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ABSTRACT

Objective To determine whether the Perx app improves
medication adherence and clinical outcomes over
12months compared with standard care in patients
requiring polypharmacy.

Design Randomised controlled trial with 12-month
follow-up.

Setting Outpatient clinics in three tertiary hospitals in
Sydney, Australia.

Participants Eligible participants were aged 18-75
years, with at least one chronic condition, taking >3
different medications (oral medications or injections), with
smartphone accessibility. Participants were randomised in
a 1:1 ratio.

Interventions The intervention group used the Perx

app that contained customised reminders and gamified
interactions to reward verified medication adherence.
Main outcome measures The primary outcome was
medication adherence over 12 months measured using pill
counts. Secondary outcomes included clinical outcomes
(haemoglobin A1c (HbA1c), cholesterol, blood glucose,
triglycerides, creatinine, thyroid function, blood pressure
and weight).

Results Of 1412 participants screened for eligibility, 124
participants were randomised; 45 in the Perx arm and 40
in the control arm completed the study. The average age
was 59.5, 58.9% were women, chronic conditions were
cardiovascular disease (78%), type 2 diabetes (75%),
obesity (65%) or other endocrine disorders (18%). On
average, participants were taking six medications daily.
The Perx group had greater improvements in adherence at
month 2 (Coef. 8%; 95% CI 0.01 to 0.15), month 3 (Coef.
7%; 95% Cl 0.00 to 0.14) and month 12 (Coef. 7%; 95%Cl
0.00 to 0.13). The probability of HbA1c <6.5% was greater
in the Perx group at months 9 and 12 and cholesterol (total
and low-density lipoprotein cholesterol) was lower in the
Perx group at month 3. The intervention was particularly
effective for those with obesity, taking medications for
diabetes and taking <4 medications.

Conclusions This study provides evidence that app-based
behavioural change interventions can increase medication
adherence and produce longer-term improvements in
some clinical outcomes in adults managing multimorbidity.

.2 M Gail Del OImo,"*® Mackenzie Fong,' Kyra Sim,"*® Sharyn J Lymer,’

Strengths and limitations of this study

» This study evaluates the long-term effectiveness
of a medication adherence app in adults with mul-
timorbidity, requiring polypharmacy, to manage
chronic disease.

» Medication adherence was assessed with objective
pill counts and validated with clinical outcomes rath-
er than only self-reported questionnaires.

» Further research should focus on recruiting partici-
pants with poor control of their clinical measures to
test the effectiveness of the app in the most severe
multimorbid chronic disease cases.

» Future studies should consider including a ‘self-
care’ control group as a comparator where there is
not any engagement with a health professional in
monitoring medication adherence.

INTRODUCTION

Failure to take medication as prescribed is
one of the recognised barriers to effective
treatment of chronic illness.' Medication
non-adherence leads to poor control or wors-
ening of disease with subsequent increased
need for more medications or medical inter-
ventions, and greater risk of morbidity and
mortality.” Polypharmacy—concurrent use of
multiple medications presents even a bigger
challenge to medication adherence, due to
increased regimen complexity.” * Over 30%
of older Australians require polypharmacy,
and therefore, identifying effective strate-
gies to improve medication adherence is
imperative.’

Mobile health (mHealth) interventions
are promising technologies to assist patients
with adhering to their prescribed medication
schedule.®'” Smartphone applications (apps)
offer a low cost and scalable health interven-
tion modality; many people own a smart-

‘ More trials are needed to build the evidence base. hone. and app development and deliver
DrAng Li; - Trial registration number ACTRN12617001285347. phone, and app prel Y
ang.li5@unimelb.edu.au are relatively inexpensive.” Over 5000
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medication adherence apps are available, but a relatively
small body of evidence has evaluated their effectiveness.'”
A recent meta-analysis found app users were more likely
to adhere to prescribed medications than control partic-
ipants but the median trial duration was only 12 weeks."”
Longer trials are needed to determine if adherence and
clinical outcome improvements can be sustained.

Perx is a newly developed medication adherence
app.'* Its features and functions include customisable
medication regimen details and reminders, educational
messages about disease management and healthcare visit
prompts. The techniques employed throughout the app
are based on behavioural science, gamification (trigger,
action, reward and investment) and consumer engage-
ment strategies to drive engagement and adherence,” '°
and use several established behavioural science theories
such as Prospect Theory, Hyperbolic Discounting, Mental
Accounting and Anticipated Regret.'” ' Once adherence
is verified through an in-app photo, users have an oppor-
tunity to earn rewards through gamified interactions.
We investigated the association of medication adherence
(the level of adherence rates and the indicator of adher-
ence rates290%) and clinical outcomes (haemoglobin
Alc (HbAlc), total cholesterol, high-density lipoprotein
cholesterol (HDL-C), low-density lipoprotein cholesterol
(LDL-C), triglycerides, fasting/non-fasting blood glucose
(FBG/NFBG), creatinine, thyroid function tests (TFT),
systolic and diastolic blood pressure and weight) with
the Perx smartphone app compared with standard care
in participants with chronic diseases requiring polyphar-
macy over 12 months. We hypothesised that the use of the
reminder app would improve adherence and associated
clinical outcomes.

METHODS

Study design

The Perx trial was a randomised controlled trial which
investigated whether the Perx smartphone app use
improves medication adherence and clinical outcomes
in participants requiring polypharmacy over 12 months,
compared with standard care. Enrolment began on 26
February 2018 and ended on 7 January 2019. The first
participant commenced on 1 March 2018 and the last
participant completed on 28 February 2020. All partici-
pants provided written informed consent. The trial was
designed, and all procedures performed, independently
of the study sponsor. Any prospective participants who
are interested in using Perx can access the app at no cost
for basic functions or a minimal cost for more advanced
functions.

Participants

Individuals enrolled were aged 18-75 years, had at least
one chronic disease (type 2 diabetes, cardiovascular
disease, heart failure, chronic kidney disease or other
endocrine disorders), took a minimum of three different
prescribed medications and had smartphone accessibility.

Table 1
Disease state

Medications by disease state

Common medications

Type 2 diabetes/ Empagliflozin and metformin

endocrine hydrochloride, gliclazide, metformin,

disorder metformin hydrochloride and sitagliptin
and metformin hydrochloride

Amlodipine, aspirin, atenolol, atorvastatin,
candesartan, clopidogrel, fenofibrate,
irbesartan, metoprolol, perindopril,
rosuvastatin, simvastatin and telmisartan

Cardiovascular
disease/heart
failure

Chronic kidney
disease

Cephalexin, dutasteride and tamsulosin,
finasteride, frusemide, methenamine
hippurate, mirabegron, oxybutynin
hydrochloride, solifenacin

Other endocrine Fludrocortisone, hydrocortisone,
disease levothyroxine and liothyronine

Others Amitriptyline, citalopram, desvenlafaxine,
esomeprazole, hydroxychloroquine,
methotrexate, mycophenolate,
pancrelipase, pantoprazole, pregabalin,
prednisone, rabeprazole, tacrolimus and
vitamin supplement

The prescribed medications are shown in table 1. Exclu-
sion criteria were not owning a smartphone, unable to
commit to the appointment schedule or not being able to
speak or read English.

Patient and public involvement

Patients or the public were not involved in the design,
or conduct, or reporting, or dissemination plans of our
research.

Recruitment and randomisation

Participants were recruited through diabetes and heart
failure clinics and the dialysis unit at Royal Prince Alfred
Hospital, Concord Hospital and Liverpool Hospital
(tertiary hospitals in Sydney, Australia) by the research
nurse. Advertisements were placed on The University of
Sydney and Perx websites and in the local newspapers.
Registrants were screened and contacted if eligible. Poten-
tial participants from the Perx website were directed to a
study website to assess eligibility and instructed to contact
the researcher.

At the initial visit, conducted by the research nurse,
eligible participants provided demographic data. Blood
samples were collected after an overnight fast and
pathology tests ordered depending on the participants’
disease state/s (table 2). Blood pressure was measured
using a Welch Allyn Connex Vital Signs digital sphygmo-
manometer. Weight was measured in light clothing to
the nearest 0.1kg using a calibrated digital scale. Obesity
was diagnosed using the WHO criteria.'” Participants’
prescribed medication regimen including disease state of
the medication, indication, dosage, unit and frequency
was also recorded. They were instructed to store their
medications (including empty packets) in the medication
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Table 2 Pathology tests conducted by disease state

Disease state = Pathology test Time points

Type 2 diabetes Fasting blood Baseline and months

glucose 3,6,9and 12
Haemoglobin Alc
Lipid panel
Cardiovascular  Lipid panel Baseline and months
disease 3,6,9and 12
Other endocrine Thyroid function ~ Baseline and months
disorder test 3,6,9and 12
Chronic kidney  Serum creatinine  Baseline and months
disease 3,6,9and 12
Urine Baseline and month
microalbumin 12
Spot urine Baseline and month
12
Albumin/creatinine Baseline and month
ratio 12

Notes: Lipid panel included tests for high-density lipoprotein
cholesterol, low-density lipoprotein cholesterol and triglycerides.
Other endocrine disorders included hypothyroidism, endocrine
pancreatic insufficiency, adrenal insufficiency, thyroid cancer,
hyperthyroidism and type 1 diabetes.

bag provided for the duration of the study and return it
at clinic visits at months 1, 2, 3, 6, 9 and 12 of the study.
Participants were randomised to either the intervention
(Perx) or standard care (control) group without stratifi-
cation in a ratio of 1:1 using an online random number
generator. Participants’ usual healthcare providers were
informed of their patients’ participation in the trial but
not group allocation. Due to the nature of the inter-
vention, study participants and study staff (the research
nurse) were not able to be blinded. The statisticians
conducting the analyses were blinded to group allocation.

Intervention

Participants randomised to the Perx group downloaded
the Perx app to their mobile device. They were educated
and provided with written instructions on how to use the
app. Participants set up a Perx profile and uploaded their
medication schedule (medication name, medication
appearance, dosage, unit and frequency).

On completing this, participants received customised
reminders to take their tablets. They were prompted to
take an in-app photo of their scheduled medication, in
their hand, within 1 hour of the reminders to verify their
expected medication schedule (medication name, medi-
cation appearance, dosage, unit and frequency). The
uploaded photos for verification could not be saved onto
the smart phone. A new photo must be uploaded for veri-
fication every time the participant took their medication.
On verification of medication adherence, participants
were eligible to win rewards through a gamified interac-
tion. Redeemable gift cards were provided as incentives.
Participants could interact with other Perx users through

in-app forums and received weekly medication adherence
reports. App costs were paid by the trial sponsor.

Standard care

Trial participants continued to attend routine visits with
their healthcare providers as part of standard care. The
control group did not access the Perx app during the
trial. No other medication adherence apps were used,
verified by the research nurse at each visit.

Follow-Up assessment

Follow-up assessments were performed for participants in
both groups at months 1, 2, 3, 6, 9 and 12. Clinic visits at
months 1, 2, 3, 6, 9 and 12 of the study were conducted
at the research site by the research nurse who conducted
pill counts (numbers of tablets taken and left). Clinic
visits at months 3, 6, 9 and 12 included additional
assessments of blood pressure, weight and collection of
blood samples (table 2). All clinical and hospitalisation
data were reviewed by the participants’ doctor and the
research team.

Outcomes

The primary outcome was overall medication adherence
rate, defined as: number of dosage units taken/ (number
of dosage units prescribed per day x number of prescribed
days between two visits) for each individual, measured at
months 1, 2, 3, 6, 9 and 12. Overall medication adher-
ence was also assessed as a binary variable defined as: 1:
if overall medication adherence rates were 290% and 0:
otherwise. A valid cut-off for adherence should account
for the specific drug, its pharmacological characteristics
and disease severity.””*' Considering the multimorbidity
and polypharmacy nature of the participants, a frequently
adopted and more strict threshold of 90% was chosen to
avoid overestimation of the effect of the app on adher-
ence.”” The secondary outcomes were changes in clin-
ical outcomes (HbAlc, total cholesterol, HDL-C, LDL-C,
triglycerides, FBG/NFBG, creatinine, TFT, systolic and
diastolic blood pressure and weight) at baseline, months
3,6,9and 12.

Statistical analysis

The trial enrolled 124 participants, 62 in each group.
They were randomised to either the Perx group or control
group in a ratio of 1:1 to have 90% power to detect a
20% (SD 40%) difference in mean medication adher-
ence between groups in an analysis of variance study of
repeated measures with an alpha of 0.05 and allowing for
a 20% loss to follow-up.?**

Means and frequencies of baseline demographics
were reported for any differences between the Perx and
control groups. Medication adherence rate was esti-
mated using pooled linear regression models with stan-
dard errors adjusted for within-individual correlation.
Prespecified subgroup analyses for baseline body mass
index (BMI) groups (a significant risk factor for chronic
diseases,25 disease state of the medication and number
of medications were conducted as exploratory analyses.
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Control
(n=62)

Intervention (Perx)
(n=62)

P value

Female, no. (%) 35 (56.45) 38 (61.29) 0.58

Married, no. (%) 32 (53.33) 37 (60.66) 0.42

>Bachelor’s degree, no. (%) 30 (48.39) 26 (42.62) 0.52

Full time 15 (24.19) 19 (30.65)

Unemployed/not in labour force 32 (51.61) 33 (58.23)

<US$19 999/year 11 (18.03) 17 (28.81)

US$50 000-US$79 999/year 12 (19.67) 8 (13.56)

Had private insurance, no (%) 38 (61.29) 48 (78.69) 0.04

Comorbidities, no. (%)

Cardiovascular disease 48 (77.42) 49 (79.03) 1.00

Chronic kidney disease 4 (6.45) 2 (8.23) 0.40

Body mass index group, no (%) 0.32

Overweight 12 (19.35) 18 (29.03)

Total medications, mean (SD) 5.76 (2.31) 6.26 (2.65) 0.26

3-4 19 (30.7) 21 (33.9)

7-9 19 (30.6) 11 17.7)

Imputation approaches were also adopted as sensi-
tivity analysis. Multiple imputation (10 imputations)
using predictive mean matching method (three nearest
neighbours) was performed to fill in missing values in the
primary outcome variable.”® Baseline demographics (age,
gender, ethnicity and marital status), socioeconomic

(education level, employment status, annual income and
private insurance status), health-related characteristics
(number of medications, BMI group and specific comor-
bidity indicators), and medication adherence at other
time points, were included as predictors.

Secondary analyses of continuous clinical outcomes
(HbAlc, total cholesterol, HDL-C, LDL-C, triglycerides,
FBG/NFBG, creatinine, TFT, blood pressure, weight and
percentage weight change) were modelled using pooled
linear regression models. Binary clinical outcomes
(HbA1c¢<7.0% and<6.5%, total cholesterol <5.2mmol/L
and blood pressure <135/85 mm Hg) were analysed using

E-
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1412 Assessed for
eligibility

r

279 Excluded 296 Screened by face-to-

face interview

e 178 Not meeting

inclusion criteriat ’

1116 Screened by email 1009 Excluded

and telephone

—»| ¢ 227 Not meeting

I inclusion criteriat

e 101 Declined to 17 Participants

107 Participants » 782 Declined to

participate participate
- -
[ Allocation ]
v
*7 124 Randomised ﬁ
Perx (intervention)=62 Control (standard care)=62
Downloaded the Perx app Did not receive intervention
=i 14 discontinued the study
7 discontinued the study [ ollow up ] - 4 x did not want to do pill counts
- 4 disliked the app - 3x unwell
- 2 x unwell «— M_onth 1 M_onth 1 - 3 x undisclosed personal reasons
- 1 x undisclosed personal reasons n=52 n=46 - 2x loss to follow up
3 missed month 1 visit - 2 x financial o
2 discontinued the study 2 missed month 1 visit
- 1 x too busy Month 2 Month 2
- 1 x loss to follow up n=50 n=46
Month 3 Month 3 1 discontinued the study
n=50 n=45 — | - 1 X too busy
: . l l 2 discontinued the study
2 discontinued the study Month 6 Month 6 - 1 x loss to follow up
- 1x no longer wanted to use app |[€— —4g n=42 —» | -1 x relocated
- 1x unwell l l 1 missed month 6 visit
3 discontinued the study Month 9 Month 9 2 discontinued the study
- 2 X loss to follow up <« =44 n=39 —>| _ 5« relocated
- 1 x relocated . 1 missed month 9 visit
1 missed month 9 visit ¢
Month 12 Month 12
n=40
n=45

l[ Analysis ] l

Analysed

(observations=257)

Analysed
(observations=289)

Notes: TThe numbers not meeting inclusion criteria were not recorded as breakdown of different ineligibility reasons.

Figure 1 Consort study flow diagram.

pooled logistic regression models. Patients were analysed
as allocated. The models for these clinical outcomes addi-
tionally controlled for baseline demographic factors (age,
gender, ethnicity and marital status), socioeconomic
factors (education level, employment status, annual
income and private insurance status), clinical factors
(BMI group and specific comorbidity indicators) and
number of medications.

OR, 95% CIs and p values are reported for binary
outcomes and coefficient (Coef.), 95% CIs and p values
are reported for continuous outcomes. Adjusted predic-
tions of outcomes and 95% ClIs are plotted in the figures
(significant differences denoted with asterisks). Statistical
significance was defined as p<0.05. Power calculation was
conducted in G*power V.3.1 and analyses were conducted
using Stata V.14.2 (StataCorp).

RESULTS

A total of 1412 potential participants were screened. Of
the 124 eligible participants randomised at baseline, 52 in
the Perx group and 45 in the control group attended the
month 1 visit. This decreased to 45 in the Perx group and
40 in the control group at the 12-month visit. Baseline
demographics are presented in table 3. Demographics
and health-related characteristics of the Perx group were
similar to the control group at the baseline and month
1 visits. Figure 1 shows the flow diagram of the study
participants. While similar numbers of people in each
group left the study due to ill health, relocation or undis-
closed personal reasons (figure 1), itis possible that some
people who left the Perx arm after the initial visit were
less inclined to use mobile technology in general while
people who stayed in the Perx arm or left the control

Li A, et al. BMJ Open 2021;11:e047041. doi:10.1136/bmjopen-2020-047041
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Figure 2 Overall medication adherence over time notes:
average adherence rates in each arm, average probabilities of
adherence >90% in each arm and numbers of observations
at each time point are reported.

arm after the initial visit had predisposition towards using
phones or apps. Changes in medication adherence rates
and the probability of medication adherence 290% over
time for the Perx and control groups are presented in
figure 2, showing that adherence improved by the end
of the study in the Perx group and remained relatively
stable in the control group. No adverse events from using
the app were reported. Participants had on average 89.5
sessions per month (3.0 per day) and 3.6 hours per month
(7.3 min per day) in the Perx app.

Patient baseline characteristics

The average participant was aged 59.5 years; most were
female (73, 58.9%).The participants had a mean BMI
of 33.7 kg/m” and 80 (64.5%) participants had obesity.
Ninety-seven (78.2%) had cardiovascular disease, 93
(75.0%) had type 2 diabetes, 22 (17.7%) had other endo-
crine disorders (hypothyroidism (15), endocrine pancre-
atic insufficiency (2), adrenal insufficiency (2), thyroid
cancer (1), hyperthyroidism (1) or type 1 diabetes
(1)),13 (10.5%) had heart failure and 6 (4.8%) had
chronic kidney disease. Thirty-seven participants (29.8%)
had one condition, 71 (57.3%) had two conditions, 13
(10.5%) had three conditions and 3 (2.4%) had four or
five conditions. On average, participants took six medica-
tions per day (range 3-15); 32.3% took 3-4 medications,
34.7% 5-6, 24.2% took 7-9 and 8.9% took 10 or more.

Effects of interventions on total medication adherence

The probability of adhering to medication were 8% higher
in the Perx group than in the control group at month 2
(95% CI 0.01 to 0.15; p=0.025), 7% higher at month 3
(95% CI 0.00 to 0.14; p=0.046) and 7% higher at month
12 (95% CI 0.00 to 0.13; p=0.044), compared with month
1 (table 4). Multiple imputation analyses that accounted
for missing data (34 observations imputed) produced
consistent results at months 2 and 12. The significant
increase in the odds of adherence 290% were 3.33 times

higher (95% CI 1.02 to 10.84; p=0.046) at month 2 and
4.37 times higher (95%CI 1.07 to 17.78; p=0.040) at
month 12 for the Perx group than for the control group.
Multiple imputation analyses produced consistent results
at month 12. No significant improvement was observed
at months 6 and 9. Results additionally controlling for
baseline demographic (age, gender, ethnicity and marital
status), socioeconomic (education level, employment
status, annual income and private insurance status), clin-
ical (BMI group and specific comorbidity indicators) and
medication count covariates were similar.

Effects of interventions on medication adherence by
subgroups

Exploratory subgroup analyses by BMI category, disease
state of the medication, and number of medications are
presented in table 5. The Perx app significantly improved
medication adherence in participants with obesity at
month 2 (Coef. 13%; 95%CI 0.04 to 0.22; p=0.004),
month 3 (Coef. 12%; 95% CI 0.04 to 0.20; p=0.004) and
month 6 (Coef. 12%; 95% CI 0.02 to 0.22; p=0.018).

The intervention was most effective for participants
taking a smaller number of medications (3-4) at month 2
(Coef. 0.19;95% CI 0.06 to 0.31; p=0.004), month 3 (Coef.
0.15; 95% CI 0.04 to 0.26; p=0.009), month 6 (Coef. 0.15;
95% CI 0.04 to 0.26; p=0.006) and month 12 (Coef. 0.13;
95% CI 0.03 to 0.23; p=0.008).

The increase in adherence to medications for diabetes
or kidney disease was significantly higher in the Perx
group than controls at months 6 (Coef. 0.13; 95% CI 0.02
to 0.24; p=0.022) and 12 (Coef. 0.11; 95% CI 0.01 to 0.20;
p=0.028).

Effects of interventions on clinical outcomes

Figure 3 shows the changes in clinical outcomes at each
visit over time for the treatment and control groups. The
probability of HbAlc <6.5% was significantly higher in
the Perx group than the control group at month 9 (differ-
ence in probability 0.30; 95% CI 0.03 to 0.48; p=0.027)
and month 12 (difference in probability 0.22; 95% CI
0.01 to 0.44; p=0.039) (panel (a)). The probability of
total cholesterol <5.2mmol/L was significantly higher
in the Perx group at month 3 (difference in probability
0.16; 95% CI, —0.01 to —-0.30; p=0.031) (panel (b)). The
level of LDL-C was significantly lower in the Perx group at
month 3 (difference in level —0.58; 95% CI -1.07 to —0.09;
p=0.019) (panel (c)).

There were no significant differences in FBG, NFBG,
creatinine, TFT (panel (d)), blood pressure (panel (e)) or
weight or percentage weight change (panel (f)) between
the Perx and control groups over the study period.

DISCUSSION

Principal findings

This study evaluates the long-term effectiveness of a medi-
cation adherence app in adults requiring polypharmacy
to manage multiple chronic diseases. The intervention

Li A, et al. BMJ Open 2021;11:€047041. doi:10.1136/bmjopen-2020-047041



Table 4 Effects of the Perx app on medication adherence over time

Medication adherence rates

All available data

Multiple imputation

Coef. P value 95% Cl Coef. P value 95% Cl
Base: M1

M2 -0.02 0.320 -0.07 0.02 -0.02 0.330 -0.08 0.03
M3 -0.01 0.532 -0.06 0.03 -0.02 0.511 -0.06 0.03
M6 -0.03 0.287 -0.08 0.02 -0.03 0.260 -0.09 0.02
M9 —-0.01 0.691 -0.06 0.04 —-0.01 0.719 —-0.06 0.04
M12 0.01 0.580 -0.03 0.05 0.01 0.705 -0.03 0.05
Base: Perx -0.04 0.154 -0.10 0.02 -0.04 0.154 -0.10 0.02
M2 x Perx 0.08 0.025 0.01 0.15 0.08 0.028 0.01 0.15
M3 x Perx 0.07 0.046 0.00 0.14 0.07 0.066 0.00 0.14
M6 x Perx 0.05 0.193 -0.03 0.14 0.05 0.224 -0.03 0.14
M9 x Perx 0.05 0.235 -0.03 0.13 0.04 0.317 -0.04 0.12
M12 x Perx 0.07 0.044 0.00 0.13 0.07 0.049 0.00 0.14

Medication adherence rates >90%

All available data Multiple imputation

OR P value 95% Cl OR P value 95% Cl

Base: M1

M2 0.44 0.044 0.20 0.98 0.47 0.064 0.21 1.05
M3 0.57 0.183 0.25 1.30 0.60 0.226 0.26 1.38
M6 0.46 0.134 0.17 1.26 0.47 0.137 0.17 1.27
M9 0.64 0.258 0.30 1.38 0.62 0.238 0.28 1.37
M12 0.86 0.734 0.35 2.09 0.72 0.474 0.29 1.77
Base: Perx 0.50 0.129 0.20 1.23 0.50 0.130 0.20 1.23
M2 x Perx 3.33 0.046 1.02 10.84 2.68 0.106 0.81 8.90
M3 x Perx 3.19 0.058 0.96 10.60 2.71 0.110 0.80 9.20
M6 x Perx 3.01 0.105 0.79 11.42 2.76 0.140 0.72 10.58
M9 x Perx 2.39 0.136 0.76 7.49 2.03 0.251 0.60 6.85
M12 x Perx 4.37 0.040 1.07 17.78 4.95 0.041 1.07 22.84
No observations 546 580

Notes: Generalised linear models were estimated. Bold estimates indicate significance at the 5% level.

app, application; Coef., coefficient; m, month.;

was designed to be scalable and sustainable for imple-
mentation. Improvements in medication adherence
were observed at months 2, 3 and 12. Improvements in
total cholesterol and LDL-C appeared at month 3 and
improvements in blood glucose control persisted until
the end of the trial at months 9 and 12. The findings
indicate the potential efficacy of mobile device apps in
improving medication adherence and some clinical
outcomes among adults managing multimorbidity.

The effectiveness of the intervention was also related to
BMI status, disease state of the medication and number
of medications. Significant and large improvements in
medication adherence were shown for participants with
obesity at months 2, 3 and 6. Consistent with the app’s
longer-term efficacy on blood glucose control, adherence

to medications for diabetes and kidney disease showed
significant improvements at months 6 and 12. The app
was most effective for participants who took a relatively
smaller number of medications at months 2, 3, 6 and 12.

Comparison with previous studies

Recent meta-analyses on the efficacy of mobile device
apps indicated greater medication adherence among app
users.'®?7 However, the majority of studies were based on
self-reported measures of adherence and targeted single
health condition, and research with longer duration
was lacking.” # This study provides novel evidence for
the longer-term efficacy of medication adherence apps
on medication adherence and some clinical outcomes.
Similar randomised controlled trials have reported no
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Body mass index category

Healthy weight Overweight Obesity
Coef. P value 95% Cl Coef. P value 95% ClI Coef. Pvalue 95%ClI

M2 0.11 0.218 -0.06 0.28 -0.02 0.495 -0.07 0.03 -0.04 0.191 -0.10 0.02

M6 0.15 0.060 -0.01 0.30 0.03 0.188 -0.01 0.07 -0.07  0.045 -0.13 0.00

M12 0.08 0.041 0.00 0.16 0.01 0.640 -0.05 0.08 0.00 0.924 -0.05 0.05

M2 x Perx -0.14 0.145 -0.34 0.05 0.04 0.470 -0.07 0.16 0.13  0.004 0.04 0.22

M6 x Perx -0.12 0.183 -0.30 0.06 -0.06 0.428 -0.22 0.09 0.12 0.018 0.02 0.22

M12 x Perx -0.02 0.793 -0.16 0.12 0.05 0.399 -0.07 0.17 0.09 0.056 0.00 0.17

No of medications

3-4 medications 5-6 medications 7-15 medications
Coef. P value 95%ClI Coef. P value 95% Cl Coef. P value 95% Cl

M2 -0.09 0.026 -0.17 -0.01 0.03  0.567 -0.06 0.11 0.00 0.902 -0.06 0.05

M6 -0.04 0.261 -0.10 0.03 -0.01 0.893 -0.09 0.08 -0.03 0.563 -0.14 0.07

M12 -0.02 0.312 -0.05 0.02 0.01 0.746 -0.07 0.10 0.05 0.104 -0.01 0.10

M2 x Perx 0.19 0.004 0.06 0.31 0.02 0.758 -0.10 0.14 0.03  0.541 -0.07 0.12

M6 x Perx 0.15 0.006 0.04 0.26 -0.05 0.495 -0.21 0.10 0.03 0.685 -0.11 0.17

M12 x Perx 0.13 0.008 0.03 0.23 0.02 0.773 -0.12 0.16 0.02 0.632 -0.07 0.12

Disease state of medications

Cardiovascular disease Type 2 diabetes/kidney disease Other endocrine disorder/others
Coef. P value 95% CI Coef. Pvalue 95%ClI Coef. P value 95% CI

M2 0.00 0.858 -0.04 0.05 -0.04  0.066 -0.09 0.00 -0.01 0.744 -0.08 0.06

M6 -0.01 0.730 -0.06 0.05 -0.08  0.050 -0.15 0.00 0.02 0.564 -0.05 0.09

M12 0.03 0.132 -0.01 0.06 -0.02  0.591 -0.09 0.05 0.04 0.237 -0.03 0.11

M2 x Perx 0.01 0.684 -0.05 0.07 0.08 0.053 0.00 0.16 0.03 0.539 -0.06 0.12

M6 x Perx 0.02  0.575 -0.06 0.10 0.13  0.022 0.02 0.24 0.01 0.896 -0.09 0.10

M12 x Perx 0.01  0.613 -0.04 0.07 0.11  0.028 0.01 0.20 -0.01 0.822 -0.10 0.08

Notes: Generalised linear models were estimated. Bold estimates indicate significance at the 5% level.
app, application; Coef., coefficient.;
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Figure 3 Effects of the Perx app on clinical outcomes notes: generalised linear models were estimated, with SEs adjusted,
controlling for baseline demographic, socioeconomic and clinical characteristics and medication counts. Linear links were used
for continuous outcomes and logit links were used for binary outcomes. Coefficients or average marginal effects were estimated
and adjusted predictions of outcomes and 95% ClIs were plotted. Significant differences between groups at the 5% level are
denoted with asterisks. The model for creatinine might lack precision as only 59 observations were available. FBG, fasting

blood glucose; HbA1c, haemoglobin A1c; HDL, high-density lipoprotein cholesterol; LDL; low-density lipoprotein cholesterol; M,
month; NFBG, non-fasting blood glucose; TFT, thyroid function test.

difference in clinical outcomes between intervention and
control groups during the initial months of app use, 22891
However, the current study shows that group differences
in total cholesterol and LDL-C were significant at month
3, and improvements in HbAlc in Perx users became

apparent from month 9 onwards.

Explanations and implications

The long-term improvements in some clinical outcomes
such as blood glucose control suggest the potential of
mobile device apps as effective interventions to promote
medication adherence. It is pertinent that the differ-
ences in some clinical outcomes became apparent when
study visits were less frequent. While the adherence was
lower in the Perx group at month 1, the app significantly
improved the adherence in the Perx group compared with
the control group over the short term at months 2 and 3
and long term at month 12, although both groups had
improvement at month 12 that may be due to increased
salience of the trial in the final visit. Apps may be a conve-
nient and effective tool to enhance and sustain medica-
tion adherence especially between healthcare visits that
may be up to several months apart.

Large improvements in medication adherence for
participants with obesity indicate the usefulness of the
app for individuals who are more likely to have multimor-
bidity,” and require more healthcare and complex treat-
ment plans. Significant improvements were also observed
among participants with type 2 diabetes or kidney disease.
This could be because the medications associated with
these disease conditions tend to produce more notice-
able effects that motivate adherence, or because regular
blood tests are generally required for these participants
who can observe the benefit of adherence more tangibly
and hence are more likely to adhere with the assistance
of the app.

The lower effectiveness of the app for treatment
regimens with more medications may be explained by
forgetfulness, confusion, and cognitive or pill burden
associated with frequent and complex medication regi-
mens,33 and the extra time required interacting with the
app and the ‘nuisance’ of photo taking (quote by partic-
ipants) and pill counting. The amount of time required
to engage with the app is an important factor associated
with effective health behavioural change.?” Modifying the
app so that the verification process is less burdensome
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could help to extend the benefits to participants taking
many tablets.

A smartphone app such as Perx can be implemented
in a non-research clinical setting for routine use in prac-
tice. Interested mobile phone users can download and
use the app, although embedding more languages and
screen reader features will increase the accessibility of the
app. Measures should be in place to ensure that the app
does not contribute to health inequalities for people who
do not have access or have language barriers. Addition-
ally, linking pharmacy and general practice services with
the app can potentially increase the effectiveness of the
app. More qualitative and implementation studies such
as a cost-effectiveness analysis from a healthcare provider
perspective may need to be considered to assess and
ensure the feasibility and efficacy of the app on a larger
scale.

Strengths and limitations

The efficacy of a mobile phone app was assessed for
adherence to polypharmacy using a randomised
controlled trial over long intervention duration. Medica-
tion adherence was assessed objectively, and numerous
clinical outcomes were measured over the study period.
The study focused on a population with multimorbidity
requiring polypharmacy who were at higher risks of incur-
ring avoidable hospitalisations and preventable compli-
cations.” * Subgroup analyses and multiple imputation
were conducted on the primary study outcome to explore
effect heterogeneity and assess result robustness.

The study had some limitations. First, baseline measures
of adherence were not assessed. The model could, there-
fore, not include a preintervention measure; however,
demographics at baseline and month 1 were evenly
distributed following randomisation. Second, returning
medication bags to the research nurse at study visits may
have promoted self-monitoring in both groups, poten-
tially impacting on the study’s findings and generalis-
ability. However, the frequency of later visits was similar to
that in real life primary healthcare settings. Including a
‘self-care’ control group that does not engage in any self-
monitoring activities would be of value to future studies.
Third, baseline glycaemic control among all participants
was generally good, potentially reducing the general-
isability of findings. Good glycaemic control could be
attributed to participants’ relatively high education
status. Fourth, at the time of the study, the app was exclu-
sively online, limiting accessibility when participants were
not connected to the internet. Offline functionality has
since been developed and could plausibly increase the
effect size of the intervention. Fifth, this study evaluated a
single app therefore its findings may not be generalisable
to all medication adherence apps. Sixth, it was possible
for some participants to reveal their group allocation to
their healthcare providers. Seventh, people who stayed in
the Perx arm or left the control arm after the initial visit
potentially had predisposition towards using phones or
apps. Lastly, while pill count is a more objective measure

of adherence than self-reported questionnaires, partici-
pants could plausibly discard tablets to feign adherence.
Measuring clinical outcomes in the current study helped
to validate adherence.

CONCLUSION

This study provides preliminary evidence that app-based
behavioural change interventions can increase medica-
tion adherence and produce longer-term improvements
in some clinical outcomes in adults managing chronic
disease with polypharmacy. These interventions may be
particularly effective for those with obesity, taking medica-
tions for type 2 diabetes and for people taking a relatively
smaller number of medications. More trials are needed to
build the evidence base.
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