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Abstract

Stroke is a leading cause of death in Africa and a key modifiable risk factor for the index and
recurrent stroke is through the adequate management of blood pressure. Recent guidelines
encourage management beyond clinic settings, yet implementation of these guidelines can be
challenging, especially in resource constrained regions, such as in Sub-Saharan Africa. Mobile
health technology may offer an innovative and cost-effective approach to improve BP monitoring
and facilitate adherence to antihypertensive medications. Stroke survivors (n = 16) and their
caregivers (n = 8) who participated in a 3-month feasibility study were invited to share post-
intervention insights via focus groups (n = 3). Clinician (n = 7) input on intervention delivery and
clinical impressions was also obtained via a separate focus group (n = 1). Four major themes
emerged highlighting the ability to self-monitor, the use of technology as an interventional tool,
training and support, and post-intervention adherence. Overwhelming receptivity toward home
blood pressure monitoring and the use of mobile health (mHealth) was noted. Feedback indicated
benefits in having access to equipment and that message prompts facilitated adherence. Post-
intervention adherence declined following study intervention, indicating a need for increased
exposure to facilitate long-term behavioral change, although participants conveyed a heightened
awareness of the importance of BP monitoring and lifestyle changes needed.
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1. INTRODUCTION

Stroke is currently the fourth leading cause of death in Africal where rates have continued to
increase, compared with high-income countries where the trend in stroke incidence has
declined.12 The World Health Organisation (WHO) estimates that death from stroke and
disability adjusted life years lost to stroke are at least 7 times higher in low-and-middle-
income countries (LMICs).2 The premier modifiable risk factor for index and recurrent
stroke is hypertension, making up for 30-50% risk of stroke.3-> A successful reduction of
systolic blood pressure (SBP) results in significant reductions in the risk of recurrent strokes
in developed countries. Recent hypertension guidelines recommend multifaceted approaches
to monitor and contain hypertension in high-risk patients, including incorporating a
systematic approach to monitor blood pressure (BP) outside of clinical settings.® However,
in sub-Saharan Africa (SSA), achieving and sustaining BP control is particularly challenging
due to a number of factors including low literacy levels, misconceptions about hypertension,
nonadherence, medication access and affordability, inappropriate medication selection,
clinical inertia, and resistant hypertension.” Thus, culturally-sensitive, efficacious BP control
programs which are acceptable, feasible, timely, and sustainable are needed among stroke
survivors in SSA.

Innovative approaches, such as mobile phone technology (mHealth) for electronic decision
support in delivering evidence-based and integrated care for hypertension, may offer a
promising approach towards enhancing BP control after stroke.82 In SSA approximately
73% of adults have a cell phone and about 35% own smartphones'®, which has produced
promising results in chronic disease management (such as HIV) locally.1 Moreover,
receptivity toward the use of mHealth as an interventional tool among this population has
been previously documented.1? In an attempt to fill this gap, we evaluated the feasibility and
preliminary signals of clinical outcomes of a mHealth medication and BP self-management
system for 60 recent stroke patients with uncontrolled hypertension at a tertiary hospital in
SSA in the Phone-based Intervention under Nurse Guidance after Stroke (PINGS) study.13
Details of the intervention outcomes are reported elsewhere.14-15

Our objective was to explore post-intervention perspectives and gather in-depth insight into
the experiences of stroke survivors and their caregivers following participation in a larger
interventional arm of a mHealth blood pressure management study. We also sought to assess
the contextual and organizational facilitators and barriers encountered in the implementation
of the intervention within an operational setting.

2. METHODS

Methods and results are reported following the Consolidated Criteria for Reporting
Qualitative Research.16 This study received ethical board approval from the Institutional
Review Board at the Medical University of South Carolina (MUSC) and from the
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Committee on Human Research Publication and Ethics (CHRPE) of the School of Medical
Sciences, Kwame Nkrumah University. Participants for the PINGS interventional trial were
recruited from the Neurology clinicl? at the Komfo Anokye Teaching Hospital, a tertiary
referral facility, located in Kumasi, Ghana.

Description of the PINGS Intervention:

The Phone-based Intervention under Nurse Guidance after Stroke is a mHealth technology-
centered, multi-level, nurse-guided intervention aimed at improving blood pressure control
after stroke in Ghana. This Smartphone application (app) enabled medical regimen
management system is an iteration of a system developed and repeatedly refined and
adopted for various patient populations-18-21 The iOS and android platform systems evolved
using a patient and provider centered iterative design process involving socio-culturally
preferred and low literacy based strategies, guided by principles of the Self-Determination
Theory?2 and Technology Acceptance Model?3. Members of the MUSC Technology
Applications Center for Healthful Lifestyles (TACHL) team (software developers, database
administrators, and behavioral health scientists), along with software and web portal
development expertise provided by Patient Guided Health Solutions, LLC, were involved at
various stages of the app development and refinement.

The PINGS feasibility trial used a two-arm cluster, randomized controlled design with the
unit of randomization at the provider level (two physicians per arm) and patient outcomes as
the unit of analysis.13 Patients in the intervention group were provided with an automated,
battery powered, Blue-toothed UA-767PIlus BT BP device (A&D, San Jose, CA, USA) along
with a medical regiment assistance application for a Smartphone Galaxy J2 (which was
given on loan to patients who did not own Smartphones) with the PINGS app embedded.
The app is used for self-monitoring and auto transfer of encrypted BP measurements and
medication intake. Encrypted blood pressure and medication adherence data, including time
and date stamps, were relayed automatically to a HIPAA compliant central server at the
Medical University of South Carolina (Figure 1.0). The patient and caregiver were shown
how to successfully take three consecutive blood pressure readings using the app’s protocol
and proper BP cuff placement and view the feedback chart and/or see their immediate BP
data from that session on their phone (Figures 2.0-5.0). An easy to access and use push
button entry format is provided to designate when medication have been taken (Figure 2.0).
Participants receive immediate audio and visual feedback of BP and heart rate levels and can
also select charts showing cumulative BP averages across weeks and months compared to
BP control threshold levels. Participants randomized to the intervention received
motivational and reinforcement messages in English using short message service (SMS) text
messages tailored and delivered according to their medication adherence levels. Per the
medication intake protocol, if the times stamp medication intake from the app was +/— 90
minutes of the pre-designated time, participants scored 100%; within +/- 180 minutes, 50%,
and greater than 180 minutes outside of the designated window was rated at 0%. Tailored
motivational and social reinforcement text messages were initially delivered the following
day based on levels of adherence to the medication intake protocol. Following two
consecutive weeks of 100% adherence, the schedule of SMS motivational and social
reinforcement is taper ed to several days per week on a three-day average interval unless

J Neurol Sci. Author manuscript; available in PMC 2020 November 15.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Nichols et al.

Page 4

adherence drops below 90%. If this occurs, the daily feedback schedule was reactivated until
100% adherence criterion is met again. In addition, study participants received weekly
messages on hypertension, stroke, and therapeutic lifestyle and behavioral modifications.
This intervention lasted for 3 months. At the provider level, physicians and nurse navigators
in the intervention arm received summary reports of their patients’ adherence to their
medications and BP data tailored by them such as average and range of systolic or diastolic
BP, percent of SBP/DBP controlled. They were also provided with summary charts of expert
consensus BP management guidelines. If a patient’s mean BP exceeded the thresholds, the
PINGS nurse navigator called the patient and conducted the BP protocol again and initiated
a follow-up action as needed. Details on protocol schema are represented in Figure 1.0.

A brief synopsis of the main outcomes of the PINGS trial:

The PINGS intervention was stopped after month 3 and both groups were followed up until
month 9. Primary outcome measure was BP control defined at <140/90mmHg at month 9.
Secondary outcome measures included: (i) medication adherence measured using the
Medication possession ratio (MPR) at month 9 and (ii) technological glitches.

Outcomes: (1) Blood pressure control at month 3 by intention to treat analysis was 20/30
(66.7%) vs 14/30 (46.7%), p=0.12 in the intervention and control arms respectively at
interim analysis at end of intervention.14 At month 9, proportion on the intervention versus
controls with systolic BP<140mmHg was 22/30 (73.3%) versus 13/30 (43.3%), p=0.035 in
favor of the PINGS intervention.1® (2) Medlication possession ratio scores at month 3 were
better in the intervention arm (0.88 + 0.40) versus standard care (0.64 + 0.45) arm (p=0.03),
and at month 9 was (0.95 + 0.16) versus (0.98 + 0.24), p=0.56. (3) Technology glitches
reported among PINGS group included challenges with network connectivity.

Post-intervention focus groups:

Participants randomized to the interventional arm of the PINGS study, both stroke survivors
and caregivers, were invited to participate in one of three focus group sessions upon
completion of the 3-month post-intervention follow-up phase of the trial.13 Clinicians and
members of the research team offered input through an additional focus group session
designed to solicit their perspectives on the implementation of the pilot intervention and
recommendations for broader scale implementation. Researchers (MN, AS) developed focus
group interview questions guided by study objectives, outcomes, and the need for evaluative
data to further guide intervention refinement (Tables 1 & 2).

Focus groups were conducted by an investigator trained in qualitative data collection (AS)
and who had no prior interaction with study participants, thus minimizing response bias.
Participant sessions were audio recorded and professionally translated from Twi, a Ghanaian
native language, into English. Study participants received the equivalent of $5 and were
provided with refreshments for their contributions and time completing the focus group
session. The provider focus group session was conducted in English and each participating
provider received the equivalent of $12. Translated transcripts were uploaded into NVivo
11.4.2 (QSR International, Pty, Doncaster, Victoria, Australia) for data analysis using a
directed thematic content analytical approach.2* An experienced qualitative research
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methodologist (MN) conducted line-by-line coding of transcripts.2> An audit trail of
analytical decision points, to include inductive coding and researcher perspectives, was
maintained to increase confirmability of findings.2® Coded data were reviewed by the
research team for agreement.

3. RESULTS

3.1 Theme

Four focus group (FG) sessions were conducted, three with stroke survivors and their
caregivers (FGs 1-3) (N = 24) and one with representatives from the clinical and research
team (FG 4) (N = 7). Demographic characteristics of participants are outlined in Table 3.0.
All intervention participants were invited to participate in the FG sessions; however, some
had moved out of the area following the intervention and others were not available due to
scheduling or lack of transportation/no caregiver to assist. The participants of the FGs did
not differ significantly from those who did not participate in the FGs by age, gender,
location of residence, stroke severity nor blood pressure outcomes at month 3 and 9 (see
Table 4).

Categorization of major themes fell within four key areas: 1) barriers and facilitators toward
intervention implementation; 2) adoption of BP screening; 3) increased antihypertensive
medication adherence; and 4) perspectives on the use of technology as a means to monitor
and control BP. Participants also offered recommendations for intervention refinement and
ongoing BP maintenance. The four overarching themes present in all four focus group
sessions and shared by stroke survivors, caregivers, and clinician/research team members
were the ability to self-monitor BP, the use of technology as an interventional tool, training
and support provided, and post-intervention adherence.

1: Ability to self-monitor BP

Overwhelming support was voiced regarding participants’ ability to monitor BP, evident in
each of the focus group discussions. Stroke survivors and caregivers conveyed that the
ability to monitor BP in the home setting facilitated medication adherence, increased
awareness of BP, improved healthy dietary intake practices, and encouraged stress reduction.
Benefits also included increased understanding of the importance of controlling BP and
increased self-efficacy in becoming agents in the management of their care. Prior to
participating in this trial, most individuals underwent BP monitoring only when hospitalized
or during clinic visits with their providers. Access to home blood pressure monitoring
(HBPM) was a novel and feasible approach welcomed by participants in the interventional
arm.

Most of my friends used it to check their BPs and they were not even aware they
had some...so they were very excited about it and said | was very lucky to have

access to this technology from my hospital...even when | am asleep they would

knock on my door to check their BPs.

(Stroke survivor #6, FG2)
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For me what amused me was that this technology turned my wife into a nurse....
every morning she wakes up and she checks my BP and monitors my BP and
checks everything for me...like a nurse. | am very happy with it.

(Stroke survivor #7, FG1)

It would alert me that my BP is high and then next time you will watch out for not
eating such foods again.

(Caregiver #1, FG1)

| realized that sometimes when | was rushing to take the BP it would give me a
very high reading. | think if you are calm, it would be normal.

(Stroke survivor #6, FG2)

Even if our BP is high we wouldn’t know unless we come to the clinic but that
wasn’t the case when we had the machines.

(Caregiver #2, FG2)

3.2 Theme 2:Use of technology as an interventional tool

Technology was referenced both in terms of the devices used and process for engaging
patients in routine monitoring of BP and medication adherence. Additionally, technology
was addressed through the use of text messages, including patient perspectives on the
messages. Researchers and clinicians from FG4 articulated the importance of identifying
innovative strategies to fill the gap in the system of care, namely cost-effective and timely
access to ongoing care and care management and felt this effort helped address these needs.

| want to say that my husband used to be checking my blood pressure when the
phone and machine was there. Last Tuesday my BP went up when we didn’t have
the machine but when we had the machines it was not the case; my BP was well
controlled.

(Stroke survivor #6, FG1)
It was helping me control my BP very well. The last visit | came to the hospital, my
BP was high but when | had the machine, it wasn’t the case.

(Stroke survivor #7, FG1)

It was good in terms of helping me take my medications at the right time.

(Stroke survivor #4, FG2)
The PINGS project is trying to correct a deficiency in the system in patient care.
The use of mobile phones can aid in their care and also with regards to advice and

the drugs they should take, what they should stop or what they should continue so
they don’t have to travel all the way here for minor complaints.

(Participant #2, FG4)

While participants expressed the technology was extremely helpful in their ability to monitor
their BP and improve their medication adherence, nearly all interventional participants
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shared a strong displeasure when the study ended and they no longer had access to the
technology to meet their medical needs.

For me, I used to check for me mother. Her BP was always well controlled when
we had the machine but since its gone, right now I don’t know whether her BP is
high or low, so if we could have them back | would be really happy.

(Caregiver #5, FG2)

The next time you give us the machines | pray that you will not take it
back....please next time don’t take the machines from us.

(Stroke survivor #1, FG3)

Since it was taken away now we don’t know the BP readings well. Although we
take the medications, it is not the same. | will request that we could get them back.

(Stroke survivor #5, FG1)

Please try to give it back to us. Please, it was really helpful.
(Stroke survivor #4, FG3).

We plead that you consider giving it back to us to use as it helped a lot.
(Stroke survivor #4, FG2).

Most participants felt the text messages received were helpful and facilitated or reinforced
positive health behaviors, as well as increased adherence to clinical recommendations.
Participants also appreciated positive reinforcements received through messages when
adherence was completed according to recommendations and expressed this helped motivate
them to maintain consistency of these behaviors throughout the study.

For me, what helped was the messages that say you have done well...bravo for
taking your medications on time. This was helpful for me and further motivates me
to do so.

(Stroke survivor #4, FG2)

One message that was particularly helpful was that about our medication time...
like if we miss a dose it would remind us to take in on time. That message was
good.

(Stroke survivor #6, FG2)

I could follow the messages very well...it would say you didn’t take your
medications on time yesterday and so the next day | am careful about the time my
mother takes her pills, so this was really helpful.

(Caregiver #8, FG1)
Motivational and social reinforcement messages were based on the previous day’s reported
medication adherence. Text message content included prompts for medication intake and BP

monitoring. Additionally, messages encouraged promotion of healthy lifestyle behaviors.
While most messages were easily understood and relevant to participants, several conveyed
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confusion regarding messages on smoking cessation. One participant stated “ /¢ didn’t really
relate to me as I don’t smoke”. (Caregiver #5, FG 2)

3.3 Theme 3: Training and support

While prior familiarity with the use of smartphones and BP monitoring devices for home
management of hypertension was non-existent among our sample, training and support
provided allowed patients and caregivers to engage as active participants in their care, in
collaboration with the care management team. Overall, participants expressed that initial
training was helpful in acclimating to the equipment and process of BP monitoring;
however, to ensure ongoing success of the project, study team members provided frequent
support to stroke survivors and caregivers. When patients’ physical limitations precluded
them from assessing their own BP, primary caregivers would take on this responsibility.
However, for some patients, their caregiver was unable to be present consistently during the
windows of time each day that were predesignated by the patient and/or caregiver for
medication intake. Other support included troubleshooting equipment use difficulties (e.g.,
batteries needing replacement in BP monitor) and assistance with remembering passwords
for access to the app. Focus group participants indicated that including more people in the
training and having refresher-type sessions would have been helpful.

For me, I was not well when we started using it; my wife was the one who was
trained and she taught the other children at home, so in this case, it would be
helpful to train the family members.

(Stroke survivor #1, FG2)

I helped my husband. He couldn’t use it because of his sickness so | was doing it
for him. I would check his BP, give him the medications, and also be reading the
messages that would come on the phone.

(Caregiver #3, FG1)

Participants shared examples of problems faced during the interventional phase, such as
occasional network connectivity problems, access to batteries needed to maintain operation
of BP devices, and the need to re-enter codes or passwords for mobile phones, especially
when powering phones off and on again. Additionally, participants had to remember to
charge their phones, which was a challenge for some with no prior experience using a
cellular phone. Support was provided by the research team; however, participants suggested
future training include recommendations on how to trouble shoot technological challenges.

Beyond initial training and intermittent troubleshooting, participants received ongoing
support from the team about BP monitoring, medication reminders, and in answering
questions that arose among patients and caregivers. The use of mHealth facilitated access to
clinical team and care needs between regular appointments. This was a key consideration for
this population as travel to clinical appointments is often cost-prohibitive and logistically
challenging. Ready access to study staff was welcomed by all and facilitated motivation and
understanding on the rationale for some of the clinical recommendations.

Someone said to me, “It’s like you are living with your doctor.” It’s like you are
getting all the advice and everything at home.
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(Stroke survivor #6, FG1)

It’s like you are being watched by some health team and your BP is being managed.
(Stroke survivor #1, FG3)

For some participants, there was a steep learning curve in using technology, thus
consideration for baseline training should account for varying levels of facility and
familiarity with technology.

Some patients may be literate but technological literacy is also another thing. How
to use an app is a new challenge on its own, like using an app whilst checking your
BP. It is a huge challenge.

(Participant # 2, FG4)

I also got a lot of calls on the email and password. Sometimes patients could not do
that themselves, so they used to call me numerous times to confirm that and we
really had to teach them several times to do this.

(Participant # 5, FG4)

3.4 Theme 4: Post-intervention adherence

Participants noted increased medication and BP monitoring adherence during the study
intervention; however, following conclusion of the 3-month study intervention period,
adherence rates decreased. Commonly cited reasons for the lack of sustained level of
adherence after intervention period ended and that participants no longer had access to BP
monitoring and smartphone devices. Throughout each focus group, consensus was reached
expressing the need for additional time to fully adopt practices as part of their normative
routines.

Now we don’t know the BP readings well, although we take the medications...it is
not the same. | will request that we could get the machines back.

(Stroke survivor #5, FG1)

| want to say that my husband used to be checking my blood pressure when the
phone and machine was there. Last Tuesday my BP went up when we didn’t have
the machine but when we had the machines it was not the case; my BP was well
controlled.

(Stroke survivor #6, FG1)

With the machines, you get up in the morning and you check your BP and you do
the same in the evening. You know your BP well but since it was taken away, we
don’t” know the BP readings well. Although we take the medications, it is not the
same.

(Stroke survivor #5, FG1)

I had the machine and the phone for three months and it made me realize the
importance of time in checking your BP...I1 was consistent. | learned a lot in the
three months but now | don’t take my medications regularly.
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(Stroke survivor #5, FG3)

Although I take my medications on time, since you took the machines, | have not
checked my BP again. It is not good.

(Stroke survivor #3, FG3)

It makes you punctual with the time you take your medications but without the
machine, it is difficult to stick to a time.

(Caregiver #2, FG2)

Since then | have not even checked my BP. | don’t even know how much my BP is
these days. It would be very good to have them back.

(Stroke survivor # 6, FG3)

Consistent with patient and caregiver responses, providers similarly acknowledged a slight
decline in medication adherence rates, although noting overall higher medication adherence
rates continued among interventional group participants even after study period ended and
the devices were removed.

I think despite the short time, we could still see a change in their habits. Those who
had the machines had better control and even after we took them away their BPs
were still controlled...it wasn’t as good as before, but it was better than the control
arm.

(Participant #1, FG4)

3.5. RECOMMENDATIONS

Focus group participants offered recommendations for intervention refinement and ongoing
BP maintenance. Suggestions encompassed a wide array of topics, including timing of
message delivery, enhanced training, ongoing access to equipment, and provision for
resources (i.e. batteries and additional remuneration for data coverage). Clinical team
members from FG4 also recommended allowances for the study team to provide
antihypertensive medications to participants either directly or through a dedicated
pharmacist, which would facilitate access to medications, and subsequently increase
medication adherence rates. All participants, stroke survivors, caregivers, and clinical team
members, requested longer duration of the interventional period to fully adopt medication
regimen and lifestyle practices, such as consistently, timely medication adherence, as part of
their normative routines.

I would like to request that in the future we would be given these machines and
smartphones for like 6 months or more instead of the 3 months.

(Caregiver #3, FG2)

Just give us back the machines...not for 3 months this time.
(Stroke survivor #4, FG3).

If we could have supplied the medications to the patients ourselves that would have
made a great difference.
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(Participant #1, FG4)

Timing of messages was discussed. Most participants expressed that it would be helpful to
receive messages in the morning and evening, as some indicated that the messages were
received quite late in the day.

4. DISCUSSION

Our study revealed several important factors for consideration in developing interventional
approaches that use mobile technology to assist stroke survivors in Ghana. First, our
research demonstrates an overwhelming receptivity toward home blood pressure monitoring
(HBPM) within a LMIC setting to increase awareness of hypertension status (e.g., BP levels
compared to hypertension cut-off levels) and to help facilitate adherence to antihypertensive
medications. Second, novelty of HBPM vyielded a positive impression among family
members and the larger community and placement of home BP devices resulted in an
unanticipated benefit to the larger community, as neighbors and the extended family network
could also assess their own BP at no additional cost. Third, potential community level
advantages may result from placing devices in the homes of stroke survivors since it could
provide other high-risk patients living in resource limited areas with access to low-cost
technology.

Targeted text messaging facilitated prompts for both BP monitoring to self-screen for
hypertension status and medication intake. Moreover, the messages provided educational
content on healthy lifestyle changes and provided participants with affirming messages for
positive behavioral changes made. When participants forgot to meet targeted goals, the
messages served as cues to action, providing necessary reminders. Furthermore, message
content was found to be supportive, encouraging, motivating and easily understood.

Participants in the PINGS mHealth enabled intervention arm shared that they felt supported
by the clinical team, fostering a sense of connectedness to providers between clinic visits,
and conveying a sense of comfort knowing their BP was being closely monitored. While
initial technological fluency was non-existent, with sustained training and support from the
research team, stroke survivors and caregivers were able to utilize the devices and expressed
increased comfort in using technology to meet their care needs over time.

While our study revealed several positive findings, some challenges were highlighted, which
necessitate consideration in future iterations, and in achieving scalability. For example,
intermittent cellular connectivity delayed message delivery and receipt at times and is a
factor for real-time assessment of measurements. Our study was not reliant on real-time
assessment and included a nursing support structure via telephonic follow-up in the event of
missing data; however, for clinical considerations requiring immediate access to data this
may pose as a limitation. Additionally, identifying methods to simplify the login process
would prove beneficial. Participant recommendations for revision to our existing approach
include increasing the level of financial support provided for data use and supplies (i.e.
batteries for BP monitor), inclusion of a study pharmacist, and extending the intervention
exposure period to improve likelihood of behavioral change and activation of long-term
adoption of healthy habits and medical regimen recommendations.
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4.1 Strengths and Limitations

The strengths of this post-intervention qualitative analysis include perspectives of stroke
survivors, caregivers, and clinical/research team members, and adherence to rigorous
qualitative methods. This post-intervention analysis was limited to 16 out of 30 individuals
who participated in the intervention arm of the study or those involved in the care delivery or
study implementation. Findings may not be generalizable to broader audiences or those from
other geographic locations, although our results may inform researchers and clinicians
interested in facilitating chronic disease monitoring and maintenance and medication
adherence in resource limited regions. Although participants in our study were informed that
devices would need to be returned post-intervention, initial understanding of potential
benefits associated with access to these resources was not fully realized. Further funding
should consider long-term placement of, at minimum, BP monitoring devices whenever
possible, enabling participants to continue with self-monitoring of their hypertension status.
Such information would help contribute to their medication adherence and also facilitate
timely contact with healthcare providers when potential medication titrations are needed.

Gathering insight from end-users and those affected by clinical practice change can help
facilitate intervention refinement and eventual uptake in adoption rates. Further study is
needed to expand interventional exposure period, allowing assessment on long-term
adoption of positive behavioral changes, and to determine the role and influence of social
support through expanded engagement with the clinical team, in this case nurses. The
potential for mobile phone-based interventions for stroke survivors in resource-limited
settings2’ may well extend beyond secondary vascular risk reduction to include domiciliary
rehabilitation which been well-received and pilot-tested among Ghanaians with the
overarching aim to improve longer-term outcomes of stroke survivors in the region beset by
perennial shortage of skilled health personnel.28-32

5. CONCLUSION

Recent reports indicate that mobile technology usage in Sub-Saharan Africa is rapidly
expanding. Notably, Ghana is highlighted as one of Africa’s largest mobile markets with
penetration rates ranging between 119-128%.33-34 Ever increasing access to mobile
technology, coupled with the tremendous burden of stroke within the region3® fueled by poor
control of modifiable risk factors36-43, makes innovative low-cost strategies such as our
PINGS mHealth approach to BP monitoring and antihypertensive medication adherence, not
only a requisite but a practical and viable option to reduce subsequent morbidity and
mortality among stroke survivors.
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Highlights:
. Blood pressure guidelines need to be culturally adapted for low-and-middle
income countries
. Mobile health offers a low-cost approach to blood pressure screening for
stroke survivors
. Targeted text messaging facilitated medication and blood pressure adherence
. Intervention highly accepted and helped fill gaps in access to care
. Targeted text messaging facilitated medication and blood pressure adherence
. Increased intervention exposure needed to facilitate sustained adoption
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Fig. 1.
PINGS mHealth schema.
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PINGS data capture.
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Blood pressure assessment.
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Blood pressure measurement.
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Fig. 5.
Biometric integration.
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Table 1.0

Key Informant Interview Guide-Stroke Survivors and Caregivers

Objective

Prompt

To explore
participant’s
perception and
experiences
with the
PINGS App

1) Before you joined this research study, do you feel you received the right amount of training on how to use the
technology? Were there any things that we didn’t cover in the training that you would have found helpful?

2) What did you think about using the smartphone to manage your blood pressure? How comfortable were you with this
initially? How do you feel about using smartphones to manage your blood pressure now that you have been doing it for a
while?

3) What are your thoughts on the app itself? What did you like about it? What was difficult about using it?

4) Did you have anyone help you with the smartphone, the app, or the pill box? If so, who helped you and what did they do
to help? If your caregiver isn’t available to help, how could we better design the system to assist you?

5) What physical challenges do you have (if any) that made it more difficult to use the mobile phone to monitor your blood
pressure?

5) What did you like most about using this technology for blood pressure control?

6) What changes would you recommend for us to improve using mobile phones or the app for patients in the future? Are
there any particular things we could do to make the app easier to use? What suggestions do you have for training that may
make it easier for other patients? How often should training occur? Are there any other topics that would be helpful to you
and your family that we could deliver using mobile telephones and apps that would help you with your rehabilitation or
maintaining your health?

7) What types of feedback did you receive from others when they heard about you using a smartphone and app to manage
your blood pressure? How often did others encourage you to discontinue the PINGS intervention for alternative treatments?

8) What types of treatments or alternative treatments did you receive while you were in the PINGS study?

9) What challenges did you face in taking your blood pressure each day? What types did you have obtaining your blood
pressure medications? How about your other cardiovascular medications?
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Table 2.0

Focus Group Guide-Clinicians and Researchers

Objective Prompt
To explore the policy, 1 What were your overall impressions of the PINGS intervention?
organizational, provider . o . . .
and patient factors that 2 Tell me about your experience in incorporating the app into the daily management of blood
may have influenced the pressure among the enrolled patients.
anlgrg?;;tli%naﬁf the 3 What are your thoughts on the level of blood pressure control achieved while patients were using
> ¢ ?
operational setting the app’
4 What types of challenges did you experience during this intervention? What specific network
challenges are you aware of? To what degree do you feel literacy was a factor for the patients?
5 From your perspective, how useful was the app for blood pressure control of patients? What was
the best thing about using the app to control blood pressure? What did you find difficult about it?
6 In thinking about future use of both smartphones and this app to manage blood pressure, what
changes would you recommend? What other needs would you have to best meet the needs of your
team and your patients in the future?
7 What have we not asked that you feel is important for us to know or consider?
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Demographic Data on Participants

Table 3.0

Stroke Survivors (n=16)

Caregivers (n=8)

Research Team (n=7)

Mean age (years) | 64.34 (range 43-89) 36 (range 32-47) 32.57

Ethnicity Akans (n=12) Akans (n=8) Akans(n=8)
Hausa (n=2) Hausa(n=0) Hausa(n=0)
Ewe (n=2) Ewe (n=0) Ewe (n=0)

Education Uneducated (n=2) Uneducated (n=4) Uneducated (n=0)
Secondary school, did not graduate (n=4) | Current student (n=2) University graduate (n=7)
Secondary school graduate (n=10) University graduate (n=2)

Occupation Unemployed (n=3) Unemployed (n=4) Employed full-time (n=7)

Retired (n=13)

Employed full-time (n=2)
Student (n=2)

Physicians (n=4)
Nurses (n=1)
Research Assistants (n=2)
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Comparison of demographic, clinical characteristics, & blood pressure outcomes of PINGS participants who

participated in a Focus Group (FG) session versus those who did not participate in a FG

Characteristic Participant in FG | Non-participantin FG | P-value
Age, mean 543+ 11.6 54.4+12.8 0.98
Female, % 33.3% 50.0% 0.45
Urban residence, % 77.8% 50.0% 0.14
National Institute of Health Stroke severity score, median (IQR) | 4.0 (2.0 -5.0) 55(4.0-8.8) 0.06
Systolic BP at month 3, mean + SD 139.5+19.8 133.8+254 0.51
Diastolic BP at month 3, mean + SD 89.6 +14.1 89.6 £ 16.4 0.99
Systolic BP at month 9, mean + SD 137.9+26.4 140.2 £19.1 0.81
Diastolic BP at month 9, mean + SD 88.2+17.6 945+8.1 0.30
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