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Background Hypertension is a major contributor to the health and economic burden imposed by stroke, heart disease,
and renal insufficiency. Antihypertensives can prevent many of the harmful effects of elevated blood pressure, but medication
nonadherence is a known barrier to the effectiveness of these treatments. Smartphone-based applications that remind patients
to take their medications, provide education, and allow for social interactions between individuals with similar health concerns
have been widely advocated as a strategy to improve adherence but have not been subject to rigorous testing.

Methods/design The MedISAFE-BP study is a prospective, randomized control trial designed to evaluate the impact
on blood pressure and medication adherence of an mhealth application (Medisafe). Four hundred thirteen patients with
uncontrolled hypertension have been enrolled and randomized in a 1:1 fashion to usual care or to the use of the Medisafe
mhealth platform. Patients will be followed up for 12 weeks and the trial's co-primary outcomes will be change in systolic blood
pressure and self-reported medication adherence.

Discussion The MedISAFE-BP trial is the first study to rigorously evaluate an mhealth application's effect on blood
pressure and medication adherence. The results will inform the potential effectiveness of this simple system in improving
cardiovascular disease risk factors and clinical outcomes. (Am Heart J 2017;186:40-47.)
Background
Hypertension is a major contributor to the health and

economic burden imposed by stroke, heart disease, and
renal insufficiency.Worldwide, there are 9.4million deaths
each year that can be attributed to hypertension through its
effect on cardiovascular disease,1 and annual expenditures
for hypertension have been estimated to be $46 billion in
the United States alone.2 Antihypertensives can prevent
many of the harmful effects of elevated blood pressure, but
medication nonadherence is a known barrier to the
effectiveness of these treatments.3-5It has been estimated
that N50% of those classified as resistant hypertension are
actually “pseudoresistant,”with medication nonadherence
being the cause of uncontrolled blood pressure.5
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The rapid adoption of smartphone technologies6 makes this
an attractive avenue to help address nonadherence by
delivering reminders aboutmedication administration,offering
educationabouthealthybehaviors, creatinga supportnetwork
for caregivers and family members, and monitoring biometric
measurements. Previous studies have shown improvement in
blood pressurewhenmobile health (mhealth) applications are
used to self-monitor,7,8 facilitate communication between
patients and providers,9 and/or deliver text messages,10,11 but
all of these have used technologies in clinic-based settings
within the context of established doctor-patient relationships.
In contrast, most mhealth applications are used by patients
without the active participation, or even knowledge, of their
care providers. The impact of “stand-alone” mhealth tools to
improve medication adherence has not been rigorously
evaluated, especially with regard to its ability to influence
clinically-relevant health outcomes.

Methods
Trial design
The MedISAFE-BP trial is a prospective, intent-to-treat

randomized control trial that aims to evaluate the impact of
the Medisafe mhealth platform on blood pressure control
and self-reported medication adherence for patients with
uncontrolled blood pressure. Patients will be followed up
 and Women's Hospital February 06, 2017.
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Table I. Inclusion/exclusion criteria

Inclusion Exclusion

Age ≥18 and ≤75 y
Self-reported blood pressure ≥140/90 mmHg
Self-reported use of 1-3 of the following antihypertensive
medications (thiazide, CCB, ß-blocker, ACE-I, ARB)
Systolic blood pressure ≥140 mm Hg, but ≤180/120 mmHg
confirmed by home blood pressurecuff (see text for details)

Current use of a smartphone medication adherence application
No ownership of a smartphone with compatible iOS or Android operating system
Currently taking N3 antihypertensive medications (thiazide, CCB, ß-blocker,
ACE-I, ARB) by self-report
Currently undergoing dialysis
Currently receiving chemotherapy or radiation
Does not understand English

Abbreviations: CCB, calcium-channel blocker; ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker.

Morawski et al 41
American Heart Journal
Volume 186, Number 0
for 12 weeks. The study was approved by the Chesapeake
institutional reviewboard (Columbia,MD) and is registered
with clinicaltrials.gov (NCT02727543). The trial protocol
was designed and written by the academic investigators.

Participants
Eligible participants were individuals between 18 and 75

years of age who self-identify as having inadequately
controlled hypertension (defined as a systolic blood
pressure ≥140 mmHg) and who are receiving treatment
with at least 1, but not N3, first-line antihypertension
medications (defined as thiazide diuretics, calcium-channel
blockers, angiotensin-converting enzyme inhibitors,
angiotensin-receptor blockers, or β-blockers). Before
randomization, each participant's blood pressure was
verified using a Bluetooth-enabled home blood pressure
cuff (UA-615BLE A&D Medical, San Jose, CA).
Individuals were excluded if they are already using a

smartphone application to support medication adher-
ence, did not own a smartphone, did not live in the
United States with a valid mailing address, were
undergoing hemodialysis or chemotherapy at the time
of screening, or had hypertension that required immedi-
ate medical attention (defined as a systolic blood
pressureN180 mmHg or a diastolic blood pressureN120
mmHg) (see Table I).
Study enrollment began on April 25,2016 and was

completed on September 29, 2016. A total of 413 study
participants were randomized (Figure 1). Follow-up of all
trial participants will end by December29, 2016.

Intervention
The Medisafe smartphone platform and application was

developed to address nonadherence (Figure 2) and
operates on either the iOS (version 6 or newer) or
Android mobile system (version 4.4 or newer). It
provides alerts to patients when it is time to take
medication. Medisafe also allows patients to generate
weekly reports of medication adherence, monitor bio-
metric measurements (either directly into the application
or through synchronization with the smartphone's
non-Medisafe health devices), and designate a
“Medfriend” of their choosing, who is granted access to
Downloaded from ClinicalKey.com at Brigham and
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a patient's medication taking history, receives alerts when
doses are missed, and can provide peer support.
Medication lists can be entered manually, along with
timing of administration as recommended by their
doctor, or be auto-populated through a linkage with an
existing record in those cases where this integration has
been established. The University of Arkansas performed
an independent evaluation of usability in all available
medication adherence smartphone applications in 2015
and ranked Medisafe highest.12

Study procedures
(a) Recruitment

Recruitment was being conducted by a Contract
Research Organization, Evidation Health (Menlo
Park, CA), which uses an online strategy to virtually
announce, recruit, verify eligibility, enroll partici-
pants in clinical studies, and collect data from
participants once enrolled. Participants were re-
cruited through online patient communities, social
media, pertinent mobile applications, and targeted
advertisements.

(b) Screening and randomization
As shown in Figure 3, potential study participants
were evaluated for inclusion and exclusion criteria,
provided informed consent, and completed a
baseline survey consisting of questions about
demographics, cardiovascular comorbidities, use
of cigarettes, and educational attainment.13Baseline
medication adherence was assessed with the
Morisky 8-item adherence scale, which has been
validated to accurately capture antihypertensive
medication adherence by self-report.14Baseline
hypertension knowledge was assessed based on
the methods of Oliveira et al.15Participants were
asked to complete the Consumer Health Activation
Index as a marker for patient activation, as
developed by Wolf et al (personal communication).
After completing the baseline assessment, partici-
pants were sent a Bluetooth-enabled home blood
pressure cuff to verify that they have uncontrolled
 Women's Hospital February 06, 2017.
pyright ©2017. Elsevier Inc. All rights reserved.
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Figure 1

Assessed for eligibility
(n = 19,047)

Randomized
(n = 413)

Medisafe arm
(n = 210)

Control arm
(n = 203)

Did not meet inclusion criteria based on screen  (n = 10,025)
Not taking blood pressure medication (n = 2,184)

  Does not have hypertension (n = 1,833)
  Incompatible smartphone (n = 1,814)
  Recent medication change (n = 1,653)
  Other (age, complex medication regimen, already using app, etc.) (n = 2,541)

Did not complete informed consent
(n = 5,358)

Did not provide blood pressure measurement
(n = 2,473)

Did not meet inclusion criteria based on blood pressure
(n = 700)

Potentially eligible
subjects

(n = 9,022)

Screened for blood
pressure eligibility

(n = 3,586)

Did not complete initial survey
(n = 78)

Consort diagram of enrolled study participants.
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blood pressure (systolic ≥140 mmHg but ≤180/120
mmHg). The cuff was sent by courier to allow the
tracking of its receipt.Participants were provided
with detailed instructions on how to accurately
measure and transmit their blood pressure readings.
In specific, the study participants were asked to
provide 2 measurements that are taken 5 minutes
apart, in accordance with professional society
guidelines, and blood pressure was calculated as
the average of these measurements.16All submitted
blood pressure measurements were transmitted and
logged with a timestamp. Because of the pragmatic
nature of this study, acceptable readings were
considered as 2 measurements that were at least 3
Downloaded from ClinicalKey.com at Brigham
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minutes apart, but not N30 minutes apart.
Once their blood pressure readings were confirmed
as being elevated, participants underwent randomi-
zation in a 1:1 ratio to intervention or control using
simple randomization with a random number
generator.

(c) Treatment arms
Participants assigned to the intervention arm were
e-mailed instructions on how to download the
Medisafe application. Participants who did not
download the application and have 1 login within
2 days of randomization were contacted by e-mail
up to 2 times and were provided with the
instructions for downloading the application. If
 and Women's Hospital February 06, 2017.
. Copyright ©2017. Elsevier Inc. All rights reserved.



Figure 2

Smartphone application. A, The home screen of the Medisafe application for a hypothetical patient. B, A weekly report describing the percentage
of time pills was missed. C, A demonstration on how medications can be automatically imported and the use of the Medfriend Alert system.
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they still did not login, they were contacted twice
via telephone, then 1 final time by e-mail. If after
these attempts, a participant still did not login, they
are not contacted further but they were followed
up for outcomes and analyzed in the intent-to-treat
analysis.
Patients assigned to the control arm do not receive
any intervention.
(d) Follow-up assessments
Blood pressure measurements are being collected
4, 8, and 12 weeks after randomization. At each of
these periods, participants in both treatment
groups are contacted and asked to check their
blood pressure using the Bluetooth-enabled blood
pressure cuff that they were provided at enroll-
ment. Blood pressure is assessed as the average of 2
measurements, taken at least 5 minutes apart.16 If
no blood pressure measurement is received within
2 days after the intended upload date, there are 2
reminder e-mails sent until a blood pressure
measurement is received. If there is still no blood
pressure measurement received, 2 phone calls are
made to the study participant, followed by 1 final
e-mail reminder. If they are unable to be reached
Downloaded from ClinicalKey.com at Brigham and
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after 3 reminder e-mails and 2 phone calls, they are
not contacted again for that assessment, but are
contacted to obtain the next scheduled blood
pressure reading.
At 12 weeks, all participants are asked to complete
an exit questionnaire consisting of Morisky 8-item
medication adherence scale,14 hypertension knowl-
edge questionnaire,15 and the Consumer Health
Activation Index. Participants who do not complete
the exit questionnaire or take their final blood
pressure measurement are characterized as lost to
follow-up after the same e-mail and phone call
schedule described previously. After completing
the study, participants are given the option to keep
the blood pressure cuff or donate it to an
organization that recycles digital health and well-
ness products for underserved populations.
Participants may choose to take blood pressure
measurements using the Bluetooth-enabled blood
pressure cuff more often than the required in the
study. Those data will also be stored in the study
database. Throughout the study, participant data
including blood pressure measurements and
survey data are reviewed by study personnel
blinded to treatment assignment to ensure data
quality and consistency. Patients may be
 Women's Hospital February 06, 2017.
pyright ©2017. Elsevier Inc. All rights reserved.



Table II. Outcomes

Outcome Description

Primary (1) Change in blood pressure from baseline to 12 wk after randomization
(2) Self-reported medication adherence

Secondary Change in number of participants with well-controlled blood pressure (b140/90 mmHg)
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contacted by phone or e-mail to address suspi-
cious or unusual data submissions that are
suggestive of device malfunctioning or misuse.

Outcomes
The study's co-primary outcomes are change in (a)

systolic blood pressure and (b) self-reported medication
adherence from randomization to 12 weeks later (see
Table II). The secondary outcome is change in proportion
of participants who have well-controlled blood pressure
(b140/90 mmHg).

Statistical considerations
(a) Analytic plan

We will report the means and frequencies of
prerandomization variables separately for interven-
tion and control subject, and between-group
differences will be evaluated using ttests and χ2

tests and their nonparametric analogs, as appropri-
ate. We will then plot changes in blood pressure for
each of the study groups over time.
Analyses will be performed on an intention-to-treat
basis, where participants will be analyzed in the
groups to which they are assigned at randomization.
We will use linear regression to assess the impact of
the smartphone application on the study's
co-primary outcomes, change in blood pressure,
and self-reported adherence from baseline to 12
weeks. We will perform crude and adjusted analysis
as a sensitivity analysis for any unmatched covari-
ates despite randomization.
Wewill evaluate for rates of missing data between the
2 study arms to ensure it is nondifferential.Wewill use
multiple imputation with 5 imputations for data
entries that are unavailable. All analyses will be
performed with these imputations, and then data
will be combined using standard procedures.17 This
approach has been used previously18 and minimizes
both false-positive and false-negative conclusions.19As
a sensitivity analysis, we will analyze only those
participants for whom we have complete outcome
data.
In a secondary analysis, we will use multivariable
logistic regression to determine the proportion of
patients who had their hypertension controlled (ie,
b140/90 mmHg). We will repeat our analyses with
Downloaded from ClinicalKey.com at Brigham
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longitudinal modeling methods that incorporate
blood pressure readings at 4, 8, and 12 weeks after
randomization. If there are additional blood pressure
readings from patients who took their blood pressure
more often than required, we will include these data
in exploratory analyses.
In subgroup analyses, we will evaluate whether the
impact of the smartphone application differed for
participants who interacted with it frequently (de-
fined as being in the upper median based on number
of days with use of the application during the study
period) and less frequently. We will perform this
analysis by including categorical variables for high and
low use in our outcome model, whereby control
subjects are indicated by null values for both of these
indicators.Wewill also evaluate effectmodification by
hypertension knowledge15 recorded at baseline.

(b) Sample size
Our planned enrollment was 390 patients; how-
ever, ultimate enrollment in the study was 413.
This provides us with at least 80% power to detect
a 5-mmHg change in systolic blood pressure, with
an α of .05, even with a 20% loss to follow-up or
anSD of up to 17. A decrease in systolic blood
pressure by 5 mm Hg correlates with clinically-
meaningful reductions in coronary heart disease
and stroke.20-22This sample size also provides 87%
power detect a 0.5 Morisky score difference
between the groups assuming anSD of 1.614 and
an α of .05.

Funding
This study is supported by a grant from Medisafe, Inc.

The authors are solely responsible for the design
and conduct of this study, all study analyses, and the
drafting and editing of the manuscript and its final
contents.

Limitations
There are several limitations to this trial. The interven-

tion lasts for 12 weeks; therefore, we will be unable to
determine the effect of the smartphone application on
longer-term outcomes, including stroke or myocardial
infarction. However, previous evidence supports the
 and Women's Hospital February 06, 2017.
. Copyright ©2017. Elsevier Inc. All rights reserved.
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notion that short-term adherence is predictive of long-term
adherence,23 and therefore, results of this trial may signal
longer-term effects for health improvement.
Although the trial aims to be pragmatic with minimal

inclusion and exclusion criteria, because patients are
primarily recruited through online and virtual methods,
the results may not be generalizable to other patient
populations. However, the use of mobile technology,
especially as it pertains to informing medical conditions,
is increasing and may soon be present in N50% of the
population.24In addition, we exclude those with ex-
tremely high blood pressure, for which immediate
medical attention is recommended, and therefore, this
intervention may not be applicable to populations with
blood pressures greater than 180 mmHg systolic or 120
mmHg diastolic. Many patients with this level of blood
pressure elevation require careful medical supervision,
and therefore, reliance on a stand-alone smartphone
application may not be prudent.
Performing this trial through online and virtual

methods also potentially increases the rate of drop-off
during the recruitment process. Previous hypertension
trials have had variable proportions of patients enrolled
that begin the screening process. The recent SPRINT trial
performed recruitment in the clinical setting and
ultimately enrolled 64% of those approached for screen-
ing,25-27,whereas the SHEP trial used community adver-
tisements, referrals from clinicians, and site enrollment
and enrolled 1.06% of those screened.23,24We anticipate
that between 2% and 5% of participants screened will
ultimately enroll in our trial. Because this drop-off is
before randomization, and our analysis will be done in an
intent-to-treat manner, this will not compromise the
internal validity of the trial, but may have implications for
the generalizability of our results.
To assess study outcomes, we are measuring blood

pressure several times over the course of the 12-week trial.
This interaction has the potential to increase hypertension
awareness and to potentially improve medication adher-
ence itself, or cause healthier lifestyle behaviors that would
lower blood pressure. Home use of blood pressure cuffs
has been shown to decrease systolic blood pressure by 2.5
mmHg systolic and diastolic blood pressure by 1.8 mmHg.
7It is reassuring that any bias thiswould introducewould be
nondifferential between the 2 study arms.
Finally, we are monitoring blood pressure with

ambulatory blood pressure monitors,whereas previous
hypertension trials had blood pressures measured in
clinic. Although this approach, which minimizes the
“white-coat effect” of artificially elevated blood pressure
in a medical clinic28 and is advocated by the American
Heart Association for blood pressure monitoring,29 we
are not able to verify the accuracy of the blood pressure
readings that we receive. We are using Food and Drug
Administration–approved blood pressure cuffs and infor-
mation will be transmitted automatically in an attempt to
Downloaded from ClinicalKey.com at Brigham and
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remove any manual entry, or self-reporting, bias that may
occur with blood pressure measurements.
Discussion
Although there could be as many as 1.7 billion mhealth

users globally by 2018,24 very few mhealth applications
have been adequately tested. Given the near ubiquity of
smartphones and other mobile devices, there is great
potential for this technology to increase engagement in
the time between clinic visits, and to promote healthier
lifestyle choices. An especially attractive target is
hypertension in which there are no daily symptoms,
but can have significant morbidity if left untreated. A
2012 review identified 147 unique smartphone applica-
tions available to target medication adherence, but
effectiveness data were lacking.30 In the years since,
the number of adherence apps has increased substantially
but the evidencebase supporting their impact on health
care quality remains extremely limited.
Although there have been several trials evaluating the

impact of short message service text messaging on chronic
disease management,10,31,32 the randomized trial of an
mhealth application for patients with hypertension relied
heavily on nurse health coaches to provide treatment
recommendations.9In this study, Moore et al evaluated the
use of CollaboRhythm, an interface that allows tracking of
medications and pairs a patient with a coach to offer
recommendations and reminders. After 12 weeks, those in
the intervention arm decreased their blood pressure by 10
mmHg more than the control group. There was also a trend
for a greater proportion in the intervention becoming well
controlled; however, this didnot reach statistical significance.
The only published observational study of a “hypertension
management app”—created by the study investigators—was
a preimplementation/postimplementation study that found a
statistically significant increase in self-reported medication
adherence after 4weeks using themodifiedMorisky scale.33As
such, MedISAFE-BP trial is, to our knowledge, the first
randomized trial to evaluate the effect of a stand-alone
mhealth platform to increase medication adherence and
improve blood pressure control.
In chronic conditions other than hypertension, there is

some evidence of benefit for smartphone applications.
Bricker et al34evaluated 2 stand-alone smartphone
applications for smoking cessation and found a nonsig-
nificant 2.7 times higher odds of quitting at 2 months
with the use of SmartQuit vs National Cancer Institute's
QuitGuide application, although there was no control
group in this study. Kirwan et al35 randomized 72
individuals with type 1 diabetes to control or the use of
“Glucose Buddy,” the most downloaded diabetes man-
agement application on iOS. They found a statistically
significant decrease in HbA1c of 1.1%, although the
baseline HbA1c and other characteristics of the patients in
the 2 treatment arms were not well balanced at baseline
 Women's Hospital February 06, 2017.
pyright ©2017. Elsevier Inc. All rights reserved.



Figure 3

Study flowsheet.
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and, as part of the intervention, patients received
personalized text messages from a certified diabetes
educator. In contrast 2 trials of smartphone applications
for patients with obesity found no impact on weight loss,
even with the use of personal coaching.36,37

In conclusion, MedISAFE-BP will evaluate the effec-
tiveness of the stand-alone mhealth application with
respect to its clinical impact on blood pressure control. It
will informwhether this strategy can improve preventive
strategies for cardiovascular morbidity.
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