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Abstract

Background: We developed and tested a novel hypertension management model of care designed for the resource-
limited setting of Sub-Saharan Africa.

Methods: The model consisted of a mobile tablet, automated BP machine, and a novel software application for
longitudinal patient management. Patients were provided with a personalized management plan and attended regular
BP local assessments and received real-time automated feedback. Clinicians remotely reviewed patient data, provided
direct patient feedback and wrote electronic prescriptions directly to pharmacies.

Results: A cohort of 150 hypertensive patients (57 + 8 years; 73% female) were enrolled. Average baseline BP was
135 + 18/84 + 10 mmHg in the overall cohort and 153 + 13/90 + 11 mmHg in the subgroup with uncontrolled hypertension
(n=58). After 6 months of recommended weekly BP monitoring, systolic blood pressure decreased significantly (p<0.01)
in both the overall cohort (-4.7 + 18.7 mmHg) and in the uncontrolled subgroup (-15.2 + 17.6 mmHg). The proportion of
the population with uncontrolled hypertension decreased from 39% to 27% (p=0.01). Patient compliance with weekly BP
assessments was 61% and 2,855 BP assessments were conducted.

In clinic patient visits were reduced 60% as compared to standard monthly visits. The software application directly
referred 25 patients to a health facility (33 visits). Improvement in overall health awareness was reported in 82% of the
participants and 95% of participants indicated a desire to continue using this model in the future.

Conclusions: Compliance and satisfaction with this multifaceted hypertension care model were high and led to

significant and sustained decreases in blood pressure in this West African hypertensive population.
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Introduction

Cardiovascular disease is currently the leading cause of death
in sub-Saharan Africa in adults over the age of 30 [1]. The growing
epidemic of uncontrolled hypertension (systolic blood pressure greater
than 140 mmHg) remains the most important global contributor
to cardiovascular morbidity and mortality leading to stroke, heart
failure, kidney disease, and hypertensive emergencies [2,3]. By
2050, hypertension prevalence is expected to expand to 33% of the
population. The proportion of death and disability-adjusted life-years
attributed to uncontrolled hypertension rose by an estimated 107%
from 1990 to 2015 in West Africa [4]. In Ghana, nearly 30% of the
population has hypertension, but only 2.8% of those with hypertension
are adequately controlled with pharmacologic management and
lifestyle modifications [4]. This low rate of control is linked to
multiple barriers to appropriate care, including high burden of travel
to point of care, inequitable distribution of health facilities, inability
for care providers to access longitudinal patient data, referral delays,
and lack of patient awareness to the current state of their condition.
Additionally, many hypertension patients are scheduled to visit the
in-person clinic each month, regardless of the current clinical risk
or status of their hypertension. When interviewed, several Ghanaian
physicians noted that approximately two-thirds of the patients seen in
hypertension clinics do not clinically require or benefit from monthly
in-person medical reviews. Hence, these unnecessary visits create a
substantial time and cost burden for the patient, and further congest

an overcrowded system, preventing physicians from maximizing their
time with those patients who require intense in-person assessment,
review, and care. These barriers and challenges, coupled with rising
rates of hypertension, require bold and innovative patient management
solutions.

Medtronic Labs Empower Health™ (Medtronic Labs, Minneapolis,
MN) is a novel hypertension management model of care consisting of
hardware and a proprietary software application. The application allows
clinical users to collect basic clinical data, provide patients with earlier
detection of elevated BP, and remotely guide hypertensive patients to
connect directly with their Health Care Provider (HCP) when further
clinical evaluation is needed. HCPs can receive notifications on their
mobile devices for patients needing evaluation, and may choose to
communicate with patients on the application using Short Message
Services (SMS). The application also allows HCPs to send electronic
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prescriptions directly to participating pharmacies. The Empower
Health model of care was developed using human-centered design
methodology, which focuses on co-creation of innovative solutions
incorporating input from physicians, pharmacists, nurses, patients
and their caregivers [5]. The model consisted of 4 major components
including (1) generation of the patients’ personalized follow-up plan, (2)
community-based BP assessments (with associated patient messaging),
(3) data triaging and HCP notifications, and (4) paperless (electronic)
prescriptions for hypertension medications (Figure 1). The goal of
Empower Health is to reduce the burden and improve the efficiency
of managing hypertension for both patients and clinicians. The system
was tested in a 6-month program called “Akoma Pa”, (which means
“healthy heart” in the local Twi language), enrolling patients previously
diagnosed with hypertension.

Methods

The Empower Health system was tested in a 6-month program
during which patients with a history of hypertension were enrolled
using a convenience sampling method from Suntreso Government
Hospital in Kumasi, Ghana. Ethical approval was obtained from the
Committee for Human Research, Ethics and Publication at the School
of Medical Sciences, KNUST, Kumasi, Ghana. Potential participants
were evaluated for inclusion and exclusion criteria through a review
of their medical records and a by routine in-person medical review.
Primary inclusion criteria included patients 18-80 years of age with a
diagnosis of hypertension with or without concomitant co-morbidities
and a willingness to participate in all aspects of the protocol, including
weekly BP assessments at a local pharmacy.

Prior to enrollment, evaluation for cardiovascular risks via
laboratory investigations or review of medical charts was carried out for all
participants. No new or additional clinical testing was required. Available
clinic blood pressures for each subject were retrospectively retrieved from
the patient record for post hoc comparison. Throughout the 6-month
follow up period, patients continued to utilize their personal payment
mechanisms for in-clinic medical reviews and medications (i.e. National
Health Insurance, private insurance, or out of pocket payments).

Small reimbursements were provided to patients (a total of $15
USD) to assist with transportation to in-clinic visits. Written informed
consent was provided by each patient prior to enrollment.

Enrollment and follow-up plan generation

Clinical staff entered each patient’s demographic and medical
history data, as well as their baseline BP into the software application.
Each patient’s follow-up plan was created by the application’s
algorithms, which operationalize international guidelines [6,7] and
enabled clinical risk categorization of patients based on comorbidities
and risk factors. The follow-up plan was customizable at the health care
provider’s discretion for frequency of BP check assessments and in-
person medical reviews.

Patients received training on the Akoma Pa program, including the
individualized risk-based follow-up plan and their community-based
BP check location options.

Community-based BP measurements

Each patient was asked to have his or her BP checked each week
for the 6-month duration of the project. Patients could attend their BP
assessment visits at any of the six geographically dispersed Akoma Pa
community-based pharmacies, where staff had been trained to conduct
the assessment visits. During each BP assessment visit, the patient
provided the pharmacy trained staff with the reason for their visit, self-
reported hypertension medication adherence, and current and recent
physical symptoms. Three automated blood pressure measurements
were then performed and recorded manually into the application by
the trained staff. Based on the patient’s enrollment risk classification,
as well as their reported symptoms and blood pressure from that day,
the patient received an application-generated personalized message.
Depending on the patient’s literacy levels, the message was either read
by the patient or delivered verbally by the trained staff. The patient
message included actionable information including positive verbal
feedback, prompts to repeat blood pressure readings, or instructions to
proceed immediately to the clinic or hospital for additional evaluation.
Patients were not provided with home blood pressure monitors or any
other technology and home monitoring was not required.

Data triaging and HCP notifications

When a patient received a message for referral following a
community based BP check, the physician (or HCP assigned to
receive the alerts) received an SMS message that a patient had been
referred. The application was also available to the physician at any time,
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Figure 1: Hypertension measurement model of care: Enrolled patients met initially with primary physician to determine a treatment plan. Each patient
agreed to periodically visit a local pharmacy or facility for manual blood pressure checks by trained non clinical personnel. Recorded blood pressures were
uploaded into the proprietary application via a tablet device which provided automated feedback directly to the patient. Managing physicians could use
a smart device to remotely track serial blood pressure measurements, transmit prescriptions electronically to the local pharmacy and transmit messages
directly to patients via SMS. Patients did not receive home monitoring equipment and no personal devices were required to participate.
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including during in-person visits, to review the patient’s longitudinal
data and follow-up on patients who had missed BP checks or medical
reviews. The physician could send an SMS message to patients owning
smart devices at any time via the application, communicating patient-
specific follow-up instructions.

Electronic prescriptions

The software application provided a paperless mechanism for
the physician to write hypertension-related prescriptions, selecting
from hypertension-related medications listed in the Ghana Standard
Treatment Guidelines (GSTG) [8]. Patients were then informed by
SMS via the application that their prescription was available to be
picked up at the participating pharmacy.

Commercially available BP monitors (Omron, Kyoto, Japan)
were used for blood pressure measurements and the Empower Health
software application was deployed on computer tablets (Samsung
Galaxy Tab A). The primary physicians received the application-
generated patient notifications, via their personal smartphones. In-
clinic medical review visits were conducted over the 6-month duration
of the follow up, either every 30, 60, or 90 days. The frequency of these
in-clinic medical reviews was determined by the risk classification
performed by the Empower Health system algorithm at enrollment and
confirmed or modified by the physician as clinically indicated. During
those in-clinic medical reviews, the patient’s provider had access to
the longitudinal data collected during the weekly BP assessments. The
provider could also make any updates to the BP assessment or in-clinic
visit frequencies and/or update and prescribe hypertension-related
medications via the application. During the in-clinic visits, the patients
completed a medical review questionnaire and were asked questions
regarding any recent clinic or hospital visits. At the final 6-month
visit, patients completed a field tested and validated questionnaire
that included questions regarding their personal acceptance of the
system, their perception of the value of the Empower Health system,
and any difficulties experienced using the system during the 6-months.
Additional clinic blood pressure values for the 6-months prior to
baseline were collected post hoc from the patients’ medical record.
The proportion of blood pressure readings below target was compared
between the 6 months immediately prior to vs following enrollment.
This proportion has previously been shown to be inversely related to
cardiovascular risk [9,10].

During the initial safety review, two independent Ghanaian
cardiologist adjudicators ensured that the enrollment algorithm and
the notification tier algorithm used during the BP assessment visits
were processing the data correctly and were clinically accurate. A
final adjudication assessed the possible relationship between reported
cardiovascular events to any component or aspect of the Empower
Health system.

Statistical analysis

Enrollment of 150 subjects afforded 86% power to test for a reduction
in systolic blood pressure (SBP) of 5 mmHg across the entire population
(assumed standard deviation of 20 mmHg). Unless otherwise specified,
analyses were performed using descriptive statistics including mean,
standard deviation, median, minimum, and maximum for continuous
variables and count and percentage for categorical variables. A t-test
was utilized to determine if observed changes in blood pressure were
different from zero. McNemar’s test was utilized to determine if the
proportion of subjects with uncontrolled hypertension changed from
baseline to 6-months. SAS Software Versions 9.4 was used to conduct
data processing and statistical analysis.

Results

A total of 150 patients from the Suntreso Hospital’s Hypertension
Clinic were enrolled between May 19, 2016 and June 21, 2016. Patients
were recruited from 18 different neighbourhoods within the Kumasi
area, the second largest metropolitan area in Ghana with approximately
1.7 million people. Average age was 57 + 8 years; 73% of patients enrolled
were female; 61% of patients reported either no schooling, primary
school incomplete, or primary school complete as their highest level
of education 36% reported no weekly income. Among wage earners,
the average weekly income was 114 Ghana cedi (the equivalent of $25
USD/week, which is slightly below that average Ghana 2016 GDP per
capita of $1,513.50 USD), with a range of 10 cedi/week-425 cedi/week.
The average baseline blood pressure was 135/84 mmHg. The enrolled
cohort included 39% with uncontrolled hypertension (SBP =140
mmHg). Patients were prescribed an average of 2.0 + 0.8 hypertensive
medications, including 88% on calcium channel blocker, 63% on ACE
or ARB, and 31% on thiazide diuretic.

The average travel time for each patient to the pharmacy by
vehicle or bus was 20 + 14 minutes. Patients attended BP assessment
visits during all operating hours of the pharmacies, including early
mornings, late evenings, and weekends. Compliance to completing the
program was 100%; no patients withdrew early, and all 150 patients
completed a 6-month exit visit. A total of 363 medical reviews were
completed in the 150 enrolled patients, as compared to the current
standard of care that would have required a total of 900 medical
review visits during the same duration of time with standard monthly
visits (60% reduction). Of the 150 patients, 92% (138) completed all
scheduled medical reviews as indicated by the software algorithm. A
total of 2,705 blood pressure checks were performed following the
enrollment visit through 6-months (0.71 checks/patient/week). Patient
compliance with weekly blood pressure assessments was 61% (Figure
2). The rate of compliance decreased during the initial 2-3 months of
follow up, but then plateaued at more than 55% per week in the final
months. Throughout the 6-months, 654 SMS messages were sent from
the physicians directly to the patients’ personal smart device, through
the software application. Each patient was sent at least 2 messages, with
an average of 4.4 + 1.4 messages sent per subject.

The software application algorithm logic directly referred 17%
of the patients to a health facility following a community-based
BP assessment (25 patients during 33 visits, representing 1% of the
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Figure 2a: Overall population compliance remained over 50% throughout
the 6-month study period.
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total community-based BP assessments). No deaths occurred, and 6
patients (4%) required inpatient hospitalization. Five out of the six
hospitalizations were related to cardiovascular conditions as reported
by patient recall (i.e. high blood pressure, swelling of the tongue/lips
and reported fatigue, hypotension, difficulty breathing, and stroke).
Of those, 3 hospitalizations were initiated by the Empower Health
system following a BP assessment at a pharmacy and 2 hospitalizations
were initiated by the patient on non-BP assessment days, which
included one stroke. Due to non-availability of the patient’s prescribed
antihypertensive medications at the time of the event, the stroke
hospitalization was adjudicated as unrelated to the Empower Health
system. No events or hospitalizations were adjudicated as being related
to the Empower Health system.

Improvement in overall health awareness was reported in 82% of
the participants, and 95% of participants indicated a desire to continue
using the program in the future. Likewise, the physicians indicated
satisfaction with the model of care and the positive impact it had on their
clinic workflow, specifically the 60% reduction in non-medically required
clinic appointments and the ability to write prescriptions electronically.

Average BP was 135/84 + 18/10 mmHg in the overall cohort at
baseline, and 137/85 + 14/8 during the full 6-month period prior to
enrollment (average 3.5 + 1.1, measurements per patient) (Table 1).

Likewise, the pre-enrollment 6-month average blood pressure was
151/90 + 11/7 in the subgroup with uncontrolled hypertension defined
as average pre-enrolment blood pressure 2140 mmHg (n=55), and
128/82 + 7/7 in the subgroup with controlled blood pressure during the
prior 6 months defined as average systolic blood pressure<140 mmHg)
(n=83) (Table 2). During the 6 months of voluntary weekly monitoring,
average systolic blood pressure decreased significantly in the overall
cohort (-6.2 + 12.6 mmHg; p<0.001) and in the uncontrolled subgroup
(-13.1 £ 12.9 mmHg; p<0.001), while systolic blood pressure remained
constant in the sub group with controlled pressure at baseline (-1.6 +
10.1 mmHg; p=0.16) (Figure 3). The proportion of “controlled” blood
pressure readings defined as systolic blood pressure below 140 mmHg
increased significantly in the overall cohort as well as both sub groups,
including the group with “controlled” blood pressure during the 6
months prior to enrolment (Figure 4).
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Age (years) 57+8
30 1 Gender (% female) 73%
BMI (kg/m?) 29+5
25 1 SBP (mmHg) 135+ 18
DBP (mmHg) 84+ 10
2 20 % with uncontrolled hypertension (= 140 SBP) 39%
-;f:; SBP in uncontrolled patients 153 £ 13
s 15 1 DBP in uncontrolled patients 90 + 11
5 Education (% completing secondary school or higher) 35%
§ 10 Years diagnosed with hypertension’ 9+8
Average # of HTN meds per patient 20038
5 Baseline Medication by Class (% of patients):
ACE or ARB 63%
o Aldosterone antagonist 1%
0O 10 20 30 40 50 60 70 80 90 100 Beta blocker 1%
Individual Patient Adhernece to Weekly Follow Up (%) Calcium channel blocker 88%
Figure 2b: Histogram of individual patient in clinic blood pressure check Central-acting agent 3%
compliance: Most patients attended 60% or more of required weekly BP Travel Time to Clinic <30 mins: 51%
checks. 30-60 mins: 39%

1-2 hours: 10%
Personal vehicle: 5%
Taxi: 19%

Bus: 63%
Walked: 13%

Mode of transportation

Comorbidities?

None 29%
Family History of Cardiovascular Disease 46%
Obesity 33%
Diabetes 25%
History of Stroke 4%
Pregnancy NA: 1%
Was the patient ever diagnosed with pre-eclampsia or No: 80%
high BP during any pregnancy (n=110 females)? Yos: 18%
. (]

Unknown: 1%

Table 1: Baseline population demographics.

All subjects | Uncontrolled Controlled
(n=138) (n=55) (n=83)
Pre Enrollment Average 137.4+14.0 150.9 + 10.9 1284 +6.5
SBP (mmHg)
Within Study Average SBP | 131.2 +12.7 137.8+14.5 126.8 +9.1
(mmHg)

Difference (mmHg) -6.2+126 -13.1+£12.9 -1.6 £ 10.1

p-value <0.001 <0.001 0.16

Table 2: Error! Main document only. Change in blood pressure prior to and
following.

Discussion

This prospective investigation demonstrated the utility of a novel
model of community based healthcare to address significant barriers to
the control of hypertension in a Western African population. Empower
Health is a locally-appropriate novel hypertension management model
of care that consists of commercially available hardware and a propriety
software application.

The model was designed specifically for the unique needs of
resource-limited settings using a human-centered design framework.
This human centered design methodology focuses on understanding
the unique unmet needs of the patients, local stakeholders, and health
systems.

The co-created model of care integrated frequent community-
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Figure 3: Changes in blood pressure during the 6 months prior to program enroliment obtained from the patient record (red) compared to average blood
pressure during the 6 month follow up period (blue) for the all subjects with pre enroliment data available (left), the subset of patients with average systolic
blood pressure 2140 mmHg during the 6-month pre-enrollment period (“uncontrolled” group, center), and the sub group with average systolic blood
pressure<140 mmHg during the 6 months prior (“controlled” group, right): Blood pressure decreased significantly in the full cohort and the uncontrolled
subgroup but not in the controlled sub group.
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Figure 4: Proportion of blood pressure readings <140 mmHg during the 6-month pre enrollment period (red) compared to the 6-moth enroliment period
(blue) for the entire cohort (left), the subset of patients with average systolic blood pressure 2140 mmHg during the 6-month pre-enrollment period
(“uncontrolled” group, center), and the sub group with average systolic blood pressure<140 mmHg during the 6 months prior (“controlled” group, right):
The distribution shifts to the right significantly for all three groups including the sub group classified as having “controlled” blood pressure during the pre-
enrollment period.
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based blood pressure assessments with patient-centered remote
monitoring and allowed for increased active patient engagement,
access to health information, and real-time analysis and feedback.

The Akoma Pa program resulted in blood pressure drops across the
entire cohort, with the largest decreases in systolic blood pressure in the
majority subset of patients with uncontrolled blood pressure prior to
enrollment. No patients withdrew early and compliance to completing
weekly BP assessments and scheduled in-person medical reviews was
high throughout the 6-month follow up. Patients also expressed a very
high level of satisfaction with the program and enthusiasm to continue
with the program. The presently observed drops in blood pressure
could have meaningful clinical impact, since similar drops have been
associated with significant reductions in cardiovascular risk, including
coronary heart disease events (by about 25%), stroke (by about 41%),
and heart failure (by about 25%) [11]. The observed reductions in
blood pressure, combined with the observed 60% reduction in office
visits for the cohort suggest that the present locally appropriate model
of care may increase efficiency and reduce costs for patients and
health systems. Such improvements may be particularly important in
geographies where health facilities are overwhelmed by demand and
access to healthcare, for patients, is difficult.

We also observed significant increases in the proportion of blood
pressure readings less than 140 mmHg in the full cohort as well as both
sub groups including the group with controlled” blood pressure during
the 6 months prior to enrollment. This proportion has been shown to
be inversely proportional to cardiovascular risk [9,10], implying that
even patients with relatively well controlled hypertension may also
experience reduced cardiovascular risk following enrollment in the
program.

The present results have importantimplications for the hypertensive
population beyond Ghana. The African population is forecasted to
exceed 2.4 billion by the year 2050, representing 25% of the global
population [12] and hypertension remains a growing epidemic.
Estimates of the prevalence of hypertension in Africa are among the
world’s highest at up to 46%. Conversely, hypertension control rates in
Africa are among the world’s lowest at 6.5%, explained in part by low
hypertension awareness levels of just 34% [13,14].

Unlike the presently described Empower Health System, currently
ongoing efforts to improve hypertension care in Africa include multiple
screening programs aimed at improving the awareness of people living
with hypertension, as well as programs focused on increasing the
availability of hypertension-related medications [15,16]. Previously
developed and marketed tools are designed to provide and document
patient home BP readings. However, these systems lack clinical data
analysis tied to triaging based on international standard guidelines,
physician alert notifications, personalized SMS messaging to patients,
and electronic prescriptions.

Additionally, the existing models of improved care are not
designed to address barriers to care including linking patients into a
care management system, maintaining patient and engagement and
support, time and cost burden of travelling to the clinic, lack of patient
awareness to the current state of their condition, and the lack of readily
available longitudinal data for their physicians to make data-driven
care decisions. The goal of the present model is to support the primary
physician by creating a more efficient in-clinic experience for those
patients who need greater in-person review time. The novel features
of this model of care, created to specifically address critical locally
observed barriers to hypertension treatment, likely contributed to

both the high observed levels of patient compliance and the sustained
decreases in systolic blood pressure.

The present analysis has limitations. No control arm was studied
for comparison. However, we demonstrated gradual, consistent
and sustained decreases in blood pressure within a population with
previously well documented low rates of hypertension control. In
addition, we compared the average blood pressure during the 6-month
study period with average blood pressure measured during the 6
months immediately prior to enrollment obtained from the patient
record.

In summary, a novel hypertension monitoring and remote
management application focused on community-based assessments,
early detection of warning signs, and algorithm-based remote
monitoring resulted in decreased blood pressure, and the proportion of
controlled blood pressure readings, that was sustained over six months
in this West African population. Results were driven by strong patient
compliance and satisfaction and increased access to community-based
care. Because of the observed decreases in blood pressure, the model
has potential for substantial economic health care savings for both
patients, providers, and the health care systems in both private and
public sectors. Based on these favorable results, the Empower Health
model of care should be used by health systems in Ghana and additional
geographies with similar barriers to access to care. Further research
is warranted to understand the applicability of this model of care to
other disease states and use cases that would benefit from increased
patient awareness of their condition, remote monitoring options, and
increased access to longitudinal data.
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