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Abstract

Background: Effective treatment of hypertension requires careful self-management. With the ongoing development of mobile
technologies and the scarcity of health care resources, mobile health (mHealth)—based self-management has become a useful
treatment for hypertension, and its effectiveness has been assessed in many trials. However, there is a paucity of comprehensive
summaries of the studies using both qualitative and quantitative methods.

Objective: This systematic review aimed to measure the effectiveness of mHealth in improving the self-management of
hypertension for adults. The outcome measures were blood pressure (BP), BP control, medication adherence, self-management
behavior, and costs.

Methods: A systematic search was conducted using 5 electronic databases. The snowballing method was used to scan the
reference lists of relevant studies. Only peer-reviewed randomized controlled trials (RCTs) published between January 2010 and
September 2019 wereincluded. Data extraction and quality assessment were performed by 3 researchersindependently, adhering
to the validation guideline and checklist. Both a meta-analysis and a narrative synthesis were carried out.

Results: A total of 24 studies with 8933 participants were included. Of these, 23 studies reported the clinical outcome of BP,
12 of these provided systolic blood pressure (SBP) and diastolic blood pressure (DBP) data, and 16 articles focused on change
in self-management behavior and medication adherence. All 24 studies were included in the narrative synthesis. According to
the meta-analysis, a greater reduction in both SBP and DBP was observed in the mHealth intervention groups compared with
control groups, —3.78 mm Hg (P<.001; 95% Cl —-4.67 to —2.89) and —1.57 mm Hg (P<.001; 95% Cl —2.28 to —0.86), respectively.
Subgroup analyses showed consistent reductionsin SBP and DBP across different frequencies of reminders, interactive patterns,
intervention functions, and study duration subgroups. A total of 16 studies reported better medication adherence and behavioral
change in the intervention groups, while 8 showed no significant change. Six studies included an economic evaluation, which
drew inconsistent conclusions. However, potentially long-term financial benefits were mentioned in all economic evaluations.
All studies were assessed to be at high risk of bias.

Conclusions; This review found that mHealth self-management interventions were effective in BP control. The outcomes of
this review showed improvements in self-management behavior and medication adherence. The most successful mHealth
intervention combined the feature of tailored messages, interactive communication, and multifaceted functions. Further research
with longer duration and cultural adaptation is necessary. With increasing disease burden from hypertension globally, mHealth
offersapotentially effective method for self-management and control of BP. mHealth can be easily integrated into existing health
care systems.

Trial Registration: PROSPERO CRD42019152062; https.//www.crd.york.ac.uk/prospero/display_record.php?Recordl D=152062
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Introduction

Background

Hypertension is the underlying cause of around 20% of deaths
globally [1]. The causes of hypertension are largely lifestyle
related [2]. Poor control is known to be related to failure to
diagnose cases and inadequate treatment [3]. On average, in
high-income countries, around 67% of hypertension sufferers
are diagnosed, with 55% treated and 28% achieving control. In
contrast, in low- and middle-income countries (LMICs), around
37% of the hypertensives are diagnosed, of whom 29% are
treated, with 8% achieving control [4]. The annua worldwide
costs to the economy of hypertension are estimated at US $370
billion [5]. Considering unequal health care resource coverage,
mobile health (mHealth) presents exciting potential in
developing self-management for patients with hypertension
with uncontrolled blood pressure (BP) [6].

Self-M anagement

The World Headth Organization (WHO) defines
self-management as the capability of individuals to manage
their own health conditions, with or without the support of health
care providers [7]. The methods of self-management include
education for patients, self-monitoring of clinical data, and
behavior (eg, diet, exercise, smoking, and drinking), self-titration
of medical management, and support for medication adherence
as per prescribed regimes [8]. A systematic review conducted
by Barlow et a [9] documented that education on
self-management can not only improve patients' knowledge of
hypertension but can also alow for early detection of high BP.
Another study reported that the self-management of hypertension
enables patients to correctly self-titrate medications and
irreversibly change the dynamics between doctors and patients
[10]. mHealth is emerging as a vital platform to perform
self-management, especially for chronic diseases [11].

Mobile Health

mHealth is the use of mobile devices—such as mobile phones,
patient-monitoring devices, and wirel ess devices—for medical
support and the delivery of health management [12]. The use
of mobile devices hasincreased exponentially, worldwide—over
7 billion mobile device subscriptions were reported in 2015
[13]. Thisclearly facilitatesthe feasibility, generalizability, and
replicability of mHealth. WHO first defined the term mHealth
in 2010. Since then, mHealth technol ogy has been more widely
available and sophisticated [14,15]. mHealth employs a variety
of different features, including SMS text messages, emails,
phone calls, and mobile phone apps [16]. The benefits of
mHealth arewidely acknowledged. It can contributeto achieving
universal health coverage by overcoming geographical barriers,
increasing access, and the provision of health servicesto remote
populations and underserved communities. Clinica data
monitoring and educational information communications,
between physicians and patients, cost less than in-person
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services, astheimplementation of mHealth does not utilize any
further resources [17]. mHealth stands at the crossroads of
communi cation technol ogies and personalized health care [18].

Existing Research

Most existing systematic reviews have assessed the effectiveness
of clinical outcomes of mHedth self-management in
noncommunicable diseases, mainly diabetes, cardiovascular
disease (CVD), and heart failure [19]. A few others have
examined the content of the intervention, the study population,
and economic evaluation [20,21]. Further research has
investigated the effects of mHedth self-management
intervention in relation to the adherence and self-titration of
medication of diabetes [22]. Results were consistent in that
mHealth-enabled self-management solutions could provide
benefitsfor chronic conditions, increasing accessto health care,
aswell asimproving health care quality and patient involvement
[23].

Research Gap

There is limited literature looking at the effectiveness of
mHealth in hypertension self-management. A systematic review
narratively synthesized the evidence for using mHealth devices
to support hypertension self-management. The study reported
lower systolic blood pressure (SBP) and diastolic blood pressure
(DBP) in theintervention group compared with usual care[24].
Only using quantitative methods, a meta-analysis of 11
randomized controlled trials (RCTs) conducted by Lu et al [25]
concluded that mHealth is an effective tool for BP control. We
know of no other reviewsthat examined the rel ationship between
long-term self-management and cost-effectiveness. Therefore,
further exploration of the relationship between mHeal th-enabled
hypertension self-management and clinical outcomes needs to
be conducted. Thiswould enable relevant stakeholdersto weigh
the potential benefits and limitations of adopting mHealth into
health care services. Thus, we aimed to determine whether
mHealth is effective in improving the self-management of
hypertension for adults. We systematically reviewed the existing
evidence to analyze the effectiveness of mHealth-enabled
sel f-management among hypertensive adultswith thefollowing
3 objectives:

1 1. To measure whether the use of mHealth-enabled
self-management improvesthe control of BP among patients
with hypertension.

2. 2. To assess whether self-management education of
hypertension delivered by mHealth interventionsimproves
medication adherence and promotes lifestyle change.

3. 3. Toanayzethe costs of self-management support for the
ddivery of mHealth interventionsfor hypertensionin adults.
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Methods

Study Design

This systematic review and meta-analysiswere conducted based
on the origina protocol (CRD42019152062) and reported
according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses guideline [26].

Textbox 1. An example of the search strategy (EMBASE).

Lietd

Search Strategy

An electronic database search was conducted using PubMed,
EMBASE, Web of Science, Cochrane, and Google Scholar.
Searches were performed in October 2019. The key search
strings consisted of 3 concepts: mHealth, hypertension, and
self-management. The detailed search strategy has been
presented in Textbox 1.

«  Search 1: (hypertension* or hypotension or hypertensive or “blood pressure’* or “elevated blood pressure” or “high blood pressure™).af.
e  Search 2: (self-management* or “self care”* or “self management” or “self monitoring” or self-monitoring or self-care).af.
o Search 3: (telemedicine* or telehealth or eHealth* or “e health” or e-health or mHealth* or “m health” or m-health or “mobile application” or

apps or “digital health” or “mobile health” or “message text”).af .
e Search 4: limit year =“2010 - 2019”
e Searchb5:1and2and3and4

Eligibility Criteria
We included RCTs published between January 2010 and

September 2019. Only peer-reviewed articles in English were
included.

Inclusion criteria were as follows: (1) adults with a primary
diagnosis of hypertension; (2) the intervention used app-based
tools that are accessible via mobile phone or tablet to aid
self-management of hypertension; (3) reported outcomes were
any one of the following: clinical data for either SBP or DBP
or both, medication adherence-related outcome or change in
self-management behavior.

The exclusion criteria were as follows: (1) patients with
hypertension were not the main participants; (2) hypertension
during pregnancy; (3) hypertension not the primary diagnosis;
(4) the intervention only targeted health care providers; (5)
outcomes only focused on technological development of a
mobile system; (6) the mHealth service was designed for a
particular target audience instead of the general public.

Observational studies, study protocols and designs, studieswith
abstract presentations, and duplicates were all excluded.

Study Selection

Study citations were imported and compiled into the reference
management software (Endnote X8.0, Clarivate Analytics) for
selection. The screening and selection of studieswere conducted
by 3 researchers individually (RL, NL, and FB). RL manually
removed duplicates. For the initid search, RL and FB
independently judged the relevance of titles and abstracts
identified from electronic databases. In the second phase, FB
and NL checked the study types of al remaining studies. The
full text of potentially relevant articles was then retrieved. NL
and RL assessed these articles against the inclusion and
exclusion criteria. The snowballing method was conducted on
thereferencelists of relevant articles. Controversial studiesand
problems were compared and discussed with RL, FB, and NL.

http://mhealth.jmir.org/2020/3/e17776/

Data Extraction

Three investigators (RL, NL, and FB) in parallel extracted the
data independently and cross-checked. An adapted version of
a standardized spreadsheet was used to input the data. Any
disagreements were resolved through discussion. The data
included the study characteristics (title, authors, year of
publication, and study location); information of participants
(age, gender, baseline BR, demographic information, and sample
Size); details about intervention and control (device, intervention
and control type, message content, follow-up duration); and
relevant outcome and result.

Data Synthesisand Analysis

The primary outcomes of thisreview were the mean SBP, DBP,
and the proportion of subjectswith controlled BP at the end of
each trial. Patients with hypertension with SBP lower than 140
mm Hg and DBP lower than 90 mm Hg were considered to
have adequate BP control [27]. Review Manager of the
Cochrane Collaboration (RevMan 5.3, Cochrane Organization)
was used to perform the meta-analysis.

For continuous outcomes, the effect size was defined as the
mean differences (M Ds) in BP between intervention and control
groups. For dichotomous outcomes, the effect size was defined
as the odds ratio (OR) of the proportion of patients with
controlled BP between intervention and control groups. OR and
MDswere derived from Manzel-Haenszel and inverse variance
methods, respectively. A random-effect model was utilized to
generate pooled estimates of the overall effects and reported

95% confidence intervals with all measures of effect. The 12
statistic was used to examine inconsistencies across studies

(1>=0%-100%; more than 50% is considered as substantial
statistical heterogeneity). We defined subgroups in advance to
further evaluate the relationship between intervention
characteristic and the clinical effect on SBP and DBP controlling
for (i) frequency of reminders (tailored frequency according to
the health status of participants or fixed frequency as planned);
(it) interactive patterns (interventions with a patient-provider
loop interaction or without); (iii) intervention functions (single
and multifaceted); and (iv) duration of trials (longer or equal to
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12 months or shorter than 12 months). A sensitivity analysis
was performed by excluding each study sequentially to
determine the influence of any single study on the robustness
of the results.

Owing to the heterogeneity in the nature of interventions and
diverse outcomes of effects of self-management, we have also
presented anarrative review of thefindings, including structured
tabular summaries according to medication adherence, change
in self-management behavior, and costs.

Assessment of Risk of Bias and Quality

To account for bias and quality discrepancies, a double
assessment of bias and quality was used to minimize error. RL,
FB, and NL independently assessed the risk of bias and quality
of theincluded studies. A consensus meeting was held to enable
the comparison of notes from the selection of papers used within
this review. An agreement was reached on conflicting points.

The risk of bias was assessed according to guidance in the
Cochrane Collaboration's Risk of Bias handbook for RCTs
[28]. Risk ratings of “low,” “high,” and “unclear” were assigned
to each bias based on the presence of the following items:
selection bias, performance bias, detection bias, attrition bias,
reporting bias, and other bias. If any element was rated as high
risk, the overall risk of bias was high. Funnel plots were used
to detect publication bias if over 10 articles were involved in
the meta-analysis. When the description of the interventions or
procedures was not sufficiently detailed to judge the risk of
bias, researchers contacted the study author for further
information.

Thequality of theincluded studieswas evaluated by the Mobile
Health Evidence Reporting and Assessment (MERA) Checklist

http://mhealth.jmir.org/2020/3/e17776/
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[29]. This checklist was developed from the Consolidated
Standards of Reporting Trials of Electronic and Mobile HEalth
Applications and onLine TeleHealth (CONSORT-EHEALTH)
checklist and has been extended to a wide range of mHealth
interventions. It consists of 2 separate assessments: (1) essential
criteriafor mHealth, which comprise 16 items that identify the
content, context, and technical features, to ensure the quality
and generalizability of mHealth research. (2) methodological
criteria, which include 26 itemsthat are based on existing study
design and study-reporting guidelines. The result was displayed
by using the rate of reported items.

Results

Search Results

A total of 2441 articles were initially identified from the 5
databases; 555 articles were removed because of duplication.
The remaining 1886 studies were then screened. We excluded
1292 articles because of insufficient relevance of the title and
abstract to this review. A further 232 articles were rejected
because they werenot RCTs. A total of 9 studieswere excluded
asonly the abstracts of protocolswere available. After reviewing
the full text of the remaining 353 articles, 332 studies were
eliminated following the application of inclusion and exclusion
criteria. An additional 3 articleswereidentified from references
of relevant reviews, yielding atotal of 24 studies. All of the 24
studieswereincluded in narrative synthesis. Of these, 12 studies
that provided SBP and DBP dataand used usual care or placebo
as comparisons were included in the meta-analysis. A flow
diagram of the selected studiesis shown in Figure 1.
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Figure 1. Flow diagram of study selection. mHealth: mobile health.
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Study Characteristics

Characteristics of the 24 studies are shown in Multimedia
Appendix 1. Of which, 3 studieswere from the United Kingdom,
11 from the United States, 3 from Canada, and 1 each from
Spain, Taiwan (China), Chile, South Africa, Mexico, Iran, and
South Korea.

Two studies were conducted in rural areas [30,31] and 22 in
urban areas [32-53]. Four articles specifically targeted ethnic
minorities and underserved populations [32,44]. The age range
of patients acrossthe 24 articleswas 44 to 78 years. The duration
of the trials ranged from 1.5 to 18 months. Half of the projects
lasted for no more than 6 months. The mean sample size was
372, with a range from 54 to 1372, and 13 articles reported
missing data during follow-up [32,35-46].

In all, 18 studies drew on existing theories or models to guide
theintervention design [30,32,34-38,40,41,43-45,47-52]. INC7
Guiddinesand National Ingtitute for Health and Care Excellence
guidelineswere most frequently used for hypertension treatment.
Among 12 articlesthat were built on behavioral changetheories
[30,31,35,36,41,42,45-50], the social cognitive theory and
determination theory were adopted the most. All 18 studiesused
treatment as usual (TAU) as a control
[30-35,37-39,42-47,49,51,52]. The remaining 6 articles used
the sending of different messagesto the control group compared
with the intervention group [36,40,41,48,50,53].

A total of 23 studies measured BP reduction [30-52]. Of which,
13 used the change in BP as their primary outcome
[31-33,37-39,41-43,47,49-51] and 5 used BP control asthemain

http://mhealth.jmir.org/2020/3/e17776/
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outcome [33,42,44,46,52]. A total of 12 studies reported
medication adherence [32-35,37,39,41,42,44,49-51]. Another
9 studies assessed the change in effectiveness of
self-management behaviors[35-38,41,43,49,53]. The outcomes
of self-management behaviorswere varied, including readiness
for behavior change, quality of life, and action plan protocol
adherence. Among the 24 studies, 6 articles reported results of
economic evaluation [37,42,44,46,52]. Finaly, 6 articles
analyzed stakeholders satisfaction and experience with the
intervention [31,32,35,37,47,50].

Intervention Char acteristics

To synthesize the effects of intervention features on
self-management of hypertension, this review categorized the
intervention content into 13 themes: educational information
of hypertension, educational information of a healthy lifestyle,
self-monitoring of BP, self-monitoring of behavior change, goal
setting, reminder of medication adherence, reminder of behavior
change, feedback from personnel, social support, motivational
encouragement, action plan, pharmacological support, and stress
management. Every intervention included at |east two features.
Education about hypertension was included in every study. A
totaa of 17 studies conducted BP self-monitoring
[30,31,33,37,38,40-46,48,50-53]. Education about a healthy
lifestyle that comprises alow-salt diet and exercise combined
with goal setting in 15 studies [30,31,34-37,41,45-49,51-53].
A total of 10 studies set alertsto improve medication adherence
[31,33,38,39,45-47,50-52]; 4 studies provided motivational
encouragement to strengthen the patient’s self-efficacy [30,43];
3 studies provided a decision support system for an action plan
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made by doctors, pharmacists, or nurses [36,48,53]; and 1
intervention included stress management [49].

A total of 6 articlesincluded more than one intervention group
[32,36,43,46,49,52,53]. Of which, 3 articles targeted the
differences in  effectiveness  between  user-driven
self-management and self-management with interactive supports
from personnel [32,36,46], and 1 article measured different
outcomes based on varied compliance [34].

Intervention Delivery

Theinformation about the intervention and control design was
based on the intervention platform, type, and content
(Multimedia Appendix 1). Therewere 10 interventionsdelivered
by using SMS text messages [32,34,37,43-45,47,49-51], half
of which generated automated messages and other customized
messages based on the feedback of participants[32,44,45,49,50].
Six studies utilized smartphone apps [39,43,44,47,50,51] and
2 of them wereinteractive [47,50]. Then 6 studies reported the
operation of automated emails [30,31,33,36,40,47]. Other
intervention devices included wireless BP monitoring, digital
medications automated or interactive voice cals, electronic
medication trays, and acombination of the elements mentioned
earlier.

Timing and Frequency

Intervention frequency varied considerably, and the fidelity of
the intervention was not always reported. For most of the
studies, areminder to monitor BP was sent at least once aday.
Most of messages about behavior or medication adherence were
sent daily, and educational emails and feedbacks were sent
weekly. Adherence to the intervention protocol wasreported in
10 articles [30,31,35,38,39,41-45]. Six articles reported the
difference between the required frequency of mHealth use and
the actual use [31,33,35,45,50]. The range was from 28% to
94%.

Outcome M easures

Of the total 24 studies, 12 met the selection criteria of the
meta-analysis [31-33,37-39,41-43,47,49,51]. All of them
reported SBP as the primary outcome; 9 of them reported the

Lietd

DBP aswell [33,37,38,41-43,47,49,51] and 9 articles reported
the proportion of participants achieving controlled BP
[31-33,35,39,41,42,44,49-51].

Meta-Analysis of Blood Pressure

A total of 3 articles had more than one intervention group with
the same outcome measured [32,43,49]. Therefore, 16
interventions were shown in the forest plot of SBP, 12
interventions for DBP analysis, and 10 interventions for the
comparison of BP control. Asshown in Figure 2, the estimated
MD of SBP between intervention and control groups was
significant as —3.78 mm Hg (P<.001; 95% CI -4.67 to —2.89),
with moderate heterogeneity (X2,=29.37, P=.01; 1°=49%).
Therewas a statistically significant differencein DBP as—1.57
mm Hg (P<.001; 95% CI -2.28 to —0.86) between intervention
and control groups, aso shown in the forest plot with low

heterogeneity (X?,,=18.05, P=.08; 1°=39%; Figure 3). The OR
of BP control (Figure 4) in the intervention group was 1.42
times morethan that in the control group (95% Cl 1.23t0 1.65).

Heterogeneity was moderate (X2,=18.11, P=.03; 12=50%).

Subgroup analyses were generally consistent with the main
finding, showing significant reductionsin SBP and DBPin the
intervention groupsfor all subgroups analyzed (Table1). Trials
with a tailored frequency of reminders [32,37,41,42], a
patient-doctor interactive loop [31,32,38,41,42,47,49], and
multifaceted functions[31,37,38,42,49] showed alarger overall
effect of both SBP and DBP, compared with trials with a fixed
frequency of reminders [31,33,38,39,43,47,49,51], a
noninteractive loop [33,37,39,43,51], and a single function
[32,33,39,41,47,51]. The overall SBP reduction is greater in
studiesthat lasted lessthan 12 months[31,33,37,39,49,51] than
studiesthat lasted longer than 12 months[32,38,41,47]. Further
sensitivity analyses were conducted by removing any trias
sequentially, revealing no substantial difference in the overall
effect for SBP and DBP. In addition, Margolis et a [42] was
regarded as the main article that influenced the heterogeneity
of the comparison of SBP according to the sensitivity analysis.

After excluding it from the analysis, the 12 statistic was reduced
from 49% to 24% (df=15; P=.18).

Figure 2. Forest plot of the difference of systolic blood pressure between intervention and control group.

Intervention Control

Study reference

Mean difference and
95% CI

Mean difference and
95% ClI

Mean SD Total Mean SD Total Weight
Bobrow et al 2015 132.7 175 394 1343 17.3 198 8.2% -1.60 [-4.57, 1.37] —
Bobrow et al 2015 132.1 166 406 1343 17.3 198 8.4% -2.20 [-5.10, 0.70] —
Bove et al 2013 137.7 23.32 120 140.5 19.62 121 4.1% -2.80[-8.24, 2.64] I
Brennan et al 2010 126.8 169 320 129.5 18.2 318 8.8% -2.70 [-5.43, 0.03] —
Contreras et al 2019 132.2 12 73 1344 11 75 6.7% -2.20[-5.91, 1.51] T
Kim 2019 139.15 7.51 32 143.58 9.4%9 10 3.2% -4.43 [-10.86, 2.00] —_— 1
Kim 2019 13361 7.32 31 143.58 9.49 10 3.2% -9.97 [-16.39, -3.55]
Kim 2019 132.53 8.92 30 143.58 9.49 10 3.0% -11.05 [-17.74, -4.36]
Margolis et al 2013 125.7 17.72 228 134.8 17.86 222 7.5% -9.10[-12.39, -5.81] I
McKinstry et al 2013 140 11.3 200 1443 13.4 201  9.5% -4.30[-6.73, -1.87] —_
McManus et al 2010 1349 17.56 234 140.1 16.81 246 8.0% -5.20 [-8.28, -2.12] —
McManus et al 2018 136 16.1 327 140.4 16.5 174 8.1% -4.40 [-7.41, -1.39] I
McManus et al 2018 137 167 328 1404 165 174 8.0% -3.40 [-6.45, -0.35] -
Moore et al 2014 123.5 12.18 20 129.7 13.96 22 2.3% -6.20 [-14.11, 1.71] I —
Morawski et al 2018 140.8 15.7 210 141.2 17.3 202 7.7% -0.40 [-3.59, 2.79] 1
Piette et al 2012 142.5 22.88 99 143.6 24.12 101 3.2% -1.10 [-7.61, 5.41] s E—
Total (95% CI) 3052 2282 100.0% -3.96 [-5.28, -2.64] ‘
Heterogeneity: Tau? = 3.22; Chi? = 29.37, df = 15 (P = .01); 1> = 49% —50 -io 5 1:0 210

Test for overall effect: Z=5.89 ( P <.001)
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Figure 3. Forest plot of the difference of diastolic blood pressure between intervention and control group.

Intervention Control Mean difference and Mean difference and
Study reference Mean SD Total Mean SD Total Weight 95% Cl 95% Cl
Bove et al 2013 81.8 12.32 120 82.7 9.31 121 8.4% -0.90 [-3.66, 1.86] b
Brennan et al 2010 80.6 10.5 320 80.1 10.4 318 14.6% 0.50[-1.12, 2.12] -1
Contreras et al 2019 78.5 7 73 814 9 75 9.0% -2.90 [-5.49, -0.31] —_—
Kim 2019 85.75 6.72 32 87.88 8.12 10 2.8% -2.13 [-7.68, 3.42] D
Kim 2019 82.29 4.79 31 87.88 8.12 10 3.0% -5.59[-10.90, -0.28] -
Kim 2019 83.6 9.05 30 87.88 8.12 10 2.4% -4.28 [-10.26, 1.70] e —
Margolis et al 2013 75.1 17.72 228 B80.8 17.86 222 6.6% -5.70[-8.99, -2.41] —_—

McKinstry et al 2013 83.4 9.1 200 843 104 201 12.6% -0.90[-2.81, 1.01] -
McManus et al 2010 77.4 9.76 234 795 11.2 246 12.8% -2.10[-3.98,-0.22] —
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Figure 4. Forest plot of the difference of blood pressure control between intervention and control group.
Intervention Control 0Odds ratio and Odds ratio and

Study reference Events Total Events Total Weight 95% Cl 95% CI
Bobrow et al 2015 256 394 115 198 14.4% 1.34 [0.94, 1.90] ™
Bobrow et al 2015 264 406 115 198 14.5% 1.34 [0.95, 1.90] Bl
Bove et al 2013 65 120 63 121 10.5% 1.09 [0.66, 1.80] -
Brennan et al 2010 83 320 70 318 14.0% 1.24 [0.86, 1.79] ™
Contreras et al 2019 28 73 13 75 6.3% 2.97 [1.39, 6.36] e
Margolis et al 2013 162 228 117 222 13.3% 2.20[1.49, 3.25] -
Migneault et al 2012 10 169 8§ 168 4.4% 1.26 [0.48, 3.27] e e —
Moore et al 2014 20 20 19 22 0.5% 7.36 [0.36, 151.91] 4
Morawski et al 2018 67 209 69 202 12.8% 0.91 [0.60, 1.37] =
Piette et al 2012 56 99 38 101 9.2% 2.16[1.23, 3.80] -
Total (95% ClI) 2038 1625 100.0% 1.46 [1.16, 1.83] ¢
Total events 1011 627

ity: L - iZ = = P =03 ;2= I + t J
Heterogeneity: Tau ‘ 0.06; Chi 18.11,df =9 )l 50% o1 o1 1 0 100
Test for overall effect: Z = 3.29( P <.001) Control Intervention

http://mhealth.jmir.org/2020/3/e17776/ JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 3| 17776 | p. 7

(page number not for citation purposes)

RenderX


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH

Lietd

Table 1. Results from the subgroup analyses of mean differences in systolic blood pressure and diastolic blood pressure.

Anaysis Systolic blood pressure Diastolic blood pressure
Studies,n Mean differ- 95% Cl Heterogeneity Studies,n Mean differ- 95% ClI Heterogeneity
ence (mmHgQ) ence (mm Hg)
12@e) Pvalue 12 (o) Pvalue
All studies 12 -3.78 -4.67t0 49.0 .01 9 -1.57 -2.28t0 39.0 .08
-2.89 -0.86
Subgroup analysis
Reminder frequency
Tailored fre- 4 -4.04 -6.67to 70.0 .009 3 -2.27 -5.03to 70.0 .04
quency -1.41 0.49
Fixedfrequency 8 -3.86 -5.41t0 36.0 A1 6 -1.70 -277t0 29.0 .19
-2.30 -0.64
I nteractive pattern
Interactiveloop 7 -4.88 -7.00to 61.0 .006 5 -2.71 -4.82t0 620 .01
-2.75 -0.59
Noninteractive 5 -3.17 -447t0 0.0 46 4 -1.54 -249t0 0.0 71
loop -1.87 -0.59
Intervention functions
Multifaceted 6 -5.51 -7.25t0 44.0 .08 4 -2.20 -3.27t0 230 24
functions -3.77 -1.13
Singlefunction 6 -2.02 -341to 0.0 .78 5 -0.03 -1.39t0 0.0 40
-0.63 1.33
Duration
Shorter than 12 5 -4.30 -7.00to 55.0 .04 4 -1.82 -3.06t0 0.0 A7
months -1.59 -0.58
Longer than12 7 -3.89 -5.44t0 50.0 .04 5 -1.85 -3.37t0 620 .02
months (12 -2.34 -0.33
months includ-
ed)

M edication Adherenceand Self-M anagement Behavior

Thisreview narratively synthesized the outcome of medication
adherence and self-management behavior (Multimedia A ppendix
2). A total of 7 articles reported statistically significant
improvement in medication adherence in intervention groups
[32,34,39,41,49-51]. Five studies suggested that mHealth
interventions improved medication adherence, despite
nonsignificant outcomes[33,35,37,41,44]. Morisky Medication
Adherence Scalewas used in 6 studies[35,37,39,42,50,51]. As
aresult, Bove et al [33] reported that there is no association
between medication adherence and BP control, that is, an
improvement in adherence did not necessarily lead to better BP
control. Of the 9 articles that focused on the behavioral change
of self-management, all reported positive effects either through
physical activities or through a healthier diet. Adverse events
reported in studies, such as medication side-effect and
cardiovascular event, were unrelated to self-management and
were evenly distributed acrossintervention and control groups.
An exception to this was McKinstry et al [37], who found 3
patients became anxious asaresult of self-monitoring. Of which,
6 studies conducted qualitative research about satisfaction
related to theintervention [31,32,35,37,47,50]. All showed high

http://mhealth.jmir.org/2020/3/e17776/

levels of satisfaction. Patients and physicians were keen
continuing to practice mHealth.

Economic Evaluation

A total of 6 articles measured the cost of mHealth (Multimedia
Appendix 2) [37,42,44,46,52]. In cost-saving analyses, 2
reported that the cost of mHealth interventions was higher than
control [37,42]. Two studies found the cost of mHealth
interventions was lower than that of control [44,47]. The
measurements of expenditure varied between study settings.
The main cost was from monitoring, mobile phone use,
connection charges, and cost of nurse support. However,
Davidson et al [44] adjusted the BP control effect into the cost
analysis, which means that patients with controlled BP after
receiving the experimental treatment saved the extra cost of
further treatment. This showed an overall health care cost saving
of over US $20,000 between intervention and control groups.

Risk of Bias

The overal risk of bias was relatively high, because no study
was absolutely free of bias. Eight articleswererated aslow risk
for selection bias [30,35-38,48,53]. Others were judged to be
unclear as the procedure of the sequence generation was not
classified [31-34,38-46,50-52]. A total of 13 articles did not
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describe  the  methods  of random allocation
[31,33,38-41,43-45,47,50-52]. The risk of detection bias was
highin 4 articles[37,38,43,46], asthese studies were unmasked
to outcome assessors; 13 studies were rated as unclear, asthere
was an insufficient illustration of whether they blinded the
outcome investigators [32-35,41,44-48,50,52]; 2 studies were
double-blind trials in which participants were blinded to
treatment conditions [36,53]. The control groups consisted of
sending different messages compared with the intervention
groups. Four articlesreported no missing datafrom the baseline
to the endpoint [47,49,51,52]. Low risk of attrition bias was
found in 8 studies [43,44,46,47,49,51-53]. They reported that
less than 5% of participants withdrew from the follow-up were
analyses on anintention-to-treat basisfor the missing data. Four

Figure 5. Resultsof therisk of biasanalysis.

Random sequence generation (selection bias) _
Allocation concealment (selection bias) _

Blinding of participants and personnel (performance bias) -
Blinding of outcome assessment (detection bias) _
Incomplete outcome data (attrition bias) _

Selective reporting (reporting bias) _:l

orer bias [N B
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studies had a high risk of attrition bias as the rate of dropout
was over 15% in each study [30,33,40,48]. 92% (22/24) of the
total studies were defined aslow risk of reporting bias because
all outcomesincluded in the protocol werereported in theresults
[30-39,41-43,45-53]. Missing pre-specified outcomes occurred
in 2 articles resulting poor clarity in reporting bias [40,44]. In
addition, funding bias was considered. Two articles mentioned
that OMRON, which makes sphygmomanometers, including
for home use, donated the BP device[31,49]. Thiswasidentified
asafunding bias. Figure 5 describesthe total risk of biasin the
24 studies. The funnel plot of the comparison of SBP and DBP
did not show any extreme asymmetry and outliers, which
suggests no significant publication bias.

0% 25%

50% 75%  100%

B Low risk of bias

[[] unclear risk of bias

[l High risk of bias

Quality

According to the essential checklist of mHealth, a total of 16
items should bereported inthe articles. Thedetailsof eachitem
are demonstrated in Table 2. An average of 55% (9/16) of the
16 items was mentioned in each study, from the lowest to the
highest proportion, 25% (4/16) and 81% (13/16), respectively.
Among the essential items, technology platform, intervention
delivery, and intervention content were reported in all 24

http://mhealth.jmir.org/2020/3/e17776/

RenderX

articles. Only 6 articles introduced the availability of
infrastructure, which can support technology operationsin the
study site [30,31,34,41,43,47]. The rate of reporting of cost
assessment was also low (6/24, 25%). The usability of the
content testing, communication, and the technical solution to
meet the target population were described in 8 studies
[35,38,39,41,44,45,47,50], as well as the reporting rate of user
feedback [30,31,35,37,38,42,47,50].
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Table 2. Rate of reporting of each item in the Mobile Health Evidence Reporting and Assessment essentia criteria checklist (N=24).

Items Report rate, n (%)
Infrastructure 6 (25)
Technology platform 24 (100)
Interoperability 11 (46)
Intervention delivery 24 (100)
Intervention content 24 (100)
Content testing 8(33)
User feedback 8(33)
Access of individual participants 11 (46)
Cost assessment 6 (25)
Adopting input 11 (46)
Limitation for delivery at scale 13 (54)
Contextual adaptability 5(23)
Replicability 18 (75)
Data security 12 (50)
Compliance with guideline 14 (58)
Fidelity of theintervention 10 (42)

Discussion

Summary of Principal Findings

This systematic review found 24 RCTswith 8933 adult patients
with hypertension, which met the criteria to assess the
effectiveness of mHealth-enabled interventions in supporting
self-management. According to this meta-analysis, mHealth
interventions resulted in better BP control, with a significant
decrease of SBP and DBP by 3.78 mm Hg and 2.19 mm Hg,
respectively, compared with usual care. All 24 studies showed
a greater decrease in mHealth intervention groups than the
control groups. Findings of this review confirmed that
self-management education through mHealth was effective in
increasing patients' knowledge of hypertension and a healthy
lifestyle, medication management, and self-efficacy.

Outcomes of the economic eval uationswere inconsistent across
the studies. A total of 2 articles reported the negative outcomes
of cost focused on direct costs [37,42]. The cost of maobile
technology was shown as relatively high in rura areas. In
contrast, the cost of health professionals’' time in consulting in
urban areas was higher than that in the rural. Thus, cost became
an inevitable element when considering barriers and facilitators.

Mobile Health I ntervention Design

All interventions were conducted via mobile technologies. A
total of 3 elements may have contributed to the effectiveness
of self-management: First, the high intensity of medication
reminders. Most studies focused on medication adherence
adopted weekly automated al erts and educational or motivational
messages. This increased exposure to interventions, which is
impossible in routine care. Brennan et a [41] conducted a
comparison between the different intensities of messages and
showed that ahigher frequency of SM Stext messages achieved

http://mhealth.jmir.org/2020/3/e17776/

better medication adherence. However, previous research has
shown that reported high-dose reminders would result in
response fatigue [54].

Second, user-driven designs were frequently reflected in the
interventions and consisted of customized information and
patient-provider loop interactions. A total of 11 studiesreported
2-way communication between patients and physicians
[31,32,38,41,42,46,47,49,50,52,53]. All interventions with an
interactive communication loop showed significantly positive
improvement in self-management behavior and BP change.
These findings were consistent with the subgroup analysis in
this review. Tailoring the intervention to the specific situation
and readiness of patients is considered as crucia to
self-management [55]. Particularly, Liu et al [36] compared the
user-driven and expert-driven group behavior change. The
expert-driven group showed better behavior change, perhaps
because patients from the expert-driven group had more
feedback, motivational commands, and support from physicians.

Finally, most of theinterventions combined different functions.
A tota of 12 interventions had more than 2 functions
[31,36-38,40,42,44,46,49,50,52,53], and 10 studies relied on
SMS text messaging as their main method, while they also
linked the BP monitoring devices to a Web-based system
[32,34,37,43-45,47,49-51]. According to this subgroup analysis,
studies with multifaceted functions had a larger effect on SBP
and DBP reduction than those with a single function. In
conclusion, the tailored frequency of messages based on
patients health status and readiness, two-way interactive
communication, and multifaceted interventions can produce
better effectiveness in the self-management of hypertension.
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Strengthsand Limitations of StudiesIncluded in This
Review

Significant heterogeneity showed in the meta-analysis of SBP.
Thereasonfor thisisthevariation ininterventions. It also affects
the calculation of the overall estimate [56]. According to the
sensitivity analysis, Margolis et a [42] was regarded as the
main article, which influenced the heterogeneity.

The occurrence of heterogeneity highlighted the strengths and
limitations of the included studies. Strengths are illustrated as
follows: first, more than half (13/24, 54%) of the total studies
conducted power calculations for clinical data outcomes
[32-38,42,43,46,48,51,53]. Second, the description of each
intervention provided clear and sufficient details, allowing a
thorough understanding of the method. Finally, the reporting
rate of detail in the research methodswas high withinall articles.
Over 80% (21/26) of the items listed in the MERA
methodological checklist were described in these studies. This
showed significant progress compared with the studiesincluded
in the previous review [57].

Particularly, self-reporting bias of compliance is clearly a
potential weakness of mHealth. It would increase the risk of
recall and social desirability bias. Therdiability of self-reporting
depends partly on the educational, socioeconomic, and cultural
background of participants [58]. However, studies included in
this review attempted to reduce the self-reporting bias. A total
of 17 articles used sdf-reporting in their studies
[30-35,39-46,50,52,53]. Of the 17 articles, 12 articlestook steps
to test the validity of self-reporting data, including home visits
for behavior checks, BP monitoring devices connected to
websites, and random phone callsto check medi cation adherence
[31,33,35,39-44,47,52,53].

Referring to the limitations, the duration of the studiesincluded
was relatively short. Only 10 studies lasted for or over 1 year
[32,38,41-43,46-48,51,52]. The result of subgroup anaysis
according to the duration of trialsfound in this study wassimilar
to a previous metaanalysis, which compared digital
interventions with conventional methods [59]. The overall
effects of SBP and DBP wereinconsi stent between studieswith
shorter and longer durations. Thus, more evidence is needed to
confirm the long-term effect of mHealth.

Though all articles were published after 2010 when the
CONSORT-EHEALTH statement for reporting of eHealth and
mHealth interventions was released [60], many mHealth
intervention detailswere till unreported. Though performance
bias was a prominent weakness in mHealth intervention, it can
be explained by theinteractive nature of theinterventions, which
is difficult for participants to be blinded to their health care
providers [61]. Small sample size was aso prominent in the
included studies, which would cause a huge difference in the
estimates of the target population.

Inaddition, all studieswere from high-middle and high-income
countries. Similarly, the study sites were mostly in urban
settings, which restricts the diversity of the target populations.
This is despite the fact that one of the important benefits of
mHealth isto allow patients to receive adequate care remotely
[19]. Davidson [44] reported more considerable cost savingsin
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the mHealth group than in the control group in the study of
underserved populations.

The relatively homogeneous populations limited the
generalizahility of the mHealth intervention. It isalso important
to consider culture-related differences, racial diversity, and the
heterogenetic patterns of mHealth interventions, which have
been mentioned in discussion of almost all articles. Nevertheless,
only 5 studies have examined the potential cultural adaptation
of mHealth in different settings [31,32,35,41,50]. Specifying
cultural and contextual adaptabilities of mHealth interventions
would help clarify whether the study design can be considered
as a potentially useful platform for future research. Other
observable limitations include the fact that only 6 articles
reported users satisfaction [31,32,35,37,47,50].

In relation to economic evaluations, mHealth showed only a
small short-term economic benefit, but enormous potential in
the longer term [62]. However, the longest duration of studies
inthisreview is 18 months [46,52].

Strengths and Weaknesses of This Systematic Review

To our knowledge, this is the first systematic review that
analyzed the relationship between the characteristics of
mHealth-enabled hypertension self-management and the clinical
and behaviora outcomes, using both meta-analysisand narrative
synthesis. More importantly, this review adds to a body of
knowledge of the strengths and limitations of included studies
against the mERA checklist.

The chief weakness is the observed heterogeneitiesin relation
to theintervention and control features. In addition, thisreview
only recruited RCTs and excluded other designs with analyses
that might al so have overcome confounding. The language was
restricted to English, which reduces the diversity of studies
analyzed. Moreover, the sensitivity analysiswas only conducted
by excluding each trial sequentially to determine the influence
of asingle study. Owing to the small number of studiesincluded,
studies were not divided into different categories for further
sensitivity analyses.

Implication of Policy Making and Further Research

Considering that at least one-third of patientswith hypertension
have uncontrolled BP, this review provided evidence that
mHealth self-management could improve hypertension
management and reduce the risks of stroke and CVD. Thereis
increasing interest comparing benefits of mHealth approaches.
Questions remain to be addressed about the values of diverse
mHealth methods. To promote mHealth interventions of
self-management effectively and efficiently, more clinica
studies are warranted to detect the relationship between the
specific intervention pattern and outcomes. In addition, patients
compliance with self-management interventions should be
examined in the future.

According to the generalizability, there is a necessity to
determine whether mHealth-based self-management methods
should be tailored to age groups, cultural contexts, or need to
be extended to include support from health care personnel.
Therefore, training physiciansto ensurethat patients’ behaviors
are maintained and adopted convincingly is also necessary.
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appropriate combination of mHealth intervention and routine
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presented potential cost saving in long-term effectiveness. It is
the first analysis that combines clinical data and intervention

care. Thus, more long-term economic evaluation needs to be features.
done. In conclusion, mHealth self-management has proved to be a
Conclusions potentially useful intervention strategy for BP management.

mHealth interventions could be beneficial for BP control at the
individual level and in reducing the burden of hypertension at
the population level. The development of mobile technologies
is especially useful when health care resources are inadequate.
The broader utilization of mHealth self-management will bean
important contributor to improving the quality of health care
and meeting the target of universal health coverage.

Theintent of this systematic review wasto identify and evaluate
the effectiveness of mHealth-enabled self-management of
hypertension from RCTs. Thisreview clearly demonstrated that
an mHealth-enabled hypertension self-management intervention
was effective in improving SBP, DBP, and BP control. Both
medication adherence and self-management behavior showed
positive changes after the intervention. Economic evaluations
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