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Abstract

Background: Hypertension has become an important global public health challenge. Mobile health (mHealth) intervention is
aviable strategy to improve outcomesfor patients with hypertension. However, evidence on the effect of mHealth app interventions
on self-management in patients with hypertension is yet to be updated, and the active ingredients promoting behavior changein
interventions remain unclear.

Objective: We aimed to evaluate the effect of mHealth app self-management interventions on blood pressure (BP) management
and investigate the use of behavior change techniques (BCTs) in mHealth app interventions.

Methods: We conducted a literature search in 6 electronic databases from January 2009 to October 2023 for studies reporting
the application of mHealth apps in self-management interventions. The Cochrane Risk of Bias (version 2) tool for randomized
controlled trial s was used to assess the quality of the studies. BCTs were coded according to the Taxonomy of BCTs (version 1).
The extracted data were analyzed using RevMan5.4 software (Cochrane Collaboration).

Results: We reviewed 20 studies, of which 16 were included in the meta-analysis. In total, 21 different BCTs (mean 8.7, SD
3.8 BCTs) from 12 BCT categories were reported in mHealth app interventions. The most common BCTs were self-monitoring
of outcomes of behavior, feedback on outcomes of behavior, instruction on how to perform the behavior, and pharmacological
support. The mHealth app interventions resulted in a—5.78 mm Hg (95% CI —7.97 mm Hg to —3.59 mm Hg; P<.001) reduction
in systolic BP and a—3.28 mm Hg (95% Cl —4.39 mm Hg to —2.17 mm Hg; P<.001) reduction in diastolic BP. The effect of
interventions on BP reduction was associated with risk factors, such as hypertension, that were addressed by the mHealth app
intervention (multiple risk factorsvsasinglerisk factor: -6.50 mm Hg, 95% CI —9.00 mm Hg to —3.99 mm Hg vs—1.54 mm Hg,
95% Cl —4.15 mm Hg to 1.06 mm Hg; P=.007); the presence of atheoretical foundation (with vswithout behavior change theory:
—10.06 mm Hg, 95% Cl —16.42 mm Hg to —3.70 mm Hg vs —4.13 mm Hg, 95% CI -5.50 to —2.75 mm Hg; P=.07); intervention
duration (3 vs =6 months: —8.87 mm Hg, 95% Cl —10.90 mm Hg to —6.83 mm Hg vs -5.76 mm Hg, 95% CI —8.74 mm Hg to
—2.77 mm Hg; P=.09); and the number of BCTs (=11 vs <11 BCTs: -9.68 mm Hg, 95% CI —13.49 mm Hg to -5.87 mm Hg vs
—2.88 mm Hg, 95% Cl —3.90 mm Hg to —1.86 mm Hg; P<.001).
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Conclusions: The self-management interventions based on mHealth apps were effective strategies for lowering BP in patients
with hypertension. The effect of interventions was influenced by factors related to the study’s intervention design and BCT.

(J Med Internet Res 2024;26:€54978) doi: 10.2196/54978
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Introduction

Background

Hypertension is a chronic disease characterized by persistent
elevation of systemic arterial blood pressure (BP) and is
considered the most important risk factor for cardiovascular
diseases [1]. Epidemiological evidence suggests that
approximately 31.1% of adults worldwide had hypertensionin
2010 [2]. With the acceleration of population aging and the
increase in lifestyle risk factors such as alcohol consumption,
obesity, lack of physical activity, and unhealthy diets, the global
prevalence of hypertension has shown a significant upward
trend [3]. The Lancet Commission on hypertension has stated
that primordial, primary, and secondary prevention of
hypertension in thelife course should beimplemented to address
the global burden of increased BP [4]. Therefore, people with
risk of hypertension and patients with hypertension need to
carry out BP management including lifestyle modifications
addressing various lifestyle risk factors and medication
management after diagnosis.

Mobile health (mHealth) refers to medical and public health
practices supported by mobile devices, such as mobile phones,
patient monitoring devices, and other wireless devices [5].
Considering its advantages, such as low cost and ease of use,
the development of self-management solutionsfor patientswith
hypertension based on mHealth apps has become afrontier and
hot spot of research. Several meta-analyses have demonstrated
that mHealth interventions are effective for patients with
hypertension and can improve clinical outcomes [6-11]. For
example, a meta-analysis including SMS text messaging,
smartphone apps, and website interventions showed that
mHealth interventions, particularly smartphone apps, were
associated with clinical reductions in systolic BP (SBP) [10].
Another meta-analysis showed that mHealth apps significantly
improved medication adherence of patients with hypertension
and increased patients perceived confidence, treatment
self-efficacy, acceptance of technology, and knowledge about
health issues [11]. However, all the aforementioned studies
lacked further analysis to identify the study design factors and
active ingredients in the interventions or apps that promote
self-management effectiveness.

Behavior changetechniques (BCTSs) are observable, replicable,
and irreducible components of interventions designed to alter
or redirect causal processes that regulate behavior [12]. By
specifying BCTs in interventions, researchers can identify the
activeingredientsin interventions, synthesize evidence, replicate
interventions, and even optimize them [13]. Since the pandemic,
remote self-management interventions for patients with
hypertension based on mHealth apps have exploded, but there
are great differences among studies in terms of intervention
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design, app contents, and study findings, which raise potential
concerns about the generalizability of mHeath app—-based
interventions for hypertension. The presence of BCTs offers
the possibility of optimizing the study design of the
aforementioned studies and improving the effectiveness of the
interventions. Previous literature reviews have described the
efficacy of BCTsin mHealth for self-management of diabetes
[14]. However, to the best of our knowledge, there is limited
literature exploring the active ingredients of mHealth
interventionsfor patientswith hypertension. The statusand role
of BCTs in mHealth app self-management interventions for
patients with hypertension are unclear.

This Study

This study aimed to (1) evaluate the true effect of mHealth app
self-management interventions on BP management in patients
with hypertension, (2) comprehensively investigate the status
of the use of BCTs in mHealth app interventions for patients
with hypertension, and (3) further analyze what factors can
influence the effect of interventions.

Methods

Overview

This systematic review and meta-analysis were carried out
following the PRISMA (Preferred Reporting Items for
Systematic Reviews and M eta-Analyses) guidelines (Multimedia
Appendix 1) [15], and the review protocol was registered in
PROSPERO (CRD42023483746).

Search Strategy and Selection Criteria

With the assistance of a professiona librarian, a systematic
literature search was conducted in PubMed, Web of Science,
Embase, American Psychologica Association PsycINFO,
CINAHL Plus, and Cochrane Central Register of Controlled
Trids. In brief, weincluded randomized controlled trials (RCT)
applying mHesalth app self-management interventions among
patientswith hypertension and those published in English. Given
that digital health apps started to become widely adopted in
2009, we set the search time from January 1, 2009, to October
15, 2023 [10]. We al so performed ahand search of thereference
lists of included studies and reviews related to the topic of this
study to identify additional studies. The detailed search strategy
isprovided in Table S1 in Multimedia Appendix 2.

There were 5 eligibility criteria. The first was population: the
study population was adults with a primary diagnosis of
hypertension. We excluded studies involving minors,
participants with pregnancy-related hypertension, and mixed
patient populations without stratified results. The second
eligibility criterion was intervention: the primary intervention
was based on an mHealth app that can run on mobile or wearable
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devices such as smartphones, tablets, or smartwatches, and the
duration of interventionswas >4 weeksor 1 month. We excluded
studies involving an intervention mainly based on phone calls,
text messages, and website programs, aswell as appswith only
notification, self-monitoring, and counseling functions
(interventions based on such apps may lack sufficient
complexity and comprehensivenessto accurately reflect thetrue
effect of mHealth app interventions on BP self-management).
The third eligibility criterion was control: the study consisted
of at least 1 intervention group and 1 control group that
incorporated usual or standard care. Studiesin which the control
group applied the mHealth app were excluded. The fourth
eligibility criterion was outcome: the primary outcomes were
SBPR, diastolic BP (DBP), or both; the secondary outcomeswere
clinical or self-reported indicators related to hypertension
self-management, including but not restricted to the proportion
of BPin control and medication adherence. the fifth eligibility
criterion was study design and publication type: peer-reviewed
RCTs, pilot studies, and cluster RCTs. We excluded
nonrandomized, noncontrolled, and observationa studies; case
reports; systematic reviews, meta-analyses, conference abstracts,
protocols; preprints; and studies without full text. In addition,
we al so excluded studiesin which theintervention was not well
described (eg, low-quality studies with overly simplistic
descriptions of intervention methods that failed to identify
intervention contents) to allow for valid coding of BCTs.

Study Selection and Data Extraction

All identified studieswereimported into EndNote X9 (Clarivate
Analytics) software to remove duplicates and then imported
into the Rayyan web platform (Rayyan Systems Inc) for
eigibility review. The review process involved 2 rounds of
screening: 2 reviewers (YZ and SJL) first screened the titles,
abstracts, and keywords independently, and then the same 2
reviewers reviewed the full texts of the studies meeting the
eligibility criteriato determinethelist of included studies. Any
disagreements in the review process were resolved through
consultation and discussion with a senior reviewer (MHP).

Two reviewers (YZ and RQH) independently performed data
extraction using a Microsoft Excel form developed following
the guidelines in the Cochrane Handbook for Systematic
Reviewsof Interventions[16]. Any disagreementswere resolved
through rechecking the original research and discussion with
another reviewer (MHP). The information recorded was (1)
basic characteristics of publication: title, author, year, country
of publication, and journal; (2) study details: study design,
sample size, retention rate, intervention duration, detailed
content of intervention and control group, and primary and
secondary outcomes; (3) participants characteristics. age, sex
ratio, education, ethnicity, and diagnostic criteria of
hypertension; (4) outcomes. duration of follow-up, critical
outcomes in BP changes, including the mean, SDs, SEs, and
95% Clsin basdline and follow-up, and validated measurements
used for self-reported outcomes; and (5) theoretical foundations
and BCTs applied in mHealth app interventions.

Coding of BCTs

The coding of BCTswas performed according to the Taxonomy
of BCTs (version 1) proposed by Michie et a [12], which
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summarized 93 BCTs into 16 categories and provided a
standardized framework for identifying the BCTs used in
behavior change interventions. In total, 2 reviewers (YZ and
SIL) coded the BCTsindependently after completing web-based
training [17]. Evidence supporting BCT coding was from
articles, supplementary materials, protocols, and secondary
analysis publications. Any discrepancies in the coding process
wereresolved by discussion with another reviewer (MHP) until
unanimity was achieved.

Risk of Bias and Grade of Evidence Assessment

The revised Cochrane Risk of Bias (version 2) tools for RCTs
and cluster RCTswere used to assess therisk of biasin (1) the
randomization process, (2) deviations from the intended
interventions, (3) missing outcome data, (4) measurement of
the outcome, and (5) selection of the reported result of the
included studies [18]. The Grading of Recommendation,
Assessment, Development, and Evaluation criteria were used
to assess the quality of the overall evidencein (1) risk of bias,
(2) inconsistency, (3) indirectness, (4) imprecision, and (5)
publication bias, and the quality of evidence could be classified
as high, moderate, low, or very low [19]. In total, 2 reviewers
(YZ and RQH) reviewed and rated the studies independently,
and any disagreementswere resolved viadiscuss on with another
reviewer (MHP).

Data Synthesisand Analysis

A meta-analysis was performed to evaluate the pooled effect
size of an mHealth app intervention on BP reduction. Given the
potential bias caused by differences in BP levels between the
intervention and control groups at baseline, we decided to
include data on within-group changesin the mean and SD values
of SBP and DBP in each group at follow-up in the analyses.

For studies in which the data were not available from articles,
supplementary materials, and secondary analysis publications,
the researcher attempted to contact the corresponding authors
for necessary data. For studiesthat only reported SE or 95% Cl
or did not report the within-group changes in mean and SD
values for BP, the researcher transformed the SE and 95% ClI
data and estimated the SD values according to the Cochrane
handbook [16]. Studiesinwhich analytical datawere unavailable
based on the aforementioned methods were excluded from the
analysis.

Due to the considerable heterogeneity between the included
studies, the random-effects model was considered appropriate
to synthesize the effect sizes and SDs[20]. Heterogeneity was

quantified using the Cochran Q test and Higgins 12 statistics,

and the |2 values <25%, 25% to 75%, and >75% were considered
low, medium, and high heterogeneity, respectively [21]. The
bias of publication was evaluated by using the Egger test and
visualization of the funnel plot.

Subgroup analyses were conducted to explore the impact of
intervention and study design factors (such as the risk factors
of hypertension that the mHealth app intervention addressed,
the presence of a theoretica foundation, and intervention
duration) and the number of BCTs on the effect size of an
mHealth app intervention on BP levels and to evaluate the
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possible sources of heterogeneity. Review Manager software
(version 5.4.1) was used to perform meta- and subgroup
analyses, and Stata software (version 15.1; StataCorp) was
applied to draw the funnel plot.

Results

Literature Screening

The process of study identification and screening isoutlined in
Figure 1. A total of 1668 recordswere extracted fromtheinitial

Zhou et d

literature search, and 5 records were identified from hand
searching. After removing duplicates, 831 (49.67%) records
were screened for titles and abstracts. Overall, 35 (4.2%)
full-text studies were assessed for eligibility based on the
inclusion and exclusion criteria. Finally, 20 (2.4%) studieswere
considered eligible and included in the systematic review, and
16 (1.9%) studies with available data were included in the
meta-analysis.

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram of the study selection process. RCT:

randomized controlled trial.

4 studies excluded from the meta-

analysis due to a lack of available

1668 records identified through database searching
179 PubMed
g 440 Web of Science
g 211 Embase
= 35 APA PsycINFO
'g 79 CINAHL Plus
= 724 Cochrane Central
5 records identified through hand searching of
reference lists and relative reviews
—b{ 842 duplicate records removed
831 records for titles and abstract screening
796 records removed
422 wrong populations
137 protocols
i 120 reviews
45 non-RCT studies
32 wrong interventions
i 29 conference abstracts
£ 11 wrong outcomes
5
2
B v
v
35 studies for full-text screening
15 records excluded
11 wrong interventions
3 wrong populations
I wrong outcomes
20 studies included in the systematic review
B
E data in the required format
2
16 studies included in the meta-analysis ‘

Study Char acteristics

The characteristics of theincluded studiesare presented in Table
1. A total of 20 studieswere conducted in 9 countries, including
China (6/20, 30%) [22-27], the United States (6/20, 30%)
[28-33], Iran (2/20, 10%) [34,35], the United Kingdom (1/20,
5%) [36], Spain (1/20, 5%) [37], Germany (1/20, 5%) [38],
Japan (1/20, 5%) [39], Palestine (1/20, 5%) [40], and Jordan
(720, 5%) [41]. All studies were published after 2017,
especially between 2020 and 2023. Of the 20 studies, 16 (80%)
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studies[22-24,26-28,30-36,39-41] used aparallel group design
and 4 (20%) studies[25,29,37,38] used acluster design. Intotal,
2 (10%) studies [33,36] addressed salt intake reduction and 2
(10%) studies [29,30] focused on medication management. In
total, 2 (10%) studies [23,32] were conducted with ethnic
minority groups and underserved and vulnerable populations.
The number of participants in each study ranged from 30 to
636, and the duration of intervention ranged from 1.5 to 12
months. A total of 4168 participantswere enrolled in the studies,
with aretention rate of 85.2% (3551/4168).
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Table 1. Characteristics of included studies (N=20).

Study, Coun-  Study Intervention con-  Behavior  Dura Reten- Primary outcomes Secondary outcomes Conclu-
year try design tent changethe- tion tion, /N sion
ory (months) (%)
Abu-El- Pdes Rcta  Asmartphoneapp _c 3 191/218 MAd (measured Hill-Bone Effec-
Nooretd tine that included re- (87.6) by Hill-Bone CHBPTSim- tive for
[40Q], minders for taking CHBPTSe) im- proved from 30.82 adher-
2021 medication, fol- proved from 15.64 t023.40 (interven-  ence
low-up appoint- to11.73 (interven- tion) and 31.10 to
ments, educational tion) and 15.92 to 27.38 (contral;
information about 13.98 (contral; P<.001)
hypertension man- P<.001) Diet adherence
agement, and improved from
records of BPP 10.99t0 8.36 (in-
readings tervention) and
10.90 to 9.65
(control; P=.001)
Appointment ad-
herence improved
from 4.24 t0 3.30
(intervention) and
4.28 t0 3.76 (con-
trol)
Alsager  Jordan RCT 4 smartphone apps — 3 74/80 ASBPf: —=14 mm SC-HIh—mainte- Effec-
and Bebis that encouraged (92 Hg (intervention) nanceimproved  tivefor
[41], self-monitoring of and —7.75 mm Hg from 37.06 to SBP but
2022 BP and record (control; P=.001) 67.01 (interven-  not
readings, adher- ADBPg: —2.65 tion) and 33.93to DBP
enceto medication, mm Hg (interven- 44.52 (control; and
deep breathing ex- tion) and —0.38 P=.001) self-
ercises, and walk- mm Hg (control; SC-HI—monitor-  care

ing and counting
steps daily; educa-
tion for hyperten-

P=.14)

ing improved by
55.29t073.04 (in-
tervention) and

sion sdlf-care; a 52.70 to 54.59
public health nurs- (control; P=.001)
ing intervention SC-HIl—confi-
that included tele- dence improved
phone follow-up from 41.79 to

82.06 (interven-
tion) and 40.12 to
40.85 (control;
P=.001)
Changesin al di-
mensionsin SF-
36i were signifi-
cant after theinter-
vention
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Studly, Coun-  Study Intervention con-  Behavior  Dura- Reten- Primary outcomes Secondary outcomes  Conclu-
year try design tent changethe- tion tion, /N sion

ory (months) (%)
Bozorgi  Iran RCT A smartphoneapp — 2 118/120 MA (measuredby . AMAR:-12.6 Effec-
et al [34], that included BP (98.3) the 14-item Hill- mm Hg (interven-  tivefor
2021 records, reminders Bone Scale) im- tion) and —16 mm adher-
for drug consump- proved from 58.5 Hg (control) ence
tion, visit date and to 65.1 (interven- and
BP measurement, tion)and59.1t0  ° Adherencetoa pam
ahealthy diet and 59.7 (control) low-salt diet im-
weight loss plans, proved f_rom 14.3
disease knowledge, t0 184 (interven-
motivational and tion) and 1580
supportive pro- 17.3 (control)
grams for smoking « Adherencetoa
cessation, critical low-fat diet im-
BP alarm, cus- proved frpm 16.0
tomized messages t_o 17.86 (interven-
about adherenceto tion) and 1580
trestment, and usu- 17.13 (control)
al treatment . AVPAk: 32.8
min/wk (interven-
tion) and -21.8
min/wk (control)
« AMPAL: 915
min/wk (interven-
tion) and 41.6
min/wk (control)
Chandler United Small- TheSmartphone  Self-deter- 9 54/56 ASBP. -30.5mm . MA (measuredby Effec-
etal [28], States scaeef- Med Adherence mination (96) Hg (intervention) MMASN) im- tive for
2019 ficacy  StopsHyperten- theory and -5 mm Hg proved from6.83 BPand
RCT sion intervention (control) t0 9.81 (interven-  MA
that included a ADBP: -12.6 mm tion) and de-
smartphone app, Hg (intervention) creased from 6.99
global systemsfor and -5.2 mm Hg to 6.84 (controal;
amobileelectronic (control) P<.001)
medication tray, The percentage of
and a Bluetooth- participants with
enabled BP device controlled SBP
(<140 mm Hg)
improved from 0%
t092.3% (interven-
tion) and 0% to
27.8% (control;
P=.001)
Dorschet United Singlee ThelLowSat4Life Theory 2 48/50 ASBP. —75mm . AKawasaki esti-  Effec-
a [33], States center, mobileappthatin- planned be- (96) Hg (intervention) mated 24-h uri- tive for
2020 prospec-  cluded just-in-time havior; and -0.7 mm Hg nary excretion of  satin-
tivepi- tailored messages sdlf-regula (control; P=.12) sodium—-462mg  take
lot RCT that promotebehav- tion theory (intervention) and
ioral changeswhen 381 mg (control;
the participant en- P=.03)
tered stores and e A24-hurinary ex-
restaurants, and cretion of sodium
easy scan and —637 mg (interven-
search for the tion) and -322 mg
foods at stores and (control; P=.47)
restaurants to find
options containing
lower sodium con-
tent
Friaseta United — 3 105/109 Effec-
[29], States (96.3) tive for
2017 BP
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Studly, Coun-  Study Intervention con-  Behavior  Dura- Reten- Primary outcomes Secondary outcomes  Conclu-
year try design tent changethe- tion tion, /N sion

ory (months) (%)
Prospec- The DMOP inter- ASBP (in4 . ASBP (in 12
tive, vention included a weeks): —21.8 mm weeks): —20.9mm
cluster, smartphone app, Hg (intervention) Hg (intervention)
pilot medicines coencap- and —12.7 mm Hg and -15.2 mm Hg
RCT sulated with an in- (control) (control)
gestible sensor, an « ADBP(in4
adhesive wearable weeks): —9.0 mm
sensor patch, and a Hg (intervention)
provider web por- and 5.9 mm Hg
tal and education (control)
and counseling + ADBP(in12
from investigators weeks): —8.6 mm
Hg (intervention)
and -5.8 mm Hg
(control)

o  The percentage of
participants with
controlled BP
(<140/90 mm Hg;
in 4 weeks):

81.2% (interven-
tion) and 33.3%
(contral); in 12
weeks: 80.0% (in-
tervention) and
51.7% (control)

. AGlycated
hemoglobin Alc
(in 12 weeks):

—0.19 mmol/L (in-
tervention) and
+0.26 mmol/L
(control)

o Theoverdl MA
when using DMO
was 280%

Gonget China Multi- A smartphoneapp — 6 443/480 ASBP. 899mm . MA (measuredby Effec-
a [27], center  that provided re- (92.3) Hg (intervention) MMAS) was 55% tivefor
2020 RCT minders of drug and -5.92 mm Hg (low), 42% (medi- BPand
dose and BP mea- (control) um), and 3% MA
surement, and sci- ADBP: —7.04 mm (high) in theinter-
entificinformation Hg (intervention) vention group and
and suggestions and —4.14 mm Hg 68% (low), 30%
about hypertension (control) (medium), and 2%
The percentage of (high) in the con-
participants with trol group
controlled BP (P=.004)
(<140/90 mm Hg)
improved from
39%t0 77% (inter-
vention) and 39%
to 67% (control;
P=.01)
Karioet Japan Multi- A smartphoneapp — 6 140/146 Not ef-
a [39], center  thatincluded aper- (95.9) fective
2021 pilot sonalized for BP
RCT lifestyle - modificar

tion program for

lowering BP and

standard lifestyle
modification
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Studly, Coun-  Study Intervention con-  Behavior  Dura- Reten- Primary outcomes Secondary outcomes  Conclu-
year try design tent changethe- tion tion, /N sion

ory (months) (%)
« ASBP(24-h ASBP (24-h
ABPMp at 24 ABPM at 16
weeks): —0.47mm weeks): 0.096 mm
Hg (intervention) Hg (intervention)
and -0.042 mm and —0.29 mm Hg
Hg (control; (control; P=.88)
P=.78) ASBP (home BP
. ADBP(24-h at 16 weeks): 4.1
ABPM at 24 mm Hg (interven-
weeks): —1.3 mm tion) and —0.96
Hg (intervention) mm Hg (control;
and -0.2 mm Hg P=.06)
(control; P=.39) ASBP (home BP
self-monitoring at
24 weeks): 5.2
mm Hg (interven-
tion) and 2.0 mm
Hg (control;
P=.07)
ADBP (nighttime
ABPM at 24
weeks): —3.2 mm
Hg (intervention)
and —0.042 mm
Hg (control;
P=.04)
Therewerenosig-
nificant changesin
body weight, BMI,
or waist circumfer-
ence
Leupold Ger-  Prospec- ThePlA sppthat — 12 525/636 « ASBP:-21.1mm Effec-
eta [38], many tive included transmis- (82.5) Hg (intervention) tive for
2023 cluster  sonof BPmeasure- and —15.5 mm Hg BP
RCT ments, graphic dis- (control; P<.001)
play of BP over « ADBP:-11.3mm
time with an indi- Hg (intervention)
vidual target range, and -8.2 mm Hg
amedication plan, (control; P=.40)
ordering of pre- «  The percentage of
scription refills, participants with
video education, controlled BP
and linksto BP-re- (<140/90 mm Hg)
lated information was 62.6% (inter-
vention) and
44.6% (control;
P<.001)
Lieta China Cluster Self-management Self-effica- 6 243/462 Effec-
[25], RCT intervention based  cy theory (52.6) tive for
2019 on WeChat and in- BPand
cluded health edu- self-
cation, heslth pro- manage-
motion, group chat, ment

and BP monitoring
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Studly, Coun-  Study Intervention con-  Behavior  Dura- Reten- Primary outcomes Secondary outcomes  Conclu-
year try design tent changethe- tion tion, /N sion
ory (months) (%)
« ASBP.-55mm .  AScoreof hyper-
Hg (intervention) tension: knowl-
and 1.6 mm Hg edge 2.3 (interven-
(control; P<.001) tion) and 0.8 (con-
« ADBP:-1.3mm trol)
Hg (intervention) «  AScoreof self-effi-
and 2.1 mm Hg cacy 0.8 (interven-
(control; P=.01) tion) and 0.6
«  The percentage of (control)
participantswith  «  AScore of self-
controlled BP management: 7.3
(<140/90 mm Hg) (intervention) and
improved from —1.4 (control;
60.9% to 83.6% P<.001)
(intervention) and .  AScore of social
decreased from support: 0.4 (inter-
69.2% to 63.6% vention) and 0.7
(control; P<.001) (control)
Maeta China RCT A smartphoneapp — 3 191/210 « ASBP:-11.63mm . AWeight:-1.16kg Effec-
[26], that included (91) Hg (intervention) (intervention) and  tive for
2022 health education, and —-1.01 mm Hg —0.03 kg (control) BPand
individual self-care (control; P<.001) « ABMI:-0.50 self-
planning, daily « ADBP: 553 mm kg/m2 (interven-  care
records, and an au- Hg (intervention) tion) and —0.09
tomated weekly and 1.69 mm Hg kg/m2 (control)
health report and (control; P<.001) « AWCq:-3.02cm
nurse-led individu- «  The percentage of (intervention) and
al education and participants with 0.82 cm (control)
consultation ses- controlled BP o  Sdf-carebehavior
sions (<140/90 mm Hg) (measured by
improved from HBP-HCPr) im-
14.3% to 31.43% proved from 53.11
(intervention) and to 61.50 (interven-
7.6% to0 8.57% tion) and 54.82 to
(control; P=.003) 54.94 (control);
self-care motiva-
tion (measured by
HBP-HCP) im-
proved from 53.79
t0 60.89 (interven-
tion) and 55.02 to
55.27 (control);
self-care—self-effi-
cacy (measured by
HBP-HCP) im-
proved from 55.53
t0 63.32 (interven-
tion) and 55.60 to
56.13 (control)
Mérquez Spain Cluster A smartphoneapp — 12 148/154 .« ASBP.—25mm .« Pharmacologica  Effec-
Contreras RCT that included per- (96.1) Hg (intervention) therapeutic adher- tive for
et al [37], sonal data records, and —0.07 mm Hg encewassignifi- BPand
2018 recommendations (control; P<.001) cantly improved  MA

for target BR,
physician’smedica-
tion advice, re-
minder alarms, cal-
endar of appoint-
ments or events,
and arecord of BP
measurement re-
sults

ADBP: -3.14 mm
Hg (intervention)
and -0.5 mm Hg

(control; P<.001)

after the interven-
tion
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Studly, Coun-  Study Intervention con-  Behavior  Dura- Reten- Primary outcomes Secondary outcomes  Conclu-
year try design tent changethe- tion tion, /N sion
ory (months) (%)
Moraws- United RCT The Medissfemo- — 3 411/412 ASBP: -10.6 mm .  Thepercentageof Effec-
ki et a States bileapp that includ- (99.8) Hg (intervention) participantswith  tive for
[30], ed reminder alerts and -10.1 mm Hg controlled BP MA but
2018 of medication, ad- (control; P=.78) (<140/90 mm Hg) not SBP
herence reports, MA (measured by improved from 0%
tracks of BP, and MMAS-8) im- t035.8% (interven-
optional peer sup- proved from 6.0to tion) and 0% to
port 6.3 (intervention) 37.9% (control;
and maintained P=.69)
5.7 (control;
P=.001)
Najefi Iran RCT A Telegramgroup — 15 50/50 Self-management — Effec-
Ghezeljeh that included self- (100) behavior (mea- tive for
et al [35], management educa sured by HSM- self-
2018 tion and contact BQs) improved manage-
and communica- from 2.23t0 3.73 ment
tion (intervention) and
decreased from
1.84t0 1.83 (con-
trol)
Persell et United RCT Home BP self- Cognitive 6 297/333 ASBP. 83mm .  Sdf-confidencein Not ef-
al [31], States monitoringand hy- behavioral (88.2) Hg (intervention) controlling BP fective
2020 pertensionpersona  therapy and —6.8 mm Hg significantly im-  for BP
control program (control; P=.16) proved after the
that included medi- ADBP: 4.3 mm intervention
cation reminders, Hg (intervention) (P<.001)
hypertension educa and -3.6 mm Hg
tion, DASH! diet (control; P=.61)
encouragements, The percentage of
BP measuring re- participants with
minders, coaching controlled BP
about PA, sleep (<140/90 mm Hg)
tracks, stress man- improved from
agement education, 36%t0 72% (inter-
record reminders, vention) and 41%
and customized to 78% (control;
communication P=.66)
Payne United RCT The SaltSwap mo- Behavior 1.5 45/47 ASBP:-1.0mm .« Sdtintake:-0.2  Not ef-
Richeset King- bileappthatinclud- change (96) Hg (intervention) g/d (intervention) fective
al [36], dom ed brief adviceon  whedl and—-1.1 mm Hg and-1.0g/d (con- for BP
2021 encouraging indi- (control; P=.82) trol; P=.68); pur-  and salt
viduals to swap to ADBP: -1.0 mm chased salt: 0.0  intake
lower-salt aterna- Hg (intervention) g/100 g (interven-
tives, buying fewer and 2.3 mm Hg tion) and -0.1
high-salt foods, (control; P=.23) ¢/100 g (control;
and using less salt P=.16)
when cooking and
face-to-face behav-
ioral advice and
support provided
by ahealth care
professional
Suneta China RCT 3 WeChat groups — 3 117/120 ASBP: —10.92mm Effec-
[24], (according to car- (98) Hg (intervention) tive for
2020 diovascular risk and -3.43 mm Hg BPand
factors) that includ- (control; P<.001) MA

ed health educa-
tion, health behav-
ior promation,
group chats, and
BP monitoring

ADBP: -5.68 mm
Hg (intervention)
and —2.23 mm Hg
(control; P=.07)
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Studly, Coun-  Study Intervention con-  Behavior  Dura- Reten- Primary outcomes Secondary outcomes  Conclu-
year try design tent changethe- tion tion, /N sion

ory (months) (%)
« Changesin TCu
and LDL-Cv were
significant after
the intervention
«  MA (measured by
MMAS-8) im-
proved from 2.28
to 3.30 (interven-
tion) and 2.35to
2.38 (control)
o Self-management
behavior (mea-
sured by HPSM-
BRSw) improved
from 72.27 to
74.57 (interven-
tion) and 70.82 to
70.85 (control;
P<.001)
« ABMI: -0.49
kg/m2 (interven-
tion; P<.001) and
—0.06 kg/m2 (con-
trol)
Zhaetal United Pilot TheiHeathMyVi- — 6 25/30 ASBP: 839mm . MA sdf-efficacy Effec-
[32], States RCT talsmobile app in- (83 Hg (intervention) (measured by tive for
2020 cluded tracks and and —4.79 mm Hg MASESX) im- BPand
analysis of key (control; P=.01) proved from64.85 self-
health measure- ADBP: —2.76 mm t069.17 (interven- manage-
ments and instant Hg (intervention) tion) and de- ment
feedback, helping and —2.2 mm Hg creased from
users self-monitor (control) 64.75 t0 61.00
and manage BP, (control; P=.06)
and standard hyper-
tension manage-
ment
Zhanget China RCT A smartphoneapp — 6 192/307 ASBP:32mmHg . ABMI:0.4kg/m2 Effec-
a [22], that included re- (62.5) (intervention) and (intervention) and  tive for
2022 minder alerts, ac- 6.4 mm Hg (con- 0.6 kg/m2 (con- BP
cess to historical trol) trol)
data, and real-time ADBP:27mmHg « AWeight: 1.1kg
chat and wearable (intervention) and (intervention) and
device that can 5.4 mm Hg (con- 1.5 kg (control)
trace steps, heart trol)
rate, BP, and
sleeping hours
Zhanget China RCT A smartphoneapp Theory of 3 134/148 ASBP: -8.52 mm Effec-
a [23], that included re- planned be- (90.5) Hg (intervention) tive for
2023 minder aerts, ad-  havior and —-1.25 mm Hg SBP but
herence reports, (control; P=.01) not
medical instruc- ADBP: -0.42 mm DBP
tion, and optional Hg (intervention)
family support and and -0.01 mm Hg
monitoring awear- (control)
able device (model
unknown)
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Study, Coun-  Study Intervention con-  Behavior  Dura Reten- Primary outcomes Secondary outcomes Conclu-
year try design tent changethe- tion tion, /N sion

ory (months) (%)

« AWC:-214cm
(intervention) and
—0.25 cm (control)

« AHCy:-0.30cm
(intervention) and
—0.01 cm (control;
P=.08)

o  Self-efficacy im-
proved: 12.89 (in-
tervention) and
5.43 (control)

o Hypertension
complianceim-
proved: 7.35 (inter-
vention) and 3.01
(control)

« Physical health
improved: 12.21
(intervention) and
1.54 (control)

o Menta healthim-
proved: 13.17 (in-
tervention) and
2.55 (control)

8RCT: randomized controlled trial.

bBP: blood pressure.

®Not applicable.

dMA: mediication adherence.

€CHBPTS: Compliance to High Blood Pressure Therapy Scale.
fsBp: systolic blood pressure.

9DBP: diastolic blood pressure.

NSC-HI: Self-Care of Hypertension Inventory.
ISF-36: 36-1tem Short Form Survey.

IMAP: mean arterid pressure.

kvPa: vi gorous physical activity.

IMPA: moderate physical activity.

MPA: physical activity.

"MMAS: Morisky Medication Adherence Scale.
°DMO: digital medicine offering.

PABPM: ambulatory blood pressure monitoring.
WC: waist circumference.

"HBP-HCP: Hypertension Self-care Profile.
SHSMBQ: Hypertension Self-Management Behavior Questionnaire.
'DASH: Dietary Approaches to Stop Hypertension.
UTC: total cholesteral.

VLDL-C: low-density lipoprotein cholesterol.

YWHPSMBRS: Hypertension Patients Self-Management Behavior Rating Scale.

*MASES: Medication Adherence Self-Efficacy Scale.
YHC: hip circumference.

Risk of Biasand Grade of Evidence

Of the 20 included studies, 15 (75%) [22-25,27-29,32-36,39-41]
were judged as high risk of bias, 1 (5%) [37] was judged as
having some concerns, and 4 (20%) [26,30,31,38] were judged
as low risk of bias (Figure 2 [22-41]). Overdll, therisk of bias
primarily existed in the randomizati on process and measurement

https://www.jmir.org/2024/1/e54978

RenderX

of the outcome. In terms of the randomization process, 50%
(10/20) of the studies [23,25,27,29,32-34,36,40,41] were rated
as high risk, primarily because of not following the principle
of, or not providing details about, randomization and allocation
concealment. Regarding the measurement of the outcome, 40%
(8/20) of the studies[24,27,28,33-36,40] were assessed as high
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risk mainly due to the use of patients' self-reported subjective
outcomes and the lack of disclosing whether the outcome
measurers were aware of the intervention patients received. In
addition, the lack of blinding among patients and between
patients and investigators during the intervention process
(although often difficult to achieve in mHealth interventions),

Zhou et d

high dropout rates and not conducting intention-to-treat analyses,
and selective disclosure of predetermined outcome data were
also important sources of risk of bias. The result of the Egger
test (P=.16) and visualization of the funnel plot (Figure S1in
Multimedia Appendix 2) indicated that there was no significant
risk of publication bias in the included studies.

Figure 2. Risk of bias assessment of the included studies [22-41] using the Cochrane Risk of Bias (version 2) tool. RCT: randomized controlled trial.

RCT Dia Dib D2
Abu-El-Noor et al [40], 2021

Alsaqger et al [41], 2022

Bozorgi et al [34], 2021
Chandler et al [28], 2019
Dorsch et al [33], 2020

Gong et al [27], 2020

Kario et al [39], 2021

Ma et al [26], 2022

Morawski et al [30], 2018
Najafi Ghezeljeh et al [35], 2018
Persell et al [31], 2020

Payne Riches et al [36], 2021
Sun et al [24], 2020

Zha et al [32], 2020

Zhang et al [22], 2022

Zhang et al [23], 2023

Cluster RCT

Frias et al [29], 2017

Leupold et al [38], 2023

Li et al [25],2019

Marquez Contreras et al [37], 2019

-0-0 0-0-00000-00-000

The results of the Grading of Recommendation, Assessment,
Development, and Eval uation assessment are presented in Table
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2. In terms of SBP, the quality of evidence was low, and for
DBP, the quality of evidence was moderate.

Table 2. Grading of Recommendation, Assessment, Development, and Evaluation assessment.

Bloodpres Studies, Quality assessment Patients Effect, mean Overall
sure n (E3CP difference  certainty of
(95% CI) evidence
Risk of Inconsistency Indirectness  Imprecision Publication
bias bias
SBP° 16 Serious  Serious® Not serious  Notserious  None 1568/1516  -5.78 (-7.97 Low
to 3.59)
pepFf 15 Seriousd  Not serious Not serious  Notserious  None 1359/1316  -3.28(—4.39 Moderate
to—2.17)

8E: experimental group.
bC: control group.
CSBP: systolic blood pressure.

%Theincluded studi eswerejudged ashave ahigh risk of biasoverall. Some of the studies had evident risksin the randomization process and measurement

of the outcome.

€Cochran Q test and Higgins 12 suggested significant heterogeneity between studies.

'DBP: diastolic blood pressure.
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Behavior Change Theoriesand Techniques

Table 1 and Table S2 in Multimedia Appendix 2 summarize
the behavior change theories and BCTs used in the included
studies. Of the 20 studies, 6 (30%) [23,25,28,31,33,36] reported
7 behavior change theories in their interventions and the
remaining 14 (70%) did not include a theoretical foundation.
Theories involved in the interventions included
self-determination theory [28], theory of planned behavior
[23,33], self-regulation theory [33], self-efficacy theory [25],
cognitive behavioral theory [31], and behavior change wheel
[36]. Of the 6 studies, 1 (17%) used 2 theories [33] and the
remaining 5 (83%) were based on a single theory.

A total of 21 different BCTs from 12 BCT categories were
reported in theincluded 20 studies. The mean number of BCTs
was 8.7 (SD 3.8), with arange of 2 to 17, accounting for 2%
(2/93) to 18% (17/93) of thetotal 93 BCTs. Thefrequently used
BCT clusters (used in =210 studies) were goals and planning,
feedback and monitoring, shaping knowledge, associations,
comparison of outcomes, and regulation. The most common

Zhou et d

BCTs were self-monitoring of outcomes of behavior (17/20,
85%), feedback on outcomes of behavior (15/20, 75%),
instruction on how to perform the behavior (15/20, 75%),
pharmacological support (15/20, 75%), biofeedback (14/20,
70%), prompts/cues (13/20, 65%), credible source (13/20, 65%),
and action planning (11/20, 55%). There were 4 BCTs used
only in 10% (2/20) of the studies: problem solving, information
about health consegquences, behavior substitution, and
conserving mental resources.

Effects of an mHealth App Intervention on BP

Effect of an mHealth App Intervention on SBP

In total, 16 (80%) of the 20 studies reported the effects of an
mHealth app intervention on SBP. A total of 1568 participants
from the intervention group and 1516 participants from the
control group wereincluded in the meta-analysis. As presented
in Figure 3, the mHealth app intervention resulted in a-5.78
mm Hg (95% CI —7.97 mm Hg to —3.59 mm Hg) reduction in
SBP. The heterogeneity was significant (1=82%; P<.001)
between the studies.

Figure 3. Forest plot of the overall effect of amobile health app intervention on systolic blood pressure.

Experimental Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Randem, 95% CI
Alsager et al [41], 2022 -14 19.83 37 -7.75 16.12 37 3.9% 6.25 [-14.48, 1.98] —
Chandler et al [28], 2019 30.5 12 26 5 115 28 5.1% -25.50([-31.78, -19.22] +—
Dorsch et al [33], 2020 7.5 20 24 0.7 115 24 3.4% 6.80 [-16.03, 2.43] _
Frias et al [29], 2017 20,9 3041 80 -15.2 10.77 29 4.2% 5.70 [-13.43, 2.03] =
Gong et al [27], 2020 -8.99 6.415 225 -5.92 6.945 218 8.7% =3.07 [-4.32, -1.82] -
Leupold et al [38], 2023 -21.1 15.14 265 -15.5 13.96 260 8.0% -5.60 [-8.09, -3.11] —_—
Li et al [25], 2019 -5.5 1498 110 1.6 17.08 143 6.9% -7.10 [-11.06, -3.14] ——
Ma et al [26], 2022 -11.63 1106 105 -1.01 10.79 105 7.7% -10.62 [-13.58, -7.66) —
Marquez Contreras et al [37], 2019 -2.5 11 73 -0.07 & 75 7.5% -2.43 [-5.54, 0.68] 1
Morawski et al [30], 2018 -10.6 16 209 -10.1 154 202 7.6% -0.50 [-3.54, 2.54] T
Payne Riches et al [36], 2021 -1 16.38 29 -1.1 15.38 16 3.3% 0.10 [-9.51, 9.71] —
Persell et al [31], 2020 -83 138 144 -6.8 13.7 152 7.5% -1.50 [-4.63, 1.63) -
Sun et al [24], 2020 -10.92 9.56 59 -3.43 9.83 58 7.2% -7.49 [-11.00, -3.98] —
Zha et al [32], 2020 -8.39 498 12 -4.79 4.5 13 7.1% -3.60[-7.33, 0.13) /]
Zhang et al [22], 2022 3.2 159 104 6.4 18.2 88 6.2% -3.20 [-8.08, 1.68] —_—
Zhang et al [23], 2023 -8.52 19.73 66 -1.25 12.47 68 5.6% -7.27 [-12.88, -1.66)
Total (95% Cl) 1568 1516 100.0% -5.78 [-7.97,-3.59] -

N 2 2 312 o + + 4 I
Heterogeneity: Tau 14.03; Chi 84.40, df = 15 (P < 0.00001); | 82% —20 —i.U ) 1'0 2-0

Test for overall effect: Z

5.17 (P < 0.00001)

Favours [experimental] Favours [control]

Effect of an mHealth App I ntervention on DBP

As shown in Figure 4, in total, 15 (75%) of the 20 studies
reporting the effect of an mHealth app intervention on DBP
including 1359 participants from the intervention group and

1316 participants from the control group were included in the
analysis. Overall, the mHealth app intervention resulted in a
—3.28 mm Hg (95% CI —4.39 mm Hg to—2.17 mm Hg) reduction

in DBP with amedium heterogeneity (1°=58%; P=.003).

Figure 4. Forest plot of the overall effect of a mobile health app intervention on diastolic blood pressure.

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI IV, Random, 95% CI
Alsager et al [41], 2022 -2.65 11.06 37 -0.38 8.81 37 4.1% -2.27 [-6.83, 2.29]
Chandler et al [28], 2019 -126 65 26 -52 55 28  6.3% -7.40[-10.62, -4.18)
Dorsch et al [33], 2020 -3.6 6.5 24 0.3 5.5 26 6.0% -3.90([-7.25, -0.55]
Frias et al [29], 2017 -8.6 19.68 80 -5.8 11.85 29 2.6%  -2.80[-8.90, 3.30]
Gong et al [27], 2020 -7.04 6.135 225 -4.14 8.213 218 11.1% -2.90 [-4.25, -1.55] ===
Leupold et al [38], 2023 -11.3 9.9 265 -8.2 9.94 260 10.2%  -3.10 [-4.80, -1.40] =
Li et al [25], 2019 -1.3 9.1 110 2.1 10.37 143 8.2% -3.40[-5.80, -1.00] : o
Ma et al [26], 2022 553 641 105 1.69 7.93 105 9.4% 7.22 [-9.17, -5.27] —_—
Marguez Contreras et al [37], 2019  -3.14 9 73 -05 7.1 75 7.7%  -2.64 [-5.26, -0.02]
Payne Riches et al [36], 2021 -1 10.46 29 2.3 9.5 16 2.7% -3.30 [-9.31, 2.71]
Persell et al [31], 2020 -43 84 144 -36 95 152 9.2%  -0.70 [-2.74, 1.34] —
Sun et al [24], 2020 -5.68 7.64 50 -2.23 7.98 58 7.1% -3.45[-6.28, -0.62] ' '
Zha et al [32], 2020 -2.76 7.52 12 -2.2 834 13  2.6% -0.56[-6.78, 5.66)
Zhang et al [22], 2022 2.7 116 104 5.4 109 88 6.3%  -2.70[-5.89, 0.49] r
Zhang et al [23], 2023 -0.42 1091 66 -0.01 7.19 68  6.4% -0.41[-3.55,2.73] —_—
Total (95% CI) 1359 1316 100.0% -3.28 [-4.39, -2.17] S
Heterogeneity: Tau® = 2.40; Chi* = 33.10, df = 14 (P = 0.003); I = 58% —'iU _'5 3 5 110

Test for overall effect: Z = 5.79 (P < 0.00001)
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Subgroup Analyses

Subgroup analyses were subsequently conducted to explorethe
impact of factors, such as the risk factors of hypertension that
mHealth app interventions addressed (addressing a single risk
factor vs addressing multiple risk factors), the presence of a
theoretical foundation (with behavior change theoriesvswithout
behavior change theories), duration of the intervention (<6 vs
=6 months), and the number of BCTs (=11 vs<11), onthe effect
size of an mHealth app intervention on SBP.

Factors Addressed in an mHealth App Intervention

Of the 16 studies that reported the effects of an mHealth app
intervention on SBP, 12 (75%) studies [22-28,31,32,37,38,41]
carried out interventions (eg, education of disease; BP
monitoring and alerts; instructions on diet, salt intake, exercise,
deep, and stress management; and medication reminders or
management) addressing multiple physiological and behavioral
risk factors of hypertension, and the remaining 4 (25%) studies
[29,30,33,36] carried out interventions (eg, reduction of salt
intake or medi cation adherence management) addressing asingle
physiological or behavioral risk factor. Asillustrated in Figure
S2in Multimedia A ppendix 2, compared with the interventions
addressing a single risk factor of hypertension (—1.54 mm Hg,
95% CI —4.15 mm Hg to 1.06 mm Hg), interventions addressing
multiple risk factors of hypertension resulted in a better
reduction in SBP (—6.50 mm Hg, 95% CI —9.00 mm Hg to—3.99
mm Hg) and the difference between subgroups was statistically
significant (P=.007). However, the heterogeneity between
studies addressing multiple risk factors remained significant
(17=86%; P<.001).

Given the obvious heterogeneity in studies with interventions
addressing multiple physiological and behavioral risk factors
of hypertension and that hypertension is a disease associated
with multiplerisk factors, the effect of mHealth apps addressing
asingle physiological or behavioral risk factor may differ from
the effect of those addressing multiple risk factors. Therefore,
subsequent subgroup analyses were conducted based on the 12
studies addressing multiple physiological and behavioral risk
factors of hypertension.

Use of Behavior Change Theory

Of the 12 studies, 5 (42%) studies [23,25,26,28,31] used
behavior change theory and 7 (58%) studies
[22,24,27,32,37,38,41] did not disclose the theoretical
foundation. As presented in Figure S3in Multimedia A ppendix
2, dthough the difference between subgroups was not
statisticaly significant (P=.07), interventions with behavior
changetheory resulted in a—10.06 mm Hg (95% CI —16.42 mm
Hg to —3.70 mm Hg) reduction in SBP, which is better than
without behavior change theory with a—4.13 mm Hg (95% ClI
-5.50 mm Hg to -2.75 mm Hg) reduction in SBP. The
heterogeneity among studies with behavior change theory was

considerable (17=92%; P<.001).
Duration of Intervention

In the 12 studies, the duration of intervention ranged from 3 to
12 months, with amean duration of 6.25 months. Among them,
4 (33%) studies [23,24,26,41] had a duration of 3 months, and

https://www.jmir.org/2024/1/e54978
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the other 8 (67%) studies [22,25,27,28,31,32,37,38] had a
duration of at least 6 months. The results of the subgroup
analysis showed that the effect of the 3-month intervention
duration (—8.87 mm Hg, 95% CI —10.90 mm Hg to —-6.83 mm
Hg) on reducing SBP was superior to those with a longer
duration (-5.76 mm Hg, 95% Cl —-8.74 mm Hg to —2.77 mm
Hg; P=.09). Apparent heterogeneity persisted between studies

with interventions lasting longer than 6 months (1°=86%;
P<.001; Figure $4 in Multimedia Appendix 2).

Useof BCTs

A total of 19 different BCTs were used in 12 mHealth app
interventions, with the number ranging from 2 to 12 and an
average of 10.58 BCTs per intervention. In total, 7 (58%) of
the 12 studies[23-26,28,38,41] used at least 11 BCTs. Asshown
in Figure S5 in Multimedia Appendix 2, interventions using at
least 11 BCTs (—9.68 mm Hg, 95% Cl —13.49 mm Hg to -5.87
mm Hg) had a statistically significant effect on the reduction
in SBP compared to studies using fewer BCTs (—2.88 mm Hg,
95% CI —3.90 mm Hg to —1.86 mm Hg; P<.001).

Discussion

Principal Findings

In this study, we conducted a systematic review of 20 studies
about mHealth app interventionsfor hypertension and performed
ameta-analysisof 16 (80%) of the studies. Theresultsindicated
that mHesalth app interventionsresulted in asignificant reduction
in SBP (P<.001) and DBP (P<.001) compared to usua care,
and the effect size was influenced by factors of intervention
design (eg, presence of a theoretical foundation, intervention
duration, and number of BCTS) and app contents (eg, the risk
factors of the hypertension app addressed). Our study further
demonstrates the effectiveness of mHealth app interventionsin
hypertension self-management and, for the first time, provides
an interpretation of the active ingredients in such interventions
from a BCT perspective. However, significant differences in
intervention designs and the number and selection of BCTs
across studies also indicated that these interventions may not
be generalized in different social settings, and thereiscurrently
alack of aunified guidance framework in mHealth interventions
for hypertension.

Comprehensive intervention based on antihypertensive
medications combined with lifestyle modificationsis considered
astandard strategy for the management of hypertension [42,43].
Nonpharmacological management is a multidimensional task
that includes weight loss, the Dietary Approaches to Stop
Hypertension  diet, sodium  reduction, potassium
supplementation, increased physical activity, and reduction in
tobacco and alcohol consumption [44]. As we guessed, due to
covering morelifestyle modifications, mHealth apps addressing
multiple physiological and behavioral risk factors of
hypertension and offering more functions were more effective
in lowering SBP. This finding was consistent with previous
studies conducted in various popul ations [45-48]. Notably, the
interventions in studies by Chandler et a [28] and Frias et a
[29] resulted in more reduced SBP in absolute values compared
to other mHealth app interventions. In those studies, the
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researchers applied medication trays with a series of reminder
signals and ingestible sensors to enhance medication
management, indicating that the strategies of enhanced
reminders and tracking of medication behavior might be
potential ways to improve medication management.
Epidemiological evidence suggests that nonadherence to
antihypertensive medicationsisas high as 27% to 40% globally,
and there is still significant room for improvement in patients
medication behavior [49]. Therefore, developing a
multicomponent mHealth app for lifestyle modifications and
conducting intensive intervention for medication behavior may
be a viable direction for future mHealth interventions in
hypertension.

Intervention duration is akey factor in intervention design, and
it was noteworthy that, in our study, 20% (4/20) of the studies
with an intervention duration of 3 months were more effective
in reducing SBP than studies lasting =6 months. This finding
was consistent with a previous study, in which Ma et al [50]
found that the effect of a habit formation intervention on
physical activity habits was better if the intervention duration
was <12 weeks. Given that the contents of mHealth app
interventions primarily involve lifestyle modifications and the
formation of healthy living habits, this phenomenon seems to
be partly explained by habit formation. Thelaw of automaticity
change in the formation of new habits indicates that habit
strength usually reaches a peak of automaticity at approximately
12 weeks and gradually weakens over the following period
[50,51]. Inaddition, of these 4 studies, 2 (50%) [24,26] involved
educational curriculum programsthat progressed over time. We
suggested that, in addition to habit formation, the enhancement
of intrinsic motivation for behavior change by planned sessions
on disease, medications, and coping may also contribute to BP
management. Therefore, how to promote the development of
healthy living habits and maintain the habits and motivation of
behavior change over along period of the intervention will be
an issue to consider in future study designs of similar
interventions.

A theory is a set of interrelated concepts, definitions, and
propositions that explain or predict events or situations by
specifying relations among variables [52]. The existing view is
that effective interventions used to promote healthy lifestyles
and reduce risky behaviors are inseparable from the evidence
of theories[53]. Similar to our findings, theory-based mHealth
interventions have been found more effective in other chronic
diseases and behavioral change studies [14,54]. A possible
explanation is that, based on theories, researchers can identify
causal factors associated with behavior change and the pathways
through which behavior change occurs. Furthermore, this
enhancestreatment fidelity, allowing for amore comprehensive
design of the protocol, early detection of errors and protocol
deviations, and improvement in trestment retention, to maximize
the effectiveness of interventions [43,55]. In our review, 6
studies disclosed the theories used, and the theory use rate was
30% (6/20). Thelack of atheoretical foundation seemsto have
become a common phenomenon in current behavior change
interventions [56,57]. We believe that this phenomenon needs
urgent attention. With the development of mobile information
technology, an increasing humber of interventions are being
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based on mobile, smart, and wearable devices and are being
transferred from health care institutions to patients' homes. In
the absence of face-to-face communication and strict supervision
in telemedicine, holistic study designs based on theories will
be particularly important to improve the effectiveness and
generalization of the interventions. Future researchers can try
to design intervention protocols based on multiple theories and
integrate these theories to explore the best model for mHealth
app interventions for hypertension.

Research evidence, including our study, has suggested that using
more BCTsmay be associated with better outcomes of behavior
change [58,59]. However, some studies found that fewer
techniques and the right combinations of techniques are more
effective [60-62]. Indeed, due to the small effect of a single
BCT, the fact that BCTs are often present in combinations in
interventions, and the possibility of interactions between BCTS,
determining which specific BCT, the combinations of BCTSs,
and the number of BCTsthat are effective for a given behavior
is a challenge [63]. Therefore, based on applying a certain
number of BCTsand effective BCT combinations, customizing
an intervention to the patient’s behavior change needs, including
contents, duration, and delivery, may be another possible method
to improve the effectiveness of the interventions.

This study also had some limitations. First, we intended to
evaluate the effectiveness of mHealth app interventions on
several subjective and objective outcomes including BP,
medication adherence, self-efficacy, etc. However, due to the
limited number of included studies and significant heterogeneity
of subjective outcome measures, we ultimately only reported
the result of BP management, which was inconsistent with the
published protocol. In addition, although we attempted to
explore the source of heterogeneity through subgroup analyses,
heterogeneity remained significant in some subgroups, and
because the included studies were all published after 2017, we
also failed to explorethe changesin the effectiveness of mHealth
app interventions over time. It is recommended that future
studies incorporate additional studies and conduct extensive
subgroup analysesto further explore theimpact of mHealth app
interventions on self-management—rel ated outcomesin patients
with hypertension. Second, in this study, we only included
app-based mHealth interventions and excluded studies based
on phone calls, text messages, and website programs, which
also contained BCTs, potentially leading to bias in the
assessment of effective BCTs. Third, the evidence for BCT
coding relies on information about intervention contents from
avalable articles, supplementary materials, and secondary
analysis publications, which were underreported or roughly
outlined. Furthermore, despite the coding process being
performed by 2 researchers independently with good
consistency, BCT coding isinevitably susceptibleto researchers
subjective judgments. Therefore, the efficacy of BCTs for
hypertension self-management still requires further validation
in future studies. Finally, while our study coded BCTs and
initially explored the effectiveness of the number of BCTs in
SBP reduction, considering the wide variations of intervention
contents and specific forms, frequencies, and intensitiesof BCTs
across studies, we failed to further quantitatively investigate
the effect of a single BCT or a combination of BCTs on BP
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reduction. Self-management of hypertension is a complex and
multidimensional intervention, involving lifestyle modifications
and medication management, and is affected by factors such as
patients' knowledge, intention, self-efficacy, and environment.
It is foreseeable that more BCTs will be found effective in
self-management of hypertension. Future research could further
explore other BCTs and combinations of BCTs to provide
referencesfor the development of relevant mHealth interventions
and apps.

Conclusions

This systematic review and meta-analysisfurther confirmed the
effectiveness of mHealth app self-management interventions
for hypertension and identified the BCTs used in the

Zhou et d

interventions. Our study found that mHealth app interventions
can lead to areduction in SBP and DBP compared to usual care;
factorsrelated to the intervention and study design, such asthe
risk factors of hypertension the mHealth app intervention
addressed, the presence of atheoretical foundation, intervention
duration, and the number of BCTs, were associated with the
effect sizesof BP reduction; and the most commonly used BCTs
included self-monitoring of outcomes of behavior, feedback on
outcomes of behavior, instruction on how to perform the
behavior, and pharmacological support. On the basis of the
findings of our study, future research can optimize the
intervention designsand usemore BCTsand BCT combinations
to develop more effective mHealth apps and interventions for
hypertension management.
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