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Mobile health strategies for blood pressure self-management in
urban populations with digital barriers: systematic review and
meta-analyses
Elaine C. Khoong 1,2✉, Kristan Olazo1,2, Natalie A. Rivadeneira1,2, Sneha Thatipelli 3, Jill Barr-Walker4, Valy Fontil1,2,
Courtney R. Lyles 1,2 and Urmimala Sarkar1,2

Mobile health (mHealth) technologies improve hypertension outcomes, but it is unknown if this benefit applies to all populations.
This review aimed to describe the impact of mHealth interventions on blood pressure outcomes in populations with disparities in
digital health use. We conducted a systematic search to identify studies with systolic blood pressure (SBP) outcomes located in
urban settings in high-income countries that included a digital health disparity population, defined as mean age ≥65 years; lower
educational attainment (≥60% ≤high school education); and/or racial/ethnic minority (<50% non-Hispanic White for US studies).
Interventions were categorized using an established self-management taxonomy. We conducted a narrative synthesis; among
randomized clinical trials (RCTs) with a six-month SBP outcome, we conducted random-effects meta-analyses. Twenty-nine articles
(representing 25 studies) were included, of which 15 were RCTs. Fifteen studies used text messaging; twelve used mobile
applications. Studies were included based on race/ethnicity (14), education (10), and/or age (6). Common intervention components
were: lifestyle advice (20); provision of self-monitoring equipment (17); and training on digital device use (15). In the meta-analyses
of seven RCTs, SBP reduction at 6-months in the intervention group (mean SBP difference=−4.10, 95% CI: [−6.38, −1.83]) was
significant, but there was no significant difference in SBP change between the intervention and control groups (p= 0.48). The use
of mHealth tools has shown promise for chronic disease management but few studies have included older, limited educational
attainment, or minority populations. Additional robust studies with these populations are needed to determine what interventions
work best for diverse hypertensive patients.
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INTRODUCTION
Mobile health (mHealth) refers to the use of mobile devices (e.g.,
mobile phones, tablets) to achieve health objectives1. Numerous
mHealth applications for chronic disease management have been
developed to enable the provision of care outside a traditional
clinical setting2. Some studies have shown mobile health
strategies to be effective for the management of chronic diseases
including diabetes, asthma, and cardiovascular disease3–5. How-
ever, the adoption and efficacy of mHealth for chronic disease
management may vary by population groups.
In particular, studies have shown that individuals who are older,

have lower educational attainment, or identify as persons of color
are less likely to use mHealth tools, potentially due to challenges
related to digital literacy or poor usability of current digital health
tools6–12. Moreover, few studies have investigated the utility of
mHealth in these populations in high-income countries such as
the United States13–16. Over 85% of non-White and 80% of low-
income American adults use the Internet, including two-thirds of
adults over 6517. These groups are not only interested in using
mHealth to improve their health but may be particularly suited to
mHealth interventions since they are more likely to access the
Internet exclusively using mobile devices11,17,18. These populations
often experience cost-related barriers to care and difficulties
attending in-person office visits, whether due to mobility or time

limitations; both barriers can potentially be addressed by mHealth
strategies19,20.
In particular, hypertension is a highly prevalent disease,

affecting one in three adults21, that despite the relative ease of
treatment has disparities based on educational attainment, race/
ethnicity, and age21–23. In US adults, Hispanic and Black
populations have lower rates of hypertension control than non-
Hispanic White populations21. Data also suggest that nearly one-
third of adults 60+ years old not on anti-hypertensive medications
have hypertension. Similarly, among adults with less than high
school education, 11% have hypertension versus 8% in the
college-educated population24.
Given that contributors to disparities in hypertension outcomes

include cost and inadequate use of primary care, mHealth
solutions could play a crucial role in addressing disparities25,26.
Relative to other chronic diseases, hypertension is well suited to
remote management, and previous reviews have shown tele-
monitoring and interactive voice response to be effective for
hypertension management27–30., However, the authors are not
aware of any reviews focused on newer mobile technologies
(short messaging service, apps, tablets) for self-management of
blood pressure in populations (such as lower educational
attainment, minority, or older populations) that face barriers
accessing care and using digital health tools. Prior reviews about
the effectiveness of mHealth tools for blood pressure
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self-management31,32 have not specifically focused on these
populations, which are often poorly represented in digital health
studies33. Therefore, we conducted this review as a first step to
understanding the efficacy of mobile health use in blood pressure
management for patients that have lower educational attainment,
are older, or are persons of color.

RESULTS
The literature search and subsequent search update identified
11,550 articles. After excluding duplicates and identifying articles
through additional sources, we screened 7855 articles for inclusion
based on title and abstract. We assessed the full text of 407 articles
for eligibility and eliminated 378 based on previously established
exclusion criteria. Twenty-nine articles34–62 were included in the
final analysis as indicated by the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) chart (Fig. 1),
which represented a total of 25 different studies.

Characteristics and participant traits in included studies
Table 1 presents the characteristics of the 25 studies (grouped by
study design). Sixteen studies were conducted in the United
States, three from Spain, and one each from Australia, Germany,
South Korea, United Kingdom, Hong Kong, or Chile.
Fifteen studies were randomized clinical trials (RCTs), five of

which were pilot studies. There were 20 studies that met only one
inclusion criterion: 12 met the race/ethnicity criterion, three met
the age criterion, and five met the educational attainment
criterion. Five studies met two out of the three criteria. Fifteen
studies required participants to own technology (e.g., smartphone,
cellular phone) and/or possess specific technology capabilities/
abilities (e.g., text messaging, application use).
Fourteen studies used existing behavior theories or models to

inform their intervention design (Supplementary Table 1). The
most common models/theories used were the Social Cognitive
Theory (4), the Transtheoretical Model (2), the Information-
Motivation-Behavioral Skills Model (2), and the Self-
Determination Theory (2).
Of the 25 studies, 17 studies measured blood pressure (BP)

change only, two studies measured blood pressure control only,
and six studies measured both blood pressure change and control.
Only 11 studies used blood pressure as their primary outcome.

Quality of included studies
Table 1 shows the results of the Grades of Recommendation,
Assessment, Development, and Evaluation (GRADE) quality63

assessment of the 25 studies (detailed assessment in Supplemen-
tary Table 2). For the question of interest in this review, only two
studies were rated as high quality. Several studies were
considered lower quality for this review because of issues related
to bias (not an RCT), indirectness (intervention included many
components beyond mHealth), or imprecision (small sample size;
wide confidence interval).

Intervention features
The most common technology platform used was text messaging
(15) followed by mobile applications (12). Table 2 describes
studies’ intervention characteristics, categorized by the Practical
Reviews In Self-Management Support (PRISMS) taxonomy64. A
total of 20 studies included lifestyle advice and support. Fifteen
studies provided information about hypertension self-
management. Despite using mHealth, eleven studies still included
an element of human coaching. Nine studies provided support
with medication adherence (i.e., reminders); the same number of
studies also included BP self-monitoring. Additionally, 15 studies
provided training on the use of digital devices while 13 studies

tailored their intervention based on patient’s knowledge or risk
assessment.

BP outcome
Blood pressure outcomes (systolic blood pressure [SBP] change
and BP control) appear in Table 3. All 15 RCTs reported SBP
change; in these studies, the intervention group (IG) had greater
SBP change than the control group (CG) in 7/15 studies when
evaluating the higher intensity intervention groups (Table 3).
Among the non-RCT studies, 4/8 reported significant SBP changes
at the study conclusion. Two RCTs and six non-RCTs reported BP
control; among these studies, both RCTs and 4/6 non-RCTs
reported significant differences between groups.
When analyzing the high-intensity intervention groups in the

RCTs, 1/6 studies that met inclusion criteria by race/ethnicity, 5/9
that met inclusion criteria by educational attainment, and 4/6 that
met inclusion criteria by age had significant SBP decreases
(Supplementary Fig. 1, left panel). Within the RCTs, 3/6 studies
that used apps had a significant SBP decrease (when using the
high-intensity intervention groups). Of the nine RCTs that used
SMS, four had significant SBP decreases when evaluating the high-
intensity intervention group (Supplementary Fig. 2, left panel).
Meta-analyses of the seven RCTs that included a 6-month SBP

change outcome showed that while the intervention groups had a
significant decrease in SBP (mean difference=−4.10; 95% CI:
−6.38, −1.38), this was not significantly different from the SBP
change in control groups (p= 0.48, Fig. 2). The seven studies
included in the meta-analyses used SMS (4) and mobile
applications (3) and included populations that met inclusion
criteria based on race/ethnicity (3), educational attainment (4), and
age (2).

Other outcomes: medication adherence, engagement, and
satisfaction
Eleven studies reported medication adherence. Of these, 2/8 RCTs
reported a significant impact on medication adherence while 2/3
non-RCTs reported a significant impact on medication adherence
(Table 4). Only one of the two RCTs that had a significant impact
on medication adherence also had a significant reduction in SBP;
three of the six RCTs with no impact on medication adherence
produced a significant reduction in SBP. The two non-RCTs with
significant changes in medication adherence did not have a
significant SBP change; the one non-RCT with a non-significant
medication adherence change did have a significant SBP
reduction.
Of the 25 studies included in this study, only 13 studies

reported participant engagement and seven studies reported
participant satisfaction. These studies reported variable levels of
engagement (Table 5). Most studies support high initial rates of
mHealth usage and deterioration of usage over time though most
studies reported an average use of at least 50% at study end. Of
these 13 studies, six reported a significant improvement in blood
pressure outcomes at study end. In the studies that reported
satisfaction, all reported 80%+ satisfaction on various measures of
satisfaction, including ease of use, usefulness, and satisfaction
(Table 6). Only one of these studies also reported a significant
improvement in blood pressure.

DISCUSSION
Despite the explosion of interest in mHealth, the potential for
innovations to address gaps in blood pressure control, and no
study design restrictions in our search criteria, we were able to
identify only 25 studies that included older, lower educational
attainment, and non-White populations—key populations that are
more susceptible to poor blood pressure control. Unfortunately,
this is consistent with decades of research showing that low-
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income and minority populations are less likely to be included in
clinical studies65. Despite growing recognition of the importance
of trial diversity and required age and racial/ethnicity diversity in
National Institutes of Health-funded studies, the continued poor
representation of diverse populations suggests that these efforts
have been insufficient to increase trial diversity for digital health
trials, particularly for high-quality study designs. In this review,
only 13 studies met inclusion criteria based on race/ethnicity, and
most of these studies utilized either non-RCT designs or were
small pilot RCTs, thereby limiting the generalizability of these
findings. Moreover, it is important to note that this paucity of
studies limits our understanding of the importance of digital

literacy and access, given that these same populations are known
to experience disparities in digital access, such as lower rates of
broadband access and/or mobile device ownership in the United
States17.
The 15 studies in this review that reported engagement or

satisfaction outcomes show overwhelming interest and satisfac-
tion with digital/mobile interventions—a finding that is consistent
with several studies demonstrating that many older, lower
socioeconomic status, and minority patients are interested in
digital health tools66,67. Therefore, despite evidence that suggests
these populations may have a lower preference for the digital
health tools and digital communication strategies that are

Fig. 1 PRISMA flowchart of studies included in the review. This flowchart shows the number of records identified from the search (7855
non-duplicative records), the number of records excluded based on title and abstract (7448), and the number of studies excluded based on
full article review (378), and the reasons for exclusions. Twenty-nine research articles (about 25 studies) were included in the analysis.
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currently available9,67–69, there is still significant interest. We
cannot ignore this interest and instead must ensure that digital
health tools are accessible and usable for these diverse popula-
tions. In addition, the included studies in this review serve as clear
examples of how to provide straightforward support to partici-
pants in accessing the digital intervention successfully. It is
imperative that future digital health studies include and focus on
populations that experience disparities in health outcomes so we
can ensure that interventions are designed for use in all
populations and that they do not exacerbate disparities70,71.
Many studies failed to meet our inclusion criteria because they

did not report the educational attainment and/or race/ethnicity of
their study population. Even after attempts to contact 50+
authors to include additional studies, over half of the authors
reported that they had not collected this additional information.

These sociodemographic factors have been consistently shown to
be correlated with health outcomes; it is crucial that researchers
more reliably report these data to understand the external validity
of any study, particularly among populations with a higher
prevalence of hypertension. Similarly, few studies reported
information related to literacy, particularly digital literacy72, a
crucial factor known to impact the effectiveness of digital health
interventions11,73. These factors should be increasingly recognized
as core to describing any study’s participants to better understand
generalizability for diverse populations.
Some of the 25 studies included in this review showed success

in improving blood pressure, particularly among older populations
or those with limited educational attainment, but the variability in
study design, intervention, primary outcome, and timing of
outcome ascertainment made it difficult to conduct

Table 2. Intervention features according to Practical Reviews in Self-Management Support (PRISMS) taxonomy.

Study Control Tech
platform

Intervention component

HTN
educ.

BP
monitoring

Med
reminder

Equipment
provision

Training on
technology

Lifestyle
advice

Othera Human
coaching

Randomized clinical trials

Alonso-Domínguez,
2019

Diet & PA counseling App x x x

Buis, 2017 Usual care SMS x x x x

Chow, 2015 Community follow-up SMS x x

Davidson, 2015 Usual care SMS x x x x

Derose, 2019 Usual care SMS x A2

Gonzalez-Sanchez,
2019

Diet & PA counseling App x x

Haufe, 2019 Waiting list App x x A2, A8 x

Kim, 2019 Usual care SMS x x x (IG2
only)

McManus, 2018 Usual care SMS x x x

Newton, 2018 Normal eating & exercise SMS x A13 x

Or, 2016 Self-monitoring with log
book

App x x x x x

Skolarus, 2017 AHA materials & SMS SMS x x x x x

Varleta, 2017 No SMS SMS x x x

Wakefield, 2011b Usual care App x x x x x x A4 x

Zha, 2019 Usual care App, Web x x x x

Non-randomized clinical trials

Brewer, 2019 None App x x A13

Fukuoka, 2018 None App x x A13

Jones, 2016 None SMS x x x A2, A8

Kim et al., 2019 None SMS x x x x A9,
A12

x

Lewinski, 2019 None SMS x x x A4 x

Levin, 2019 None SMS x x

Milani, 2017 Usual care SMS, App x x x x x A2, A3 x

Orozco-Beltran, 2017 None App x x x x x x

Patel, 2013 None App x x x x

Wenger, 2019 None SMS, App x x x x x

Abbreviations: SMS (short message service), also known as text messaging.
aRefers to other PRISMS components: A2. Information about resources; A3. Provision of/agreement on specific action plans; A4. Regular clinic review; A8.
Provision of easy access to advice/support; A9. Training/rehearsal to communicate with health care professionals; A12. Training/rehearsal for psych strategies;
A13. Social support.
bWakefield included a high-intensity (HIG) and low-intensity (LIG) intervention group. The HIG received daily health information tips and questions using a
branching algorithm programmed into the device based on participant response. The LIG received up to two daily questions but no informational tips or
questions based on the branching algorithm.
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meta-analyses. We were therefore only able to include seven
studies in our meta-regression analyses, and even within these
seven studies, there was high variability in the study population
and intervention design. This type of variability will likely continue
to limit future efforts to determine a summary estimate (e.g.,

average) or examine the overall effectiveness of mHealth
interventions in chronic disease management.
An additional challenge to summarizing the literature was

the high variability in study outcomes. Some studies focused
their primary outcome on blood pressure control while others

Table 3. Blood Pressure Outcomes.

Study Control or comparison group Blood pressure outcomea p-value

SBP change and/or BP control

Randomized clinical trials

Alonso-Domínguez, 2019 Diet & PA counseling At 12 mo, no difference in SBP change between CG and IG: −1.6
(−8.9, 5.6)

NS

Buis, 2017 Usual care At 1 mo, no difference in mean SBP change: CG (−11.3) vs IG (−12.6) 0.78

Chow, 2015 Community follow-up SBP change: At 6 mo, IG had greater SBP change than CG: −7.6 (−9.8,
−5.4)

<0.001

BP control: At 6 mo, IG had higher rates of BP control (79.2%) than CG
(54.9%) with a 1.44 relative risk for control in IG

<0.001

Davidson, 2015 Usual care SBP change: At 6 mo, IG had lower SBP than CG <0.001

BP control: At 6 mo, IG had higher SBP control rates than CG (94.4% vs
41.2%) and DBP control rates (94.4% vs 76.5%)

SBP: 0.003;
DBP: 0.04

Derose, 2019 Usual care At 6 mo, no difference in SBP change between CG and IG NS

Gonzalez-Sanchez, 2019 Diet & PA counseling At 12 mo, CG had greater SBP change than IG: −2.0 (−0.4, −3.6) <0.05b

Haufe, 2019 Waiting list At 6 mo, IG had greater SBP change than CG: −2.7 (−4.9, −0.4) 0.020

Kim, 2019 Usual care At 8 wk, IG1 with text-messaging only had a similar SBP change vs CG.
IG2 with text-messaging & coaching had greater SBP change than CG.

NS (IG1);
<0.05 (IG2)

McManus, 2018 Usual care At 12 mo, IG had greater SBP change than CG: −3.5 (−5.8, −1.2) 0.0029

Newton, 2018 Normal eating & exercise At 6 mo, no difference in mean SBP change in CG (−0.4) vs IG (0.2) 0.90

Or, 2016 Self-monitoring with
log book

At 3 mo, IG had a greater mean SBP change (−13.0) than CG (−5.4) 0.043

Skolarus, 2017 AHA materials & SMS At 12 mo, no difference in SBP change between IG and CG: −3.1
(−14.4, 8.3)

0.60

Varleta, 2017 No SMS At 6 mo, BP reduction higher in IG, but per authors inadequate power
for statistical comparisons.

NS

Wakefield, 2011 Usual care At 12 mo, the high-intensity intervention (HIG) but not low-intensity
(LIG) had greater SBP change than CG.

HIG: 0.006 LIG: NS

Zha, 2019 Usual care At 6 mo, no difference in mean SBP change between IG (−8.4) vs CG
(−4.8)

NS

Non-randomized clinical trials

Brewer, 2019 None SBP change: At 28 wk, mean SBP (127.1) lower than baseline (133.3) 0.002

BP control: At 28 wk, BP control (81.6%) higher than baseline (59.2%) 0.005

Fukuoka, 2018 None At 2 mo, mean SBP (117.2) lower than baseline SBP (122.1) <0.005

Jones, 2016 None At 3 mo, mean SBP (138) lower than baseline SBP (147) 0.009

Kim et al., 2019 None SBP change: At 6 mo, mean SBP (124.8) similar to baseline SBP (128.7) NS

BP control: At 6 mo, BP control (54.0%) improved vs baseline (42.8%) 0.021

Lewinski, 2019 None At 6 mo, BP control (54.6%) similar to baseline (57.6%) 0.64

Levin, 2019 None At 3 mo, mean SBP (136.0) similar to baseline SBP (133.0) NS

Milani, 2017 Usual care SBP change: At 90 d, mean SBP was lower in IG (133) than matched
cohort (143) and compared to baseline SBP in IG (147)

<0.001

BP control: At 90 d, 71% in IG achieved BP control compared to 31%
of usual-care group

<0.001

Orozco-Beltran, 2017 None At 1 yr, the rate of uncontrolled SBP (32.6% from 36.5%) and DBP
(7.7% from 13.8%) improved

SBP: 0.001;
DBP: 0.01

Patel, 2013 None SBP change: At 6 mo, mean SBP (135) similar to pre-intervention (137) NS

BP control: At 6 mo, BP control (60%) similar to (66%) pre-intervention NS

Wenger, 2019 None At 6 mo, mean SBP (124) lower than baseline (131) but not powered
for statistical analysis

NS

Abbreviations: BP (blood pressure); CG (control group); DBP (diastolic blood pressure); IG (intervention group); NS (non-significant); SBP (systolic blood pressure).
aOutcomes reported as described in each study. If no specific values are listed in the table, the studies did not provide specific values.
bControl group had better outcomes in this study.

E.C. Khoong et al.

6

npj Digital Medicine (2021)   114 Published in partnership with Seoul National University Bundang Hospital



focused on blood pressure change. The timing of the outcome
also was not consistent and included 1-month, 3-months, 6-
months, and 1-year time points. Lack of outcome uniformity is
an ongoing challenge in many meta-analyses and reviews74.
Similarly, few studies if any reported long-term outcomes data.

While there are models that can determine long-term clinical
outcomes (e.g., mortality, cardiovascular morbidity, heart fail-
ure) based on blood pressure control, these studies could be
strengthened by direct measurement of these clinical
outcomes.

Fig. 2 Plot of mean differences in SBP change between the intervention group and control group at 6-months for RCTs included in meta-
analyses. Forest plot of the mean difference in systolic blood pressure (SBP) within the experimental group. The top portion of this figure
shows the mean difference (MD) in SBP at 6 mo within the intervention or control group for each study. Error bars for each study signify the
95% confidence intervals for the mean difference within the control group or intervention group for each study. The control groups for all
studies were combined to create an estimated average effect in a random-effects model. A similar procedure was done for the intervention
groups. The summary polygons at the bottom of the plot show results of random-effects models. Among all participants in the intervention
group, there was a statistically significant decrease in the mean difference for SBP change. However, this mean difference estimate was not
significantly different from the estimate from the control group (test for experimental group difference: p= 0.48).

Table 4. Medication adherence outcomes.

Study Medication adherence measure Medication adherence outcome p-value

Randomized clinical trials

Buis, 2017 Morisky Medication Adherence Scale
(8-items)

At 1 mo, IG had higher mean medication adherence change vs
CG: 0.9 vs 0.5

0.26

Davidson, 2015 Modified algorithm by Russell, At 6 mo, medication adherence was 0.92 among IG NR

Kim M, 2019 Morisky Medication Adherence Scale
(4-items)

At 8 wk, IG1 with text-messaging only had similar medication
adherence change vs CG. IG2 with text-messaging & coaching
had greater medication adherence change than CG

IG1: NS IG2: <0.05

McManus, 2018 Medication Adherence Rating Scale At 12 mo, no difference in medication adherence between IG
and CG: 0.02 (−0.20, 0.25)

0.83

Skolarus, 2017 Morisky Medication Adherence Scale (1-item) At 12 mo, no difference in medication adherence within IG 0.69

Varleta, 2017 Morisky-Green-Levine questionnaire (4-items) At 6 mo, IG significantly improved adherence (49% to 62.3%) vs
CG (59.3% to 51.4%)

IG: 0.01 CG: 0.10

Wakefield, 2011 Edwards Regimen Adherence Scale At 12 mo, no difference in medication adherence among the
high-intensity intervention (HIG), low-intensity (LIG), and CG

0.09

Zha, 2019 Medication Adherence Self-Efficacy Scale At 6 mo, IG had higher mean medication adherence change vs
CG: 69.17 vs 61.00

0.06

Non-randomized clinical trials

Levin, 2019 Tablets Routine Questionnaire (TRQ),
Electronic Cap (eCAP)

At 3 mo, mean anti-hypertensive nonadherence (21%) lower
than baseline (43%) as reported by TRQ. eCAP did not show a
significant difference

TRQ: <0.001
eCAP: NS

Milani, 2017 Questionnaire via electronic health record
(MyChart)

At 3 mo, low medication adherence rate (16.5%) improved
among IG from baseline (17%)

NR

Patel, 2013 Morisky Self-Reported Medication Scale
(Morisky SMS) (4-items), Pharmacy Refill
Rate (PRR)

At 6 mo, medication adherence (3.2) improved from baseline
(2.4). PRR did not show a significant increase

Morisky SMS: 0.00
PRR: 0.06
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Many of the interventions assessed in these studies had multiple
components. While multi-modal interventions are more effective at
encouraging the type of behavior change pursued in these studies, it
poses challenges to determine which aspects of the intervention are
most impactful. One way to address this is by using behavior change
frameworks and theories that facilitate a more systematic way of
reporting interventions so that researchers and clinicians can

compare the various aspects of each intervention. Despite the
growth of implementation science and behavior change frame-
works75, nearly half of the studies did not use any framework in the
design of their intervention. Future researchers need to use an
implementation science lens, particularly given the variation in
intervention design, to facilitate understanding and consensus on
which types of interventions and intervention components are most
important for different groups of patients.
This review is limited by an approach that relied primarily on

single-reviewer screening of title/abstract for inclusion, failure to
include some relevant databases (e.g., CINAHL, Scopus), and
inability to acquire full text for several articles which may have
resulted in a biased inclusion of studies and early exclusion of
studies although we encouraged reviewers to be conservative
when excluding studies in the early stages. We also included
studies with variation in study design, study population, interven-
tion, or measured outcome, but despite these variations, we
believe the relatively inclusive nature of our article selection
provides a better assessment of the state of mHealth research for
blood pressure self-management in populations that are older,
non-White, or have limited educational attainment. We likely also
missed relevant studies since many did not report the race/
ethnicity or educational attainment of their participants; though
we attempted to contact authors, we did not receive a response
from all the authors.

CONCLUSIONS
Despite the limitations of this review, we believe this paper adds
to the digital health literature by focusing specifically on the
effectiveness of mobile health strategies for self-management of
hypertension in vulnerable populations that experience outcome
disparities (older, minority, and limited educational attainment
patients). Hypertension is a highly prevalent chronic disease, and
blood pressure control is often worse in these same populations
that are underrepresented in digital health studies. While we
found these interventions to show some promise, particularly
among older populations or those with limited educational
attainment, this review reinforces the need to specifically include
diverse populations in high-quality clinical trials on digital health

Table 5. Engagement outcomes.

Study Engagement

Chow, 2015 Read at least three-fourths of messages: 96%

Davidson, 2015 On-time BP adherence (% BP measured every 3 days): 86.2%

Fukuoka, 2018 Self-weighing and logging into the Fitbit app at least twice per week: 49.3%, self-weighing and logging into the Fitbit app
at least once per week: 76.7%

Gonzalez-Sanchez, 2019 High app adherence (defined as >60 days): 56%, app used for less than a month: 28.2%

Haufe, 2019 % of IG logged a total amount of exercise ≥150min/week: 48%

Levin, 2019 Mean % of valid responsesa to text-message prompts: 67%, mean % of valid responsesa to mood messages: 56%

Lewinski, 2019 Completed ≥4 phone calls: 98

Or, 2016 Uploaded measurements at least 3 days/week: 93% at 1-mo; 67% at 2-mo; 73% at 3-mo

Patel, 2013 Pill phone utilization (# of pills indicated as “taken” in a week/# of pills prescribed for that week): 63% at 1-wk; 54% at 12-
weeks

Skolarus, 2017 Mean # of weeks participants responded to BP prompts (out of 26 weeks): 13.7, % who did not respond to any weeks of BP
prompts: 17%, % who responded with their BP every week: 26%

Wakefield, 2011 # of days participants entered data via telehealth device: 125 days/182 days (69%) in the LIG; 127 days/182 days (70%) in
the HIG

Wenger, 2019 Overall engagement: 1-mo: 85–100%, 6-mo: 50–78%

Zha, 2019 BP monitoring adherence rate at home: 71% in IG; 65% in CG

Abbreviations: BP (blood pressure); HIG (high-intensity group); IG (intervention group); LIG (low-intensity group).
aValid responses: the system had protections against multiple or inaccurate responses.

Table 6. Satisfaction and acceptance outcomes.

Study Satisfaction or acceptance outcome

Buis, 2017 Satisfied: 94%

Easy to use: 98%

Recommend: 94%

Would continue using text message reminders: 85%

Chow, 2015 Easy to use: 97%

Useful: 91%

Levin, 2019 Useful: 87%

Recommend: 100%

Would continue using: 95%

Newton, 2018 Satisfied: The average score for SMS text messages was
1.4 (0.67) (lower scores indicating high levels of
satisfaction)

% of participants who requested SMS text messages
be stopped: 6.1%

Patel, 2013 Satisfied: Median score was 4.6 out of 5.0 (high levels
of satisfaction)

Skolarus, 2017 Satisfied: 100%

Easy to use: 84%

Would continue receiving text messages: 84%

Consistent with the language used: 90%

Helpful tips to manage BP: 95%

Wenger, 2019 Easy to use: 91%

Useful: 92%

Appropriate in frequency: 92%
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interventions. The continued lack of racial/ethnic diversity in large-
high-quality clinical trials is indefensible, particularly since the
studies in this review clearly show high participant interest,
engagement, and satisfaction in these populations. Given the
variability in intervention design, it is also crucial that mHealth
researchers begin to employ implementation science frameworks
to facilitate comparison between different multi-modal studies.
There are likely many mHealth studies being designed or in
progress. We hope that researchers leading these trials will learn
from prior studies by recruiting a more diverse cohort; collecting
the necessary additional sociodemographic traits (e.g., education,
digital literacy, race/ethnicity) to understand generalizability; and
employing behavior change or implementation science frame-
works to better understand which intervention components are
most impactful for which individuals.

METHODS
This was a systematic review and meta-analyses conducted in
collaboration with a clinical librarian and registered in advance on
PROSPERO under study number CRD42017055836. We followed
the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines for conducting and reporting items
for systematic reviews (Supplementary Data 1 and 2).

Search strategy
We created a search strategy using keywords and controlled
vocabulary, including MeSH and Emtree terms, for each concept of
our research question, namely mHealth, and hypertension. We
applied Boolean logic by combining similar terms with OR and
using AND between each concept; for example, (“Mobile
Applications” [Mesh] OR mhealth) AND (“Hypertension” [Mesh]
OR “blood pressure”). Complete search strategies for each
database can be found in Supplementary Data 3. Our original
search also included a concept for vulnerable populations;
however, the inclusion of this concept resulted in the elimination
of several key studies from our results. As a result, we removed
this search concept and manually excluded studies that did not
focus on vulnerable populations during our screening process.
Because many of our search terms represent new technologies
that may exist as MeSH subheadings or be expressed differently
by authors and MEDLINE indexers, we used a text word [tw] search
in PubMed to ensure greater search sensitivity. Our search
strategy was developed using an iterative process whereby the
research team examined results for each search term and
eliminated terms that produced irrelevant results. We developed
the search strategy for PubMed and translated it to other
databases, and the final search strategy was peer-reviewed by a
second librarian using the Peer Review of Electronic Search
Strategies (PRESS) guidelines.
We conducted a systematic search for studies involving

mHealth and hypertension from 2005 to present in PubMed,
Embase, Web of Science, and Google Scholar on August 9, 2017,
and updated on July 23, 2019. We limited the search from 2005 to
2019 to reflect the fact that mobile phones were not widely used
before 2005. No language limits were used. We searched for gray
literature, including conference proceedings, websites, and
government reports, using Google and organizational websites
like the Agency for Healthcare Research and Quality and the
California Healthcare Foundation. Hand searching of reference lists
and key journals was also completed.

Eligibility criteria
Inclusion criteria. Our review focuses on studies in urban
populations in high-income countries, as defined by the World
Bank because barriers to care and the practice of medicine in rural
areas and low-income countries are different. Within low and

middle-income countries, the context of and infrastructure for
digital care is notably different from high-income countries76. In
rural areas, which tend to have inadequate access to and supply of
healthcare clinicians, mHealth interventions often focus on the
replacement of in-person clinical care rather than supplementing
clinical care with self-management, which is the focus of this
review77. We defined “urban” according to the U.S. Census
Bureau’s definition for US locations only. Included studies had to
focus on at least one population with known disparities in use of
digital health tools, defined by any one of the following three
characteristics: age (mean age >65 years); education (>60% high
school education or less); and/or race/ethnicity (<50% non-
Hispanic White for US studies). In addition, studies were included
if their self-management interventions involved active engage-
ment with mobile technology such as a phone application, text
messaging (short messaging service, or SMS), or a web-based
platform. All studies were required to include blood pressure as an
outcome.

Exclusion criteria. We excluded studies conducted in rural
settings and non-English studies. For US locations, rural was
defined by the US Census Bureau. Non-US locations were
excluded if they self-identified as rural. We excluded studies that
focused on pulmonary and gestational hypertension. In addition,
studies were excluded if evaluations did not include clinical
outcomes (e.g., if evaluation focused exclusively on app usability
or user satisfaction) or if no self-management intervention was
described. We also excluded studies that did not measure blood
pressure pre-and/or post-intervention. Studies without primary
data (e.g., protocols, reviews) and studies without full text (e.g.,
unable to acquire full text and conference abstracts only) were
excluded.

Study selection
Three reviewers conducted the initial screening based on title and
abstract to determine if studies met inclusion for full-text review.
All three reviewers reviewed ~5% of the articles found and
reached a moderate agreement (Cohen’s kappa = 0.475) before
independently screening the remaining articles based on title and
abstract. Afterward, reviewers double-screened the remaining
studies in full-text form and assessed against the inclusion and
exclusion criteria. All studies included in this report were double-
screened and disagreements were reconciled through discussion
until a consensus was made. During the full-text screen, we
contacted 57 study authors to request more information about
their study population and/or intervention to determine inclusion;
we contacted authors three times and received responses from 28
authors. Two reviewers determined final inclusion for analysis.

Data extraction
Two reviewers double-extracted the data independently. Any
discrepancies were discussed and reconciled. We created a
standardized form to extract the following data: study character-
istics (authors, year of publication, study location, study design
and follow-up period, intervention design process); participant
information; details about the intervention primarily characterized
using the Practical Reviews In Self-Management Support (PRISMS)
taxonomy, which describes self-management support interven-
tions in 14 components;64 and blood pressure, medication
adherence, engagement, and satisfaction outcomes. We supple-
mented the PRISMS taxonomy with additional intervention
components: training on the use of technology and human
coaching based on our prior studies showing the importance of
these strategies in lower-income or limited health literate
populations78,79. The PRISMS taxonomy was assessed specifically
in regard to hypertension self-management. For example, a study
would be marked as using self-management component A5
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(monitoring of condition with feedback) only if it involved blood
pressure monitoring. A study that asked participants to monitor
glucose, weight, or physical activity would not be marked as using
this self-management strategy.

Assessment of risk of bias and quality
Each study was evaluated using the Grades of Recommendation,
Assessment, Development, and Evaluation (GRADE) methodology
system for assessing methodological quality63. The GRADE system
assesses the quality of evidence as either high, moderate, low, or
very low. This quality assessment is based on the specific review
question; therefore, a high-quality study may not be assessed as
high quality for a specific question if not designed to directly
answer that review question. In brief, randomized controlled trials
start as high quality and observational studies start as low quality.
Studies may decrease in quality of evidence after considering the
risk of bias, indirectness, and imprecision. Indirectness includes
considerations such as whether the intervention applies to the
question of interest; for this study, if the intervention included
substantial non-mHealth-related components, we assessed that
the intervention suffered from indirectness since it is possible the
non-mHealth components of the intervention drove the outcome
change. Studies may increase in quality of evidence based on
strong evidence of association, evidence of a dose-response
gradient, and confounders minimizing the effect. Two authors
independently assessed for risk of bias and the quality of the
evidence for study using a standardized checklist80. Any
disagreements were resolved by discussion.

Outcomes
The primary outcomes changed in systolic blood pressure (SBP) or
blood pressure (BP) control (as defined by each study). Secondary
outcome measures include medication adherence, satisfaction,
and engagement.

Meta-analyses
The results from each study were described. The seven
randomized clinical trials that reported SBP change at six months
were analyzed in two random-effects meta-analyses models, one
model for the intervention group and the model for the control
group (Detailed data in Supplementary Table 3). We fitted a meta-
regression model to test for the difference in reported SBP
changes to determine the effect of the intervention. All analyses
were done using the package metafor from R (version 2.4–0).

Reporting summary
Further information on research design is available in the Nature
Research Reporting Summary linked to this article.

DATA AVAILABILITY
The data supporting the findings of this study are available within the paper and its
Supplementary Information files.
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