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Abstract

IMPORTANCE Mobile applications (apps) may help improve hypertension self-management.

OBJECTIVE To investigate the effect of an artificial intelligence smartphone coaching app to
promote home monitoring and hypertension-related behaviors on systolic blood pressure level
compared with a blood pressure tracking app.

DESIGN, SETTING, AND PARTICIPANTS This was a 2-group, open, randomized clinical trial.
Participants with uncontrolled hypertension were recruited in 2016 and 2017 and were followed up
for 6 months. Data analysis was performed from April 2019 to December 2019.

INTERVENTIONS Intervention group participants received a smartphone coaching app to promote
home monitoring and behavioral changes associated with hypertension self-management plus a
home blood pressure monitor. Control participants received a blood pressure tracking app plus a
home blood pressure monitor.

MAIN OUTCOMES AND MEASURES The primary study outcome was systolic blood pressure at 6
months. Secondary outcomes included self-reported antihypertensive medication adherence, home
monitoring and self-management practices, measures of self-efficacy associated with blood
pressure, weight, and self-reported health behaviors.

RESULTS There were 333 participants randomized, and 297 completed the follow-up assessment.
Among the participants who completed the study, the mean (SD) age was 58.9 (12.8) years, 182
(61.3%) were women, and 103 (34.7%) were black. Baseline mean (SD) systolic blood pressure was
140.6 (12.2) mm Hg among intervention participants and 141.8 (13.4) mm Hg among control
participants. After 6 months, the corresponding mean (SD) systolic blood pressures were 132.3 (15.0)
mm Hg and 135.0 (13.9) mm Hg, with a between-group adjusted difference of −2.0 mm Hg (95% CI,
−4.9 mm Hg to 0.8 mm Hg; P = .16). At 6 months, self-confidence in controlling blood pressure was
greater in the intervention group (0.36 point on a 5-point scale; 95% CI, 0.18 point to 0.54 point;
P < .001). There were no significant differences between the 2 groups in other secondary outcomes.
The adjusted difference in self-reported physical activity was 26.7 minutes per week (95% CI, −5.4
minutes per week to 58.8 minutes per week; P = .10). Subgroup analysis raised the possibility that
intervention effects differed by age.

CONCLUSIONS AND RELEVANCE Among individuals with uncontrolled hypertension, those
randomized to a smartphone coaching app plus home monitor had similar systolic blood pressure
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Abstract (continued)

compared with those who received a blood pressure tracking app plus home monitor. Given the
direction of the difference in systolic blood pressure between groups and the possibility for
differences in treatment effects across subgroups, future studies are warranted.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT03288142
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Introduction

Hypertension affects approximately 46% of adults in the United States and is a major cause of death
and disability from heart and vascular diseases.1 Despite the efficacy of antihypertensive medications
and positive effects of lifestyle changes on blood pressure, hypertension control rates are far
from optimal.1

Interventions to promote blood pressure self-monitoring reduce blood pressure when
monitoring leads to treatment intensification.2-6 Blood pressure may also improve with dietary
changes or increased exercise.7 Mobile health interventions such as smartphone applications (apps)
may support hypertension self-management, and many such apps are commercially available.8-10

However, high-quality evidence of their effectiveness is limited.8,9,11,12 In particular, it is not known
whether stand-alone mobile health interventions can successfully support the behaviors that lead to
better blood pressure control. Studies11-14 of apps or interventions that used text messages for
hypertension that were not integrated into clinical care delivery have not clearly demonstrated
improved blood pressure. A stand-alone app tested by Morawski and colleagues11 improved
medication adherence slightly but did not change systolic blood pressure. In that study,11 the app did
not sync with the home blood pressure monitor (HBPM), provide individualized coaching based on
measured values, or address nonpharmacologic behaviors, such as weight loss, diet, or physical
activity.

To address this gap, we sought to test whether providing a smartphone hypertension coaching
app directed at multiple hypertension care behaviors—referred to as the hypertension personal
control program (HPCP)—along with an HBPM would lead to lower systolic blood pressure and
improvement in other aspects of hypertension self-management compared with providing a blood
pressure tracking app and HBPM among adults with uncontrolled hypertension.

Methods

Study Design
The Improving Hypertension Using a Smartphone-Enabled Personal Control Program, or “Smart
Hypertension Control Study,” was a nonblinded randomized clinical trial among hypertensive adults
receiving care from outpatient clinics affiliated with a large health care system. Northwestern
University’s institutional review board approved the study. Participants provided written informed
consent. This study follows the Consolidated Standards of Reporting Trials Extension (CONSORT
Extension) reporting guideline.

Enrollment took place between September 28, 2017, and September 28, 2018. Data collection
was completed April 9, 2019. The design and methods have been previously published.15 The trial
protocol is provided in Supplement 1. Participants were randomized to the intervention group
(smartphone coaching app plus an HBPM) or the control group (blood pressure tracking app and
HBPM) and were followed up for 6 months. The primary outcome was systolic blood pressure at 6
months adjusted for baseline systolic blood pressure, sex, and age.
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Setting and Participants
We recruited patients from 4 primary care clinics affiliated with Northwestern Medical Group in
downtown Chicago, Illinois. We recruited adults aged 18 to 84 years whose intake blood pressure was
greater than or equal to 135 mm Hg systolic and 85 mm Hg diastolic (either value) and less than 180
mm Hg systolic and 110 mm Hg diastolic (both values). Participants with or without antihypertensive
medication use were eligible. Because of variation in how Bluetooth technology was used among
non-iOS smartphone systems, participants were required to have a compatible iOS (Apple) device.
Full inclusion and exclusion criteria have been published elsewhere.15

Recruitment and Randomization
We searched electronic health record data to identify potentially eligible participants at participating
practices whose most recent in-office blood pressure was at least 145 mm Hg systolic or 95 mm Hg
diastolic. We used these higher criteria to identify individuals who would be more likely to meet study
inclusion criteria at the research study visit. Primary care physicians could indicate which patients
not to contact. Recruitment involved both mail and telephone. Potential participants could also be
referred by clinicians or respond to flyers distributed in practices. After a telephone eligibility
assessment, volunteers presented in person for determination of blood pressure eligibility.

After enrollment, participants were randomized 1:1 using a centralized computer-generated
assignment sequence uploaded a priori to Northwestern University’s Research Electronic Data
Capture platform.16 We performed randomization in 4 strata by age (<65 or �65 years) and baseline
systolic blood pressure (<145 or �145 mm Hg) in blocks of 5. The study staff members enrolling
participants did not have prior access to the allocation sequence.

Interventions
Tracking App With HBPM (Control Group)
Control participants received an HBPM (7 Series Wireless Upper Arm Blood Pressure Monitor Model
BP761N, Omron; or global Model HEM-7320T, Omron Healthcare Co Ltd), were instructed how to
perform self-monitoring, and were asked to demonstrate use of the device. Information provided to
participants explained how to interpret home blood pressure results and to respond to extreme
values but did not make specific recommendations about when to share information with clinicians.
Initially, we described home blood pressure mean of 135 mm Hg systolic and 85 mm Hg diastolic or
greater as elevated and changed this to 130 mm Hg systolic and 80 mm Hg diastolic or greater after
the 2017 release of the American College of Cardiology and American Heart Association hypertension
guideline recommendations.7 We assisted participants with installation of a smartphone app that
uses Bluetooth to connect to the HBPM and can track the HBPM data app (Omron Wellness, Omron
Healthcare, Inc).

Hypertension Coaching App and HBPM (Intervention Group)
Intervention group participants received all interventions provided to the control group except the
Omron smartphone app. Instead, they installed the HPCP coaching app (a beta version of HTN Pro,
Lark Technologies, Inc).

The HPCP coaching app was described previously.15 In short, it is a conversational artificial
intelligence smartphone app that uses cognitive behavioral therapy techniques to provide support
and coaching to promote hypertension self-management and healthy behaviors, including diet,
physical activity, medication adherence, blood pressure measurement, sleep, and stress
management. Recommendations were tailored according to participants’ prior data and responses.
The app uses encouragement, reminders, and tracking to promote home monitoring. It prompted
participants to measure blood pressure daily for the first week, then weekly thereafter. It
recommended retaking readings if outlier values were recorded and to call their medical professional
for extreme values. The HPCP informed users of changes over time and provided appropriate
coaching based on proprietary algorithms. The app encouraged users to contact medical
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practitioners if blood pressure remained greater than 130 mm Hg systolic or 80 mm Hg diastolic for
more than 1 month.

The HPCP prompted medication users to set up reminders, asked about adherence, and
provided coaching around barriers to adherence. Over time, the HPCP provided education on
hypertension-related topics, including weight loss and its association with hypertension. The HPCP
encouraged users to make choices consistent with the Dietary Approaches to Stop Hypertension
diet.17 The HPCP allowed users to set physical activity goals and provided coaching on progress
toward these goals. Activity was tracked using the smartphone’s motion detector or was entered
manually. The HPCP tracked sleep, provided coaching based on sleep habits, and included education
on stress management. The HPCP sent notifications to users to remind them to log blood pressure,
medications, weight, meals and snacks, and physical activity. Users could initiate conversations any
time. Content was customized on the basis of the user’s values and inputs. Additional description is
reported in eAppendix 1 in Supplement 2.

Measurements and Outcomes
We performed in-person assessments at baseline and 6 months. Research staff measured blood
pressure in a standardized fashion using an automated device (Digital Automatic Blood Pressure
Monitor HEM-907XL, Omron Healthcare Co Ltd). We performed 3 recordings, and the mean of the
second and third readings was the study blood pressure. Height was measured at baseline. Weight
was measured at baseline and 6 months. We assessed the following items by survey: adherence to
antihypertensive medications (characterized as no missed doses vs any missed doses using a 4-day
recall)18; number of antihypertensive medication classes used; number of medication intensifications
or substitutions during the study period; self-confidence using HBPM, controlling blood pressure,
knowing when medication changes were needed, and performing nonpharmacologic behaviors to
control blood pressure (on a 5-point scale, ranging from 1 [not at all confident] to 5 [extremely
confident]); Dietary Approaches to Stop Hypertension diet compliance Questionnaire19; days per
week eating several other food categories; self-reported at-least-moderate physical activity (days per
week times minutes per day); and self-reported sleep duration. We assessed the frequency of office
visits and telephone and email contacts from data in the Northwestern Medicine electronic health
record. We measured HBPM usage (months used and uses per month) from data recorded in the Lark
or Omron apps uploaded to the respective company’s server. We encouraged patients in both groups
to synchronize their HBPM with their smartphone app during the initial and follow-up visits.

Sample Size and Power
The primary study outcome was systolic blood pressure at 6 months with prespecified adjustment
for baseline systolic blood pressure, sex, and age. We conservatively estimated power according to
the independent 2-sample t test; 150 participants in each group completing the study would provide
80% power to detect a 0.3 SD effect size across the 2 groups at the 5% level of significance. If the
observed SD were 15 mm Hg, we would have adequate power to detect a difference of 5 mm Hg
across the 2 groups. A study of this size was feasible to perform with the available study resources.
With prespecified adjustments, we anticipated increased precision, allowing for 80% power to
detect a slightly smaller effect size. We initially sought to enroll 350 participants and anticipated
approximately 85% retention. Because actual retention was higher, we ended recruitment after 333
participants had enrolled.

Statistical Analysis
All analyses used intention-to-treat principles and followed the previously described analysis plan
unless otherwise stated.15 For the primary analysis, we compared the difference in systolic blood
pressure at 6 months between the 2 treatment groups using a linear regression model, adjusting for
baseline age (years), sex, and baseline systolic blood pressure. We performed similar analyses for
the secondary outcomes of continuous variables, adjusting for age, sex, and baseline value of the
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respective variable. We used logistic or Poisson regression for other outcomes, adjusting for age, sex,
and the baseline value of the outcome, as previously stated.15 To keep the probability of a type I error
less than .05 with the multiple hypotheses tested in the secondary analyses, we applied the method
of Benjamini and Hochberg.20 We compared the effects of treatment group assignment on the
primary outcome in subgroup analyses stratified by baseline systolic blood pressure, body mass
index (BMI; calculated as the weight in kilograms divided by height in meters squared), sex, age, and
general self-efficacy, which is measured on a scale of 10 to 40 according to the sum of responses to
10 questions, with each question having options from 1 (not at all true) to 4 (exactly true).21 We
tested for heterogeneity of treatment effects across subgroups by examining the significance of
treatment group times subgroup interaction terms in models that included randomization group and
subgroup variables. Data analysis was performed from April 2019 to December 2019 using SAS
statistical software version 9.4 (SAS Institute).

Results

Participants
We identified 2742 patients receiving care from 183 primary care physicians who met the initial
electronic health record screening criteria, and 30 additional participants were directly referred by
their clinician or responded to a recruitment flyer. The flow of participants is depicted in Figure 1.
There were 333 participants randomized (166 to the intervention group and 167 to the control
group). In total, 297 (89.2%) participants completed the follow-up assessment and were included in
analyses (144 intervention group and 153 control group). Participants who did not complete
follow-up are described in eTable 1 in Supplement 2. The primary efficacy analysis included 152
control group participants (1 control group participant did not have follow-up blood pressure values
successfully stored).

Figure 1. Recruitment, Randomization, and Participant Flow Diagram

166 Randomized to receive active intervention
166 Received active intervention

22 Lost to follow-up, did not return for
outcome assessment

14 Lost to follow-up, did not return for
outcome assessment

144 Included in analyses
22 Excluded from analyses

152 Included in analyses
15 Excluded from analyses

14 Lost to follow-up
1 Missing blood pressure data

167 Randomized to receive control intervention
167 Received control intervention

333 Randomized

2439 Excluded
614 Not meeting inclusion criteria

450 No iOS phone
89 Did not meet blood pressure criteria
75 Did not meet other eligibility criteria

723 Refused
962 Not able to contact
140 Physician did not approve

2772 Assessed for eligibility
2742 Identified from electronic health record

30 Self or clinician referred
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Baseline Characteristics
Participants’ mean (SD) age was 58.9 (12.8) years, 182 (61.3%) were women, 103 (34.7%) were black,
13 (4.4%) were Asian, and 23 (7.7%) were of Hispanic ethnicity. Study groups were similar: most
participants were white (73 [50.7%] in the intervention group vs 80 [52.3%] in the control group),
most spoke English as their primary language (141 [97.9%] in the intervention group vs 144 [94.1%] in
the control group), and most had 4 years or more of college education (103 [71.5%] in the
intervention group vs 107 [69.9%] in the control group) (Table 1).

Blood Pressure
Baseline mean (SD) systolic blood pressure was 140.6 (12.2) mm Hg for intervention participants and
141.8 (13.4) mm Hg for control participants. After 6 months, the mean (SD) systolic blood pressures
in the intervention group decreased by 8.3 (13.8) mm Hg to 132.3 (15.0) mm Hg in the intervention
group and by 6.8 (13.7) mm Hg to 135.0 (13.9) mm Hg in the control group. The between-group
adjusted mean difference was −2.0 mm Hg (95% CI, −4.9 mm Hg to 0.8 mm Hg; P = .16). Diastolic
blood pressure (mean [SD], 85.1 [9.6] mm Hg in the intervention group vs 85.6 [9.8] mm Hg in the

Table 1. Baseline Characteristics

Characteristic

Participants, No. (%)
Hypertension Coaching
Application and Home
Monitor: Intervention
(n = 144)

Tracking Application and
Home Monitor: Control
(n = 153)

Age, mean (SD), y 59.6 (12.4) 58.3 (13.2)

Female 91 (63.2) 91 (59.5)

Ethnicity, Hispanic or Latino 10 (6.9) 13 (8.5)

Race

Asian 4 (2.8) 9 (5.9)

Black 56 (38.9) 47 (30.7)

White 73 (50.7) 80 (52.3)

Other or unknown 11 (7.6) 17 (11.1)

Education

Less than high school graduate 3 (2.1) 2 (1.3)

Grade 12 or General Education Development examination 10 (6.9) 16 (10.5)

College 1-3 y 27 (18.8) 28 (18.3)

College ≥4 y 103 (71.5) 107 (69.9)

Unknown 1 (0.7) 0

Primary language

English 141 (97.9) 144 (94.1)

Other 3 (2.1) 8 (5.2)

Refused to identify 0 1 (0.7)

Comorbidities

Asthma or chronic obstructive pulmonary disease 26 (18.1) 30 (19.6)

Diabetes 28 (19.4) 26 (17.0)

Coronary heart disease 5 (3.5) 10 (6.5)

Stroke 4 (2.8) 6 (3.9)

Heart failure 1 (0.7) 6 (3.9)

Body mass index, mean (SD)a 31.9 (8.3) 31.7 (7.8)

Current smoker 4 (2.8) 8 (5.2)

Generalized self-efficacy score, mean (SD)b 33.7 (4.4) 33.8 (4.4)

No. of antihypertensive agents used

0 34 (23.6) 54 (35.3)

1 61 (42.4) 44 (28.8)

2 35 (24.3) 40 (26.1)

≥3 14 (9.7) 15 (9.8)

a Body mass index is calculated as the weight in
kilograms divided by height in meters squared.

b Self-efficacy is measured on a scale of 10 to 40
according to the sum of responses to 10 questions,
with each question having options from 1 (not at all
true) to 4 (exactly true).21
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control group) and rates of blood pressure less than 140 mm Hg systolic and 90 mm Hg diastolic (72
[50.0%] participants in the intervention group vs 78 [51.3%] participants in the control group) were
similar in the study groups at 6 months (Table 2).

Study group effects on the primary outcome across subgroups (prespecified, baseline systolic
blood pressure, age, sex, BMI, and general self-efficacy; post hoc, race) are shown in Figure 2. There
was no statistically significant heterogeneity in intervention effect across these subgroups (P values
for intervention by subgroup interaction terms were >.05 in all cases). The adjusted mean between-
group differences in systolic blood pressure at 6 months in the intervention and control groups were
−4.0 mm Hg (95% CI, −8.1 mm Hg to 0.1 mm Hg) for participants at or above the median age and 0.1
mm Hg (95% CI, −3.8 mm Hg to 4.2 mm Hg) for participants below the median age. Corresponding
mean differences for BMI were −4.8 mm Hg (95% CI, −8.9 mm Hg to −0.6 mm Hg) for participants at
or above the median BMI and 0.9 mm Hg (95% CI, −3.1 mm Hg to 4.8 mm Hg) for participants below
the median BMI. The mean differences were −3.6 mm Hg (95% CI, −8.1 mm Hg to 0.9 mm Hg) for
men, −0.8 (−4.5 mm Hg to 2.9 mm Hg) for women, −3.7 mm Hg (95% CI, −7.3 mm Hg to −0.1 mm Hg)
for nonblack participants, and 1.2 mm Hg (95% CI, −3.8 mm Hg to 6.1 mm Hg) for black participants.

Table 2. Blood Pressure Outcomes

Variable

Hypertension Coaching App and Home Monitor,
Intervention (n = 144)

Tracking App and Home Monitor,
Control (n = 152)

Adjusted Difference,
Mean (95% CI) P ValueBaseline Month 6 Change Baseline Month 6 Change

Systolic blood pressure,
mean (SD), mm Hga

140.6 (12.2) 132.3 (15.0) −8.3 (13.8) 141.8 (13.4) 135.0 (13.9) −6.8 (13.7) −2.0 (−4.9 to 0.8) .16

Diastolic blood pressure,
mean (SD), mm Hg

89.4 (8.7) 85.1 (9.6) −4.3 (8.4) 89.2 (9.2) 85.6 (9.8) −3.6 (9.5) −0.5 (−2.4 to 1.4) .61

Blood pressure <140/90 mm Hg,
participants, No. (%)

36 (25.0) 72 (50.0) 36 (25.0) 41 (27.0) 78 (51.3) 37 (24.3) 0.9 (0.6 to 1.4)b .66

a Primary study outcome. b Odds ratio (95% CI).

Figure 2. Subgroup Analyses of the Difference Between Intervention and Control in Systolic Blood Pressure at 6 Months

SBP, mm Hg

P Value
for
InteractionSubgroup 

SBP .93

.09

.45

.19

.78

.24

At or above median
(≥141 mm Hg) 

Hypertension Coaching Application and
Home Monitor-Intervention 

Baseline SBP,
mm Hg,
Mean (SD)

Participants,
No.

Month-6
SBP, mm Hg,
Mean (SD)

72 150.2 (7.8) 138.7 (14.1)

Tracking Application and 
Home Monitor-Control 

Baseline SBP,
mm Hg,
Mean (SD)

Participants,
No.

Month-6
SBP, mm Hg,
Mean (SD)

77 152.1 (9.2) 141.4 (12.1)

Mean Difference
(95% CI)

–2.1 (–6.4 to 2.1)

72 130.9 (7.0) 125.9 (13.0) 75 131.1 (7.2) 128.4 (12.6) –2.3 (–6.2 to 1.6) Below median 
(<141 mm Hg) 

Age
At or above median
(≥61 y) 

73 143.6 (11.7) 133.8 (16.5) 76 146.0 (11.9) 139.2 (12.5) –4.0 (–8.1 to 0.1) 

71 137.5 (11.9) 130.8 (13.1) 76 137.5 (13.5) 130.7 (14.1) 0.1 (–3.8 to 4.2) Below median 
(<61 y) 

Sex
Male 53 142.5 (10.2) 134.4 (13.3) 62 143.5 (11.9) 138.5 (12.7) –3.6 (–8.1 to 0.9)

91 139.5 (13.1) 131.1 (15.8) 90 140.6 (14.2) 132.5 (14.3) –0.8 (–4.5 to 2.9)Female
BMI

At or above median 74 140.5 (14.1) 130.1 (15.2) 74 140.5 (14.5) 134.8 (15.3) –4.8 (–8.9 to –0.6)
70 140.7 (9.8) 134.7 (14.5) 78 142.9 (12.1) 135.1 (12.6) 0.9 (–3.1 to 4.8)Below median 

Self-efficacy
At or above median 75 140.9 (12.3) 132.7 (15.2) 86 142.3 (12.6) 135.8 (12.6) –2.2 (–5.9 to 1.4)

68 140.3 ( 12.2) 131.7 (14.9) 66 141.0 (14.2) 133.9 (15.5) –1.7(–6.3 to 2.9) Below median 
Post hoc analysis, race

Nonblack 88 140.6 (11.3) 131.2 (15.1) 106 141.3 (12.5) 135.4 (13.9) –3.7 (–7.3 to –0.1)
56 140.6 (13.5) 134.0 (14.6) 46 142.8 (15.2) 134.0 (14.1) 1.2 (–3.8 to 6.1)Black

–8 3 60–4

Favors
Intervention

Favors
Control

BMI indicates body mass index (calculated as the weight in kilograms divided by height in meters squared); and SBP, systolic blood pressure.
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Secondary Study Outcomes
Secondary study outcomes are shown in Table 3. There was a statistically significant difference in
mean self-confidence in controlling blood pressure score (0.36 point on a 5-point scale; 95% CI, 0.18
to 0.54 point; P < .001) after accounting for the multiple hypotheses tested for all secondary
outcomes.20 There were no additional statistically significant differences in any additional secondary
outcomes. Self-reported minutes per week of moderate or strenuous physical activity was greater
in the intervention group but this difference was not statistically significant, with an adjusted mean
difference of 26.7 minutes per week (95% CI, −5.4 minutes per week to 58.8 minutes per week;
P = .10). In both study groups, HBPM use was frequent and medication intensifications or
substitutions during the study period were infrequent.

Table 3. Secondary Outcomes

Outcome

Mean (SD)

Treatment Effect (95% CI)a P Value

Hypertension Personal Control Program
and Home Monitoring Device

Tracking Application
and Home Monitoring Device

Baseline Month 6 Baseline Month 6
Self-reported full adherence to
antihypertensive medications, participants,
No. with finding/total No. (%)

85/108 (78.7) 87/108 (80.6) 76/93 (81.7) 76/93 (81.7) OR, 1.01 (0.5 to 2.2) .99

Antihypertensive agents used, No. 1.2 (1.0) 1.3 (1.0) 1.1 (1.1) 1.3 (1.2) RR, 1.0 (0.8 to 1.1) .56

Antihypertensive medication
intensification, No. of additions, dose
increases, or substitutions

NA 0.3 (0.6) NA 0.4 (0.8) RR, 0.8 (0.5 to 1.2) .21

Months when a home blood pressure
reading is obtained, No.

NA 4.9 (1.8) NA 5.0 (1.8) RR, 1.0 (0.9 to 1.1) .55

Frequency of home blood pressure
measurements per month derived from
home blood pressure monitor for months
when home monitoring occurred, median
(interquartile range)

NA 16 (8.5 to 29) NA 17 (9 to 32.5) RR, 1.0 (0.8 to 1.2) .81

Self-efficacy score

Confidence in using home monitor 4.9 (0.5) 4.8 (0.6) 4.9 (0.4) 4.7 (0.7) 0.09 (−0.05 to 0.23) .21

Confidence in controlling blood
pressureb

3.9 (1.1) 4.4 (0.8) 4.0 (0.9) 4.1 (0.9) 0.4 (0.2 to 0.5) <.001c

Confidence in judging when medication
change neededb

3.9 (1.3) 4.0 (1.3) 3.9 (1.3) 4.0 (1.2) −0.03 (−0.3 to 0.3) .86

Confidence in doing nonmedication
behaviors to control blood pressureb

4.4 (0.9) 4.4 (0.9) 4.5 (0.7) 4.4 (0.9) 0.12 (−0.07 to 0.31) .22

Body mass indexd 31.9 (8.3) 32.0 (8.2) 31.7 (7.8) 31.9 (7.7) −0.15 (−0.51 to 0.20) .39

Dietary Approaches to Stop
Hypertension–Questionnaire scoree

37.6 (12.1) 38.7 (12.1) 37.4 (11.6) 39.3 (11.8) −0.7 (−2.8 to 1.4) .52

Consumption of processed meats, d/wk 1.6 (1.7) 1.3 (1.6) 1.5 (1.7) 1.5 (1.8) −0.2 (−0.6 to 0.1) .15

Consumption of fried foods, d/wk 1.2 (1.3) 1.0 (1.3) 1.2 (1.5) 1.1 (1.4) −0.03 (−0.31 to 0.24) .81

Consumption of sugar-sweetened
beverages, d/wk

2.1 (2.8) 1.7 (2.5) 1.9 (2.7) 1.7 (2.4) −0.1 (−0.5 to 0.3) .66

Consumption of candy, baked goods,
or ice cream, d/wk

3.2 (2.4) 2.9 (2.3) 2.8 (2.2) 2.9 (2.2) −0.2 (−0.6 to 0.2) .35

Self-reported physical activity (min/wk of
at least moderate exercise), d/wk

172.5 (173.8) 177.6 (169.2) 159.1 (184.0) 143.1 (156.4) 26.7 (−5.4 to 58.8) .10

Self-reported sleep duration, h/night 6.5 (1.3) 6.6 (1.4) 6.5 (1.3) 6.5 (1.2) 0.1 (−0.2 to 0.4) .51

Health system contacts (telephone, office,
and patient portal encounters), No.

NA 7.0 (11.5) NA 6.7 (6.5) RR, 1.0 (0.8 to 1.4) .91

Abbreviations: NA, not applicable; OR, adjusted odds ratio; RR, adjusted incidence
rate ratio.
a Data are adjusted between-group differences at 6 months unless specified as an OR

or RR.
b Reponses were on a 5-point scale ranging from (1) not at all confident to (5) extremely

confident.
c Rejects the null hypothesis controlling the false discovery rate using the method of

Benjamini and Hochberg.20

d Body mass index is calculated as the weight in kilograms divided by height in
meters squared.

e Sum of responses represents intake of foods associated with the Dietary Approaches
to Stop Hypertension diet. Range is from 0 to 77 with a higher score indicating better
diet. Scores 32 and below indicate a low-quality diet, scores 33 to 51 indicate a
medium-quality diet, and scores greater than or equal to 52 indicate a
high-quality diet.19
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App Usage
Information about the number of conversations participants had with the HPCP are provided in
eAppendix 2 and eTable 2 in Supplement 2. A post hoc analysis of HPCP usage stratified by age
showed that participants at or above the median age had more conversations with the app and
performed more blood pressure measurements than did participants below the median age
(eAppendix 2 and eTable 3 in Supplement 2).

Discussion

In a population with mild uncontrolled hypertension, a beta version of a smartphone coaching app to
promote home monitoring and other behaviors associated with hypertension plus an HBPM did not
lower systolic blood pressures at 6 months compared with a tracking app and an HBPM. Intervention
group participants had greater self-confidence in controlling blood pressure and may have increased
exercise more compared with the control group. There are several observations worth noting that
may further aid in the interpretation of these results.

Antihypertensive medication intensification was infrequent, self-reported adherence was high,
and neither differed by group. There was also no evidence that the coaching app increased contacts
with primary care physicians for medication intensification. Prior successful interventions using
home monitoring linked this monitoring to cointerventions whereby clinicians2-5 or patients6 could
increase medication when readings remained elevated. A prior trial11 of a stand-alone smartphone
app to address hypertension did not show significant blood pressure improvement, whereas
interventions using apps on a tablet computer or smartphone along with clinician contact have
shown favorable results.22,23 Future research should examine whether more directive messages from
a coaching app could lead to more rapid treatment intensification. In addition, research directed at
the subgroups with the largest observed effects could be pursued.

The degree of blood pressure elevation observed here was lower than in many prior studies. We
did not exclude participants with only low levels of blood pressure elevation because a large portion
of the population with hypertension has blood pressures that are only mildly elevated,7 and a
scalable coaching solution might be a particularly useful way to reach a large group with less severe
hypertension. It is possible that many participants thought that the degree of elevation was not high
enough to warrant taking action. Further adoption of the 2017 American College of Cardiology and
American Heart Association hypertension guideline7 may lead to more attention to blood pressures
in the range observed here.

This study compared a coaching app plus HBPM with an active comparator that included a
blood pressure tracking app plus HBPM rather than to usual care. Even though baseline blood
pressure elevations were mild, blood pressure decreased by a mean of 6.8 mm Hg systolic and 3.6
mm Hg diastolic in the control group. It is likely that, at least in part, this decrease was associated with
regression to the mean for individuals whose enrollment blood pressure was greater than their true
average, but it is also possible that there were blood pressure effects due to the control intervention.
The high usage of HBPM in both groups supports this possibility.

Limitations
The results of this trial should be considered in the context of several limitations. First, because of the
nature of the intervention, participant blinding was impossible. We could not blind research staff
because the same staff enrolled participants and conducted follow-up. To minimize the risk of bias,
we used allocation concealment before randomization and a standardized assessment of blood
pressure outcomes with an automated device. Second, some outcomes were self-reported. We do
not know whether receiving coaching from an app would compel respondents to give socially
desirable answers to questions regarding behaviors such as exercise. Third, we did not specifically
select participants who were likely to use a health-coaching app. Greater effects may have been
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observed if we had selectively enrolled participants most likely to benefit from this type of
intervention.

Fourth, the sample size was not large enough to detect systolic blood pressure differences
smaller than approximately 5 mm Hg, or to detect differences between subgroups that may be
clinically important. The observed difference in the primary outcome by study groups is consistent
with no effect, or with a treatment effect that was smaller than what the study was powered to
detect. Similarly, subgroup analyses raise the question of whether treatment effects were not
uniform across subgroups. A larger trial would be needed to address these questions. Fifth, the app
used in the study was a beta version that underwent several refinements (most recently in early
2019). It is possible that results would be different if the study were repeated with the current
version of the app. Sixth, the artificial intelligence and machine learning technology used here in this
app gains information with larger numbers of users contributing data. Therefore, the performance
of the app and clinical outcomes could differ if the number of users increased. Seventh, even though
we recruited patients whose blood pressure in the electronic health record was greater than 145 mm
Hg systolic and 95 mm Hg diastolic and greater than 135 mm Hg systolic and 85 mm Hg diastolic at
the screening visit, the study population had mild blood pressure elevations and we cannot exclude
the possibility that some patients may have, on average, had well-controlled hypertension. Eighth,
the generalizability of these findings to other populations—including non-iOS device users—is
not known.

Conclusions

Individuals with hypertension randomized to a smartphone coaching app plus HBPM had similar
mean blood pressure at 6 months compared with controls randomized to receive a tracking app plus
an HBPM. Given the direction of the difference in systolic blood pressure and some secondary
outcomes between groups, and the possibility for differences in treatment effects across age
subgroups, future studies are warranted.
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