealth participants had at least one post-baseline follow-up visit for hypertension 
treatment, compared to 80% of clinic-based participants (80/102). Telehealth participants had a median of 6 visits (Q1–Q3 
5–7, range 2–10) and clinic participants 5 visits (Q1–Q3 2–6, range 1–13), including the enrollment visit. In the telehealth 
group, 95% of post-baseline visits were conducted at home by telehealth (485/512), and only 5% of visits were conducted 
in the clinic due to clinician recommendation (27/512). All post-baseline visits in the clinic-based arm occurred in the clinic 
(373/373). Nearly all participants were prescribed at least one antihypertensive medication (91% intervention, 93% con-
trol), and most were prescribed ≥2 medications (60% telehealth, 69% clinic arms; Tables E-G in S1 File). Patient-reported 
medication adherence assessed during clinical visits was high in both arms (Tables H-I in S1 File).

At the end of the study, 88% of telehealth participants stated a preference to receive care at home (n = 76) or a combina-
tion of home/clinic (n = 10); 76% of clinic arm participants preferred home (n = 64) or a combination of home/clinic (n = 11).

Adverse events

Three participants died, two in the telehealth arm (one with baseline stage 5 chronic kidney disease who died of renal 
failure and one who died of heart failure) and one in the clinic arm (death at home following acute illness). Two additional 
participants were hospitalized, both in the telehealth arm (stroke, inguinal hernia repair). The participants who died were 
receiving effective treatment for hypertension with last observed blood pressures controlled to <140/90 mmHg. All adverse 
events were determined to be unrelated to the study intervention (hypertension telehealth care). See Table J in S1 File.

Discussion

In this randomized pilot study, we showed that clinician-driven, CHW-facilitated telehealth nearly doubled the propor-
tion of people achieving hypertension control compared to clinic-based hypertension care. Nearly 90% of telehealth 
intervention participants achieved hypertension control after 48 weeks. Our clinic-based comparator arm consisted of a 
patient-centered hypertension care model that we previously showed an improved hypertension control and all-cause 
mortality compared to current standard hypertension care in primary health centers in Kenya and Uganda [13]. Thus, 
CHW-facilitated telehealth may lead to even greater improvements when compared to current standard hypertension care 
in rural MoH primary care clinics in Kenya and Uganda.

We postulate that primary mechanism through which the telehealth intervention led to improved outcomes was through 
improved retention in care. In particular, the CHW-facilitated telehealth intervention reduced transportation barriers to care 
engagement, resulting in a greater proportion of time patients attended follow-up visits on time and were in possession of 
and adherent to hypertension medications. Nearly all participants reported that transportation to clinic was a challenge to 
consistent care engagement, due to a combination of transportation costs, time, and mobility challenges. Additionally, the 
CHW-facilitated telehealth model of care resulted in fewer participants reporting concerns about taking medications for an 
asymptomatic condition or disbelief that they truly had hypertension, highlighting the value added by offering home visits 
with supportive adherence counseling by a local community member (CHW) in addition to counseling by a clinician.

Hypertension control in the clinic-based arm was comparable to hypertension control achieved in other facility-based 
interventions in the literature, including pharmacy-based hypertension care [39], task sharing to integrate mental health 
and hypertension care [40], and health insurance coverage with nurse-led hypertension care [10]. By attaining much 
higher levels of hypertension control, CHW-facilitated telehealth could augment these facility-based care models to 
improve hypertension treatment outcomes particularly for those living in rural settings.

We did not measure downstream CVD outcomes; although based on large meta-analyses of hypertension treatment 
trials, the degree of SBP reduction we observed would be expected to result in a 50%–60% reduction in incidence of heart 
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attacks and strokes, if sustained [6,41,42]. Our study provides evidence that CHWs in the rural East African context can 
successfully conduct population-level hypertension screening, identify those with moderate–severe hypertension with 
unambiguous indication for and large benefit from treatment (9% of population), and facilitate treatment delivery through 
clinician telehealth that leads to a very high degree of sustained hypertension control. We have previously shown that 
CHW hypertension screening and linkage to clinic-based care would improve CVD outcomes and be cost-effective at 
scale [43]. Scaling of our CHW-facilitated telehealth intervention alongside population-level CHW screening is likely to 
lead to even greater health benefits, although further study of cost and cost-effectiveness is needed.

For people with HIV, integration of HIV and hypertension care is an important way to improve cardiovascular disease 
prevention [44,45]. However, in our clinic-based arm where HIV and hypertension care were integrated, retention in hyper-
tension care among people with HIV was only 53% at week 48, compared to 100% retention in the telehealth arm. Sev-
eral factors likely explain low retention in hypertension care among people with HIV in our study. First, moderate–severe 
hypertension requires a different level of intensive monitoring until stabilized, often monthly visits until blood pressure is 
controlled. In contrast, HIV visits are often for every 3–6 months for stable patients. Second, only 44% (n = 12/27) of study 
participants with HIV and hypertension accessed HIV care at their local community primary care clinic (where the study 
was based). We did not assess reasons for receiving HIV care at a different clinic outside of the community, although rea-
sons may include stigma, travel/mobility, or other preference-related factors. At the end of the study, 74% of people with 
HIV expressed a preference for receiving at least some hypertension visits at home through CHW-facilitated telehealth, 
highlighting the role this intervention could play in a patent-centered approach to hypertension care delivery even among 
people with HIV already accessing the clinic for their HIV care.

We focused on the use of telehealth to bridge primary care clinics to patients in the community with facilitation by a 
CHW, although our telehealth model could also be expanded to enhance management of complex cases. Currently, 
people with resistant hypertension or existing cardiovascular disease are generally referred to tertiary care settings which 
involve high out-of-pocket costs and long travel times for patients [46]. Telehealth has been identified as a strategy to 
support primary care clinicians by providing specialty consultation for complex hypertension cases [47]. Future evolution 
of our telehealth model could involve linking communities, primary care clinics, and specialists through telehealth consul-
tation, with CHWs as key facilitators to ensure patients receive consistent monitoring and are retained in care.

Our study had several limitations. First, by chance, there was imbalance hypertension severity at baseline between 
arms. However, our primary analysis adjusted for baseline hypertension grade as well as other variables, and our 
results were robust to the analytic approach and sensitivity analyses (Tables C-D in S1 File). Second, although fully 
powered for our primary outcome, this was a pilot study with a relatively small sample size which limits inferences 
about effectiveness at scale. However, by conducting the study at three government primary care clinics that are 
broadly representative of primary health centers in rural Kenya and Uganda, our findings are likely generalizable to 
similar rural primary healthcare settings. We are currently conducting a follow-up population-level study to understand 
intervention effects at scale and when integrated with population-level screening for HIV and HIV risk (NCT05768763). 
Future studies will also need to evaluate cost-effectiveness of additional resource inputs including CHW stipends, 
medication costs, and clinician time to deliver telehealth visits. Third, this was an individual-level randomized trial in a 
controlled setting where the intervention was delivered by study clinicians. Future study is needed to understand the 
implementation strategies for incorporating CHW-facilitated telehealth for community-based hypertension treatment into 
routine care settings. Finally, intervention allocation was not blinded to staff delivering the interventions (CHWs, clini-
cians) or research assistants assessing outcomes, which could have introduced bias. However, our primary outcome 
of blood pressure control was assessed using automated blood pressure machines, minimizing the potential for bias in 
outcome assessment. Study clinicians delivering hypertension care could have differentially influenced quality of care 
by trial arm, although we saw no differences in the number of drugs prescribed and clinicians were trained to provide 
high-quality care to both trial arms.
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In this pilot RCT, clinician-driven, CHW-facilitated telehealth substantially improved hypertension control compared to 
clinic-based hypertension care. Facilitated telehealth is a promising intervention for supplementing integrated clinic-based 
care to improve cardiovascular disease prevention for people both with and without HIV.

Supporting information

S1 File.  Supplemental tables and figures. 
(PDF)

S2 File.  Summary of study protocol. 
(PDF)

S3 File.   Hypertension and diabetes treatment guidelines used by clinicians. 
(PDF)

S4 File.  Pre-specified statistical analysis plan. 
(PDF)

S5 File.  Full protocol for the parent study. 
(PDF)

S6 File.  Deidentified dataset. 
(CSV)

S7 File.  Data dictionary. 
(XLSX)

S1 Consort Checklist.   CONSORT 2010 checklist of information to include when reporting a randomised trial. 
(PDF)

Acknowledgments

The SEARCH project gratefully acknowledges the Ministry of Health of Uganda and of Kenya, our research teams and 
administrative teams in San Francisco, Uganda, and Kenya, collaborators and advisory boards, and especially all commu-
nities and participants involved.

Author contributions

Conceptualization: Matthew D. Hickey, Asiphas Owaraganise, Sabina Ogachi, Norton Sang, Erick M. Wafula, Jane 
Kabami, Gabriel Chamie, Elijah Kakande, Maya L. Petersen, Laura B. Balzer, Diane V. Havlir, Moses R. Kamya, James 
Ayieko.

Data curation: Erick M. Wafula, Nicole Sutter, Jennifer Temple, Laura B. Balzer.

Formal analysis: Matthew D. Hickey, Jennifer Temple, Laura B Balzer.

Funding acquisition: Matthew D. Hickey, Maya L. Petersen, Diane V. Havlir, Moses R. Kamya.

Investigation: Asiphas Owaraganise, Sabina Ogachi, Norton Sang, Jane Kabami, Anthony Muiru, Gabriel Chamie, Maya 
L. Petersen, Diane V. Havlir, Moses R. Kamya, James Ayieko.

Methodology: Matthew D. Hickey, Laura B. Balzer.

Project administration: Asiphas Owaraganise, Sabina Ogachi, Norton Sang, Erick M. Wafula, Jane Kabami, Nicole 
Sutter, James Ayieko.

http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1004632.s001
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1004632.s002
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1004632.s003
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1004632.s004
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1004632.s005
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1004632.s006
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1004632.s007
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1004632.s008


PLOS Medicine | https://doi.org/10.1371/journal.pmed.1004632  June 5, 2025 16 / 18

Supervision: Jane Kabami, Anthony Muiru, Elijah Kakande, Maya L. Petersen, Diane V. Havlir, Moses R. Kamya, James 
Ayieko.

Writing – original draft: Matthew D. Hickey.

Writing – review & editing: Asiphas Owaraganise, Sabina Ogachi, Norton Sang, Erick M. Wafula, Jane Kabami, Nicole 
Sutter, Jennifer Temple, Anthony Muiru, Gabriel Chamie, Elijah Kakande, Maya L. Petersen, Laura B. Balzer, Diane V. 
Havlir, Moses R. Kamya, James Ayieko.

References
	 1.	 Gouda HN, Charlson F, Sorsdahl K, Ahmadzada S, Ferrari AJ, Erskine H, et al. Burden of non-communicable diseases in sub-Saharan Africa, 

1990–2017: results from the Global Burden of Disease Study 2017. Lancet Glob Health. 2019;7(10):e1375–87. https://doi.org/10.1016/S2214-
109X(19)30374-2 PMID: 31537368

	 2.	 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

	 3.	 Ataklte F, Erqou S, Kaptoge S, Taye B, Echouffo-Tcheugui JB, Kengne AP. Burden of undiagnosed hypertension in sub-saharan Africa: a system-
atic review and meta-analysis. Hypertension. 2015;65(2):291–8. https://doi.org/10.1161/HYPERTENSIONAHA.114.04394 PMID: 25385758

	 4.	 Geldsetzer P, Manne-Goehler J, Marcus M-E, Ebert C, Zhumadilov Z, Wesseh CS, et al. The state of hypertension care in 44 low-income 
and middle-income countries: a cross-sectional study of nationally representative individual-level data from 1.1 million adults. Lancet. 
2019;394(10199):652–62. https://doi.org/10.1016/S0140-6736(19)30955-9 PMID: 31327566

	 5.	 NCD Risk Factor Collaboration (NCD-RisC). Worldwide trends in hypertension prevalence and progress in treatment and control from 1990 to 
2019: a pooled analysis of 1201 population-representative studies with 104 million participants. Lancet. 2021;398(10304):957–80. https://doi.
org/10.1016/S0140-6736(21)01330-1 PMID: 34450083

	 6.	 Lewington S, Clarke R, Qizilbash N, Peto R, Collins R; Prospective Studies Collaboration. Age-specific relevance of usual blood pressure to 
vascular mortality: a meta-analysis of individual data for one million adults in 61 prospective studies. Lancet. 2002;360(9349):1903–13. https://doi.
org/10.1016/s0140-6736(02)11911-8 PMID: 12493255

	 7.	 Brathwaite R, Hutchinson E, McKee M, Palafox B, Balabanova D. The long and winding road: a systematic literature review conceptualising 
pathways for hypertension care and control in low- and middle-income countries. Int J Health Policy Manag. 2022;11(3):257–68. https://doi.
org/10.34172/ijhpm.2020.105 PMID: 32702800

	 8.	 Joshi R, Thrift AG, Smith C, Praveen D, Vedanthan R, Gyamfi J, et al. Task-shifting for cardiovascular risk factor management: lessons from the 
Global Alliance for Chronic Diseases. BMJ Glob Health. 2018;3(Suppl 3):e001092. https://doi.org/10.1136/bmjgh-2018-001092 PMID: 30483414

	 9.	 Frieden M, Zamba B, Mukumbi N, Mafaune PT, Makumbe B, Irungu E, et al. Setting up a nurse-led model of care for management of hypertension 
and diabetes mellitus in a high HIV prevalence context in rural Zimbabwe: a descriptive study. BMC Health Serv Res. 2020;20(1):486. https://doi.
org/10.1186/s12913-020-05351-x PMID: 32487095

	10.	 Ogedegbe G, Plange-Rhule J, Gyamfi J, Chaplin W, Ntim M, Apusiga K, et al. Health insurance coverage with or without a nurse-led task shifting 
strategy for hypertension control: a pragmatic cluster randomized trial in Ghana. PLoS Med. 2018;15(5):e1002561. https://doi.org/10.1371/journal.
pmed.1002561 PMID: 29715303

	11.	 Ehrenkranz P, Grimsrud A, Holmes CB, Preko P, Rabkin M. Expanding the vision for differentiated service delivery: a call for more inclu-
sive and truly patient-centered care for people living with HIV. J Acquir Immune Defic Syndr. 2021;86(2):147–52. https://doi.org/10.1097/
QAI.0000000000002549 PMID: 33136818

	12.	 Kivuyo S, Birungi J, Okebe J, Wang D, Ramaiya K, Ainan S, et al. Integrated management of HIV, diabetes, and hypertension in sub-Saharan 
Africa (INTE-AFRICA): a pragmatic cluster-randomised, controlled trial. Lancet. 2023;402(10409):1241–50. https://doi.org/10.1016/S0140-
6736(23)01573-8 PMID: 37805215

	13.	 Hickey MD, Ayieko J, Owaraganise A, Sim N, Balzer LB, Kabami J, et al. Effect of a patient-centered hypertension delivery strategy on all-cause 
mortality: secondary analysis of SEARCH, a community-randomized trial in rural Kenya and Uganda. PLoS Med. 2021;18(9):e1003803. https://doi.
org/10.1371/journal.pmed.1003803 PMID: 34543267

	14.	 Govindasamy D, Kranzer K, van Schaik N, Noubary F, Wood R, Walensky RP, et al. Linkage to HIV, TB and non-communicable disease care from 
a mobile testing unit in Cape Town, South Africa. PLoS One. 2013;8(11):e80017. https://doi.org/10.1371/journal.pone.0080017 PMID: 24236170

	15.	 Vedanthan R, Kamano JH, DeLong AK, Naanyu V, Binanay CA, Bloomfield GS, et al. Community health workers improve linkage to hypertension 
care in Western Kenya. J Am Coll Cardiol. 2019;74: 1897–906. https://doi.org/10.1016/j.jacc.2019.08.003

	16.	 Hickey MD, Owaraganise A, Sang N, Opel FJ, Mugoma EW, Ayieko J, et al. Effect of a one-time financial incentive on linkage to chronic hyperten-
sion care in Kenya and Uganda: a randomized controlled trial. PLoS One. 2022;17(11):e0277312. https://doi.org/10.1371/journal.pone.0277312 
PMID: 36342940

	17.	 Anand TN, Joseph LM, Geetha AV, Prabhakaran D, Jeemon P. Task sharing with non-physician health-care workers for management of blood 
pressure in low-income and middle-income countries: a systematic review and meta-analysis. Lancet Glob Health. 2019;7(6):e761–71. https://doi.
org/10.1016/S2214-109X(19)30077-4 PMID: 31097278

https://doi.org/10.1016/S2214-109X(19)30374-2
https://doi.org/10.1016/S2214-109X(19)30374-2
http://www.ncbi.nlm.nih.gov/pubmed/31537368
https://doi.org/10.1001/jama.2016.19043
http://www.ncbi.nlm.nih.gov/pubmed/28097354
https://doi.org/10.1161/HYPERTENSIONAHA.114.04394
http://www.ncbi.nlm.nih.gov/pubmed/25385758
https://doi.org/10.1016/S0140-6736(19)30955-9
http://www.ncbi.nlm.nih.gov/pubmed/31327566
https://doi.org/10.1016/S0140-6736(21)01330-1
https://doi.org/10.1016/S0140-6736(21)01330-1
http://www.ncbi.nlm.nih.gov/pubmed/34450083
https://doi.org/10.1016/s0140-6736(02)11911-8
https://doi.org/10.1016/s0140-6736(02)11911-8
http://www.ncbi.nlm.nih.gov/pubmed/12493255
https://doi.org/10.34172/ijhpm.2020.105
https://doi.org/10.34172/ijhpm.2020.105
http://www.ncbi.nlm.nih.gov/pubmed/32702800
https://doi.org/10.1136/bmjgh-2018-001092
http://www.ncbi.nlm.nih.gov/pubmed/30483414
https://doi.org/10.1186/s12913-020-05351-x
https://doi.org/10.1186/s12913-020-05351-x
http://www.ncbi.nlm.nih.gov/pubmed/32487095
https://doi.org/10.1371/journal.pmed.1002561
https://doi.org/10.1371/journal.pmed.1002561
http://www.ncbi.nlm.nih.gov/pubmed/29715303
https://doi.org/10.1097/QAI.0000000000002549
https://doi.org/10.1097/QAI.0000000000002549
http://www.ncbi.nlm.nih.gov/pubmed/33136818
https://doi.org/10.1016/S0140-6736(23)01573-8
https://doi.org/10.1016/S0140-6736(23)01573-8
http://www.ncbi.nlm.nih.gov/pubmed/37805215
https://doi.org/10.1371/journal.pmed.1003803
https://doi.org/10.1371/journal.pmed.1003803
http://www.ncbi.nlm.nih.gov/pubmed/34543267
https://doi.org/10.1371/journal.pone.0080017
http://www.ncbi.nlm.nih.gov/pubmed/24236170
https://doi.org/10.1016/j.jacc.2019.08.003
https://doi.org/10.1371/journal.pone.0277312
http://www.ncbi.nlm.nih.gov/pubmed/36342940
https://doi.org/10.1016/S2214-109X(19)30077-4
https://doi.org/10.1016/S2214-109X(19)30077-4
http://www.ncbi.nlm.nih.gov/pubmed/31097278


PLOS Medicine | https://doi.org/10.1371/journal.pmed.1004632  June 5, 2025 17 / 18

	18.	 Abdel-All M, Putica B, Praveen D, Abimbola S, Joshi R. Effectiveness of community health worker training programmes for cardiovascular dis-
ease management in low-income and middle-income countries: a systematic review. BMJ Open. 2017;7(11):e015529. https://doi.org/10.1136/
bmjopen-2016-015529 PMID: 29101131

	19.	 Gaziano TA, Abrahams-Gessel S, Denman CA, Montano CM, Khanam M, Puoane T, et al. An assessment of community health workers’ ability 
to screen for cardiovascular disease risk with a simple, non-invasive risk assessment instrument in Bangladesh, Guatemala, Mexico, and South 
Africa: an observational study. Lancet Glob Health. 2015;3(9):e556–63. https://doi.org/10.1016/S2214-109X(15)00143-6 PMID: 26187361

	20.	 Inagaki Y, Matsushita K, Appel LJ, Perry HB, Neupane D. Task-sharing with community health workers to treat hypertension: a scoping review. J 
Hypertens. 2024;42(12):2041–54. https://doi.org/10.1097/HJH.0000000000003834 PMID: 39469922

	21.	 Khetan A, Zullo M, Rani A, Gupta R, Purushothaman R, Bajaj NS, et al. Effect of a community health worker-based approach to integrated 
cardiovascular risk factor control in India: a cluster randomized controlled trial. Glob Heart. 2019;14(4):355–65. https://doi.org/10.1016/j.
gheart.2019.08.003 PMID: 31523014

	22.	 Jafar TH, Gandhi M, de Silva HA, Jehan I, Naheed A, Finkelstein EA, et al. A community-based intervention for managing hypertension in rural 
South Asia. N Engl J Med. 2020;382(8):717–26. https://doi.org/10.1056/NEJMoa1911965 PMID: 32074419

	23.	 Joshi R, Agrawal T, Fathima F, Usha T, Thomas T, Misquith D, et al. Cardiovascular risk factor reduction by community health workers in rural India: 
a cluster randomized trial. Am Heart J. 2019;216:9–19. https://doi.org/10.1016/j.ahj.2019.06.007 PMID: 31377568

	24.	 O’Neil DS, Lam WC, Nyirangirimana P, Burton WB, Baganizi M, Musominali S, et al. Evaluation of care access and hypertension control in a com-
munity health worker driven non-communicable disease programme in rural Uganda: the chronic disease in the community project. Health Policy 
Plan. 2016;31(7):878–83. https://doi.org/10.1093/heapol/czw006 PMID: 26962122

	25.	 Schwalm J-D, McCready T, Lopez-Jaramillo P, Yusoff K, Attaran A, Lamelas P, et al. A community-based comprehensive intervention to reduce 
cardiovascular risk in hypertension (HOPE 4): a cluster-randomised controlled trial. Lancet. 2019;394(10205):1231–42. https://doi.org/10.1016/
S0140-6736(19)31949-X PMID: 31488369

	26.	 Unger T, Borghi C, Charchar F, Khan NA, Poulter NR, Prabhakaran D, et al. 2020 International Society of Hypertension Global Hypertension Prac-
tice Guidelines. Hypertension. 2020;75(6):1334–57. https://doi.org/10.1161/HYPERTENSIONAHA.120.15026 PMID: 32370572

	27.	 Delgado C, Baweja M, Crews DC, Eneanya ND, Gadegbeku CA, Inker LA, et al. A unifying approach for GFR estimation: recommendations of 
the NKF-ASN task force on reassessing the inclusion of race in diagnosing kidney disease. Am J Kidney Dis. 2022;79(2):268–288.e1. https://doi.
org/10.1053/j.ajkd.2021.08.003 PMID: 34563581

	28.	 Kenya National Guidelines for Cardiovascular Diseases Management. Division of Non-Communicable Diseases, Ministry of Health, Kenya; 2018. 
Available: https://www.health.go.ke/wp-content/uploads/2018/06/Cardiovascular-guidelines-2018_A4_Final.pdf

	29.	 Uganda Clinical Guidelines: National Guidelines for Management of Common Conditions. Republic of Uganda Ministry of Health; 2023.

	30.	 ODK - Collect data anywhere [cited 28 Oct 2024]. Available from: https://getodk.org

	31.	 Hickey MD, Ouma GB, Mattah B, Pederson B, DesLauriers NR, Mohamed P, et al. The Kanyakla study: randomized controlled trial of a microclinic 
social network intervention for promoting engagement and retention in HIV care in rural western Kenya. PLoS One. 2021;16(9):e0255945. https://
doi.org/10.1371/journal.pone.0255945 PMID: 34516557

	32.	 R Core Team. R: A Language and Environment for Statistical Computing. 2020. Available from: http://www.R-project.org

	33.	 Balzer LB, Cai E, Godoy Garraza L, Amaranath P. Adaptive selection of the optimal strategy to improve precision and power in randomized trials. 
Biometrics. 2024;80(1):ujad034. https://doi.org/10.1093/biomtc/ujad034 PMID: 38446441

	34.	 Van Der Laan M, Rose S. Targeted Learning: Causal Inference for Observational and Experimental Data. New York, NY: Springer. 2011.

	35.	 Moore KL, van der Laan MJ. Covariate adjustment in randomized trials with binary outcomes: targeted maximum likelihood estimation. Stat Med. 
2009;28(1):39–64. https://doi.org/10.1002/sim.3445 PMID: 18985634

	36.	 Rosenblum M, van der Laan MJ. Simple, efficient estimators of treatment effects in randomized trials using generalized linear models to leverage 
baseline variables. Int J Biostat. 2010;6(1):Article 13. https://doi.org/10.2202/1557-4679.1138 PMID: 20628636

	37.	 Van Der Laan M, Rose S. Targeted Learning in Data Science. 1st ed. New York, NY: Springer Cham; 2018. Available from: https://doi.
org/10.1007/978-3-319-65304-4

	38.	 Kidney Disease: Improving Global Outcomes (KDIGO) CKD Work Group. KDIGO 2024 Clinical Practice Guideline for the Evaluation and Manage-
ment of Chronic Kidney Disease. Kidney Int. 2024;105(4S):S117–314. https://doi.org/10.1016/j.kint.2023.10.018 PMID: 38490803

	39.	 Jackson IL, Ukwe CV. Clinical outcomes of pharmaceutical care intervention in HIV positive patients with hypertension: a randomized controlled 
study. J Clin Pharm Ther. 2021;46(4):1083–94. https://doi.org/10.1111/jcpt.13400 PMID: 33666264

	40.	 Petersen I, Fairall L, Zani B, Bhana A, Lombard C, Folb N, et al. Effectiveness of a task-sharing collaborative care model for identification and 
management of depressive symptoms in patients with hypertension attending public sector primary care clinics in South Africa: pragmatic parallel 
cluster randomised controlled trial. J Affect Disord. 2021;282:112–21. https://doi.org/10.1016/j.jad.2020.12.123 PMID: 33412490

	41.	 Ettehad D, Emdin CA, Kiran A, Anderson SG, Callender T, Emberson J, et al. Blood pressure lowering for prevention of cardiovascular disease and 
death: a systematic review and meta-analysis. Lancet. 2016;387(10022):957–67. https://doi.org/10.1016/S0140-6736(15)01225-8 PMID: 26724178

	42.	 Law MR, Morris JK, Wald NJ. Use of blood pressure lowering drugs in the prevention of cardiovascular disease: meta-analysis of 147 randomised 
trials in the context of expectations from prospective epidemiological studies. BMJ. 2009;338:b1665. https://doi.org/10.1136/bmj.b1665 PMID: 
19454737

https://doi.org/10.1136/bmjopen-2016-015529
https://doi.org/10.1136/bmjopen-2016-015529
http://www.ncbi.nlm.nih.gov/pubmed/29101131
https://doi.org/10.1016/S2214-109X(15)00143-6
http://www.ncbi.nlm.nih.gov/pubmed/26187361
https://doi.org/10.1097/HJH.0000000000003834
http://www.ncbi.nlm.nih.gov/pubmed/39469922
https://doi.org/10.1016/j.gheart.2019.08.003
https://doi.org/10.1016/j.gheart.2019.08.003
http://www.ncbi.nlm.nih.gov/pubmed/31523014
https://doi.org/10.1056/NEJMoa1911965
http://www.ncbi.nlm.nih.gov/pubmed/32074419
https://doi.org/10.1016/j.ahj.2019.06.007
http://www.ncbi.nlm.nih.gov/pubmed/31377568
https://doi.org/10.1093/heapol/czw006
http://www.ncbi.nlm.nih.gov/pubmed/26962122
https://doi.org/10.1016/S0140-6736(19)31949-X
https://doi.org/10.1016/S0140-6736(19)31949-X
http://www.ncbi.nlm.nih.gov/pubmed/31488369
https://doi.org/10.1161/HYPERTENSIONAHA.120.15026
http://www.ncbi.nlm.nih.gov/pubmed/32370572
https://doi.org/10.1053/j.ajkd.2021.08.003
https://doi.org/10.1053/j.ajkd.2021.08.003
http://www.ncbi.nlm.nih.gov/pubmed/34563581
https://www.health.go.ke/wp-content/uploads/2018/06/Cardiovascular-guidelines-2018_A4_Final.pdf
https://getodk.org
https://doi.org/10.1371/journal.pone.0255945
https://doi.org/10.1371/journal.pone.0255945
http://www.ncbi.nlm.nih.gov/pubmed/34516557
http://www.R-project.org
https://doi.org/10.1093/biomtc/ujad034
http://www.ncbi.nlm.nih.gov/pubmed/38446441
https://doi.org/10.1002/sim.3445
http://www.ncbi.nlm.nih.gov/pubmed/18985634
https://doi.org/10.2202/1557-4679.1138
http://www.ncbi.nlm.nih.gov/pubmed/20628636
https://doi.org/10.1007/978-3-319-65304-4
https://doi.org/10.1007/978-3-319-65304-4
https://doi.org/10.1016/j.kint.2023.10.018
http://www.ncbi.nlm.nih.gov/pubmed/38490803
https://doi.org/10.1111/jcpt.13400
http://www.ncbi.nlm.nih.gov/pubmed/33666264
https://doi.org/10.1016/j.jad.2020.12.123
http://www.ncbi.nlm.nih.gov/pubmed/33412490
https://doi.org/10.1016/S0140-6736(15)01225-8
http://www.ncbi.nlm.nih.gov/pubmed/26724178
https://doi.org/10.1136/bmj.b1665
http://www.ncbi.nlm.nih.gov/pubmed/19454737


PLOS Medicine | https://doi.org/10.1371/journal.pmed.1004632  June 5, 2025 18 / 18

	43.	 Hickey MD, Ayieko J, Kabami J, Owaraganise A, Kakande E, Ogachi S, et al. Cost-effectiveness of leveraging existing HIV primary health 
systems and community health workers for hypertension screening and treatment in Africa: an individual-based modeling study. PLoS Med. 
2025;22(1):e1004531. https://doi.org/10.1371/journal.pmed.1004531 PMID: 39854581

	44.	 Njuguna B, Vorkoper S, Patel P, Reid MJA, Vedanthan R, Pfaff C, et al. Models of integration of HIV and noncommunicable disease care in 
sub-Saharan Africa: lessons learned and evidence gaps. AIDS. 2018;32(Suppl 1):S33–42. https://doi.org/10.1097/QAD.0000000000001887 PMID: 
29952788

	45.	 Haldane V, Legido-Quigley H, Chuah FLH, Sigfrid L, Murphy G, Ong SE, et al. Integrating cardiovascular diseases, hypertension, and diabetes 
with HIV services: a systematic review. AIDS Care. 2018;30(1):103–15. https://doi.org/10.1080/09540121.2017.1344350 PMID: 28679283

	46.	 Subramanian S, Gakunga R, Kibachio J, Gathecha G, Edwards P, Ogola E, et al. Cost and affordability of non-communicable disease screening, 
diagnosis and treatment in Kenya: patient payments in the private and public sectors. PLoS One. 2018;13(1):e0190113. https://doi.org/10.1371/
journal.pone.0190113 PMID: 29304049

	47.	 Muiruri C, Manavalan P, Jazowski SA, Knettel BA, Vilme H, Zullig LL. Opportunities to leverage telehealth approaches along the hypertension 
control cascade in Sub-Saharan Africa. Curr Hypertens Rep. 2019;21(10):75. https://doi.org/10.1007/s11906-019-0983-2 PMID: 31451940

https://doi.org/10.1371/journal.pmed.1004531
http://www.ncbi.nlm.nih.gov/pubmed/39854581
https://doi.org/10.1097/QAD.0000000000001887
http://www.ncbi.nlm.nih.gov/pubmed/29952788
https://doi.org/10.1080/09540121.2017.1344350
http://www.ncbi.nlm.nih.gov/pubmed/28679283
https://doi.org/10.1371/journal.pone.0190113
https://doi.org/10.1371/journal.pone.0190113
http://www.ncbi.nlm.nih.gov/pubmed/29304049
https://doi.org/10.1007/s11906-019-0983-2
http://www.ncbi.nlm.nih.gov/pubmed/31451940
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

