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Abstract

Background: The high prevalence of uncontrolled hypertension in Pakistan is predominantly attributed to poor medication
adherence. As more than 137 million people in Pakistan use cell phones, a suitable mobile health (mHealth) intervention can be
an effective tool to overcome poor medication adherence.

Objective:  We sought to determine whether a novel mHealth intervention is useful in enhancing antihypertensive therapy
adherence and treatment outcomes among patients with hypertension in alow- to middle-income country.

Methods: A 6-month parallel, single-blinded, superiority randomized controlled trial recruited 439 patients with hypertension
with poor adherence to antihypertensive therapy and access to smartphones. An innovative, multifaceted mHesalth intervention
(Multi-Aid-Package), based on the Health Belief Model and containing reminders (written, audio, visual), infographics, video
clips, educational content, and 24/7 individual support, was developed for the intervention group; the control group received
standard care. The primary outcome was self-reported medication adherence measured using the Self-Efficacy for Appropriate
Medication Adherence Scale (SEAMS) and pill counting; the secondary outcome was systolic blood pressure (SBP) change.
Both outcomes were evaluated at baseline and 6 months. Technology acceptance feedback was also assessed at the end of the
study. A generalized estimating equation was used to control the covariates associated with the probability of affecting adherence
to antihypertensive medication.

Results: Of 439 participants, 423 (96.4%) completed the study. At 6 months post intervention, the median SEAMS score was
statistically significantly higher in the intervention group compared to the controls (median 32, IQR 11 vs median 21, IQR 6;
U=10,490, P<.001). Within the intervention group, there was an increase in the median SEAMS score by 12.5 points between
baseline and 6 months (median 19.5, IQR 5 vs median 32, IQR 11; P<.001). Results of the pill-counting method showed an
increase in adherent patientsin the intervention group compared to the controls (83/220, 37.2% vs 2/219, 0.9%; P<.001), aswell
as within the intervention group (difference of n=83, 37.2% of patients, baseline vs 6 months; P<.001). There was a statistically
significant difference in the SBP of 7 mmHg between the intervention and control groups (P<.001) at 6 months, a 4 mmHg
reduction (P<.001) within the intervention group, and a 3 mmHg increase (P=.314) within the controls. Overall, the number of
patients with uncontrolled hypertension decreased by 46 in the intervention group (baseline vs 6 months), but the control group
remained unchanged. The variables groups (adjusted odds ratio [AOR] 1.714, 95% CI 2.387-3.825), time (AOR 1.837, 95% ClI
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1.625-2.754), and age (AOR 1.618, 95% Cl 0.225-1.699) significantly contributed (P<.001) to medication adherence.

Multi-Aid-Package received a 94.8% acceptability score.

Conclusions: The novel Multi-Aid-Package is an effective mHealth intervention for enhancing medication adherence and
treatment outcomes among patients with hypertension in alow- to middle-income country.

Trial Registration:

(JMIR Mhealth Uhealth 2024;12:e50248) doi: 10.2196/50248

Clinical Trials.gov NCT04577157; https://clinicaltrials.gov/study/NCT04577157
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Introduction

Hypertension is a significant health challenge worldwide and
a leading cause of morbidity and mortality [1]. In the 21st
century, hypertension has become a growing health issue
worldwide. It is expected to increase from 918 million
individuals in 2000 to 1.56 billion in 2025 [1]. Compared to
high-income countries, the prevalence of hypertension among
adultsismoreremarkablein low- and middle-income countries
(LMICs) [2,3]. Hypertension is responsible for approximately
9.4 million fatalities worldwide, making it a significant cause
of death [4]. These deaths are mostly preventable, as lowering
the systolic blood pressure (SBP) can lessen fatalities from all
causes and cardiovascular disease (CVD) [5].

Therisk of mortality due to cardiovascular events and strokeis
lowered by twofold for each 20 mmHg drop in the SBP or each
10 mmHg drop in the diastolic blood pressure (DBP) between
the ages of 40 and 69 years [6]. The dosage of blood pressure
medications administered and adherence to therapy are 2
important aspects that influence blood pressure control in
patients receiving treatment with clinically corrected blood
pressure levels. Patient compliance isacritical aspect of blood
pressure management, and medication is worthless for those
who refuse to take it [7]. What is more worrying is the chronic
nature of hypertension and the need to be compliant with the
medications usually for morethan 1 year. It has been noted that
1 year after starting antihypertensive medication, 50% of patients
still use it [8,9]. Unfortunately, in general, the percentage of
treated patients with hypertension who achieve control levels
isonly between 20% and 50% [2,10].

In Pakistan, hypertension is a crucial matter of public health,
where nearly 19% of the youth and 33% of individuals older
than 45 years have hypertension, with the majority of the
population with hypertension having poor blood pressure control
[11]. Poor medication adherence has been noted to contribute
to poor blood pressure control in Pakistan [12]. A recent
investigation found that 37.7% of patients fail to take their
antihypertensive medications, as directed [12]. This situation
is of concern because as mentioned, medication adherenceisa
proven and cost-effective treatment for hypertension [13], in
addition to lifestyle modification and medical risk assessment.
Furthermore, medications may lower the risk of stroke and
myocardial infarction by 30% and 15%, respectively, among
the population with hypertension [14]. Lower levels of
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adherence are connected to poorer blood pressure control and
unfavorable outcomes [15].

For afew years, there has been an upsurge in the use of mobile
health (mHealth) apps to improve medication compliance
[16,17]. Using mobile technology, such as cell phones, personal
digital assistants, patient-monitoring equipment, and other
wireless devices, for medical care is referred to as “mHealth”
[18]. mHealthisanidea tool for LMICsduetoitslow cost and
ease of use. For mHealth, all that isrequired are mobile devices,
cellular communication technol ogies, and an internet connection.
According to the Pakistan Telecommunication Authority, more
than 137 million Pakistanis use cell phones, corresponding to
a cellular density of 77% of the population [19]. However,
despite the growing popularity of cell phones in LMICs,
mHealth approaches in these countries remain limited.

Furthermore, no specific association between the use of mHealth
apps and enhancement of medication adherence in CVD in
LMICs has been shown to date [20]. Severa studies have
suggested that further investigations be conducted to determine
whether mHealth can enhance medication adherencein LMICs
[20,21] compared to traditional methods [22]. WhatsApp
facilitates the collection of real-time data over both time and
place. WhatsApp offers a plethora of health-related uses,
including optimizing communication and the delivery of health
education [23,24]. A survey found that Pakistanis primarily use
social media for communication and information exchange in
the health sector, with WhatsApp and YouTube being the most
widely used social media platforms for health-related topics
[25]. Several important observations, particularly those gleaned
from the body of the existing literature [25], guide our decision
to use WhatsA pp inimplementing this cutting-edgeintervention,
sinceit isan efficient way to provide interventions with respect
to cost, time, and dissemination.

Using the Hedlth Belief Model [26] and self-determination
theory [27] as a foundation, we developed a novel mHealth
intervention module for the population with hypertension in
LMICs, particularly Pakistan. The module is called
“Multi-Aid-Package” Itisamultifaceted intervention integrated
with educational guidelines and a reminder component. The
module addressesindividual patients’ perspectivesand concerns
and incites health-related beliefs toward better medication
adherence. This tria’'s distinctive feature was its
all-encompassing, multimodal strategy, which combined various
previousinterventions[28-30] into asingleintervention. Second,
animated images and videos were used in place of text in this
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study. Therefore, as far as we are aware, this is the first study
in Pakistan to develop and assess the efficacy of a
comprehensive and multifaceted mHealth intervention.

Consequently, this study sought to use the mHealth-based
multifaceted intervention with the aid of WhatsApp to help
patientswho were not adhering to their medication and to assess
the efficiency of Multi-Aid-Package in optimizing adherence
to medication and manage the SBP among patients with
hypertension in the LMIC context. We hypothesized that this
mHealth module intervention would improve medication
adherence, lower the SBP, and eventually lower the mortality
and morbidity due to hypertension.

Methods

Trial Design

Thistrial wasaparallel, single-blinded, superiority randomized
controlled study that lasted for 6 months and had a 2-arm,
parallel design. The trial was carried out following the
CONSORT (Consolidated Standards of Reporting Trails)
Statement 2010 standards [31]. Participants were randomly
concurrently allocated 1 of 2 groups (intervention or control)
in a 1.1 ratio. The intervention group underwent the
Multi-Aid-Package intervention, while the control group
received regular treatment (as per the hospitals' routine practice)
[32]. Evaluations were carried out at baseline and 6 months
after the implementation of the intervention. The trial was
registered with Clinical Trials (NCT04577157; registration date
October 6, 2020) before the start of recruitment, which began
on January 3, 2021.

Sampling Method and Study Setting

A 2-stage random sample procedure was used to carry out
sampling. Thefirst stage required sel ecting ahospital at random
from alist of hospitals, and the second stage entailed randomly
selecting patients with hypertension from the selected hospital.

The study site selected was a public tertiary care hospital in
Punjab’s provincial capital, Lahore. Lahore is Pakistan's
second-biggest city and has a population of 11,302,285, with a
gross domestic product (GDP) of US $84 billion [33].

Study Participants

Study participants were sel ected from among patients diagnosed
with hypertension at the hospital’s cardiology and medical
outpatient departments. Patient screening involved identifying
those who were registered as hypertensive for the past month.
The selection process was conducted by specially assigned
registrars who screened patients using the Self-Efficacy for
Appropriate Medication Scale (SEAMS) [34] and by asking the
patients the number of pills they consumed during a specified
period [35]. Although these 2 approachesto measure medication
adherence are distinct, both adherence measures were used in
this trial for inclusion/exclusion considerations. Only those
patients who satisfied both criteria were recruited. Due to the
selection criteria's restriction to using both approaches, any
participant could be classified as nonadherent. These results
indicated the patients’ medication adherence status. Based on
these assessmentsand other eligibility criteria, 439 participants
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were selected. The data collected included sociodemographic
information, health-related profiles, baseline SEAMS score,
and number of pills (representing medication adherence status).
All the information was collected through face-to-face
interviews conducted by trained research staff. In addition, each
participant’s baseline SBP reading was also recorded.

Eligibility Criteria

The inclusion criteria were as follows. patients who were at
least 18 years old, diagnosed with hypertension within the
previous month, prescribed antihypertensive medications, had
poor medication adherence (alow SEAMS score ranging from
13-21 and pill-counting rate<80% were coded as nonadherent),

had a smartphone with WhatsApp installed, and had the ability
to read and send messages using WhatsApp.

The exclusion criteria were as follows: patients who had plans
to leave the study area during the study period that would
prohibit them from accessing cell signals; had a history of
cancer, as they would need medication adjustments over time;
would undergo a planned surgery or intervention; had blood
pressure>220/120 mmHg (in the hypertensive emergency
category); or were pregnant, breastfeeding, or 3 months
postpartum.

Sample Size

The sample size was estimated to assess a 1-point differencein
SD (SD 2) on the major outcome metric of adherence change
when comparing the 2 groups. To evaluate the 2-tailed
hypothesis, the a level (type 1 error) was set at .05, with a 95%
Cl interval, Z=1.96, and strength to obtain a power of 90% [36].
The adherence reference value was as determined by a recent
study [17]. After a 30% attrition rate, using Lemeshow et a’s
[37] formula:

e 2
28%[21-5 + Z1-p]
(! —p2)? ’
the calculated sample size for this study was 440 participants,

equally allocated to the intervention and control groups (n=220,
50%, per group).

Sample size (n) =

Randomization and Concealment

A simple compl ete randomization method was used [38]. First,
arandom sequence was generated in Microsoft Excel using the
formula=ROUNDUP (RAND ()*440,0). Participantswerethen
split into 1 of 2 groups at random in a 1:1 ratio using their
unique identification numbers. Opaque envel opes were used to
disseminate information concerning participant allocation.

An independent biostatistician performed all the subsequent
randomization steps. In addition, the staff involved in the
randomization assessment and intervention delivery were
separated, thus ensuring they did not know which patient
belonged to which group.

Blinding
The research team, which consisted of the research supervisor

and research assistants responsible for data collection, was
unaware of the intervention and control groups[39]. Duetothe
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subjective nature of the intervention, participants were aware
of their allocation to either the intervention or the control group.

Outcome M easures

The primary outcome was the change in antihypertensive
medication adherence at 6 months. This change was measured
using the SEAM S questionnaire and self-reported pill counting
(number of pillsconsumed over acertain period divided by pills
prescribed for that specific period) [35]. SEAMSisavalidated
and reliable questionnaire, a 13-item assessment of medication
sel f-efficacy in managing chronic conditions, found appropriate
for individua swith limited literacy [34]. SEAM S usesa 3-point
answer scale, where 1 denotes a lack of confidence, 2 denotes
a moderate level of confidence, and 3 denotes a high level of
confidence. A conceivable score is 13-39 points. Greater
medication adherenceis associated with higher scores, and vice
versa. Based on prior studies, a cutoff value of 80% was used
to distingui sh between adherence status and nonadherence status.
Partici pants were questioned regarding the number of pillsthey
had been prescribed for a certain period, the number of pills
they had consumed, and the number of pills they had forgotten
to take during that certain period. Adherence rates were then
calculated [35]. Patients who scored <80% were categorized as
nonadherents, while those who scored >80% were classified as
adherents [40]. At baseline, all participants were nonadherent;
therefore, no further analysis could be conducted.

The secondary outcome was the SBP change at 6 months. This
outcome was assessed in the hospital by a nurse who was not
aware of the alocation of the study participants. The blood
pressure was measured using a calibrated upper-arm mercury
sphygmomanometer (MODEL-605P YAMASU). Standard
principles were used to measure each participant’s blood
pressure [41].

Figure 1. Contents of Multi-Aid-Package. Al: artificial intelligence.
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Interim Analysis

At baseline, 3 months, and 6 months, both primary and
secondary outcomeswere evaluated. The 3-month analysiswas
used as abridgeto evaluate attrition rate patterns and the trends
of changein outcomes. It was performed asan interim analysis;
therefore, its results were not reported. The 6-month analysis
was regarded as final.

I ntervention

The intervention’s main objective was to enhance adherence to
antihypertensive therapy in the intervention group using
Multi-Aid-Package, a novel mHeath module. Multiple
procedureswere used in the intervention devel opment. Thefirst
step was a thorough literature search for the theories and
determinants of medication nonadherence. Additionally,
hypotheses on patient acceptance of electronic/mobile devices
were looked up in the accessible literature. The procedure for
consulting with a group of specialists came next. Experts in
epidemiology, behavioral intervention, health education, IT,
and cardiology specializing in hypertension management used
the Health Belief Model, self-determination theory, and relevant
clinical standards and recommendations in the development of
this module.

The content of this module included 7 items, a multifaceted
approach with educational instructions, and reminders.
Multi-Aid-Package comprised written and voice reminders, as
well as graphics-based reminders (GBRs) and graphics-based
messages (GBMs), which were all disseminated daily and
weekly to participantsin the intervention group via WhatsApp.

Reminder text and voice messages for medication intake were
in Urdu, as it was the most commonly used language among
the study participants. Examples of such messages are “Good
morning, it's time for your medication” and “Good morning,
thisisareminder for you to take your pills’ (seeitems 1 and 3
in Figure 1).
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GBMswere an animated series of messages devel oped with the
help of a professional team of software developers (seeitem 4
in Figure 1). Furthermore, an animated video was also created
by IT professionals with the help of clinica experts. The
resulting animated video was divided into 3 sections: (1)
awareness of hypertension, (2) the negative consequences of
uncontrolled hypertension, and (3) medical and lifestyle changes
for better health (see item 5 in Figure 1). In this module,
participants were also provided with the “Hypertension at a
Glance” component, aportfolio of instructional and educational
tools that shows details of the condition’s causes, diagnosis,
treatment, complications, and prognosis (see item 6 in Figure
1).

In addition to the components mentioned earlier, the module
also contained live support provided by a certified doctor 24
hoursaday. The support included information on the medicine's
dose, the dose frequency, the administration method, the effects
of therapy on the present sickness, adverse effects, and
interactions with particular meals (seeitem 7 in Figure 1). Live
support and the “Hypertension at a Glance” portfolio were
provided on a demand or need basis to only those participants
who encountered problemsfrom day 1 of theintervention, while
the remaining components of Multi-Aid-Package were
disseminated following the timetable provided. The contents
of Multi-Aid-Package are summarized in Figure 1.

Pilot Testing

In addition, the Multi-Aid-Package was subject to a pilot test
among 44 patients with hypertension to determineif they could
understand the modul€'s contents. As per usual hospital practice,
only standard care was given to thosein the control group. After
being pilot tested, the intervention didn't change significantly.
Only a few minor issues were seen, such as delivery issues,
network issues, being outside of the coverage region, and
unsuccessful file and video downloads. During the trial, this
application’s final version was made available.
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Arshed et a

Implementation of Multi-Aid-Package

Thetrial’sdesign and execution adhered to the 2010 CONSORT
criteria, which included a rigorous protocol for the provision
of interventions to participants. Thisincluded the validation of
the Multi-Aid-Package intervention in a pilot study, and an
orientation and trai ning session on theintervention was provided
to the participants. Contact numbers were also provided to the
participants in case they experienced any inconvenience.
Moreover, a strict protocol was followed to disseminate the
various contents of the multifaceted intervention. The
implementation of Multi-Aid-Package was coordinated with
the assistance of an IT specialist and 2 trained research
assistants. In essence, these individual s were tasked to oversee
the dissemination of the various contents of Multi-Aid-Package
to the intervention group’s participants via WhatsApp and to
support data collection. WhatsApp was used in this study
becauseit containsafeature onitsinterfacethat indicatesto the
sender whether the receiver has seen the message: asign onthe
message sent through this app changes its color to blue when
the recipient sees the message. This was the only way to check
whether the participants had read the message. Second, the
outcome results illustrated whether the participants took their
medication, as prescribed. Research staff memberswere trained
and the intervention pretested to ensure quality control. Using
a pre-established curriculum for training by experts, 2 days of
on-site instruction sessions on hypertension and questionnaire
completion and how to respond to typical queries related to
medication adherence were provided to all recruited research
workers. Finally, the intervention module was rolled out to the
selected participantsin thetria . Figure 2 showsthe overall flow
of the study implementation.

No financial or other benefits were provided to the participants,
except 6 months of free-of-cost WhatsApp use. There were no
other direct benefits provided.
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Figure2. Triad flow. SEAMS: Self-Efficacy for Appropriate Medication Adherence Scale.
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Participants Timeline

The recruitment process was completed from January to May
2021, and atotal of 439 participants were included. From June
to December 2021, the intervention group received the
Multi-Aid-Packageintervention. Theintervention duration was
6 months. The 6-month time frame of the intervention was
chosen based on data from the previous literature on the topic,
which included studies conducted over 2 and 3 months[30,42],
and the fact that 6 monthsis a reasonable time limit to observe
changes in behavior.

Data Collection

The data collection tool wasaquestionnairein Urdu and English
languages. The questionnaire was divided into 4 sections. A,
B, C, and D.

Section A collected data on sociodemographic and health-related
variables. Section B was the validated SEAMS questionnaire
[34]. Section C collected self-reported pill-counting activity.
Section D was a postintervention survey performed to assess
the acceptability of theintervention. A 5-item Likert scale, with
each item having 7 options, was used to evaluate participants
perceptions of their intervention experience with regard to
usefulness, simplicity of use, and fulfillment of information.

Validity and Reliability of the Study Instrument

The internal consistency of SEAMS was good (Cronbach
0=0.89). The test-retest reliability was moderate (Spearman
coefficient=0.62, P<.001). Theitemtotal correlation coefficients
ranged from 0.36 to 0.67, and the mean interitem correlation
was 0.32 (range 0.08-0.71) [34].
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The SEAM S questionnaire wastranslated from English to Urdu
(SEAMS-U) in Pakistan using the standard “forward-backward”
procedure. A convenient sample of 1011 patients with
hypertension who were being treated at atertiary care hospital
in Lahore, Pakistan, was used to validate the trand ated version.
The internal consistency of the trandated questionnaire was
good (Cronbach a=0.897). Cronbach a for part 1 was0.838 and
for part 2 was 0.789 using split-half reliability. The test-retest
reliability was moderate (Spearman correl ation=0.686, P<.001),
and the intraclass correlation coefficient score was 0.814. The
entiretrangation validity and reliability processwas performed
by our team and during publication.

Data Management and Statistical Analysis

Data management was the responsibility of a study supervisor,
a biostatistician, and 2 research assistants. First, the research
assistants ensured that no data collection form was incomplete
or missing. Next, the research supervisor received all the data
in sealed boxes. If there were any missing pieces of information
in the data, the participants were contacted via a phone call to
finish the form. Lastly, a biostatistician entered, cleaned, and
analyzed the data. SPSSversion 26.0 (IBM Corp) and RStudio
(version 4.0.3; Posit PBC) were used to analyze the data.

Theintention-to-treat analysis was used in this study [43]. The
Shapiro-Wilk test was performed to determine whether the data
were normally distributed. Categorical data were represented
using frequencies and percentages, while continuous datawere
represented using medians (IQRs). The nonparametric
Mann-Whitney U test was used on the datafor the primary and
secondary outcomes between groups, whilethe Wilcoxon signed
rank test was used for within-group differences between baseline
and 6 months. For categorical variables, the chi-square test was
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used. The significance test was run with a P value of <.05. In
addition, missing datawere reported and treated using the single
imputation approach. A generalized estimating equation (GEE)
was used to control the covariates associ ated with the probability
of affecting adherence to antihypertensive medication and the
covariates that were significantly different between the
intervention and control groups.

Adver se Events

No other adverse results were reported, except the primary and
secondary outcomes that were reported in relation to the
participants and our intervention strategy. All COVID-19
standard operating procedures were strictly followed during
recruitment, randomization, and data collection. Furthermore,
no issues were reported regarding COVID-19.

Ethical Considerations

The University Putra Maaysia (UPM) Ethical Committee on
Human Research approved the research protocol (reference
number: JKEUPM-2020-391) and the Institutional Review
Board of the Sheikh Zayed Medica Complex Lahore
(SZMC/IRB/163/2021). Participation in this trial was
discretionary, and informed consent was obtained in writing
from each participant before the start of the study. Strict
confidentiality and privacy were ensured by assigning each
participant an identification number to protect their identity
[44]. The confidentiality of participant data was also ensured.
This study was designed according to Good Clinical Practice
(GCP) [45,46].

https://mhealth.jmir.org/2024/1/e50248
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The study was designed to barely cause any risk to both patients
and medical personnel. The participants were questioned in a
private room, away from onlookers, in order to prevent minor
psychological discomforts related to personal issues involving
their income and the embarrassment that they might experience
when answering questions about their subpar adherence status.

Results

Response Rate

From January to May 2021, a total of 786 participants were
initially assessed based on the dligibility criteria. Of these, 347
(44.1%) participants were excluded based on inclusion criteria
(n=283, 81.6%) and refusal to participate (n=64, 18.4%) in the
trial. The details of the subcategories under “not meeting
inclusion criterid’ are elaborated in Figure 3. Of them, in June
2021, 439 participants fulfilled the criteria, consented to
participate, and were randomly assigned to either the control
group, which received standard care (n=219), or theintervention
group, which received the Multi-Aid-Package (n=220). The
randomi zation was performed according to the CONSORT flow
diagram [31,47] (Figure 3). The total response rate at the end
of the intervention was 423 (96.3%), with 209 (95.4%)
participants in the control group and 214 (97.2%) participants
in the intervention group until the completion of follow-up in
December 2021. In the control group, 10 (4.8%) participants
were lost to follow-up, while 1 (0.5%) participant withdrew
consent. In the intervention group, 6 (2.8%) participants were
lost to follow-up. The reason for the failure to follow up was
loss of contact. No mortality was reported.
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Figure 3. CONSORT flow diagram. CONSORT: Consolidated Standards of Reporting Trails.

Arshed et a

‘ Assessed for eligibility (N=786)

|

Enrollment

l

l Randomization (n = 439) |

¥

Allocated to Multi-Aid-
Package intervention
(n=220)

)’

Excluded N=347

1-Not meeting inclusion criteria( n = 283)
No use of WhatsApp (n = 85)

Medication adherence > 80% ( n = 68)
Lack of personal cell phones (n=7)

Blood pressure >220/120 mmHg (n = 88)
Travel plan within next 2-months ( n= 35)

2-Refused to participate (n = 64)

._I Allocation

J Allocated to standard care
(n=219)

>
A4

3 -Months follow-up

Lost to follow-up (n=6)
(i)-Lost to contact=9
(ii)-Consent withdrawal =1

(n=214)

A 4
6-Months follow-up
(n=214)

\.

Adherence score (n=214)
Adherence rate (n=214)
Systolic blood pressure (n=214)
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Intention —to- treat
(n=220)

A

3 -Months follow-up
(n=209)

Lost to follow-up (n=10)
| (i)-Lost to contact=9

(ii)-Consent withdrawal =1

y

6-Months follow-up
(n=209)

|

Adherence score (n=209)
Adherence rate (n=209)
Systolic blood pressure (n=209)

Analysis

y

(n=219)

Intention —to- treat ‘

—

similar to those of the control group regarding age, ethnicity,
marital status, education, family status, employment, and
monthly income. Most of the participants were aged between
30 and 49 years old and were male, with a graduate level of
education and a high-income status (Table 1).

Baseline Demogr aphic Characteristics

At baseline, the 2 groupsdid not differ statistically significantly
from each other across most of the variables, except gender,
which had substantial differences among both groups (P=.02).
In general, theintervention group’s baseline characteristicswere
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Table 1. Baseline characteristics of study participants according to their group allocation (N=439).2

Characteristics Intervention group (n=220), n (%) Control group (n=219), n (%) P value?
Age (years) .30
<50 91 (41.4) 102 (46.6)
30-49 116 (52.7) 105 (47.9)
18-29 13(5.9) 12 (5.5)
Gender .02
Female 91 (41.4) 80 (36.5)
Male 129 (58.6) 139 (63.5)
Ethnicity 54
Urdu 27(12.3) 17(7.8)
Punjabi 143 (65.0) 163 (74.4)
Suraiki 46 (20.9) 37(16.9)
Others 4(18) 2(0.9)
Marital status .76
Married 167 (75.9) 163 (74.4)
Single 32(14.5) 25(11.4)
Others 21 (9.5) 31(14.2)
Education .59
Primary and secondary 72 (32.7) 60 (27.4)
Graduate 80 (36.4) 71(32.4)
Postgraduate 68 (30.9) 88 (40.2)
Do you smoke? .29
No 171 (77.7) 151 (68.9)
Yes 44 (20.0) 57 (26.0)
Ex-smoker 5(2.3) 11 (5.0)
Family status 31
Joint family 125 (56.8) 126 (57.5)
Nuclear family 95 (43.2) 93 (42.5)
Employment .83
Yes 192 (87.3) 182 (83.1)
No 28(12.7) 37(16.9)
Monthly income (PKRP) 60
<10,000 (<US $35.96)° 1(0.5) 1(05)
10,000-25,999 (US $35.96-$93.49) 44.(20.0) 35 (16.0)
26,000-50,999 (US $93.50-$183.39) 31(14.2) 30(13.7)
51,000-100,000 (US $183.40-$359.60) 66 (30.0) 66 (30.1)
>100,000 (>US $359.60) 78 (35.5) 87(39.7)
Use of reminder alarm 27
Yes 42 (19.2) 67 (30.6)
No 178 (80.9) 152 (69.4)

3p<.05 was considered statistically significant.
BPK R: Pakistani Rupee.
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CAn exchange rate of PKR 1=US $0.0036 was used.

Baseline Health-Related Characteristics

Regarding hedth-related characteristics, there was no
significantly significant difference between the 2 groups.
Additionally, the median SEAMS score of the control group
was substantially higher than that of the intervention group

Arshed et a

(P=.03). Otherwise, the 2 groups had a balanced distribution of
subjects regarding the duration of hypertension, comorbid
conditions, the number of medications used daily, dose
frequency, SBP, and controlled status of SBP<140 mmHg (Table
2).

Table 2. Comparison of health-related characteristics between intervention and control groups (N=439).2

Characteristics Intervention group (n=220) Control group (n=219) P value
Duration of hypertension (years), n (%) .40
<1 22 (10.0) 22 (10.0)
1-5 79 (35.9) 82 (37.4)
>5 119 (54.1) 115 (52.5)
Concomitant disease, n (%) .34
Yes 141 (64.1) 142 (64.8)
No 79 (35.9) 77 (35.2)
Comorbid conditions, n (%) 57
1 87 (39.5) 88 (40.2)
>1 133 (60.5) 131 (59.8)
Daily medication number, n (%) A7
<5 126 (57.3) 117 (53.4)
5-9 74(33.6) 83(37.9)
>10 20 (9.1) 19 (8.7)
Daily dose frequency, n (%) 91
Once daily 64 (29.1) 55 (25.1)
Twice daily 104 (47.3) 111 (50.7)
Thrice daily 52 (23.6) 53 (24.2)
Controlled SBP° <140 mmH g, n (%) 72
Uncontrolled 217 (98.6) 215 (98.2)
Controlled 3(1.36) 4(1.82)
Pill counting, n (%) _c
Nonadherent 220 (100.0) 219 (100.0)
Adherent 0 0
SBP, median (IQR) 159 (23) 159 (27) 77
SEAMS? adherence score, median (IQR) 19509 21.0(8) 03

8p<.05 was considered statistically significant.

bsBP: systolic blood pressure.

®Not applicable.

ISEAMS: Self-Efficacy for Appropriate Medication Adherence Scale.

Effect of the M ulti-Aid-Package | ntervention on

M edication Adherence

The effect of the Multi-Aid-Package intervention on medication
adherence on the 2 groups at baseline and 6 months was
measured using the median (IQR) SEAMS score. At baseline,
the median SEAM S scorewas 19.5 (IQR 5) for theintervention

https://mhealth.jmir.org/2024/1/e50248
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group and 21 (IQR 6) for the control group. Compared to the
intervention group, the control group’s median SEAMS score
was significantly higher (1.5 points, P=.011). At 6-month
follow-up, the median SEAM S scorewas significantly different
between the intervention and control groups (P<.001).
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Regarding the medication adherence status, at baseline, all
participants were nonadherent; therefore, no further analysis
could be performed. At 6 months, however, there was an
increase in adherent patients between the intervention and
control groups (difference n=81, 18.4% of patients; P<.001;
Table 3).

Theeffect of the Multi-Aid-Package intervention on medication
adherence within groups at baseline and 6 months was also
measured using the median (IQR) SEAMS score. At baseline,
the median SEAMS score within the intervention group was

Arshed et a

19.5 (IQR 5), which increased to 32 (IQR 11) at the 6-month
follow-up, with amedian difference of 12.5 points. The median
SEAMS score statistically significantly changed from baseline
to 6 months (P<.001), whilethere was no statistically significant
change in the median SEAMS score in the control group from
baseline to 6 months (P=.29). A total of 83 (37.7%) participants
achieved adherent status in the intervention group (P<.001),
while 2 (0.9%) participants achieved adherent status in the
control group (P=.78) from baseline to 6 months (refer to
Multimedia Appendix 1).

Table 3. Primary outcomes for the intervention and control groups from baseline to 6 months (N=439).

Variable Intervention group  Control group Difference (intervention  Test statistics P value
(n=220) (n=219) — control)

SEAMS? score at baseline, median (IQR) 195 (5) 21.0(6) -15 ub=20,717.500 -0l

SEAMS score at 6 months, median (IQR) 32.0(11) 21.0(6) 11 U=10,490.000 <.001

Adherence status at 6 months, n (%) 83 (37.72) 2(.91) 81 95.266° <.001

3SEAMS: Self-Efficacy for Appropriate Medication Adherence Scale.
b ann-Whitney U test.
CFisher exact test.

Effect of the Multi-Aid-Package | ntervention on the
SBP

At baseline, there was no difference in the SBP between the 2
groups. At 6 months, however, the median SBP was statistically
different between the intervention and control groups (P<.001).
A binary variable “controlled systolic blood pressure’ was
computed to evaluate the success of the treatment. The
controlled SBP code was “Controlled <140 mmHg and
uncontrolled >140 mmHg.”

Overdll, at 6 months, the number of patients with uncontrolled
hypertension decreased by 46 in theintervention group (P<.001)

but remained unchanged in the control group (P=.724; Table
4).

At baseline, the median SBP in the intervention group was 159
(IQR 23) mmHg, which decreased to 155 (IQR 29) mmHg, with
amedian difference of 4 mmHg. The median SBP significantly
changed from baseline to 6 months (P<.001), while there was
no statistically significant change in the median SBP in the
control group from baseline to 6 months (P=.31). A total of 49
(22.3%) participants achieved controlled SBP status in the
intervention group (P<.001), whereas there was no change in
the control group’s controlled SBP status (P=.78) from baseline
to 6 months (refer to Multimedia Appendix 1).

Table 4. Secondary outcome change between intervention and control groups from baseline to 6 months (N=439).

Variable Intervention group ~ Control group Difference (intervention — Test statistics P value
(n=220) (n=219) — control)

SBP? (mmHg) at baseline, median (IQR) 159 (23) 159 (27) 0 uP=23768.000 -81

SBP (mmHg) at 6 months, median (IQR) 155 (29) 162 (17) —7 U=18,276.000 <.001¢

Controlled SBP (mmHg) at baseline, n (%) 3(1.36) 4(1.83) -1 N/Ad 72

Controlled SBP (mmHg) at 6 months, n (%) 49 (22.27) 4(1.83) 45 43.221° <.001°

8SBP: systolic blood pressure.
By ann-Whitney U test.
CSignificant P value.

INot applicable.

CFisher exact test.

Covariates Affecting Medication Adherence

A GEE was used to control the covariates associated with the
probability of affecting adherence to antihypertensive
medication using pill counting and the covariates significantly
different between the intervention and control groups. We used

https://mhealth.jmir.org/2024/1/e50248

the forward method. A working correlation matrix was gender.
A total of 3 factors were found significant: group, time, and
age. The group variable significantly contributed to medication
adherence. The intervention group had a 1.714 times higher
probability of being adherent to antihypertensive medication
than the control group (adjusted odds ratio [AOR] 1.714, 95%
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Cl 2.387-3.825; P<.001). Time points aso contributed
significantly to medication adherence. A  6-month
postintervention time had a 1.837 times higher probability of
showing adherenceto antihypertensive medication than baseline
(AOR 1.837, 95% ClI 1.625-2.754; P<.001). Age daso
contributed significantly. The 18-29 years of age group was

https://mhealth.jmir.org/2024/1/e50248
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found more likely to be adherent to antihypertensive treatment,
with a1.618 times higher probability than the other 2 age groups
(AOR 1.618, 95% CI 0.225-1.699; P<.001). Income was a

significant predictor for adherenceto antihypertensive treatment
(Table 5).
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Table5. Effect of the Multi-Aid-Package intervention on medication adherence, with adjusted covariates by the GEE? (N=439).

Variable gP (SE) Wald chi-square (df=1) AORS, exp(B) (95% Cl) P value
Group

Intervention 0.672 (0.863) 4813 1.714 (2.387-3.825) <0019

Control Reference _e — —
Time point

6 months 0.748 (0.216) 2.765 1.837 (1.625-2.754) <0019

Baseline Reference — — —
Age (years)

>50 —-4.302 (0.574) 2.953 0.014 (0.002-0.074) <.0019

>18 Reference — — —
Gender

Female 0.141 (0.287) 0.242 1.152 (0.655-2.025) .62

Male Reference — — —
Education

Primary and secondary 0.583 (0.365) 2.548 1.792 (0.876-3.667) A1

Graduate 0.207 (0.358) 0.332 1.230 (0.609-2.485) .56

Postgraduate Reference — — —

Monthly income (PK Rf)

26,000-50,999 (US $93.50-$183.39)9 —0.441 (0.379) 1.346 0.644 (0.306-1.355) 25
51,000-100,000 (US $183.40-$359.60) —0.933 (0.672) 0.936 0.393 (0.157-0.983) 17
>100,000 (>US $359.60) Reference — — —

Duration of hypertension (years)

<1 —0.194 (0.447) 0.189 0.823 (0.343-1.978) .66
1-5 —0.011 (0.300) 0.001 0.989 (0.549-1.780) .97
>5 Reference — — —

Concomitant disease
Yes -0.197 (0.286) 0.472 0.821 (0.468-1.441) 49
No Reference — — —
Comorbid conditions
1 0.043 (0.399) 0.012 1.044 (0.478-2.282) 91
>1 Reference — — —

Daily medication number

<5 0.357 (0.829) 0.186 1.429 (0.281-7.259) .67
59 —0.148 (0.686) 0.046 0.863 (0.225-3.313) .83
>10 Reference — — —

Daily dose frequency

1 0.245 (0.680) 0.129 1.277 (0.337-4.848) 72
2 0.041 (0.566) 0.005 1.042 (0.343-3.163) .94
3 Reference — — —

8GEE: generalized estimating equation.
bB: unstandardized B.
CAOR: adjusted odds ratio.
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dp<.05 was considered statistically significant.

®Not applicable.

'PKR: Pakistani Rupee.

9An exchange rate of PKR 1=US $0.0036 was used.

Technology Acceptance Feedback

At the end of the study, an intervention acceptance survey for
Multi-Aid-Package was performed. A total of 214 (97.3%)
participants from the intervention group participated in the
survey. The survey consisted of 5 questions on (1) the
information provided by Multi-Aid-Package about the disease,
disease management, and complications (1 question); (2) how
easy the participantsfound the intervention to use (2 questions);
and (3) utility (2 questions). Each question offered 7 possible
answers. Ratings ranged from 7 to 35. The minimum score was
7, while the maximum score was 35. Next, the mean score was
caculated for the 214 (97.3%) participants. The
Multi-Aid-Package intervention received amean score of 33.21
(SD 4.39) of 35 points (94.8%), with good feedback on its
usefulness, simplicity of use, and fulfillment of information for
treating hypertension.

Discussion

Principal Findings

The comprehensive and unique multifaceted M ulti-Aid-Package
comprised 7 potential components, including continuous
reminders integrated with education and support components.
Multi-Aid-Package was designed for the intervention group and
reveal ed asignificant increase in adherence to antihypertensive
medication and a substantial reduction in SBP in patients with
hypertension. This study showed that using Multi-Aid-Package
led to asignificant improvement in medication adherence among
patients who were nonadherent to their antihypertensive
medication at the beginning of the trial.

Similar results from an existing body of literature concur with
this trial’s findings, where SMS text message interventions
revealed positiveresultsin patients with hypertension compared
to controls [17,29]. Some trials have also shown significant
resultsin patients with hypertension using advanced cell phone
apps [48-50]. Overall, mHealth technology interventions have
revealed positive resultsin patients with CVD [51]. In another
trial, an SM Stext message intervention demonstrated substantial
improvement in adherence to treatment, from 49% to 62.3%,
in patients with hypertension [52]. In the previous literature,
mHealth interventions have been reported to lower blood
pressure and improve medication adherence, with adequate
acceptance and feasibility [16,23,53-56]. Patients also
significantly benefit over time with self-management and blood
pressure control [57-60]. However, afew trials were unable to
reveal any significant improvement in medication adherence
post intervention: one used amobile app, whilethe other studies
used a web-based talking intervention to enhance medication
adherencein CVD [16,30]. Similarly, another trial using mailing
and automated calls [61] and one using video interventionsin
patients with stroke [62] were unable to reveal any substantial
change. mHealth is also paramount in medication adherencein

https://mhealth.jmir.org/2024/1/e50248
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other chronic illnesses, such as tuberculosis, CVD, diabetes,
and chronic liver diseases [63-66].

Resear ch Innovation and Clinical Implications

Multi-Aid-Package is a modified version of the preexisting
literature on this subject asit contains multiple facets (SM Stext
messages, apps, interactive messages, and calls) in 1 application
compared to only 1 or 2 facets per app in other interventions.
Previous trials have used different facets of mHealth, for
instance, SMS text messaging interventions used to improve
adherence to antihypertensive medication [29,67], interactive
voice interventions [68], talking treatment interventions [30],
advanced mobile apps [48,50], and mail-outs [61]. Some of
these interventions have demonstrated positive results, while
others have been unable to reveal any improvement or
insignificant improvement in adherence to antihypertensive
medication. The unique aspect of this study is that the
Multi-Aid-Package intervention combines multiple facetsin 1
intervention. Multi-Aid-Packageis superior becauseit contains
7 different parts, such as SMS text messaging, videos, and
graphics.

Multi-Aid-Package is a comprehensive and effective tool for
enhancing antihypertensive medication adherence and
subsequently managing the SBP. Much preexisting literature
supports our findings. In most studies, intervention group
participants have reported being adherent more likely compared
to the controls, where the intervention eventually altered health
beliefs concerning medication adherence but was unable to
show any significant effect on the SBP. For example, a cell
phone app for patients with hypertension improved medication
adherence but failed to significantly control the SBP in an
intervention arm compared to the control arm [48]. Similarly,
another 12-month trial found a minor change in the SBP [29]
compared to our study, which revealed better results, even with
ashorter duration. mHealth interventions are also influential in
changing lifestyles [67]. Although there can be various
explanations for no significant or even a minute change in the
SBP despite considerableimprovement in medi cation adherence,
factual evidence shows that a reasonably long time is needed
to see a change in clinical outcomes. Nevertheless, becoming
highly adherent to therapy is essential. The literature also
emphasizes that to obtain more clinical benefits, patients must
strictly adhereto their antihypertensive medications[69]. There
is no evidence of the efficiency of interventionsin lowering the
DBP, athough an increased SBP is the primary aim of
antihypertensive medication. Furthermore, according to
epidemiological research, untreated hypertension, especialy
the SBPR, ought to be the main goal for hypertension treatment
[70].

Itiscrucial to emphasize that using Multi-Aid-Package in the
framework of clinical care in a resource-limited setting can
alone help support patients in managing their hypertension.
Severa studies have found that improving medi cation adherence
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has a higher impact on clinical outcomes linked to additional
assistance, primarily through connections to health care
professionals[71]. Some effective interventions has shown that
support viaa cell phone can be provided without further blood
pressure monitoring [72] and with nonadherent patients not
being contacted by any health care providers[73]. In our study,
there was no permanent connection between the patient, the
health care provider, and the targeted blood pressure monitor.

Conclusively, to the best of our knowledge, this multifaceted
approach is the first technology-based intervention in Pakistan
to be built comprehensively and uniquely using only WhatsApp,
which was cost-, time-, and resource-efficient. In contrast to
prior cell phone-based interventions, this multifaceted
intervention has a more substantial impact on antihypertensive
medication adherence and SBP outcomes.

Future Suggestions

Further exploration by covering multiple cities, alarge sample
size, and alonger duration of follow-up is required to validate
the results of this study. Our findings cannot be generalized to
populations with different sociodemographic and medical
profiles, so more diverse studies are required to generalize the
findingsto awider population. There are recommendations for
more sophisticated designs and efficient interventionsto enhance
medication adherencein CVD [21]. To improve outcomes, we
suggest implementing new educational interventionswith more
effective designs and sophisticated adherence measurement
techniques (mobile apps or devices) at arelatively low cost and
implementing successful treatmentsin clinical settings. A recent
study compared an innovative mHealth strategy to peer
counseling to improve adherence to medication in patientswith
hypertension [51]. Future trials should consider the type of
antihypertensive medication being taken. Finally, high-quality
research is needed to explore mixed qualitative evidence with
guantitative studies.

Strengths and Limitations

Two methods were used to measure medication adherence to
strengthen the method of measurement and to obtain robust
findings, supported by a preexisting body of literature on the
subject [ 74]. The SBP was al so assessed as a secondary outcome
toincreasethe credibility of adherenceto medication in patients
with hypertension. An interim analysis was performed to
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monitor the dropout status, increasing the trial’s strength. All
the stepsin thetrial werein line with recent SPIRIT guidelines
[75]. The Multi-Aid-Package intervention could help minimize
inequity and prevent discrimination among different
sociodemographic groups. Technology acceptance feedback
was also assessed at the study’s end, and the intervention
received excellent feedback.

This trial also has a few limitations. First, the trial was a
single-center study conducted in only 1 city due to time
congtraints, limited funds, and response burden. Therefore,
extension over the entire province or multiple towns might be
impossible. The possible effect size at various sites may vary,
which may potentially affect the findings and may constrain
external validity. In addition, the study continued for 6 months;
consequently, the researchers might not be able to ascertain the
effect of adherence to medication on treatment outcomes for a
longer duration. The study also did not consider the difference
in gender between groups, and this might be a good area for
future research. Finally, self-reporting was used to assess
medication adherence. Social desirability bias could cause
self-report questionnaires to overestimate genuine adherence
[76]. However, severa technology-based or mHealth methods
exist to follow and measure adherence, which could not be used
in the study due to the nonavailability of such devices, poor
communication of patients, or fear of loss to follow-up. Please
refer to the eHealth CONSORT checklist for more information
about this Multi-Aid-Package trial [77].

Conclusions

Inthe context of this study, the multifaceted Multi-Aid-Package
is an effective mHealth intervention that increased medication
adherence among patients with hypertension and subsequently
improves their SBP readings. The findings reveded a
statistically significant change in the medication adherence
score and pill-counting rates and a reduction in the SBP 6
months after the intervention began. The outcomes also
demonstrated that users value Multi-Aid-Package for its
applicability, ease of use, and informationa content for the
management of hypertension. Multi-Aid-Package should be
considered as an approach for boosting the adherence of
hypertension patients to their medication in Pakistan and other
similar LMICs.
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Multimedia Appendix 2

CONSORT-eHEALTH checklist (V 1.6.1).
[PDF File (Adobe PDF File), 17470 KB-Multimedia Appendix 2]

References

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Kearney PM, Whelton M, ReynoldsK, Muntner P, Whelton PK, He J. Global burden of hypertension: analysis of worldwide
data. Lancet. 2005;365(9455):217-223. [doi: 10.1016/S0140-6736(05)17741-1] [Medline: 15652604]

MillsKT, Stefanescu A, He J. The global epidemiology of hypertension. Nat Rev Nephrol. Apr 2020;16(4):223-237. [FREE
Full text] [doi: 10.1038/s41581-019-0244-2] [Medline: 32024986]

NCD Risk Factor Collaboration (NCD-RisC). Worldwide trends in blood pressure from 1975 to 2015: a pooled analysis
of 1479 population-based measurement studies with 19-1 million participants. Lancet. Jan 07, 2017;389(10064):37-55.
[FREE Full text] [doi: 10.1016/S0140-6736(16)31919-5] [Medline: 27863813]

Kintscher U. The burden of hypertension. Eurol ntervention. May 2013;9(Suppl R):R12-R15. [FREE Full text] [doi:
10.4244/E13V9SRA3] [Medline: 23732143]

Bundy JD, Li C, Stuchlik P, Bu X, Kelly TN, MillsKT, et al. Systolic blood pressure reduction and risk of cardiovascular
disease and mortality: a systematic review and network meta-analysis. AMA Cardiol. Jul 01, 2017;2(7):775-781. [FREE
Full text] [doi: 10.1001/jamacardio.2017.1421] [Medline: 28564682]

Lewington S, Clarke R, Qizilbash N, Peto R, Collins R, Prospective Studies Collaboration. Age-specific relevance of usual
blood pressure to vascular mortality: a meta-analysis of individual datafor one million adultsin 61 prospective studies.
Lancet. Dec 14, 2002;360(9349):1903-1913. [doi: 10.1016/s0140-6736(02)11911-8] [Medline: 12493255]

Lindenfeld J, Jessup M. 'Drugs don't work in patients who don't take them' (C. Everett Koop, MD, US Surgeon General,
1985). Eur JHeart Fail. Nov 2017;19(11):1412-1413. [FREE Full text] [doi: 10.1002/ejhf.920] [Medline; 28891126

Hill MN, Miller NH, Degeest S, American Society of Hypertension Writing Group, Materson BJ, Black HR, et a. Adherence
and persistence with taking medication to control high blood pressure. J Am Soc Hypertens. 2011;5(1):56-63. [doi:
10.1016/j.jash.2011.01.001] [Medline: 21320699]

Vrijens B, De Geest S, Hughes DA, Przemyslaw K, Demonceau J, Ruppar T, et a. A new taxonomy for describing and
defining adherence to medications. Br J Clin Pharmacol. May 2012;73(5):691-705. [FREE Full text] [doi:
10.1111/j.1365-2125.2012.04167.x] [Medline: 22486599]

Burnier M, Egan BM. Adherence in hypertension. Circ Res. Mar 29, 2019;124(7):1124-1140. [FREE Full text] [doi:
10.1161/CIRCRESAHA .118.313220] [Medline: 30920917]

National Institute of Population Studies. Pakistan Demographic and Health Survey 2017-18. The DHS Program. Jan 1,
2019. URL: https.//dhsprogram.com/pubs/pdf/FR354/FR354.pdf [accessed 2024-05-14]

Mahmood S, Jalal Z, Hadi MA, Orooj H, Shah KU. Non-adherence to prescribed antihypertensives in primary, secondary
and tertiary healthcare settings in Islamabad, Pakistan: a cross-sectional study. Patient Prefer Adherence. 2020;14:73-85.
[FREE Full text] [doi: 10.2147/PPA.S235517] [Medline: 32021119]

Modi D, Saha S, VaghelaP, Dave K, Anand A, Desai S, et al. Costing and cost-effectiveness of amobile health intervention
(ImTeCHO) inimproving infant mortality in tribal areas of Gujarat, India: cluster randomized controlled trial. IMIR Mhealth
Uhealth. Oct 14, 2020;8(10):e17066. [FREE Full text] [doi: 10.2196/17066] [Medline: 33052122]

Law MR, Morris JK, Wald NJ. Use of blood pressure lowering drugs in the prevention of cardiovascular disease:
meta-analysis of 147 randomised trialsin the context of expectations from prospective epidemiological studies. BMJ. May
19, 2009;338:b1665. [FREE Full text] [doi: 10.1136/bmj.b1665] [Medline: 19454737]

DiMatteo MR, Haskard KB, Williams SL. Health beliefs, disease severity, and patient adherence: a meta-analysis. Med
Care. Jun 2007;45(6):521-528. [doi: 10.1097/ML R.0b013e318032937€] [Medline: 17515779]

Ni Z, Liu C, Wu B, Yang Q, Douglas C, Shaw RJ. An mHealth intervention to improve medication adherence among
patients with coronary heart disease in China: development of an intervention. Int J Nurs Sci. Oct 10, 2018;5(4):322-330.
[FREE Full text] [doi: 10.1016/j.ijnss.2018.09.003] [Medline: 31406843]

Zhai P Hayat K, J W, Li Q, Shi L, Atif N, et al. Efficacy of text messaging and personal consultation by pharmacy students
among adults with hypertension: randomized controlled trial. JMed Internet Res. May 20, 2020;22(5):e16019. [ FREE Full
text] [doi: 10.2196/16019] [Medline: 32432556]

WHO Global Observatory for eHealth. mHealth: New Horizons for Health through Mobile Technologies. Geneva. World
Health Organization; 2011.

Type approval. Pakistan Telecommunication Authority. URL : https.//www.pta.gov.pk/en/type-approval [accessed 2020-04-11]
Adler AJ, Martin N, Mariani J, Tgjer CD, Owolabi OO, Free C, et al. Mobile phone text messaging to improve medication
adherence in secondary prevention of cardiovascular disease. Cochrane Database Syst Rev. Apr 29, 2017;4(4):CD011851.
[FREE Full text] [doi: 10.1002/14651858.CD011851.pub?2] [Medline: 28455948]

Arshed M, Mahmud AB, Minhat HS, Ying LP, Umer MF. Effectiveness of mHealth interventions in medication adherence
among patients with cardiovascular diseases: a systematic review. Diseases. Mar 01, 2023;11(1):41. [FREE Full text] [doi:
10.3390/diseases11010041] [Medline: 36975590]

https://mhealth.jmir.org/2024/1/€50248 JMIR Mhealth Uhealth 2024 | vol. 12 | €50248 | p. 16

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=mhealth_v12i1e50248_app2.pdf&filename=1aaf1fb065eadc05ea997e2459c7c625.pdf
https://jmir.org/api/download?alt_name=mhealth_v12i1e50248_app2.pdf&filename=1aaf1fb065eadc05ea997e2459c7c625.pdf
http://dx.doi.org/10.1016/S0140-6736(05)17741-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15652604&dopt=Abstract
https://europepmc.org/abstract/MED/32024986
https://europepmc.org/abstract/MED/32024986
http://dx.doi.org/10.1038/s41581-019-0244-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32024986&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0140-6736(16)31919-5
http://dx.doi.org/10.1016/S0140-6736(16)31919-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27863813&dopt=Abstract
https://eurointervention.pcronline.com/doi/10.4244/EIJV9SRA3
http://dx.doi.org/10.4244/EIJV9SRA3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23732143&dopt=Abstract
https://europepmc.org/abstract/MED/28564682
https://europepmc.org/abstract/MED/28564682
http://dx.doi.org/10.1001/jamacardio.2017.1421
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28564682&dopt=Abstract
http://dx.doi.org/10.1016/s0140-6736(02)11911-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12493255&dopt=Abstract
https://onlinelibrary.wiley.com/doi/10.1002/ejhf.920
http://dx.doi.org/10.1002/ejhf.920
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28891126&dopt=Abstract
http://dx.doi.org/10.1016/j.jash.2011.01.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21320699&dopt=Abstract
https://hdl.handle.net/2268/305261
http://dx.doi.org/10.1111/j.1365-2125.2012.04167.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22486599&dopt=Abstract
https://www.ahajournals.org/doi/abs/10.1161/CIRCRESAHA.118.313220?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1161/CIRCRESAHA.118.313220
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30920917&dopt=Abstract
https://dhsprogram.com/pubs/pdf/FR354/FR354.pdf
https://europepmc.org/abstract/MED/32021119
http://dx.doi.org/10.2147/PPA.S235517
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32021119&dopt=Abstract
https://mhealth.jmir.org/2020/10/e17066/
http://dx.doi.org/10.2196/17066
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33052122&dopt=Abstract
https://europepmc.org/abstract/MED/19454737
http://dx.doi.org/10.1136/bmj.b1665
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19454737&dopt=Abstract
http://dx.doi.org/10.1097/MLR.0b013e318032937e
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17515779&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2352-0132(18)30083-8
http://dx.doi.org/10.1016/j.ijnss.2018.09.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31406843&dopt=Abstract
https://www.jmir.org/2020/5/e16019/
https://www.jmir.org/2020/5/e16019/
http://dx.doi.org/10.2196/16019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32432556&dopt=Abstract
https://www.pta.gov.pk/en/type-approval
https://europepmc.org/abstract/MED/28455948
http://dx.doi.org/10.1002/14651858.CD011851.pub2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28455948&dopt=Abstract
https://www.mdpi.com/resolver?pii=diseases11010041
http://dx.doi.org/10.3390/diseases11010041
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36975590&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Arshed et a

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

M M, Kadir MM. Use of m-health technology for preventive medicine in Pakistan. Health Care: Curr Rev. Jan
2016;04(04):1000178. [doi: 10.4172/2375-4273.1000178]

McBride CM, Morrissey EC, Molloy GJ. Patients experiences of using smartphone apps to support self-management and
improve medication adherence in hypertension: qualitative study. IMIR Mhealth Uhealth. Oct 28, 2020;8(10):€17470.
[FREE Full text] [doi: 10.2196/17470] [Medline: 33112251]

LimaDL, Cordeiro RN, Carvalho GL, Malcher F. The influence of social mediain minimally invasive surgery education:
how surgeons exchange experience and knowledge in these platforms. JMinim Access Surg. 2019;15(3):275-276. [FREE
Full text] [doi: 10.4103/jmasJMAS 270 18] [Medline: 30618437]

Ittefag M, Seo H, Abwao M, Baines A. Social media use for health, cultural characteristics, and demographics: a survey
of Pakistani millennials. Digit Health. 2022;8:20552076221089454. [ FREE Full text] [doi: 10.1177/20552076221089454]
[Medline: 35401998]

Champion VL. Revised susceptibility, benefits, and barriers scale for mammography screening. Res Nurs Health. Aug
1999;22(4):341-348. [doi: 10.1002/(sici)1098-240x(199908)22:4<341.:aid-nur8>3.0.co;2-p] [Medline: 10435551]

Deci EL, Ryan RM. The general causality orientations scale: self-determination in personality. J Res Pers. Jun
1985;19(2):109-134. [doi: 10.1016/0092-6566(85)90023-6]

Johnston N, Bodegard J, Jerstrém S, Akesson J, Brorsson H, Alfredsson J, et al. Effects of interactive patient smartphone
support app on drug adherence and lifestyle changes in myocardial infarction patients: arandomized study. Am Heart J.
Aug 2016;178:85-94. [FREE Full text] [doi: 10.1016/j.ahj.2016.05.005] [Medline: 27502855]

Bobrow K, Farmer AJ, Springer D, Shanyinde M, Yu L, Brennan T, et al. Mobile phone text messages to support treatment
adherence in adults with high blood pressure (SMS-Text Adherence Support [StAR]): asingle-blind, randomized trial.
Circulation. Feb 09, 2016;133(6):592-600. [ FREE Full text] [doi: 10.1161/CIRCULATIONAHA.115.017530] [Medline:
26769742]

Kamal AK, Khalid W, Mugeet A, Jamil A, Farhat K, Gillani SRA, et al. Making prescriptions "talk" to stroke and heart
attack survivorsto improve adherence: results of arandomized clinical trial (The Talking Rx Study). PLoS One.
2018;13(12):e0197671. [EREE Full text] [doi: 10.1371/journal.pone.0197671] [Medline: 30571697]

Schulz KF, Altman DG, Moher D, CONSORT Group. CONSORT 2010 statement: updated guidelinesfor reporting parallel
group randomised trials. BMJ. Mar 23, 2010;340:¢c332. [FREE Full text] [doi: 10.1136/bmj.c332] [Medline: 20332509]
Tetzlaff IM, Chan A, Kitchen J, Sampson M, Tricco AC, Moher D. Guidelinesfor randomized clinical tria protocol content:
asystematic review. Syst Rev. Sep 24, 2012;1:43. [FREE Full text] [doi: 10.1186/2046-4053-1-43] [Medline: 23006870]
Pakistan Bureau of Statistics. Pakistan Bureau of Statistics. URL: http://www.pbs.gov.pk/ [accessed 2020-04-11]

Risser J, Jacobson TA, Kripalani S. Development and psychometric evaluation of the Self-efficacy for Appropriate Medication
Use Scale (SEAMS) in low-literacy patients with chronic disease. JNurs Meas. Dec 01, 2007;15(3):203-219. [doi:
10.1891/106137407783095757] [Medline: 18232619]

Osterberg L, Blaschke T. Adherence to medication. N Engl JMed. Aug 04, 2005;353(5):487-497. [doi:
10.1056/negjmra050100]

Noordzij M, Tripepi G, Dekker FW, Zoccali C, Tanck MW, Jager KJ. Sample size calculations: basic principlesand common
pitfalls. Nephrol Dial Transplant. May 2010;25(5):1388-1393. [doi: 10.1093/ndt/gfp732] [Medline: 20067907]
Lemeshow S, Hosmer Jr DW, Klar J, Lwanga SK. Adequacy of Sample Size in Health Studies. Hoboken, NJ. John Wiley
& Sons; 1990.

Lim C, In J. Randomization in clinical studies. Korean J Anesthesiol. Jun 2019;72(3):221-232. [FREE Full text] [doi:
10.4097/kja.19049] [Medline: 30929415]

Karanicolas PJ, Farrokhyar F, Bhandari M. Practical tipsfor surgical research: blinding: who, what, when, why, how? Can
J Surg. Oct 2010;53(5):345-348. [ FREE Full text] [Medline: 20858381]

Matthews JN, Altman DG. Interaction 3: how to examine heterogeneity. BMJ. Oct 05, 1996;313(7061):862. [FREE Full
text] [doi: 10.1136/bmj.313.7061.862] [Medline: 8870577]

Muntner P, Shimbo D, Carey RM, Charleston JB, Gaillard T, Misra S, et al. Measurement of blood pressure in humans: a
scientific statement from the American Heart Association. Hypertension. May 2019;73(5):e35-e66. [FREE Full text] [doi:
10.1161/HY P.0000000000000087] [Medline: 30827125]

Kamal AK, Shaikh Q, PashaO, Azam I, Isam M, Memon AA, et a. A randomized controlled behaviora intervention trial
to improve medication adherence in adult stroke patients with prescription tailored Short Messaging Service
(SMS)-SMHAStroke study. BMC Neurol. Oct 21, 2015;15:212. [FREE Full text] [doi: 10.1186/s12883-015-0471-5] [Medline:
26486857)

Ded Re AC, Maisael NC, Blodgett JC, Finney JW. I ntention-to-treat analyses and missing data approachesin pharmacotherapy
trials for alcohol use disorders. BMJ Open. Nov 12, 2013;3(11):e003464. [FREE Full text] [doi:
10.1136/bmjopen-2013-003464] [Medline: 24227870]

Strobl J, Cave E, Walley T. Data protection legislation: interpretation and barriers to research. BMJ. Oct 07,
2000;321(7265):890-892. [FREE Full text] [doi: 10.1136/bmj.321.7265.890] [Medline: 11021874]

The Declaration of Helsinki and public health. World Health Organization. URL : https.//www.who.int/bull etin/volumes/
86/8/08-050955/en/ [accessed 2020-04-11]

https://mhealth.jmir.org/2024/1/€50248 JMIR Mhealth Uhealth 2024 | vol. 12 | €50248 | p. 17

(page number not for citation purposes)


http://dx.doi.org/10.4172/2375-4273.1000178
https://mhealth.jmir.org/2020/10/e17470/
http://dx.doi.org/10.2196/17470
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33112251&dopt=Abstract
https://europepmc.org/abstract/MED/30618437
https://europepmc.org/abstract/MED/30618437
http://dx.doi.org/10.4103/jmas.JMAS_270_18
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30618437&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/20552076221089454?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/20552076221089454
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35401998&dopt=Abstract
http://dx.doi.org/10.1002/(sici)1098-240x(199908)22:4<341::aid-nur8>3.0.co;2-p
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10435551&dopt=Abstract
http://dx.doi.org/10.1016/0092-6566(85)90023-6
https://linkinghub.elsevier.com/retrieve/pii/S0002-8703(16)30062-X
http://dx.doi.org/10.1016/j.ahj.2016.05.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27502855&dopt=Abstract
https://europepmc.org/abstract/MED/26769742
http://dx.doi.org/10.1161/CIRCULATIONAHA.115.017530
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26769742&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0197671
http://dx.doi.org/10.1371/journal.pone.0197671
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30571697&dopt=Abstract
https://europepmc.org/abstract/MED/20332509
http://dx.doi.org/10.1136/bmj.c332
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20332509&dopt=Abstract
https://systematicreviewsjournal.biomedcentral.com/articles/10.1186/2046-4053-1-43
http://dx.doi.org/10.1186/2046-4053-1-43
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23006870&dopt=Abstract
http://www.pbs.gov.pk/
http://dx.doi.org/10.1891/106137407783095757
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18232619&dopt=Abstract
http://dx.doi.org/10.1056/nejmra050100
http://dx.doi.org/10.1093/ndt/gfp732
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20067907&dopt=Abstract
https://europepmc.org/abstract/MED/30929415
http://dx.doi.org/10.4097/kja.19049
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30929415&dopt=Abstract
https://www.canjsurg.ca/lookup/pmidlookup?view=long&pmid=20858381
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20858381&dopt=Abstract
https://europepmc.org/abstract/MED/8870577
https://europepmc.org/abstract/MED/8870577
http://dx.doi.org/10.1136/bmj.313.7061.862
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8870577&dopt=Abstract
https://www.ahajournals.org/doi/abs/10.1161/HYP.0000000000000087?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1161/HYP.0000000000000087
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30827125&dopt=Abstract
https://bmcneurol.biomedcentral.com/articles/10.1186/s12883-015-0471-5
http://dx.doi.org/10.1186/s12883-015-0471-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26486857&dopt=Abstract
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=24227870
http://dx.doi.org/10.1136/bmjopen-2013-003464
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24227870&dopt=Abstract
https://europepmc.org/abstract/MED/11021874
http://dx.doi.org/10.1136/bmj.321.7265.890
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11021874&dopt=Abstract
https://www.who.int/bulletin/volumes/86/8/08-050955/en/
https://www.who.int/bulletin/volumes/86/8/08-050955/en/
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Arshed et a

46.

47.

48.

49,

50.

51.

52.

53.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Rand CS, Sevick MA. Ethicsin adherence promotion and monitoring. Control Clin Trials. Oct 2000;21(5 Suppl):241S-247S.
[FREE Full text] [doi: 10.1016/s0197-2456(00)00085-4] [Medline: 11018582]

Moher D, Hopewell S, Schulz KF, Montori V, Gatzsche PC, Devereaux PJ, et al. CONSORT 2010 explanation and
elaboration: updated guidelines for reporting parallel group randomised trials. BMJ. Mar 23, 2010;340:¢869. [ FREE Full
text] [doi: 10.1136/bmj.c869] [Medline: 20332511]

Morawski K, Ghazinouri R, Krumme A, Lauffenburger JC, Lu Z, Durfee E, et al. Association of a smartphone application
with medication adherence and blood pressure control: the Medl SAFE-BP randomized clinical trial. JAMA Intern Med.
Jun 01, 2018;178(6):802-809. [FREE Full text] [doi: 10.1001/jamainternmed.2018.0447] [Medline: 29710289]

Al-Arkee S, Mason J, Lane DA, Fabritz L, Chua W, Hague M S, et al. Mobile apps to improve medication adherence in
cardiovascular disease: systematic review and meta-analysis. JMed Internet Res. May 25, 2021;23(5):€24190. [ FREE Full
text] [doi: 10.2196/24190] [Medline: 34032583]

Santo K, Richtering SS, Chalmers J, Thiagalingam A, Chow CK, Redfern J. Mobile phone apps to improve medication
adherence: a systematic stepwise process to identify high-quality apps. IMIR Mhealth Uhealth. Dec 02, 2016;4(4):e132.
[FREE Full text] [doi: 10.2196/mhealth.6742] [Medline: 27913373]

Arshed M, Zakar R, Umer MF, Kiran M, Ullah N, Iftikhar G, et a. Efficacy of mHealth and education-led peer counseling
for patients with hypertension and coronary artery disease in Pakistan: study protocol for a double-blinded pragmatic
randomized-controlled trial with factorial design. Trials. Jul 10, 2023;24(1):448. [FREE Full text] [doi:
10.1186/s13063-023-07472-0] [Medline: 37424031]

Varleta P, Acevedo M, Akel C, Salinas C, Navarrete C, Garcia A, et a. Mobile phone text messaging improves
antihypertensive drug adherence in the community. J Clin Hypertens (Greenwich). Dec 2017;19(12):1276-1284. [FREE
Full text] [doi: 10.1111/jch.13098] [Medline: 28941056]

XuH, Long H. The effect of smartphone app—based interventions for patients with hypertension: systematic review and
meta-analysis. IMIR Mhealth Uhealth. Oct 19, 2020;8(10):e21759. [FREE Full text] [doi: 10.2196/21759] [Medline:
33074161]

Li R, Liang N, Bu F, Hesketh T. The effectiveness of self-management of hypertension in adults using mobile health:
systematic review and meta-analysis. IMIR Mhealth Uhealth. Mar 27, 2020;8(3):e17776. [FREE Full text] [doi:
10.2196/17776] [Medline: 32217503]

Schoenthaler A, Leon M, Butler M, Steinhaeuser K, Wardzinski W. Devel opment and eval uation of atailored maobile health
intervention to improve medication adherence in black patients with uncontrolled hypertension and type 2 diabetes: pilot
randomized feasibility trial. IMIR Mhealth Uhealth. Sep 23, 2020;8(9):e17135. [FREE Full text] [doi: 10.2196/17135]
[Medline: 32965230]

Chew S, Lai PSM, Ng CJ. Usability and utility of a mobile app to improve medication adherence among ambulatory care
patientsin Malaysia: qualitative study. IMIR Mhealth Uhealth. Jan 31, 2020;8(1):€15146. [FREE Full text] [doi:
10.2196/15146] [Medline: 32003748]

Chen B, Dou Y, Yu X, MaD. Influence of internet-based health management on control of clinical parametersin patients
with hypertension: four-year longitudinal study. JMed Internet Res. Mar 20, 2023;25:e42896. [FREE Full text] [doi:
10.2196/42896] [Medline: 36939826]

Cao W, Milks MW, Liu X, Gregory ME, Addison D, Zhang P, et al. mHealth interventions for self-management of
hypertension: framework and systematic review on engagement, interactivity, and tailoring. IMIR Mhealth Uhealth. Mar
02, 2022;10(3):e29415. [FREE Full text] [doi: 10.2196/29415] [Medline: 35234655]

LiuF, Song T, Yu R, Deng N, Guan Y, Yang Y, et al. Efficacy of an mHealth app to support patients' self-management of
hypertension: randomized controlled trial. JMed Internet Res. Dec 19, 2023;25:43809. [FREE Full text] [doi: 10.2196/43809]
[Medline: 38113071]

Aovare B, Abdulai K, Laar A, van der Linden EL, Moens N, Richard E, et al. Assessing the effectiveness of mHealth
interventions for diabetes and hypertension management in Africa: systematic review and meta-analysis. IMIR Mhealth
Uhealth. Aug 29, 2023;11:e43742. [FREE Full text] [doi: 10.2196/43742] [Medline: 37646291]

Ivers NM, Schwalm J, Bouck Z, McCready T, Taljaard M, Grace SL, et al. Interventions supporting long term adherence
and decreasing cardiovascular events after myocardial infarction (ISLAND): pragmatic randomised controlled trial. BMJ.
Jun 10, 2020;369:m1731. [FREE Full text] [doi: 10.1136/bmj.m1731] [Medline: 32522811]

Kamal A, KhojaA, Usmani B, Magsi S, Malani A, PeeraZ, et al. Effect of 5-minute movies shown via a mobile phone
app on risk factors and mortality after stroke in alow- to middle-income country: randomized controlled trial for the Stroke
Caregiver Dyad Education Intervention (MoviesAStroke). IMIR Mhealth Uhealth. Jan 28, 2020;8(1):€12113. [FREE Full
text] [doi: 10.2196/12113] [Medline: 32012080]

Hamine S, Gerth-Guyette E, Faulx D, Green BB, Ginsburg AS. Impact of mHealth chronic disease management on treatment
adherence and patient outcomes: a systematic review. JMed Internet Res. Feb 24, 2015;17(2):e52. [FREE Full text] [doi:
10.2196/jmir.3951] [Medline: 25803266]

Lee S, Rajaguru V, Baek JS, Shin J, Park Y. Digital health interventions to enhance tubercul osis treatment adherence:
scoping review. IMIR Mhealth Uhealth. Dec 04, 2023;11:e49741. [FREE Full text] [doi: 10.2196/49741] [Medline:
38054471]

https://mhealth.jmir.org/2024/1/€50248 JMIR Mhealth Uhealth 2024 | vol. 12 | €50248 | p. 18

(page number not for citation purposes)


https://linkinghub.elsevier.com/retrieve/pii/S0197245600000854
http://dx.doi.org/10.1016/s0197-2456(00)00085-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11018582&dopt=Abstract
https://boris.unibe.ch/id/eprint/1151
https://boris.unibe.ch/id/eprint/1151
http://dx.doi.org/10.1136/bmj.c869
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20332511&dopt=Abstract
https://europepmc.org/abstract/MED/29710289
http://dx.doi.org/10.1001/jamainternmed.2018.0447
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29710289&dopt=Abstract
https://www.jmir.org/2021/5/e24190/
https://www.jmir.org/2021/5/e24190/
http://dx.doi.org/10.2196/24190
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34032583&dopt=Abstract
https://mhealth.jmir.org/2016/4/e132/
http://dx.doi.org/10.2196/mhealth.6742
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27913373&dopt=Abstract
https://trialsjournal.biomedcentral.com/articles/10.1186/s13063-023-07472-0
http://dx.doi.org/10.1186/s13063-023-07472-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37424031&dopt=Abstract
https://europepmc.org/abstract/MED/28941056
https://europepmc.org/abstract/MED/28941056
http://dx.doi.org/10.1111/jch.13098
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28941056&dopt=Abstract
https://mhealth.jmir.org/2020/10/e21759/
http://dx.doi.org/10.2196/21759
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33074161&dopt=Abstract
https://mhealth.jmir.org/2020/3/e17776/
http://dx.doi.org/10.2196/17776
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32217503&dopt=Abstract
https://mhealth.jmir.org/2020/9/e17135/
http://dx.doi.org/10.2196/17135
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32965230&dopt=Abstract
https://mhealth.jmir.org/2020/1/e15146/
http://dx.doi.org/10.2196/15146
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32003748&dopt=Abstract
https://www.jmir.org/2023//e42896/
http://dx.doi.org/10.2196/42896
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36939826&dopt=Abstract
https://mhealth.jmir.org/2022/3/e29415/
http://dx.doi.org/10.2196/29415
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35234655&dopt=Abstract
https://www.jmir.org/2023//e43809/
http://dx.doi.org/10.2196/43809
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38113071&dopt=Abstract
https://mhealth.jmir.org/2023//e43742/
http://dx.doi.org/10.2196/43742
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37646291&dopt=Abstract
http://www.bmj.com/lookup/pmidlookup?view=long&pmid=32522811
http://dx.doi.org/10.1136/bmj.m1731
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32522811&dopt=Abstract
https://mhealth.jmir.org/2020/1/e12113/
https://mhealth.jmir.org/2020/1/e12113/
http://dx.doi.org/10.2196/12113
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32012080&dopt=Abstract
https://www.jmir.org/2015/2/e52/
http://dx.doi.org/10.2196/jmir.3951
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25803266&dopt=Abstract
https://mhealth.jmir.org/2023//e49741/
http://dx.doi.org/10.2196/49741
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=38054471&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Arshed et a

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Zhou TT, Wang R, Gu SJ, XieLL, Zhao QH, Xiao MZ, et a. Effectiveness of mobile medical appsin ensuring medication
safety among patients with chronic diseases: systematic review and meta-analysis. IMIR Mhealth Uhealth. Nov 22,
2022;10(11):e39819. [FREE Full text] [doi: 10.2196/39819] [Medline: 36413386]

Pouls BPH, Vriezekolk JE, Bekker CL, Linn AJ, van Onzenoort HAW, Vervioet M, et al. Effect of interactive eHealth
interventions on improving medication adherence in adults with long-term medication: systematic review. JMed Internet
Res. Jan 08, 2021;23(1):€18901. [FREE Full text] [doi: 10.2196/18901] [Medline: 33416501]

Chow CK, Redfern J, Hillis GS, Thakkar J, Santo K, Hackett ML, et al. Effect of lifestyle-focused text messaging on risk
factor modification in patients with coronary heart disease: arandomized clinical trial. JAMA. 2015;314(12):1255-1263.
[doi: 10.1001/jama.2015.10945] [Medline: 26393848]

Vollmer WM, Owen-Smith AA, Tom JO, Laws R, Ditmer DG, Smith DH, et a. Improving adherence to cardiovascular
disease medi cations with information technology. Am JManag Care. Nov 2014;20(11 Spec No. 17):SP502-SP510. [FREE
Full text] [Medline: 25811824]

Choudhry NK, Glynn RJ, Avorn J, Lee JL, Brennan TA, Reisman L, et al. Untangling the relationship between medication
adherence and post-myocardial infarction outcomes: medication adherence and clinical outcomes. Am Heart J. Jan
2014;167(1):51-58.€5. [doi: 10.1016/j.ahj.2013.09.014] [Medline: 24332142]

Strandberg TE, Pitkala K. What is the most important component of blood pressure: systolic, diastolic or pulse pressure?
Curr Opin Nephrol Hypertens. May 2003;12(3):293-297. [doi: 10.1097/01.mnh.0000069868.94246.¢f] [Medline: 12698068]
MargolisKL, Asche SE, Bergdall AR, Dehmer SP, Maciosek MV, Nyboer RA, et al. A successful multifaceted trial to
improve hypertension control in primary care: why did it work? J Gen Intern Med. Nov 2015;30(11):1665-1672. [FREE
Full text] [doi: 10.1007/s11606-015-3355-x] [Medline: 25952653]

Carrasco MP, Salvador CH, Sagredo PG, Marquez-Montes J, Gonzélez de Mingo MA, Fragua JA, et a. Impact of
patient-general practitioner short-messages-based interaction on the control of hypertension in afollow-up service for
low-to-medium risk hypertensive patients: a randomized controlled trial. IEEE Trans Inf Technol Biomed. Nov
2008;12(6):780-791. [doi: 10.1109/TITB.2008.926429] [Medline: 19000959]

Wald DS, Bestwick JP, Raiman L, Brendell R, Wald NJ. Randomised trial of text messaging on adherence to cardiovascul ar
preventive treatment (INTERACT trial). PLoS One. 2014;9(12):e114268. [FREE Full text] [doi:

10.1371/journal .pone.0114268] [Medline: 25479285]

Pednekar PP, Agh T, Malmenis M, Raval AD, Bennett BM, Borah BJ, et a. Methods for measuring multiple medication
adherence: a systematic review-report of the |ISPOR Medication Adherence and Persistence Special Interest Group. Value
Health. Feb 2019;22(2):139-156. [FREE Full text] [doi: 10.1016/j.jval.2018.08.006] [Medline: 30711058]

Chan A, Tetzlaff M, Ggtzsche PC, Altman DG, Mann H, Berlin JA, et al. SPIRIT 2013 explanation and el aboration:
guidancefor protocolsof clinical trials. BMJ. Jan 08, 2013;346:e7586. [FREE Full text] [doi: 10.1136/bmj.e7586] [Medline:
23303884]

Shi L, LiuJ, KolevaY, FonsecaV, Kalsekar A, Pawaskar M. Concordance of adherence measurement using self-reported
adherence questionnaires and medication monitoring devices. Pharmacoeconomics. 2010;28(12):1097-1107. [doi:
10.2165/11537400-000000000-00000] [Medline: 21080735]

Eysenbach G, CONSORT-EHEALTH Group. CONSORT-EHEALTH: improving and standardizing eval uation reports of
web-based and mobile health interventions. JMed Internet Res. Dec 31, 2011;13(4):e126. [FREE Full text] [doi:
10.2196/jmir.1923] [Medline: 22209829]

Abbreviations

AOR: adjusted oddsratio

CONSORT: Consolidated Standards of Reporting Trails
CVD: cardiovascular disease

DBP: diastolic blood pressure

GBM: graphics-based message

GBR: graphics-based reminder

GEE: generalized estimating equation

LMIC: low- and middle-income country

mHealth: mobile health

PKR: Pakistani Rupee

SBP: systolic blood pressure

SEAMS: Self-Efficacy for Appropriate Medication Adherence Scale

https://mhealth.jmir.org/2024/1/€50248 JMIR Mhealth Uhealth 2024 | vol. 12 | €50248 | p. 19

(page number not for citation purposes)


https://mhealth.jmir.org/2022/11/e39819/
http://dx.doi.org/10.2196/39819
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36413386&dopt=Abstract
https://www.jmir.org/2021/1/e18901/
http://dx.doi.org/10.2196/18901
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33416501&dopt=Abstract
http://dx.doi.org/10.1001/jama.2015.10945
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26393848&dopt=Abstract
https://www.ajmc.com/pubMed.php?pii=85786
https://www.ajmc.com/pubMed.php?pii=85786
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25811824&dopt=Abstract
http://dx.doi.org/10.1016/j.ahj.2013.09.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24332142&dopt=Abstract
http://dx.doi.org/10.1097/01.mnh.0000069868.94246.ef
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12698068&dopt=Abstract
https://europepmc.org/abstract/MED/25952653
https://europepmc.org/abstract/MED/25952653
http://dx.doi.org/10.1007/s11606-015-3355-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25952653&dopt=Abstract
http://dx.doi.org/10.1109/TITB.2008.926429
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19000959&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0114268
http://dx.doi.org/10.1371/journal.pone.0114268
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25479285&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1098-3015(18)33271-6
http://dx.doi.org/10.1016/j.jval.2018.08.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30711058&dopt=Abstract
http://www.bmj.com/lookup/pmidlookup?view=long&pmid=23303884
http://dx.doi.org/10.1136/bmj.e7586
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23303884&dopt=Abstract
http://dx.doi.org/10.2165/11537400-000000000-00000
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21080735&dopt=Abstract
https://www.jmir.org/2011/4/e126/
http://dx.doi.org/10.2196/jmir.1923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22209829&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Arshed et a

Edited by L Buis; submitted 02.07.23; peer-reviewed by M Ostbring, HF Hsieh, B Castonguay; comments to author 06.11.23; revised
version received 31.01.24; accepted 30.04.24; published 19.06.24

Please cite as:

Arshed M, Mahmud A, Minhat HS, Lim PY, Zakar R

Effectiveness of a Multifaceted Mobile Health Intervention (Multi-Aid-Package) in Medication Adherence and Treatment Outcomes
Among Patients With Hypertension in a Low- to Middle-Income Country: Randomized Controlled Trial

JMIR Mhealth Uhealth 2024;12:€50248

URL: https://mhealth.jmir.org/2024/1/650248

doi: 10.2196/50248

PMID:

©Muhammad Arshed, Aidalina Mahmud, Halimatus Sakdiah Minhat, Poh Ying Lim, Rubeena Zakar. Originaly published in
JMIR mHealth and uHealth (https://mhealth.jmir.org), 19.06.2024. This is an open-access article distributed under the terms of
the Creative Commons Attribution License (https.//creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work, first published in IMIR mHealth and uHealth, is

properly cited. The complete bibliographic information, alink to the original publication on https://mhealth.jmir.org/, aswell as
this copyright and license information must be included.

https://mhealth.jmir.org/2024/1/€50248 JMIR Mhealth Uhealth 2024 | vol. 12 | €50248 | p. 20

(page number not for citation purposes)

RenderX


https://mhealth.jmir.org/2024/1/e50248
http://dx.doi.org/10.2196/50248
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

