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IMPORTANCE Medication nonadherence accounts for up to half of uncontrolled
hypertension. Smartphone applications (apps) that aim to improve adherence are
widely available but have not been rigorously evaluated.

OBJECTIVE To determine if the Medisafe smartphone app improves self-reported medication
adherence and blood pressure control.

DESIGN, SETTING, AND PARTICIPANTS This was a 2-arm, randomized clinical trial (Medication
Adherence Improvement Support App For Engagement—Blood Pressure [MedISAFE-BP]).
Participants were recruited through an online platform and were mailed a home blood
pressure cuff to confirm eligibility and to provide follow-up measurements. Of 5577
participants who were screened, 412 completed consent, met inclusion criteria (confirmed
uncontrolled hypertension, taking 1 to 3 antihypertensive medications), and were
randomized in a ratio of 1:1 to intervention or control.

INTERVENTIONS Intervention arm participants were instructed to download and use the
Medisafe app, which includes reminder alerts, adherence reports, and optional peer support.

MAIN OUTCOMES AND MEASURES Co–primary outcomes were change from baseline to
12 weeks in self-reported medication adherence, measured by the Morisky medication
adherence scale (MMAS) (range, 0-8, with lower scores indicating lower adherence), and
change in systolic blood pressure.

RESULTS Participants (n = 411; 209 in the intervention group and 202 controls) had a mean
age of 52.0 years and mean body mass index, calculated as weight in kilograms divided by
height in meters squared, of 35.5; 247 (60%) were female, and 103 (25%) were black.
After 12 weeks, the mean (SD) score on the MMAS improved by 0.4 (1.5) among intervention
participants and remained unchanged among controls (between-group difference: 0.4; 95%
CI, 0.1-0.7; P = .01). The mean (SD) systolic blood pressure at baseline was 151.4 (9.0) mm Hg
and 151.3 (9.4) mm Hg, among intervention and control participants, respectively. After
12 weeks, the mean (SD) systolic blood pressure decreased by 10.6 (16.0) mm Hg among
intervention participants and 10.1 (15.4) mm Hg among controls (between-group difference:
−0.5; 95% CI, −3.7 to 2.7; P = .78).

CONCLUSIONS AND RELEVANCE Among individuals with poorly controlled hypertension,
patients randomized to use a smartphone app had a small improvement in self-reported
medication adherence but no change in systolic blood pressure compared with controls.
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H ypertension is estimated to affect 34% of US adults
20 years or older, accounting for more than 73 000
deaths each year.1 Among modifiable risk factors,

eliminating uncontrolled hypertension is estimated to have
the single greatest potential to reduce cardiovascular mortal-
ity in women, and to have an effect that is second only to
smoking cessation in men.1 While many factors contribute to
poorly controlled hypertension, nonadherence is thought to
account for nearly half of all such cases.2,3 In fact, among
patients classified as having “medication-resistant” hyper-
tension, more than 50% are actually nonadherent to their
prescribed medications.3

Mobile health (mHealth) interventions, such as smart-
phone applications (apps), have been advocated as promising
strategies to assist in the self-management of hypertension4,5

and other chronic conditions.6 These tools have the potential
to address nonadherence by providing reminders for medica-
tion taking and refilling, tracking biometric results, offering
education, and facilitating social interactions that provide
support and motivation.7 From 2012 to 2015 there was a 515%
increase in adherence apps available for download,8 and
there are an estimated 107 apps currently available for
hypertension alone.9

While the existing literature demonstrates improve-
ments in blood pressure from smartphone technology,5,10-12

these studies have been conducted in clinic-based settings
and have mainly tested the use of mHealth strategies that
aim to improve communication between patients and physi-
cians in the context of established therapeutic relationships.
In contrast, a 2015 survey found that only 20% of smart-
phone health app users had received a recommendation by a
physician to download an app13 and that most patients
download and use apps without the active participation of
their physician. Accordingly, we sought to evaluate the asso-
ciation of medication adherence and blood pressure control
with a “stand-alone” smartphone app among patients with
poorly controlled hypertension.

Methods
Study Design
The Medication adherence Improvement Support App
For Engagement—Blood Pressure (MedISAFE-BP) Trial was a
randomized clinical trial of individuals with uncontrolled
hypertension in the United States. Enrollment began on April
25, 2016, and was completed on September 16, 2016. The
full details of the trial design have been published previously,14

and the study has been registered on clinicaltrials.gov
(NCT02727543). See the Trial Protocol in Supplement 1. The
trial was reviewed and approved by the Chesapeake institu-
tional review board, and all patients provided written in-
formed consent prior to enrollment. All participants were pro-
vided compensation of up to $150 for their time to participate
in the study. The academic authors were responsible for
scientific oversight, including the design of the protocol.
Patient recruitment, screening, randomization, follow-up, and
data management were performed by Evidation Health

without any involvement from the study sponsor. The aca-
demic authors used an independent copy of the study data-
base to analyze the results and vouch for their analytic accu-
racy and completeness as well as the fidelity of the report to
the study protocol.

Participants
We included individuals ages 18 to 75 years with a systolic
blood pressure of 140 mm Hg or greater receiving treatment
with at least 1, but no more than 3, first-line antihypertensive
medications (thiazide, calcium channel blocker, β-blocker,
angiotensin-converting enzyme inhibitor, or angiotensin
receptor blocker). To identify participants with uncompli-
cated essential hypertension, we excluded patients pre-
scribed 4 or more antihypertensive medications, those on
dialysis, or those whose blood pressure was greater than
180/120 mm Hg on home blood pressure confirmation (see
the Patient Recruitment and Randomization subsection for
additional details). We also excluded individuals receiving
chemotherapy at the time of screening as well as patients
who were unable to understand written English, did not have
a smartphone with compatible operating system (iOS or
Android), were already using a smartphone medication
adherence app, or did not live in the United States with a
valid mailing address.

Patient Recruitment and Randomization
Participants were recruited through online patient communi-
ties, social media, pertinent mobile apps, and targeted
advertisements.14 Potential participants were directed to a
study website to assess eligibility and to provide informed
consent. Eligible participants completed a baseline survey
consisting of demographics and cardiovascular comorbidi-
ties, the 8-item Morisky medication adherence scale
(MMAS-8),15 the hypertension knowledge questionnaire,16

and the Consumer Health Activation Index to assess patient
activation (Michael Wolf, PhD, email communication,
November 25, 2015). The MMAS is a widely used tool for self-
reported medication adherence that was found to be reliable
(α = .83), significantly associated with blood pressure control
(P < .05), and to have 93% sensitivity as well as 53% specific-
ity for low adherence in a validation study.15

Key Points
Question Does use of a smartphone application (app) improve
self-reported adherence to antihypertensive medications and
blood pressure control?

Findings In this randomized clinical trial of 411 adults with poorly
controlled hypertension, patients randomized to receive a
smartphone app had a small improvement in self-reported
medication adherence with no difference in blood pressure
compared with controls.

Meaning Use of a smartphone app resulted in a small
improvement in self-reported medication adherence but did not
affect blood pressure; the benefit of this and other stand-alone
mobile health interventions on clinical outcomes remains
to be established.
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Potentially eligible individuals were then mailed a
Bluetooth-enabled blood pressure monitor (UA-651 BLE; A &
D Medical) as well as instructions on how to set up the moni-
tor and properly take a blood pressure reading. The A & D 651
blood pressure cuff has been approved by blood pressure
associations for its accuracy in home use.17 Study partici-
pants were asked to provide 2 measurements that were taken
5 minutes apart, in accordance with professional society
guidelines,18 and blood pressure was calculated as the aver-
age of these measurements. Patients were instructed to per-
form all blood pressure measurements in a seated position
and at least 30 minutes after smoking, eating, drinking caf-
feinated drinks, or physical activity. Because of the pragmatic
nature of this study, acceptable readings were considered to
be 2 measurements that were at least 3 minutes apart but not
more than 30 minutes apart. If, on this assessment, an indi-
vidual’s average systolic blood pressure was confirmed to be
greater than 140 mm Hg, but also less than 180/120 mm Hg,
they were enrolled and randomized in a ratio of 1:1 to the
intervention or control through the online portal using a
random number generator.

Study participants and study staff interacting with
patients were not blinded to group assignment. The study
investigators and data analysts remained blinded until all
follow-up data were obtained and the primary analytic strat-
egies were finalized.

Intervention
Participants randomized to the intervention arm were pro-
vided with instructions on how to download and use the
Medisafe app. This app aims to help individuals adhere to
their prescribed therapies and has received the highest usabil-
ity rating among medication adherence smartphone apps in sev-
eral reviews.8,19 There are several key features of the app. First,
medication lists are entered manually, along with their pre-
ferred timing of administration, or are autopopulated through
a linkage with an existing medication record. In those cases in
which this integration has been established, the app provides
alerts to remind patients when it is time for them to take medi-
cations and generates weekly adherence reports. Second, the
app also allows for tracking of blood pressure and other bio-
metric measurements, although in the current study, the
Medisafe app did not automatically sync with the home blood
pressure cuff or interface with medical professionals in any way.
Finally, users can designate a “Medfriend” who is granted ac-
cess to the patient’s medication taking history, receives alerts
when doses are missed, and can provide peer support.

Intervention arm participants who did not download the
app and have 1 login within 2 days of randomization were con-
tacted by email and telephone.14 If, after multiple follow-up
attempts, a participant still did not log in, they were not con-
tacted further but were followed for outcomes and analyzed
in the intent-to-treat analysis.

The control arm did not receive any intervention.

Follow-up Assessment
Follow-up assessments were performed for participants in both
study arms at 4, 8, and 12 weeks after enrollment based on

intention-to-treat principles. As such, outcomes were evalu-
ated in all randomized individuals, including those in the in-
tervention arm who did not download the app. Each assess-
ment included blood pressure measurement using the study-
provided blood pressure monitor.18 The final study assessment
at 12 weeks also included an exit survey that measured adher-
ence, hypertension knowledge, and patient activation.

Outcomes
The co–primary outcomes were change in self-reported medi-
cation adherence and systolic blood pressure from random-
ization to 12 weeks. The secondary outcome was whether par-
ticipants had well-controlled blood pressure, defined as
140/90 mm Hg or less.20

Statistical Analysis
We sought to enroll at least 390 patients to have 80% power
to detect a 5-mm Hg difference in systolic blood pressure be-
tween treatment arms, with an α of .05, even with a 20% loss
to follow up or a standard deviation of up to 17 mm Hg. A de-
crease in systolic blood pressure by 5 mm Hg correlates with
clinically meaningful reductions in coronary heart disease and
stroke.21-23 This sample size also provided 87% power to de-
tect a 0.5-point difference in adherence between the groups
assuming a standard deviation of 1.6,15 a similar loss to
follow-up, and an α of .05.

We conducted our analyses using intention-to-treat
principles. Means and frequencies of baseline characteristics
were evaluated for any between-arm differences despite ran-
domization. As prespecified in the published protocol,14 the
co–primary outcomes were analyzed using univariate linear re-
gression models, and missing data were accounted for using
multiple imputation with PROC MI using SAS statistical soft-
ware (version 9.4; SAS Institute Inc), after the creation of 25
imputed data sets.24,25 The secondary outcome was analyzed
using univariate logistic regression. We defined statistical sig-
nificance as P < .05 and we did not adjust our P value thresh-
old for our 2 co–primary outcomes, which we assumed would
be correlated.26-28

In secondary analyses, we fitted multivariable models to
adjust for the following baseline characteristics that have been
associated with medication adherence and/or blood pressure
control: sex, race/ethnicity, body mass index (BMI, calcu-
lated as weight in kilograms divided by height in meters
squared), physical activity, education, cigarette use, patient
activation, and baseline adherence. In sensitivity analyses, we
repeated our analyses among those individuals for whom com-
plete outcome data were available. We also evaluated longi-
tudinal changes in blood pressure measurements at baseline
and each of the subsequent 3 follow-up assessments using gen-
eralized estimating equations with an identity link function
and autoregressive errors.

In subgroup analyses, we evaluated differential effects of
the intervention on the co–primary outcomes with respect to
sex, age, baseline blood pressure, baseline adherence, and base-
line patient activation based on the statistical significance of
the interaction term for the subgroup of interest in the mul-
tivariable model. Finally, adherence was analyzed with
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respect to movement between adherence categories based on
the MMAS-8 score, which is how this scale was originally
described.15 In specific, an MMAS-8 score of less than 6 was
classified as “low” adherence, 6 or 7 was classified as “mod-
erate” adherence, and 8 was classified as “high” adherence.
All analyses were performed using SAS software (version 9.4).

Results
Participants
We screened 5577 individuals, of whom 1160 met eligibility
criteria and provided a home blood pressure measurement
(Figure 1). A total of 412 participants with poorly controlled
blood pressure were randomized, 210 to the intervention
arm and 202 to the control arm. One person withdrew from
the intervention arm. Therefore, the intention-to-treat
analysis included 209 patients in the intervention arm and
202 controls.

Baseline Characteristics
Participants were located across the United States in a mix of
rural, suburban, and urban locations. Participants had a mean
age of 52.0 years and a mean BMI of 35.5; 247 (60%) were
female, and 103 (25%) were of black race/ethnicity. The base-
line characteristics of the intervention arm were generally
similar to those of the controls (Table 1). Sex, race/ethnicity,
BMI, and baseline adherence were well balanced between the
2 arms. Intervention participants were more likely than con-
trols to report being white (71.3% compared with 58.9%;
P = .03), currently use cigarettes (18.7% compared with 10.9%;
P = .03), and to have dyslipidemia (48.8% compared with
36.6%; P = .01). Among the intervention arm, 188 (90%) down-
loaded and launched the smartphone app.

Medication Adherence
At baseline, mean (SD) adherence as measured by the MMAS-8
was 6.0 (1.8) among the intervention arm and 5.7 (1.8) among

Figure 1. CONSORT Diagram

5577 Potentially eligible 
participants

2004 Excluded
1927 Did not complete

informed consent
77 Did not complete 

initial survey

3573 Eligible for blood 
pressure screen

2413 Excluded
656 With blood pressure

cuff supply unavailable
1757 Did not provide blood 

pressure measurement

1160 Provided 
blood pressure 
measurement

748 Did not meet inclusion criteria 
based on blood pressure

412 Randomized

210 In intervention 
group

202 In control group

209 In intervention 
group

184 Participants with 
complete data

179 Participants with 
complete data

23 Did not submit 
end of study 
outcomes

1 Withdrew

23 Did not submit 
end of study 
outcomes

Table 1. Baseline Characteristics by Treatment Group

Characteristic
Intervention
(n = 209)

Control
(n = 202) P Value

Age, mean (SD), y 51.7 (10.5) 52.4 (10.1) .51

Female, No. (%) 120 (57.4) 127 (62.9) .26

Race/ethnicity, No. (%) .03

Black 43 (20.6) 60 (29.7)

White 149 (71.3) 119 (58.9)

Other 17 (8.1) 23 (11.4)

BMI, mean (SD) 35.38 (7.9) 35.59 (8.6) .79

Physical activity, No. (%) .49

≤2 h/wk 127 (60.8) 116 (57.4)

>2 h/wk 82 (39.2) 86 (42.6)

Education, No. (%) .49

Did not finish high school 3 (1.4) 5 (2.5)

High school graduate 31 (14.8) 20 (9.9)

Some college 46 (22.0) 56 (27.7)

College graduate 73 (34.9) 68 (33.7)

Vocational degree 19 (9.1) 22 (10.9)

Graduate degree 37 (17.7) 31 (15.4)

Current cigarette use,
No. (%)

39 (18.7) 22 (10.9) .03

Comorbidities, No. (%)

History of heart attack 3 (1.4) 6 (3.0) .33

History of stroke 11 (5.3) 7 (3.5) .37

Diabetes 46 (22.0) 50 (24.8) .51

Dyslipidemia 102 (48.8) 74 (36.6) .01

Total prescription
medications, No. (%)

4.0 (2.6) 4.0 (2.7) .98

Patient activation, No. (%)a .25

Low 165 (80.5) 150 (75.8)

Moderate/high 40 (19.5) 48 (24.2)

Phone attitude, No. (%) .78

Can’t live without phone 159 (76.1) 156 (77.2)

Phone not always needed 50 (23.9) 46 (22.8)

Abbreviation: BMI, body mass index, calculated as weight in kilograms divided
by height in meters squared.
a Measured by the Consumer Health Activation Index
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controls. By 12 weeks of follow-up, the mean (SD) adherence
increased by 0.4 (1.5) in the intervention arm and remained
unchanged among controls (between-group difference, 0.4;
95% CI, 0.1-0.7; P = .01) (Table 2). The results remained
unchanged after adjustment for differences in baseline char-
acteristics in secondary analyses and in the complete case
analysis (eTable in Supplement 2).

Subgroup analyses of the association of the intervention
with adherence by sex, age, baseline systolic blood pressure,
baseline adherence, and activation showed no significant be-
tween-group differences, although the magnitude of the im-
provement in adherence was largest for participants report-
ing low baseline adherence (Table 3). Consistent with this, the
overall improvement in adherence from the intervention re-
sulted from a reduction in the proportion of patients with low
levels of adherence and a commensurate rise in the propor-
tion of individuals with moderate adherence (Figure 2).

Table 2. Primary and Secondary Outcomesa

Variable

Intervention Group
(n = 209)

Control Group
(n = 202)

Unadjusted
Effect Estimate

Adjusted
Effect Estimate

Wk 0 Wk 12 Change Wk 0 Wk 12 Change
Absolute
Difference P Value

Absolute
Difference P Value

Primary outcomes

Medication adherence,b

mean (SD)
6.0
(1.8)

6.3
(1.6)

0.4
(1.5)

5.7
(1.8)

5.7
(1.8)

−0.01
(1.5)

0.4
(0.1 to 0.7)

.01 0.5
(0.2 to 0.7)

.001

Systolic BP,
mm Hg, mean (SD)

151.4
(9.0)

140.8
(15.7)

−10.6
(16.0)

151.3
(9.4)

141.2
(17.3)

−10.1
(15.4)

−0.5
(−3.7 to 2.7)

.78 −0.1
(−3.2 to 3.1)

.97

Secondary outcome

Controlled BP,c No. (%) 0 67
(35.8)

35.8 0 69
(37.9)

37.9 OR, 0.9
(95% CI,
0.6 to 1.4)

.68 OR, 0.8
(95% CI,
0.5 to 1.3)

.34

Abbreviations: BP, blood pressure; OR, odds ratio.
a The results presented herein reflect the primary analyses of the trial

outcomes, which were conducted after multiple imputation. The adjusted
models controlled for: sex, race/ethnicity, body mass index, physical activity,

education, cigarette use, patient activation, and baseline adherence.
b Measured by 8-item Morisky Medication Adherence Scale.
c Defined as BP <140/90 mm Hg.

Table 3. Subgroup Analyses of the Difference Between Intervention and Control
in Adherence and Blood Pressure From Baseline to 12 Weeksa

Subgroup

Adherence Difference
Between Intervention and
Control Groups (95% CI)

Interaction
P Value

SBP Difference Between
Intervention and Control
Groups (95% CI)

Interaction
P Value

Sex .23 .47

Female 0.54 (0.12 to 0.96) 1.53 (−2.46 to 5.51)

Male 0.15 (−0.29 to 0.59) −0.91 (−6.29 to 4.47)

Age .66 .31

At or below
median

0.30 (−0.14 to 0.74) −1.32 (−5.83 to 3.20)

Above median 0.44 (0.01 to 0.88) 2.02 (−2.60 to 6.64)

Baseline SBP .68 .17

<160 mm Hg 0.41 (0.07 to 0.75) −0.48 (−3.92 to 2.97)

≥160 mm Hg 0.25 (−0.45 to 0.94) 5.31 (−2.92 to 13.54)

Adherenceb .07 .73

Poor: <6 0.70 (0.24 to 1.15) 1.63 (−2.97 to 6.22)

Moderate: ≥6 and
<8

0.29 (−0.21 to 0.79) −1.50 (−7.44 to 4.44)

Good: 8 0.03 (−0.43 to 0.49) 0.74 (−6.14 to 7.62)

Activationc .71 .46

Poor: <80 0.34 (−0.01 to 0.69) −0.27 (−4.04 to 3.50)

Moderate/good:
≥80

0.48 (−0.17 to 1.13) 2.70 (−3.63 to 9.03)

Abbreviation: SBP, systolic blood
pressure.
a These subgroup analyses were

conducted after multiple
imputation and without any
adjustment for baseline
characteristics. The presented
numbers reflect the difference
between intervention and control
groups in outcomes from baseline
to 12 weeks. As a result, positive
numbers reflect differences that
were larger among intervention
group than controls and negative
numbers reflect differences that
were smaller among the
intervention group than controls.

b Adherence was measured by the
8-item Morisky Medication
Adherence Scale.

c Activation was measured by the
Consumer Health Activation Index.

Figure 2. Change in Adherence Category From Baseline to 12 Weeks
of Follow-up
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Blood Pressure
At baseline, the mean (SD) systolic blood pressure was 151.4
(9.0) mm Hg in the intervention arm and 151.3 (9.4) mm Hg
among controls. After 12 weeks of follow-up, the mean (SD)
systolic blood pressure decreased by 10.6 (16.0) mm Hg in
the intervention group and by 10.1 (15.4) mm Hg in the con-
trol group (Table 2). There was no difference in the change
in blood pressure between the groups (between-group
difference, 0.5 mm Hg; 95% CI, −3.7 to 2.7 mm Hg; P = .78).
Good blood pressure control (defined as blood pressure
<140/90 mm Hg) at 12 weeks was achieved by 35.8% in the
intervention group and 37.9% in the control group (odds
ratio, 0.9; 95% CI, 0.6-1.4; P = .68). Analyses of the 2 blood
pressure outcomes remained unchanged after multivariable
adjustment in secondary analyses and in complete case
analysis (see eTable in Supplement 2). Changes in blood
pressure over time are shown in the eFigure in Supplement
2. A longitudinal model of blood pressure over time had an
effect estimate of -0.5 mm Hg per month (95% CI, −3.2 to
2.1 mm Hg; P = .70).

Subgroup analyses of the association of the intervention
with systolic blood pressure by sex, age, baseline systolic blood
pressure, baseline adherence, and patient activation showed
no significant between-group differences (Table 3).

Discussion
Among those with poorly controlled hypertension, patients
randomized to the use of a stand-alone smartphone app had
a small improvement in self-reported medication adherence
but no change in systolic blood pressure at 12 weeks of
follow-up compared with controls.

There are several potential explanations for finding a
small improvement in self-reported medication adherence
without corresponding reductions in blood pressure. Read-
ings from home blood pressure monitoring devices were used
to determine trial eligibility and evaluate outcomes. It is pos-
sible that the reductions in blood pressure from baseline to
the end of follow-up that we observed in both the interven-
tion and control arms may have resulted from fluctuations in
these home blood pressure readings29 and/or regression to
the mean, and that the magnitude of these changes was larger
than the a priori hypothesized effect from the smartphone
app. Furthermore, patients in both arms were required to sub-
mit home blood pressure readings periodically, which was
done a median of 10 and 9 times by the intervention and
control groups, respectively, over the 12 weeks of study
follow-up. Thus, all patients were engaged in some level of
self-monitoring. This has shown to have small positive effects
on blood pressure control30 and medication adherence31 and
may have been particularly motivating for the participants in
our trial, who were a relatively small proportion of those who
underwent initial screening for inclusion.

Alternatively, while we observed a statistically signifi-
cant improvement in adherence from the intervention, the
magnitude of this change was likely too small to translate
into improvements in blood pressure. A change of 2 points in

the MMAS-8 has been suggested as the minimum detectable
difference for antihypertensive medication adherence,32

which is substantially larger than the mean 0.4-point change
that we observed. Similarly, it seems that patients must be
highly adherent to their prescribed antihypertensive medi-
cations to derive clinical benefit.33,34 In contrast, the
improvement in adherence that we observed resulted pri-
marily from patients with low levels of adherence at baseline
becoming moderately adherent by the end of follow-up,
with little difference between intervention and controls in
the proportion of patients who were highly adherent. If
becoming highly adherent from the intervention takes more
time than the 12-week duration of our trial, it is possible that
we would have observed larger adherence improvements
and corresponding changes in blood pressure with longer
follow-up. Finally, medication adherence was measured by
self-report. While the tool we used has been validated and
extensively used,15 self-reported questionnaires are subject
to social desirability bias and may overestimate true
adherence.35 As such, after exposure to an app that very
clearly encouraged adherence, intervention arm participants
may have been more likely to report being adherent without
actually changing their medication-taking behavior.

How then could use of a smartphone app be enhanced to
result in greater benefits for patients with hypertension?
While the app we tested has received very high usability
scores,8,19 it may be that individuals with hypertension have
needs that are different from those of individuals with other
conditions. Therefore, one solution is to offer more disease-
specific customization of smartphone tools. An alternative
idea is to link the app to clinical care. Several studies have
shown greater effects on clinical outcomes when home self-
monitoring of blood pressure is linked with additional
support, mostly through connection to health care
professionals.30,36 In keeping with this, prior trials of text
messaging for individuals with hypertension had positive
results compared with control.10,37 In these trials, partici-
pants were enrolled from a clinical setting, and therefore
patients likely associated the messages they received
with their primary care physicians, potentially leading to
greater effect. Similarly, the only randomized clinical trial
of an mHealth app for patients with hypertension relied
heavily on nurse health coaches to provide treatment
recommendations.12 In that study, Moore et al12 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 mm Hg more than the control group. It is important to
note, however, that using apps in the context of clinical care
and relying on physicians to interact with patients for them
to work is resource intensive and undercuts the efficiencies
of stand-alone tools to aid patients in self-management.

Limitations
There are several limitations of this trial. Recruitment was
performed entirely using online mechanisms. While it is
estimated that more than 50% of patients use the internet
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for medical information,38 the results of our trial may not be
generalizable to other populations of individuals with poorly
controlled hypertension, who may have different socio-
demographic and comorbidity characteristics than the
patients in our study participants. Furthermore, because
home blood pressure measurements tend to be lower than
those obtained by health care professionals,39 our study
population may, in fact, have had less well-controlled hyper-
tension than patients for whom the same inclusion criteria
had been applied in an office-based setting. In addition, we
excluded those with extremely high blood pressure, for
which immediate medical attention is recommended, and
therefore this intervention may not be applicable to popula-
tions with blood pressures greater than 180/120 mm Hg.
Many patients with this level of blood pressure elevation
require careful medical supervision and therefore reliance
on a stand-alone smartphone app may not be prudent. We
also used home blood pressure monitors to evaluate our
study outcomes, and these results were not independently
verified for pragmatic reasons and to avoid the potential
cointervention that would likely result from obtaining such
external validation. Although patients were instructed on
how to perform these measurements following guidance
from the US Preventive Services Task Force, an organization
that also endorses home blood pressure readings as a valid
alternative to office-based assessments,18 any inaccuracies
in these measurements would bias our results to the null.
Our results are also subject to the possibility of contamina-
tion. In the survey that participants completed at the end of

follow-up, 17 individuals in the control group (8.4%)
reported downloading the Medisafe app during the course of
the trial, even though the name of the app being evaluated
was not mentioned in the patient consent form. Conversely,
as many as 10% of individuals in the intervention group did
not launch the app and thus could not have benefited from
it. Because we followed intention-to-treat principles, both of
these factors would bias our results to the null. The inter-
vention lasted for 12 weeks; therefore, we will be unable to
determine the effect of the smartphone app on longer-term
outcomes, including stroke or myocardial infarction. Finally,
we tested a single app, Medisafe, and our results may not
generalize to other smartphone-based interventions.

Conclusions
The availability of smartphone health apps has expanded
quickly, with a recent study showing 160 medication
adherence–specific health apps.40 However, there has been
a lack of rigorous evaluation to date, with most studies rely-
ing on self-report and not including a clinically important
outcome.7,41 The MedISAFE-BP trial is, to our knowledge,
the first randomized clinical trial reporting the effect of a
stand-alone mHealth platform to increase medication
adherence and improve blood pressure control. We found
significant improvement in medication adherence, but no
difference in systolic blood pressure between the interven-
tion and control groups.
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Invited Commentary

Building a Stronger Care Loop Through mHealth Technology
Alexander G. Logan, MD; S. Vanita Jassal, MD

Achieving good blood pressure (BP) control and sustaining
effective antihypertensive treatment remain a major chal-
lenge for those involved in the long-term management of

hypertension. In the current
issue, Morawski et al1 report
the results of a study using a
mobile health (mHealth)

tool, called Medisafe, a highly rated smartphone app for
medication management, which allows patients to track
medication intake and home BP readings. In a relatively
large, 3-month study, the authors demonstrated that
patients with uncontrolled hypertension, randomized to
using Medisafe, did not result in improved BP control com-
pared with the control group. However, they did show a

small, statistically significant, but clinically unimportant,
improvement in medication adherence, measured by the
8-item Morisky Medication Adherence Scale. The study is a
valuable addition to the growing body of literature assessing
the role of mHealth technology in the health care sector;
however, the results are disappointing for those of us who
advocate for ongoing incorporation of mHealth strategies
into current care.2

Historically, interventions that significantly improved
BP control involved using nurses or pharmacists with the
authority to prescribe or alter antihypertensive treatment.3

A defining feature of such interventions is the aggressive
application of drug treatment. Because these traditional
approaches are highly resource intensive and severely
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