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ABSTRACT

BACKGROUND: Medication adherence is frequently suboptimal in adults with
chronic diseases, resulting in negative consequences. Traditional interven-
tions to improve adherence are complex and not widely effective. Mobile
applications may be a scalable means to support medication adherence.

OBJECTIVE: To investigate the effect of mobile apps on medication adher-
ence in adults with chronic diseases.

METHODS: MEDLINE, EMBASE, CINAHL Plus, Cochrane Central Register of
Controlled Trials, and Web of Science were searched for randomized con-
trolled trials evaluating the effectiveness of any mobile application (app)
intervention directed at patients with chronic disease to improve medica-
tion adherence in comparison with usual care. A random-effects model
was used to pool the outcome data. Risk of bias and quality of study were
assessed per Cochrane guidelines.

RESULTS: Fourteen studies were included in this systematic review involv-
ing 1,785 participants, 940 of whom were randomized to a mobile app
intervention group and 845 to the usual care group. The meta-analysis
showed that the use of mobile apps was associated with a significant
improvement in patient adherence to medication (Cohen’s d=0.40, 95%
C1=0.27-0.52; P<0.001), with a low quality of GRADE evidence. There
was no evidence of publication bias (Egger’s test; P=0.81) or substantial
heterogeneity (12=29%). In the sensitivity analysis, our findings remained
robust to change in inclusion criteria based on study quality (Cohen’s
d=0.43, 95% CI=0.33-0.54; P<0.001). The included apps incorporated

9 features, sorted from high to low based on relative weights (RW): docu-
mentation (RW =0.254), medication reminder (RW=0.204), data sharing
(RW=0.148), feedback message (RW=0.104), clinical decision support
(RW=0.097), education (RW=0.081), customization (RW=0.049), data
statistics (RW=0.041), and appointment reminder (RW=0.041). In the sub-
group analysis, the effect was not sensitive to study characteristics or app
features (0.37 < P<0.95). App acceptability was reported by participants in
the intervention group in 8 studies: 144 of 156 participants (91.7%) were
satisfied with all aspects of the apps.

CONCLUSIONS: Compared with conventional care, mobile apps are effec-
tive interventions to help improve medication adherence in adults with
chronic diseases. Although promising, these results should be interpreted
with caution given the low level of evidence and short intervention dura-
tion. Future research will not only need to identify ideal app features and
the costs to providers but also need to improve the apps to make them user
friendly, secure, and effective based on patient-centered theory.
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What is already known about this subject

» mHealth interventions, such as short message service and elec-
tronic pillboxes, are shown to have positive effects on medication
adherence.

* Mobile apps have the advantage of accessibility, lower costs, and
diversity suitable for chronic disease management.

What this study adds

¢ The use of mobile apps was associated with a significant improve-
ment of medication adherence in patients with chronic diseases.

¢ This study summarized the common and important features
of the apps and provided reference for researchers to further
improve and develop medication apps.

¢ In general, patients with smart phones have a high acceptance of
medication apps.

any chronic diseases can be treated effectively with
‘ \ / | long-term courses of medication, and adherence to

medication is crucial in this process. Adherence is
defined as the degree to which the patient’s behavior is in
agreement with his or her physician’s recommendations.! In
other words, medication adherence is the process by which
people take their medications as prescribed with the correct
dose at the correct time.> Among adults with chronic diseases,
between 30% and 50% of medications are not taken as pre-
scribed.** Poor medication adherence can lead to health com-
plications, worsening clinical outcomes, and increased health
care costs.”® Treatment adherence in patients with chronic
diseases is a well-established public health problem.

Various interventions have been evaluated and demon-
strated to be effective in improving medication adherence,
including motivational interviewing, formulary restrictions,
and pharmacist-led multidisciplinary cooperation and educa-
tion.”!® These interventions, however, are not only time con-
suming but also labor intensive. There is widespread need for
convenient and feasible innovations to improve chronic disease
management and medication adherence of patients. Mobile
health (mHealth)—defined as the use of mobile and wireless
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devices to improve health outcomes, health care services, and
health research—can solve this part of the problem.'"*?

Some mHealth interventions, such as short message ser-
vice (SMS) and electronic pillboxes,*!* have demonstrated
improved medication adherence. However, their availability
within usual health care is low and presents a challenge for
translation into routine clinical practice. As a type of mHealth,
mobile applications (apps) are more diverse and interactive
than SMS and cheaper and more convenient than electronic
pillboxes.”” Mobile apps are defined as computer programs
or software installed on mobile electronic devices that sup-
port a wide range of functions and uses, including television,
telephone, video, music, word processing, and Internet ser-
vice.!® Industry analysts reported that the number of world-
wide mobile subscriptions was around 8 billion in 2019,"
which means that mobile apps cover a wide range of patients.
According to the report from the IMS Institute for Healthcare
Informatics, the number of mHealth apps available to consum-
ers exceeds 165,000.'8

Although there are thousands of health apps available,
there is minimal evidence for their effectiveness in improv-
ing medication adherence. A review article by Mohammadi et
al. (2018) concluded that app interventions were effective for
improving medication adherence on patients with cardiovas-
cular disease.!” However, the main aim of Mohammadi et al.
was to analyze the effects of apps on blood pressure manage-
ment rather than medication adherence. Only 3 of the articles
included in their study demonstrated the effectiveness of apps
on medication adherence, and meta-analysis could not be
performed. Therefore, it was necessary to conduct a systematic
review and meta-analysis of the effectiveness and availability
of the apps on medication adherence. The objectives of our
systematic review were to (a) assess the effectiveness of mobile
apps on medication adherence in adults patients with chronic
disease, (b) describe and examine the effect of characteristics
of app interventions, and (¢) describe participant’s perceptions
and acceptability of apps.

I Methods

This systematic review was conducted following a protocol
prepared a priori and reported according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines.®

Search Strategy

We conducted a systematic literature search of MEDLINE,
EMBASE, CINAHL Plus, Cochrane Central Register of
Controlled Trials, and Web of Science for relevant articles up
to December 2018. A broad keyword strategy was employed
to supplement the subject heading strategy. The keywords
included (a) intervention (application®, app, apps, mobile,
cellular phone*, cell phone*, mHealth, and smartphone*);
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(b) medication use (adheren*, nonadheren*, noncomplian*,
complian*, concordan®, refusal, and refuse) were used; and (c)
trial (random®, clinical, controlled, trial, double blind, single
blind, and placebo). No restriction on publication date or lan-
guage was applied. The references of the included studies were
manually searched to identify any additional articles.

Inclusion and Exclusion Criteria

The inclusion criteria were as follows: (a) the trial studied adult
patients (=18 years) with chronic disease (chronic diseases
are defined broadly as conditions that last 1 year or more and
require ongoing medical attention or limit activities of daily liv-
ing or both, including cardiovascular diseases, cancers, chronic
respiratory diseases, AIDS, chronic skin disease, diabetes, and
organ transplantation?!); (b) the study was a randomized clini-
cal trial (RCT) with at least 4 weeks’ follow-up; (c) the patients
received a mobile app intervention designed to promote medi-
cation adherence; (d) the control group in the study received
usual medication care; and (e) the study had to record at least
1 quantitative measure of the effect of apps on medication
adherence. Exclusion criteria were as follows: (a) the mobile
app was designed exclusively for use by health workers; (b) the
mobile app had a singular function for text messaging; and (c)
the study involved psychiatric, military, or institutionalized
patients. Two reviewers searched the literature and assessed
the studies independently.

Data Extraction

Two reviewers used a standardized form to extract data from
the included studies for assessment of study quality and evi-
dence synthesis. Any disagreements were resolved through dis-
cussion with a third reviewer. We extracted the study charac-
teristics, app characteristics, app acceptability among patients,
and measurements and outcomes of medication adherence
from the included studies. For multiple-arm studies, we used
the overall intervention effect. If not reported, we combined
trial arms (i.e., app vs. non-app arms) based on the Cochrane
Handbook for Systematic Reviews of Interventions.*

Quality Assessment

Risk of bias was assessed by 2 reviewers, using the quality
rating tool from the Cochrane Handbook for Systematic Reviews
of Interventions.”> We graded the potential bias as high, low, or
unclear for each of the following domains: random sequence
generation, allocation concealment, blinding of participants
and personnel, blinding of outcome assessment, incomplete
outcome data, selective outcome reporting, and other bias.

Statistical Analysis

Statistical analyses were performed using Review Manager
version 5.3 (Nordic Cochrane Centre, Copenhagen, Denmark)
and StataSE version 15 (StataCorp, College Station, TX).

ged Care & Specialty Pharmacy 551



Effectiveness of Mobile Applications on Medication Adherence in
Adults with Chronic Diseases: A Systematic Review and Meta-Analysis

m PRISMA Flow Diagram

Records identified through
database searching
N=5,460

Additional records identified through
manual searching
n=2

n=2,608

< Records identified after duplicates removed )

)

Records screened
n=2,608

N/

\ 4
Full-text articles assessed for eligibility

)

4 Records excluded on title and abstract (due to N
lack of suitability of study design, participants or
intervention)
n=2,559

- J
e )

Articles excluded, n=34

n=49

v

RCTs (15 articles) included in
qualitative synthesis
n=14

v

RCTs included in quantitative synthesis
(meta-analysis)
n=14

N N N
N P

\ 4

Participants aged <18 years, n=1
Ongoing studies, n=1
No numerical data on outcomes of interest, n=12
Conference abstracts, n=16
App had a singular function, n=1
App was designed for health workers, n=1
\ Intervention time <4 weeks, n=2 J

PRISMA = Preferred Reporting Items for Systematic Reviews and Meta-Analyses; RCT =randomized controlled trial.

We used the mean effect size approach to pool estimates,
which has been widely accepted to guarantee the indepen-
dence assumption in meta-analysis.”'*?* Although the adher-
ence measures varied across studies, differences in outcomes
between the intervention and control groups can be measured
and pooled with appropriate meta-analysis methods.”* In
our study, Cohen’s d was calculated as the mean effect size
to determine the magnitude of the difference in medication
adherence between the intervention and control groups. We
calculated the standardized mean difference (SMD) for primary
study and used an inverse variance random-effects model to
pool estimates. A Cohen’s d value of 0.2, 0.5, or 0.8 can be
respectively considered as small, medium, and large effect size,
respectively.?’

We used statistical approaches from the Cochrane Handbook
to re-express odds ratios as SMD when missing data were not
collected from investigators.?* The effect size was weighted
according to the study sample size. We used the I? statistic to
measure heterogeneity across the trials for the analysis of each
outcome.?” The substantial heterogeneity was defined as the
I? statistic exceeding 50% with P<0.05. Publication bias was
assessed using Egger’s regression test, with P<0.1 considered
to indicate the presence of publication bias.*

Our primary analysis included examining the effects of mobile
app interventions on medication adherence. Medication adher-
ence can be measured in a variety of ways, when multiple mea-
sures were reported for adherence in 1 study, we chose the more
objective and reliable measure (e.g., electronic monitoring over pill
count and self-report; continuous scale over dichotomized scale).?”

The quality of evidence of primary outcomes was assessed
based on the criteria of risk of bias, inconsistency, indirectness,
imprecision, and reporting bias as described in the GRADE
Quality Assessment Checklist.?®

The relative weighting of each feature of the app was cal-
culated by the analytic hierarchy process (AHP).?>?° A 9-point
valuation scale ranging from 1 to 9 was used to compare pair-
wise each feature with each other feature by 2 reviewers.

Subgroup Analyses

To cope with the significant differences between studies, sub-
group analyses were performed to explore factors that would
moderate the overall effect size. Subgroups were defined by the
participant age, country, sample size, type of disease, interven-
tion duration, type of outcome assessing method, intervention
component, and functionality of apps.
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Characteristics of Included Studies and Participants

Sample Size Mean Age Female,
Source Disease (Intervention Duration) (Years) % Participant Characteristics
Brath et al. (2013)3! Diabetes 1G=53, CG=53 69.4 (4.8) 45 Diabetes clinic outpatient with a defined risk for
Austria (20 weeks) cardiovascular conditions
Contreras et al. (2018)32 | HTN 1G=73,CG=75 1G=57.7 (9) 52 | Outpatient receiving an antihypertensive tablet for
Spain (12 months) CG=57.1 (10) at least 1 month
Dabbs et al. (2016)33 Lung transplant 1G=99, CG=102 1G=61.7 (3.2) 44.8 | Recruited during their transplant hospitalization
United States recipients (12 months) CG=61.7 B4
Guo et al. (2017)% Atrial fibrillation 1G=113,CG=96 1G=674 (10.6) 56 | Hospital inpatient with atrial fibrillation diag-
China (3 months) CG=70.9 (174) nosed
Himelhoch et al. (2017)3¢ | AIDS 1G=19, CG=9 1G=44.6 (10.7) 32 | HIV clinic outpatient with having a self-reported
United States (3 months) CG=53.1 44) lifetime history of drug or alcohol use
Kim et al. (2016)37 HTN 1G=52,CG=43 1G=57.5 (8.6) 68 | Hospital patient had a diagnosis of hypertension
United States (6 months) CG=577 (8.7) and been able to access the Internet
Kleinman et al. 2017)3% | Type 2 diabetes 1G=44, CG=46 1G=48.8 (9.0) 30 | Diabetes-focused clinics patient on stable diabetes
India (6 months) CG=48.0 (9.5) therapy for >3 months with type 2 diabetes
Labovitz et al. 2017)34 Stroke 1G=15,CG=13 1G=58.3 9.8) 54 | Outpatient receiving oral anticoagulation therapy
United States (12 weeks) CG=55.5(16.6)
Mira et al. (2014)39 Chronic disease 1G=51, CG=48 CG=729 (6) 44 | Hospital outpatient taking multiple medications
Spain (3 months) 1G=70.9 (8)
Morawski et al. (2018)40 HTN 1G=209, CG=202 1G=51.7 (10.5) 60.1 Receiving treatment for at least 1 month
United States (12 weeks) CG=52.4(10.1)
Santo et al. (2018)H CVD 1G=101, CG=51 1G=58.4 (9.09 12.3 | Hospital patient had a diagnosis of CHD
Australia (3 months) CG=56.8 (8.64)
Sarfo et al. 2018)42 Stroke 1G=30, CG=30 1G=54.3 (11.9) 35 Outpatient with a recent confirmed stroke of <1
Ghana (3 months) CG=55.9 (13.7) month and uncontrolled hypertension
Shah et al. 2016)*3 PCI 1G=13,CG=11 1G=60.5 (8.9) 42 | Had a percutaneous coronary intervention with a
United States (3 months) CG=60.6 4.1) DES at hospital
Svendsen et al. (2018)%* Psoriasis 1G=68, CG=60 48 (10.4) 38.8 | Hospital outpatient who were diagnosed with
Denmark (4 weeks) mild-to-moderate psoriasis

CAD=coronary artery disease; CVD = cardiovascular disease; CG = control group; DES = drug-eluting stent; HIV=human immunodeficiency virus; HTN = hypertension;
IG =intervention group; PCI= percutaneous coronary intervention.

I Results

Identified and Included Studies

The PRISMA flowchart (Figure 1) shows the identified papers,
screening process, and final number of studies included. In
summary, we identified 5,462 articles from searching; 2,608
were screened after removing duplicate records, and 2,559
were excluded. A total of 49 full-text articles were assessed for
eligibility, and 15 were finally included.*"**

Characteristics of Included Studies
There were 1,785 participants in the 14 studies (Table 1). The
median sample size was 128 (range, 24-411), and the mean age
of participants ranged from 45 to 73 years (median 57 years).
The following chronic diseases were included in the studies:
cardiovascular disease,>>3>37104.4 giroke >#* AIDS,* diabetes
mellitus,>?® lung transplant,”® and psoriasis.** The median
intervention duration was 3 months (range 1-12).

The characteristics of the RCTs are presented in Table 2.
There were 3 trials represented medication adherence by the
proportion of adherent patients,***%%* 5 trials by average adher-

ence score, "% # and 6 trials by the proportion of medication

www.jmep.org  Vol. 26, No. 4 April 2020

taken as prescribed.??*3*3644 The most commonly used
method to assess adherence was self-report,>>37384 fol-
lowed by pill count®?%#% and medication event monitoring
system.”*2* One trial did not explain the outcome assess-
ing method. In all interventions, there were researchers who
trained participants how to use the app.”* In 7 interventions,
there were study physicians who provided consultation based
on the participants’ own data monitored by app.’!??»?>78+#
The intervention arms in 8 studies were composed of app
only. %3334 Beyond that, 4 studies included a linked cli-
nician interface*'**%*%37 and 4 studies included Bluetooth and
electronic monitor in the intervention arms. 74

Apps Featured in the Included Studies

In all studies, 8 apps were designed for just 1 particular dis-
ease,*»?»33884 gand 5 were for all patients with chronic dis-
eases who need medication.****** Ten apps were designed
and set up by study’s researchers,? 3% and 3 were freely
available in app stores.?**# Theoretical frameworks for design-
ing apps were only mentioned in 3 studies.’>?%* One study
was guided by Orem’s theory of self-care and adopted a
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Characteristics of the Randomized Clinical Trials

Outcome Measure/Outcome

Mean Outcomes

Source Trial Intervention Components App Functions Ascertainment Method (SD)

Brath et al.3! App vs. UC Internet, app, embedded Documentation, MR, DS, PDT/pill counts, MEMS 1G=99.56 (1.22)
microelectronic, researchers, FM CG=99.43 (1.76)
counselors

Contreras et al.32 App vs. UC App (AlerHTA), researchers Documentation, education, | PDT (>80% of medications | 1G=86.3 (34.3)

MR, AR, DS, customization | taken)/MEMS CG=62.7 (48.3)

Dabbs et al.33 App vs. UC App (Pocket PATH), researchers, Documentation, DS, FM, PPA (=8 points)/self-report | OR=2.27 (1.01-2.66)
transplant coordinator CDS

Guo Y et al.3> App vs. UC App (mAF), researchers, counselors | Documentation, education, | PPA/self-report 1G=2.0 (3.03)

AR, DS, FM, CDS (3-item Adherence Estimator) | CG=5.1 (8.28)

Himelhoch et al.3¢ | App vs. UC App (Heart2HAART), researchers, | Documentation, education, | PDT/pill counts 1G=92.69 (19.63)
linked clinician interface, counselors) MR, DS, FM, data statistics CG=9948 (15.54)

Kim et al.37 App vs. UC APP, BP monitor, Internet-based Documentation, DS, FM PPA/self-report 1G=6.7 (14)
dashboards, researchers, counselors (MMAS-8 item) CG=6.5(1.5)

Kleinman et al.38 | App vs. UC APP, web portal, researchers, Documentation, MR, DS, PPA (all medications taken)/| OR=2.56 (1.99-3.13)
counselors FM, CDS self-recall (7 days)

Labovitz et al.3* App vs. UC App, Internet-based dashboards, Documentation, education, | PDT/unspecified, 1G=97.2 44)
researchers MR, DS plasma sampling CG=90.6 (5.8)

Morawski et al. 40 App vs. UC APP (Medisafe), researchers Documentation, MR, DS, PPA/self-report 1G=6.3(1.6)

FM (MMAS-8 item) CG=5.7 (1.8)

Santo et al.#! Basic App vs. | APP, researchers Documentation, MR, DS, PPA/self-report 1G=7.11(1.1)

Advanced data statistics (doses missed over 7 days, | CG=6.63 (1.0)
App vs. UC MMAS-8 item)

Sarfo et al.#? App vs. UC App, Bluetooth sync, BP monitor, Documentation, MR, DS, PDT/pill count (medication | 1G=0.88 (0.40)
researchers, counselors FM possession ratio) CG=0.64 (0.45)

Shah et al.#3 App vs. UC App (My IDEA), researchers Documentation, education, | PPA (>80% of medications | 1G=0.95 (0.22)

DS, customization taken)/pill count (90 days, | CG=0.85 (0.24)
medication possession
ratio), blood tests
Svendsen et al.#4 App vs. UC App, Bluetooth sync, electronic Documentation, education | PPA (>80% of medications | OR=3.22 (1.42-6.28)

monitor, researchers

taken)/MEMS

Note: Researchers trained participants on how to use the application; counselors provided counseling services when needed.
AR=appointment reminder; BP=Dblood pressure; CDS = clinical decision support; CG = control group; DS =data sharing; FM = feedback message; IG = intervention group;
MEMS = medication event monitoring system; MMAS =modified Morisky Adherence Scale; MR=medication reminder; OR=odds ratio; PDT = proportion of doses taken;
PPA = proportion of patients adherent; SD =standard deviation; UC=usual care.

user-centered design approach by involving patients in the
design and testing of apps.”” A study based on the theory
of behavior change established an evidence-based app plat-
form, including the health belief model, health action pro-
cess approach, theory of planned behavior, and Bandura’s
theory of self-efficacy.?® Another study used Kolb’s experiential
learning theory to build an app’s health education module.*
There were 9 app features in the 14 interventions (Table 2):
documentation, education, medication reminder, appoint-
ment reminder, data sharing, feedback message, customiza-
tion, clinical decision support, and data statistics. Every app
contained more than 2 features. Five apps included 5 or more
features.?22°303%3 Apps in all included studies could docu-
ment the status of personal medication use record, and 2 of
them evaluated medication adherence periodically.’** Most
apps had a medication reminder feature®32°*3038424% Nine
apps reminded participants to take their medication at a fixed,
predetermined frequency.?**3638424* Four apps used real-time

medication monitoring in which participants were reminded if
they failed to take medicine.***## Four apps provided clinical
decision support for how to use medication correctly.?*?>8
Seven apps provided education about illness and medication
for patients,****3039¥4% and 2 of them were individualized.***
All but 2 apps shared patients health data with physicians
in strictest confidence,?* and 2 of them shared data with
family or friends, sharing controlled by patients.*** Seven
apps received feedback messages from physicians based on
data.?'**3°3%42 Two apps would remind patients of upcoming
appointments with physicians.’>*> Only 1 app provided a cal-
endar and allowed patients to set personal goals.’> The most
common combination of feature was documentation, medica-
tion reminder, and data sharing. Importance weights of the
features of the apps obtained through AHP were as follows:
documentation (relative weight [RW]=0.254), medication
reminder (RW=0.204), data sharing (RW=0.148), feedback
message (RW=0.104), clinical decision support (RW=0.097),
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m Meta-analysis of the Effect of Mobile Apps Intervention on Medication Adherence

Study or Subgroup Std. Mean Difference SE Weight (%)

Std. Mean Difference
IV, Random, 95% CI

Std. Mean Difference
1V, Random, 95% ClI

|

_—
—_—
S —
R —
—_
—_—
—_—
—_—

Brath et al.®' 0.09 0.19 8.0 0.90 (-0.28-0.46)
Contreras et al.*? 0.56 017 9.3 0.56 (0.23-0.89)
Dabbs et al.®® 0.45 0.19 8.0 0.45 (0.08-0.82)
Guo et al.® 0.50 014 11.8 0.50 (0.23-0.77)
Himelhoch et al.®® -0.40 0.41 2.3 —-0.40 (-1.20-0.40)
Kim et al.*” 0.14 0.21 7.0 0.14 (-0.27-0.55)
Kleinman et al.®® 0.52 0.29 4.2 0.52 (-0.05-1.09)
Labovitz et al.®* 1.30 0.42 2.2 1.30 (0.48-2.12)
Mira et al.®® 0.12 0.20 75 0.12 (-0.27-0.51)
Morawski et al.*° 0.35 0.10 16.2 0.35 (0.15-0.55)
Santo et al.*! 0.45 0.17 9.3 0.45 (0.12-0.78)
Sarfo et al.* 0.56 0.26 5.0 0.56 (0.05-1.07)
Shah et al.*® 0.44 0.41 2.3 0.44 (-0.36-1.24)
Svendsen et al.** 0.65 0.21 7.0 0.65 (0.24-1.06)
Total (95% Cl) 100.0 0.40 (0.27-0.52)

Heterogeneity: Tau?=0.02; Chi?=18.31, df=13 (P=0.15); I?=29%
Test for overall effect: Z=6.15 (P<0.0001)

¢

I T T 1
-2 -1 0 1 2
Favors usual care Favors app intervention

CI=confidence interval; df=degrees of freedom; I2=Higgins I statistic; IV =inverse variance method; SE=standard error; Std =standardized; Z = test statistic resulting

from the statistical test used to derive the P value.

education (RW=0.081), customization (RW=0.049), data sta-
tistics (RW=0.041) and appointment reminder (RW=0.041).
The overall ranking consistency is satisfactory (credible inter-
val=0.041; credible region=0.027).

Meta-Analysis of the Intervention Efficacy

The pooled estimate based on data from 1,785 patients showed
that the mobile application interventions improved medication
adherence significantly (Cohen’s d=0.40, 95% CI=0.27-0.52;
P<0.001), see Figure 2. We did not find significant effects
of applications on adherence in the subgroup analysis based
on characteristics of the included studies and mobile applica-
tions (Table 3). There was low heterogeneity (12°=29%, 95%
CI=0%-62%; P=0.15) across the trials. Publication bias was
not found by Egger regression coefficient (P=0.81).

Risk of Bias and Quality Assessment

Nine studies reported adequate random sequence generation
and were at low risk of bias for this domain.???32>3%%24 Three
studies adequately described their allocation concealment. 38+
Only 1 study masked the participants and personnel during
the study.*® Ten studies blindly assessed the primary outcome
variables 31335384244 Tn most studies, risk of bias was low in
relation to incomplete outcome data.’*?*3%38% Ejght studies
reported outcomes as planned in their protocol.?23337384144
We rated 1 study as having other bias because groups were
not balanced at baseline for controlling hypertension in this

study.” Overall, 5 studies were thought to have high-risk of
bias (Appendix A, available in online article).?>#36374

Across all studies considered in this review, the GRADE
evidence table determined an overall low quality of evidence
for the intervention on medication adherence (Appendix B,
available in online article). The overall body of evidence was
downgraded due to serious risk of bias (absence of blinding
across studies) and indirectness (different chronic conditions,
different outcome measures, and different features of apps in
different studies).

Sensitivity Analysis

The sensitivity analysis was performed based on the quality of
studies. The effect of apps on patient adherence to medication
increased slightly when we excluded studies with high risk of
bias (Cohen’s d=0.43, 95% CI1=0.33-0.54; P<0.001). When we
excluded 4 studies with incomplete outcome data,’"*>"#* the
effect of application on medication adherence did not change
(Cohen’s d=0.39, 95% CI1=0.22-0.55; P<0.001).

Mobile Application Acceptability

In 8 studies (n=772), app acceptability was reported by par-
ticipants of the intervention group, reflecting their satisfaction
with the way the app functioned.”2*373%%0 In all, (a) 144
of 156 participants (91.7%) were satisfied with all aspects of
the app,’?*3%39 (b) 295 of 330 participants (89.4%) agreed
that the apps were easy and user friendly,*>3039% (¢) 235 of
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Effect of Mobile Application on
Medication Adherence in Subgroups
Stratified by App and Study
Characteristics

or giving participants awarded points for completing tasks to
encourage their participation.’® Only 2 studies reported the
acceptability of physicians for apps.’®*® In 1 study, all provid-
ers found the app helpful to their practice and the time they
spent on it acceptable,*® but in another study, 2 of 4 physi-
cians reported it was burdensome to respond to alerts sent by
participants.”®

I Discussion

Number Pooled Within P Value for

Variable of Trials| Subgroup (95% CI) |Heterogeneity
Sample size

<100 7 0.35 (0.05-0.65) 0.66

100 7 0.42 (0.31-0.53) )
Mean age

>60 5 0.33 (0.14-0.51) 0.37

60 9 044 (0.27-0.62) )
Region

Developing countries 3 0.51 (0.29-0.749) 0.8

Developed countries 11 0.36 (0.21-0.52) '
Type of chronic disease

Cardiovascular diseases 6 041 (0.28-0.53)

Stroke 2 0.86 (0.15-1.57) 0.50

Diabetes 2 0.25(-0.16-0.66) )

Other types of diseases 3 0.56(-0.05-1.17)
Intervention duration

>3 months 5 0.35 (0.15-0.55) 056

<3 months 9 043 (0.25-0.60) ’
Type of outcome assessing method

Self-report 7 0.37 (0.25-0.49)

Pill count 3 0.44(-0.51-1.40) 0.90

MEMS 3 043 (0.10-0.77) ’

Unspecified 1 0.56 (0.05-1.07)
Medication reminder

Yes 10 0.40 (0.23-0.57) 095

No 4 041 (0.22-0.60) )
Medication education

Yes 7 046 (0.20-0.71) 046

No 7 0.35 (0.22-0.47) )
Clinical decision support

Yes 4 041 (0.23-0.59) 0.93

No 10 0.40 (0.22-0.57) )
2-way communication

Yes 7 041 (0.26-0.55) 095

No 7 0.40 (0.16-0.63) )
Intervention components

Application only 7 041 (0.29-0.52) 0.90

Not application only 7 0.39 (0.09-0.69) )

CI=confidence interval; d=effect size; MEMS =medication event monitoring system.

278 participants (84.5%) felt that apps improved their inde-
pendence in managing their medications, %% (d) 191 of
220 participants (86.8%) believed it could improve effective
communication between doctors and patients,*#>3%3% and (e)
75 of 98 participants (76.5%) said they would continue to use
and share with friends* One study observed that intermit-
tent Internet connectivity issues would affect usage of apps.*
Another study found about a 25% reduction in the use of apps
over the 3-month trial because apps lacked continuous innova-
tion of functions, such as updating contents of health education

To our knowledge, this is the first systematic review and meta-
analysis of the efficacy of mobile apps for medication adherence
in patients with chronic disease. The efficacy of apps found
in this meta-analysis is close to that of the meta-analysis of
Thakkar et al. (2016), which found that SMS interventions
increased medication adherence, with a nearly doubling of
the odds of patients achieving medication adherence (Cohen’s
d=041, OR=2.11)."> In other words, if the medication adher-
ence rate of patients with chronic disease is assumed to be
50%, SMS interventions can increase the rate to 67.8%, while
app interventions remain consistent. Although the quality of
some articles included in this study was not high, the effect
estimate was still significantly positive even when we included
only high-quality studies. In addition, our analyses found no
evidence of publication bias or substantial heterogeneity; there-
fore, our results are credible.

The effect size of apps in this study is higher than previ-
ously reported in meta-analyses of motivational interviewing
(SMD=0.23),” educational (SMD=0.33)," and psychological
interventions (SMD =0.34).* It might suggest that mobile apps
are more effective on medication adherence of patients with
chronic diseases than traditional (non-mHealth) interventions.
The effect of apps in this study is also higher than previously
reported for electronic reminders, which included SMS, alarm
devices, pagers, and beepers (Cohen’s d=0.29).>> Therefore,
we think that apps may improve the medication adherence of
patients more effectively than other electronic reminders.

One review showed that most health apps do not have a
unified theoretical basis, which is similar to the result of this
study.* Without health behavior theory guiding app design,
apps may be perceived by patients as not being helpful in pro-
moting medication adherence. The self-determination theory of
motivation posits that inner motivation (personal endorsement
of health behaviors) promotes long-term behavioral change,
but it requires support for 3 behavior needs: (a) competence of
medication self-management, (b) personalized choice, and (¢)
relatedness or connectivity.*” Therefore, apps need to provide
incentive support for patients based on theory to effectively
help patients manage their medication, such as providing
personalized education for patients or promoting health care
providers by sharing health data and reports.

Another area of interest is the effect of mobile app character-
istics. Maybe it's because almost all apps included in our study
are advanced, the effect did not change with different functions
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of apps in the subgroup analysis. Briefly, advanced medica-
tion reminder apps are those that have interactive and custom
features in addition to a single function for text messaging,
education, and data upload.*® For advanced apps, in addition to
medication reminders, the main function that can theoretically
improve medication adherence is still unclear. In 1 of the stud-
ies we included, there was no significant difference in patients
using the basic app versus the advanced app.” However,
because it was a small study with short-term follow-up and had
limited power to detect meaningful differences in clinical out-
comes measures, future research is still needed to verify which
features of apps make them more effective. In addition to the
effect of medication adherence, complex features may attract
more users to download apps, help add to their interest, and
contribute to the longevity of their engagement.

In addition, chronic disorders are more common among
elderly people, who may not have good digital literacy, and it
may be more difficult for them to use apps.**>® Most current
apps are conceived for patients familiar with these technolo-
gies,”! and elderly patients have not been consulted about the
design, although it's important to involve patients in the design
of apps.”* We need to be patient-centric and explore additional
apps with a novel friendliness user interface that can be applied
to most patients. What’s more, most apps have been designed
for just 1 particular disease, which could be a challenge to
long-term use. We also encourage developers and researchers
to develop apps and devices suited to patients with multimor-
bidity. Another area of concern is the privacy and security of
patients data. More than 50% of smartphone users refused
to use an app because they feared their personal information
would be compromised.” So all medication apps need a Health
Insurance Portability and Accountability Act compliant server
to keep the patient’s medication information private.

In general, the acceptance rate of the participants for mobile
apps is relatively high. Most of them were satisfied with the
functionality, usability, usefulness, and simplicity of the
apps. However, the patients who agreed to participate in the
application-based intervention studies generally have good
digital literacy. One study found that 37%-39% of patients with
chronic disease did not own a smartphone or owned phones
without IOS or Android operating systems.”® But with the
growth of smartphone users around the world, barriers to tech-
nology and ownership are likely to be rapidly overcome. In the
near future, the number of patients who download and apply
medication apps will likely increase. All participants obtained
the apps free of charge from the app stores or researchers. A
systematic review showed that 79.5% (147/185) of the apps that
improve medication adherence found in Google Play were free
to download, and the rest required a payment at a median cost
of AUD 1.88 ($1.23 in U.S. dollars).”® This shows that mobile
phone apps are accessible due to low costs for users who want
to improve medication adherence through the mobile apps.

www.jmcp.org  Vol. 26, No. 4 April 2020

Although our study shows that mobile apps are beneficial in
improving patient medication adherence, there are still many
problems waiting to be further improved. The overall strength
of evidence was low as evaluated using the GRADE approach,
meaning that further research is very likely to change these
estimates of effect. The overall quality of the articles included
was also not high. In addition to the lack of rigorous research
design, the poor reporting was also an important reason for
this result. In the future, researchers should design and con-
duct studies rigorously based on the quality rating tool for
RCTs, especially paying attention to random allocation and the
triple blind. In addition, the included RCTs had short interven-
tion duration and follow-up (median, 3 months), suggesting the
uncertainty of effect duration. Thus long-term (> 1 year) stud-
ies are also needed to estimate the effect of apps on patients
who are treated for more than 1 year. What's more, only 2
included studies have provided a cursory report on physicians’
satisfaction with the mobile apps, so the usability of apps for
health care professionals is still unclear. When using apps in
the context of clinical care, a large amount of interaction can
take up too much time for the physicians, and too many alerts
can exhaust them. It may be a barrier to widespread clinical
care use. In addition to the time cost, the costs of developing
and managing apps is also unclear. None of the included stud-
ies conducted a cost-effectiveness analysis of the development
and use of apps. Future studies must take into account the sig-
nificant clinical relevance of apps. How much time and money
does the providers spend on it? And what frequency of alert
and interaction can promote patients adherence and reduce
staff workload?

Limitations

There are several possible limitations in this study. First,
although we did not find publication bias by meta-analysis,
publication bias cannot be ruled out because this review was
restricted to published studies.”

Second, pooling different adherence measures might be a
methodologic defect, although Cohen’s d was used to stan-
dardize these measures and an agreed meta-analysis method
was used to size the pooling effect by us. Third, many studies
determined the outcomes by self-reporting, which may cause
social desirability bias or recall bias.”

Finally, several moderators factors examined in the sub-
group analyses may be cross-confounding, although we found
no significant heterogeneity of effects across subgroups. Also,
the small number of included trials limited the subgroup
analyses, meaning that the findings cannot be considered
conclusive.

I Conclusions
In the current technology-driven world, apps are taking up
more and more space in our daily lives. This review suggests

Jmcp Journal of Managed Care & Specialty Pharmacy 557



Effectiveness of Mobile Applications on Medication Adherence in
Adults with Chronic Diseases: A Systematic Review and Meta-Analysis

that easy accessibility, diversity, and lower costs for users
make mobile apps appear to be a potentially effective method
of improving medication adherence of patients with chronic
diseases. There is still some room for improvement. Future
research will need to not only identify ideal app features and
costs to providers but also to improve the apps to make them
user friendly and secure and to help them remain effective
based on patient-centered theory.
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Question: [s mobile application more effective than usual care in improving medication adherence for adults with chronic diseases?

Settings: Outpatient clinic, hospital inpatient
Bibliography: Brath et al. (2013)3!; Contreras et al. (2018)32; Dabbs et al. (2016)33; Guo et al. (2017)35; Himelhoch et al. (2017)36; Kim et al. (2016)37;

Kleinman et al. (2017)38; Labovitz et al. (2017)3%; Mira et al. (2014)39; Morawski et al. (2018)%0; Santo et al. (2018)#!; Sarfo et al. (2018)#2; Shah et al.
(2016)%3; Svendsen et al. (2018)%4

Quality assessment Summary of findings
Standardized
Mean
No of Publication | Intervention Difference
Studies Design Risk of Bias |Inconsistency| Indirectness | Imprecision Bias (n) Control (n) | (95% CI) Quality
Outcome: medication adherence
14 RCT Serious® | Not seriousP Serious¢ | Not seriousd | Not serious¢ 940 845 0.40 Low
(0.27-0.52)

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important effect on our confidence in the estimate of effect and may change the estimate.

Low quality: Further research is very likely to have an important effect on our confidence in the estimate of effect and is likely to change the estimate.

Very low quality: We are very uncertain about the estimate.

aAbsence of blinding across studies. Downgrade 1 level.

bThere was low heterogeneity (12=29%, 95% CI=0%-62%) across the trials.

cOutcomes were measured on different methods in different studies. Participants have different chronic conditions. Apps in the intervention group have different features.
Downgrade 1 level.

dSample size is big enough to detect precise estimate of effect (more than 400) and wide 95% Cls.

¢The publication bias was undetected by Egger regression coefficient (P=0.81).
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