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Abstract

Background: Medication adherence is challenging for older adults due to factors such as the number of
medications, dosing schedule, and the duration of drug therapy. The objective of this study was to examine the
effectiveness of an in-home electronic medication dispensing system (MDS) on improving medication adherence
and health perception in older adults with chronic conditions.

Methods: A pilot Randomized Controlled Trial (RCT) was conducted using a two-arm parallel assignment model.
The intervention group used an MDS as their medication management method. The control group continued to
use their current methods of medication management. Block randomization was used to assign participants into
the intervention or control group. The inclusion criteria included 1) English speaking 2) age 50 and over 3)
diagnosed with one or more chronic condition(s) 4) currently taking five or more oral medications 5) City of Calgary
resident. Participants were recruited from a primary care clinic in Alberta, Canada. The study was open-label where
knowledge about group assigned to participants after randomization was not withheld. Medication adherence was
captured over a continuous, six-month period and analyzed using Intention-to-Treat (ITT) analysis.

Results: A total of 91 participants were assessed for eligibility and 50 were randomized into the two groups. The
number of participants analyzed for ITT was 23 and 25 in the intervention and control group, respectively. Most of
the demographic characteristics were comparable in the two groups except the mean age of the intervention
group, which was higher compared to the control group (63.96 + 7.86 versus 59.52 + 593, p-value = 0.03). The
average recorded adherence over 26 weeks was significantly higher in the intervention group than the control
group (98.35% + 2.15% versus 91.17% + 9.76%, p < 0.01). The self-rated medication adherence in the intervention
group also showed a significant increase from baseline to 6-month (Z=-2.65, p < 0.01). The control group showed a
non-significant increase (Z=-1.79, p = 0.07).
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controlled trial

Conclusion: The MDS can be an effective, long-term solution to medication non-adherence in older adults
experiencing chronic conditions and taking multiple medications. The technology induces better consistency and
improvement in medication taking behaviour than simple, non-technological intervention.

Trial registration: Registered with ClinicalTrials.gov on April 09, 2020 with identifier NCT04339296.

Keywords: Medication dispenser, Medication adherence, Health conditions, Aging and older adults, Randomized

Background

It is unequivocal that the world population is on the tra-
jectory of rapid aging. It is estimated that by 2050, one
in six people in the world will be 65 years old or older
[1]. As life expectancy improves globally, so does the
prevalence of chronic morbidity in older people. The
prescription of multiple medications and complex medi-
cation regimens are common among older adults to
treat and prevent complications associated with chronic
diseases. In Canada and the United States, 31 and 35%
of older adults aged 60—-79 use five or more prescription
drugs, respectively [2]. Canadian older adults aged 65
and older and living in the community, on average, are
prescribed 6.7 medications [3]. As a result, medication
adherence is particularly challenging for older adults due
to medication regimen factors, such as the number of
medications, dosing schedule, and the duration of drug
therapy [4].

Adherence to drug therapy is defined as the extent to
which an individual is able to take medications as rec-
ommended by health care providers [5]. The full benefit
of pharmacotherapy can only be realized when patients
take medications as prescribed. Non-adherence, con-
versely, poses a challenge for both the patients and the
healthcare system. Patients experience more disease-
related complications, poorer health outcomes, lower
quality of life, and elevated risk of death [6]. The annual
economic impact of non-adherence on the healthcare
system is substantial, costing $7—9 billion in Canada [7],
and over $100-300 billion in the United States [6, 8].
Despite profuse research on the negative consequences
of medication non-adherence, a systematic review re-
ported that up to 55% of community-dwelling older
adults (65 and above) taking multiple medications for
their chronic diseases is non-adherent [9].

Strategies to improve medication-taking behaviour in
community-dwelling older adults abound, such as pro-
viding reminders (e.g., alarms), modifying medication
packaging (e.g., blister packs, pill boxes), and following-
up with individuals (e.g., home visits) [10]. Advances in
technology have allowed for less resource-intensive dis-
semination and delivery of alternative interventions. For
example, telephone calls, text messaging, internet-based
programs, telehealth devices, and pharmaceutical

databases have been increasingly utilized to educate,
monitor, and remind patients [11, 12]. Telehealth de-
vices offer a tremendous opportunity for home health
monitoring of medication adherence and vital sign mea-
surements [13]. Telehealth devices are promising solu-
tions for the aging population to manage chronic
conditions safely and conveniently but acceptability of
utilization vary among users [13, 14]. Similarly, medica-
tion dispensing technology is a comparatively novel
innovation that integrates multiple forms of intervention
into one device. Its core features include dispensing pre-
organized medications and providing reminders. More
complex designs offer the ability to monitor, promote,
or intervene with users’ medication administration
behaviour.

Research on mediation dispensing technology and its
use among community-dwelling older adults has only
commenced in recent years. Despite the high costs and
mixed preferences and needs among study participants,
user experience is generally positive [15-17]. Older
adults find the devices acceptable [15, 16, 18], easy to
use [15, 16, 18, 19], and supportive of individuals’ daily
activities [15, 16]. Users further report a perceived im-
provement of medication adherence [15, 16, 19] and
health outcomes [15]. Subjective experiences aside, lim-
ited quantitative studies have been conducted to justify
the perceived effectiveness of the technology in improv-
ing mediation adherence and health in the older popula-
tion. Moreover, even fewer studies have been conducted
in controlled settings to rigorously determine the cause-
effect relationship between the intervention and out-
comes [20]. In response to calls for randomized con-
trolled trials (RCTs) to quantitatively evaluate the
validity of previous findings [15, 16, 19], this pilot study
aims to examine the effectiveness of an in-home elec-
tronic medication dispensing system (MDS) on improv-
ing medication adherence and health perception in
community-dwelling  older adults with chronic
conditions.

Methods

Design

The investigators conducted a pilot RCT using a two-
arm parallel assignment model with 1:1 allocation. The
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intervention group used an MDS as their medication
management method. The control group continued to
use their current methods of medication management,
such as blister packs, pill organizers, and plastic pre-
scription vials. This study was conducted in Calgary, Al-
berta, Canada. The data for each participant was
collected over a continuous, six-month period between
July 2019 and May 2020.

The study was a proof of concept for which no formal
sample size calculation was required [21]. The target
sample size was 100 study participants with 50 partici-
pants each randomly assigned to either the intervention
or the control group. Block randomization was used to
assign participants into the intervention or control
group. Block randomization is the recommended
method for sample sizes of 50 or less in each group [22].
This randomization method was utilized to balance the
groups in terms of the number of subjects they contain
and the distribution of potential confounding variables.
The study was open-label where knowledge about group
assigned to participants after randomization was not
withheld from parties involved in the study. The blocks
varied in sizes (10, 12, and 14) to reduce the predictabil-
ity of the allocation assignment and to keep the partici-
pants and investigators blind to the size of each block
[22]. A project assistant (not involved in data collection
or analysis activities) produced computer-generated sets
of random allocations using a website in advance of the
study [23]. The randomization sequence was concealed
in consecutively numbered opaque envelopes. Once the
participant consented to be included in the study, each
participant was irreversibly randomized into a group by
a research coordinator through opening the next con-
cealed envelope containing their assignment.

The cost of using the MDS was covered through the
funding program during the study. In addition, partici-
pants received a $50 gift card for participating in the
study. Ethics approval was granted by the Human Re-
search Ethics Board at the University of Alberta with
identification PRO 00087782. The trial is also registered
with ClinicalTrials.gov with identifier NCT04339296 and
adheres to Consolidated Standards of Reporting Trials
(CONSORT) guidelines [24].

Description of intervention

The MDS is a non-surgical device approved by Health
Canada under Class I of Medical Device Establishment
License. The MDS aimed to optimize medication adher-
ence by dispensing pre-packaged medications on time
with reminder alerts while tracking medications and
changes to symptoms experienced by the users. Medica-
tions were organized into pouches by day and time of
administration, and labelled with participant's name,
medication name and dosage. The sound of the
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reminder alerts amplified if the medication pouches wer-
en’t dispensed from the system by the user. Moreover,
the MDS provided flexibility to users by allowing early
dispensing of medications, if required. The pharmacy
was able to remotely monitor medication adherence
through an electronic monitoring system called Adhere-
Net. AdhereNet is a data coordination platform linking
pharmacists, patients and care teams to help users man-
age drug complexity and medication administration in
real-time [25]. The pharmacy also had the ability to
monitor the well-being of users through setting up per-
sonalized and condition-specific questions. The care-
givers were electronically connected and had access to
user’s data using the caregiver mobile application.
The MDS also has the capability to connect Bluetooth
embedded devices to measure and monitor daily vital
signs such as glucometer, blood pressure monitor, and
weight scale; but, this was beyond the aim of the pilot
study.

The task of using the MDS required individuals to
have cognitive skills for daily decision making. There
was a risk that the MDS might not function properly, or
that participants might not clearly understand the device
functionalities. Also, the participants might not compre-
hend the steps or actions required to fully administer
their medication correctly. In order to address the per-
ceived risks and mitigate harm, study participants that
were using the MDS received a one-hour training by
pharmacy staff. Additionally, to ensure the proper func-
tioning of the MDS, participants were provided with 24-
h technical support for issues that could be self-resolved
through telephone support. In other circumstances such
as the MDS fails to function, participants had access to
their medications by taking out the medication cartilage
box which was labeled with medication name and
timing.

Eligibility criteria

The eligibility criteria for participant recruitment in-
cluded 1) English speaking 2) age 50 and over 3) diag-
nosed with one or more chronic condition(s) 4)
currently taking five or more oral medications 5) City of
Calgary resident [15]. Firstly, participants were required
to be English speaking so they understood the study,
their role and were able to effectively communicate with
the research team to generate the evidence required for
the study. Secondly, participants were required to be age
50 and over to have a representative sample of the aging
population. In addition, participants needed to be diag-
nosed with at least one chronic condition and taking a
minimum of five oral medications because the MDS
acted as a medication reminder and management sup-
port system for individuals on multiple medication regi-
mens. Moreover, only individuals from the City of
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Calgary were eligible because only one pharmacy
adopted the technology and could only manage partici-
pants within the city limits. The exclusion criteria re-
stricted individuals with moderate to severe cognitive
impairment from participating in the study [15]. These
individuals would lack sufficient cognition and decision
making ability to provide informed consent and operate
the MDS safely [15].

Participant recruitment

Participants were recruited from a Primary Care Clinic
in Calgary, Alberta during the period of June to October
2019. Prior to study recruitment, the clinic compiled a
list of potential study participants from their patient
panel based on two filters of age and medication criteria.
Each healthcare provider screened the list of their pa-
tients for cognitive function and study suitability and
concluded 643 were a good fit.
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During the recruitment period, two strategies were uti-
lized to inform potential eligible participants about the
study. First, the clinic mailed a total of 517 invitation let-
ters to potentially eligible participants on behalf of the
research team to increase awareness and participation.
The interested participants were required to directly
contact the research coordinator for study enrollment.
Second, potentially eligible participants with scheduled
appointments at the clinic were flagged by the clinic ad-
ministrative staff so the healthcare provider could in-
form them about the study. Interested participants were
directed to the research coordinator on-site for study en-
rollment. A written consent was obtained from all par-
ticipants enrolled in the study.

For the duration of the study, the intervention group
participants were asked to change their current phar-
macy to a new pharmacy that was partnering with the
MDS supplier. The control group participants were not

Assessed for eligibility (n=91)

Excluded (n=41)

Randomized (n=50)

> Not meeting inclusion criteria (n=13)
Declined to participate (n=28)

v {_ Allocation | l

Allocated to control (n=26)
(Medication management without an MDS)
Received allocated intervention (n=24)
Did not receive allocated intervention (n=2)
e Refused to participate after allocation (n=1)
e Withdrew after completion of baseline (n=1)

v | Follow-Up .

Allocated to intervention (n=24)
(Medication management with an MDS)
Received allocated intervention (n=21)
Did not receive allocated intervention (n=3)
o Refused to participate after allocation (n=1)
o Withdrew after completion of baseline (n=2)

Lost to follow-up (n=4)

e Protocol non-compliance (n=4)
Discontinued intervention (n=3)

e Hospitalized (n=2)

e Withdrew participation (n=1)

8

Analysis | v

Lost to follow-up (n=0)
Discontinued intervention (n=5)
o Perceived lack of need for intervention (n=2)
e Perceived increased electricity bill due to
intervention use (n=1)
e Spouse unfavorable of the intervention (n=1)
o Hospitalized (1)

Analysed for ITT (n=25)
Completed study (n=17)
Excluded from analysis (n=2)
e Started data collection late (n=1)
e Couldn’t complete last follow-up (n=1)

Fig. 1 CONSORT flow diagram of participants in the pilot RCT

Analysed for ITT (n=23)
Completed study (n=16)
Excluded from analysis (n= 0)
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required to change their pharmacy. Out of the 91 partic-
ipants assessed for eligibility (Fig. 1), 28 of the eligible
patients refused to participate for the following reasons:
1) time constraints for study commitment 2) fear of
using technology 3) no previous issue(s) or challenge(s)
with managing their medications 4) preferred not to
change pharmacy 5) The post-study fee of using
the MDS was a barrier to participating in the study.

Data collection

Participants’ demographics, health history and medica-
tion management information were obtained through
baseline assessment once they consented to participate
in the study and have been randomized into a group.
The baseline questionnaires were often completed at the
clinic, over the telephone or through home visits. A
monthly follow-up was conducted for six months over
the phone for all participants to record changes in self-
reported medication management and health status in
the past month. Both baseline and follow-up data were
collected and managed using Research Electronic Data
Capture (REDCap) tools hosted at Alberta Health Ser-
vices [26, 27].

The intervention group adherence recording was ob-
tained from AdhereNet. The MDS adherence was de-
fined as the percentage of medications dispensed from
the system at the prescribed time. The user had a two-
hour window to remove the medication pouch. If dis-
pensed, they are given a score of 100 for the particular
medication time. If not removed, the user was consid-
ered non-adherent and given a score of 0. The medica-
tion adherence was based on an assumption that
medication was administered by the user once the pouch
was removed from the MDS. Weekly medication adher-
ence was calculated by taking the seven day average of
daily dispensing adherence values (see Additional file 1
for equation and calculation).

The control group adherence was measured through
monthly medication calendars recorded by participants.
Each participant received customized calendars based on
their medications timings. Participants were required to
mark “X” on the calendar on the day and time they
missed taking their medication. Each control participant
was required to complete and mail back the calendars
through pre-paid postage envelopes on a monthly basis
as part of the study protocol. Reminders for control
group participants to send back their medication calen-
dar for the previous month was done during follow-up
phone calls. If there were any changes in medication
timings, changes were recorded during follow-up and re-
vised calendars were mailed-out again. The control
group calendar data was entered into an Excel spread-
sheet with the predetermined equation for adherence
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calculation. Weekly medication adherence was calcu-
lated using the same approach as the intervention group.

Multi-measure approach to measuring medication ad-
herence is the recommended practice to increase the ac-
curacy of adherence measurements [28]. As such, in
addition to the recorded adherence, a second medication
adherence measure was employed. The investigators de-
veloped a self-reported medication management and ad-
herence, and health status questionnaire. The self-
reported questionnaire was completed in both groups at
baseline and follow-ups for comparison purposes. The
adherence question asked participants to rate their
medication adherence on a scale of 1 (non-adherent) to
10 (adherent). The other self-reported questions cap-
tured medication management occurrence scores
through a 5-point Likert scale rated from never (1) to al-
ways (5). Health status was also measured through a 5-
point Likert scale question rated from poor (1) to excel-
lent (5). The self-reported adherence questionnaire was
used to determine the difference regarding subjective
and objective measures of medication adherence be-
tween the two groups and overcome the challenge of
possible overestimation. A sample of self-reported ques-
tionnaire is provided in Additional file 2.

Data analysis

Descriptive and inferential statistics were used to com-
pare baseline characteristics and adherence among the
intervention and control groups. For the baseline, inves-
tigators compared the characteristic between the two
groups. A Chi-square test of independence was used for
categorical variables such as sex, ethnicity, and medica-
tion management method. An independent sample t-test
was performed for continuous variables such as age,
number of chronic conditions, and number of medica-
tions. The self-reported medication management and ad-
herence, and health status questionnaire was handled as
ordinal data. The between group analysis was conducted
using Mann-Whitney U Test. Pairwise, within-
group comparison were completed for the self-reported
questionnaire at baseline (pre-test) and six month (post-
test), using a Wilcoxon Signed Rank Test. Intention-to-
treat (ITT) analysis was utilized to keep all of partici-
pants’ data in the group they were originally assigned by
the randomization process [29]. Statistical tests for infer-
ential statistics was set at 95% confidence level. All the
data was entered and analyzed using SPSS Statistics ver-
sion 25.

Results

Figure 1 shows the CONSORT flow diagram depicting
data from each participant that were included in the
study [24]. A total of 50 participants were randomized
into the two groups; 24 allocated to intervention and 26
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allocated to control. A total of 16 MDS participants and
17 control participants completed the study. The study
dropout rate was 33% (n=8) and 35% (1=9) in the
intervention and control group, respectively. The num-
ber of participants analyzed for ITT was 23 and 25 in
the intervention and control group, respectively.

Sample characteristics

A total of 48 participants completed the baseline (23
intervention and 25 control). Table 1 highlights the
baseline comparison of the two groups with statistical
analysis for comparison. No statistically significant dif-
ference was found between the two groups on most
characteristics (p-value> 0.05); however, the mean age of
the intervention group was higher compared to the con-
trol group (63.96 +7.86 versus 59.52 +5.93, p-value =
0.03).

The most common chronic conditions between the
two groups were arthritis, diabetes, hypertension, and
anxiety and depression. Figure 2 highlights the percent-
age of most common chronic conditions reported at
baseline between the two groups. Few of the participants
indicated needing help with taking medications such as
reminders, physical assistance, organizing or sorting
medication; the reported percentage was 22% and 16%
in the intervention and control group, respectively. They
were either assisted by spouse, friend, paid caregiver or
homecare staff; some used smartphone applications or
phone alarm to help with the reminders. Moreover, 16%
in the intervention group and 23% in the control group
had a caregiver that provided direct care to them. The
caregivers were identified by study participants as either
spouse, paid caregiver, or home care staff. The most
common medication management method among
the intervention group was pill organizers (47%) before
starting to use the MDS. Whereas, 52% of the control
group were using blister packs for their medication man-
agement method. Most of the participants in both
groups were on average taking their medications 3 times
a day with the most common times of morning, supper
and bedtime. Few of the participants (3%) were taking
their medications at other times as needed for pain
management.

Self-reported medication management

Table 2 highlights the between-group difference in self-
reported scores of medication management and adherence,
and health status questionnaire using Mann-Whitney U Test
at baseline and six-month. At baseline, the differences in me-
dian self-reported medication management scores were com-
parable between the groups except for two items. First, the
distributions differed significantly between the two groups
for challenges with taking medications on time rating scores
(Mann-Whitney U =185.5, n; =23, n, =25, p-value = 0.03).
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Second, the control group reported lower medication adher-
ence than the intervention group (Mann-Whitney U = 184.5,
n; = 23, n, = 25, p-value = 0.03).

From baseline to six-months, both groups reported less
challenges with taking their medications on time. Figure 3
shows the percentage of participants reporting missing
their medications in both groups at baseline and follow-
ups. At baseline, participants that reported missing their
medication (as sometime or rarely) was 65% and 64% in
intervention and control group, respectively. However, as
the intervention participants started using the MDS, the
percentage of never missing their medication increased
from 26% at baseline compared to 83% at one-month. The
desired behavior was sustained during the study with the
help of the MDS as only 25% of participants reported
rarely missing their medications at six-month compared
to 47% in the control group. Also, 13% of the control par-
ticipants reported often missing their medication com-
pared to 0% in the intervention group at six-month. At
six-month comparison (Table 2), the intervention group
was missing their medications a lot less compared to
the control group (Mann-Whitney U = 64.0, n; = 16, n, =
15, p-value = 0.01).

Table 3 compiles the number and percentages of the six
self-reported reasons for participants missing their medi-
cations at baseline and during the follow-ups between the
two groups using multiple response analysis. The two
major reasons for participants missing their medications
were related to busyness and forgetfulness. At the time of
baseline completion, the number of participants reporting
the two reasons for missing their medications was very
similar between the two groups; in fact, the reported per-
centages were slightly higher in the intervention group.
During the six months of the study, the number of MDS
users reporting forgetfulness as a reason for missing their
medication reduced to half (n=8) compared to baseline
(n=16). Meanwhile, in the control group, the number of
reported reasons for forgetfulness and busyness was
higher during follow-ups compared to baseline.

Table 4 analyzes the within-group difference in median
rating scores of self-reported medication management and
adherence, and health status questionnaire completed at
baseline (pre-test) and six-month (post-test) using a Wil-
coxon Matched-Pairs Signed Rank Test. Both groups
found it less challenging to take their medications on time
from baseline to six-month as the post-test rating scores
were statistically significantly lower than the pre-test
scores. Also, participants were asked to rate if they took
their medications at a different time than prescribed. The
control group showed a significant decrease in rating
score from baseline to six-month (Z =-2.43, M; =3, M, =
1, p-value<0.01). Moreover, when the participants were
asked about missing their medications, both groups
showed statistically significant findings. MDS participants
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Table 1 Baseline comparison of study participants

Characteristic Intervention (n =23) Control (n =25) Statistic p-value
AGE (Years) -222° 003¢
Mean (SD) 63.96 (7.86) 59.52 (5.93)

Age Range 51-82 51-78

SEX 001° 091
Female 16 (69.6%) 17 (68.0%)

ETHNICITY 0.02 0.89
White/Caucasian 21 (91.3%) 24 (96.0%)

Aboriginal 1 (4.3%) 1(4.0%)

South East Asian 1 (4.3%) -

LIVING ARRANGEMENT 0.02 0.88
Alone in residence 8 (34.8%) 12 (48.0%)

With Spouse 8 (34.8%) 5 (20.0%)

With family member(s) other than spouse 4 (17.4%) 3 (12.0%)

Other 3 (13.0%) 5 (20.0%)

EDUCATION 0.03 0.86
Less than High School Diploma 5 (22.7%) 7 (28.0%)

High School Diploma 4 (18.2%) 6 (24.0%)

Some College, no degree 11 (50%) 7 (28.0%)

Bachelor's Degree 2 (9.1%) 5 (20.0%)

EMPLOYMENT STATUS 029 0.59
Employed 1 (4.3%) 1 (4.0%)

Unemployed 1 (4.3%) 2 (8.0%)

Retired 11 (47.8%) 6 (24.0%)

Disabled 10 (43.5) 16 (64.0%)

ANNUAL INCOME 361 0.06
< $21,000 9 (39.1%) 16 (66.7%)

$21,000 - $40,000 9 (39.1%) 6 (25.0%)

> $40,000 5 (21.7%) 2 (8.3%)

CHRONIC HEALTH CONDITIONS

Mean (SD) 448 (2.19) 4.20 (1.98) —046° 0.65
MEDICATION

Prescriptions

Mean (SD) 939 (3.73) 10.12 (4.76) 0597 0.56
Over-the-counter

Mean (SD) 1.68 (1.84) 212 (2.74) 063° 553
HELP TAKING MEDICATION

Yes 5 (21.7%) 4 (16.0%) 0.26 0.61
CAREGIVER

Yes 3 (15.83%) 5 (22.7%) 031 0.58
SEEK MEDICATION HELP® 3.09 0.69

Pharmacist
General Physician
Specialist

Homecare Staff (Nurse/HCA)

17 (42.5%)
19 (47.5%)
3 (7.5%)

0

20 (40.0%)
23 (46.0%)
3 (6.0%)
1 (2.0%)
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Table 1 Baseline comparison of study participants (Continued)

Characteristic Intervention (n = 23) Control (n =25) Statistic p-value
Other 1 (2.5%) 3 (6.0%)

MANAGEMENT METHOD 1.15 0.28
Blister Pack 5 (26.3%) 12 (52.2%)

Pill Organizers 9 (47 .4%) 4 (17.4%)

None (pill containers) 2 (10.5%) 6 (26.1%)

Other 3 (15.8%) 1 (4.3%)

MEDICATION TIMES/DAY -0.11° 091
Mean (SD) 291 (0.92) 287 (1.11)

®Calculated using Independent T-test for Equality of Means

bPearson Chi-square test was used for comparison. For other questions, Chi-Square test for trend was used
“Percentages compiled using multiple response analysis and p-value reported using chi-square test

dSignificant differences at 95% confidence level

were missing their medications less frequently from base-
line to six-month with median responses of rarely to
never, respectively (Z=-2.70, M;=2M,=1, p-value<
0.01). Whereas, the control group shifted from sometimes
to rarely for missing their medications from baseline to
six-month (Z =-2.23, M; = 3 M, = 2, p-value = 0.03).

Adherence data

For the recorded adherence, the control group was sig-
nificantly different than the intervention group. The
average recorded adherence over 26 weeks was signifi-
cantly higher in the intervention group than the control
group (98.35+2.15% versus 91.17+9.76%, p<0.01).

Arthritis 16.9%
Diabetes 16.9%
Hypertension 14.5%
Anxiety/Depression
COPD

Asthma 4.8%

Heart Disease

4.8%

Chronic Pain

4.8%

Multiple Sclerosis 2.4%

Stroke 3.6% 1.2%

Sleep Apnea 3.6% 1.2%
Cancer BRIV L/
High Cholesterol SR U788 V17

Chronic Kidney Disease Bw:VA

Fibromyalgia 847 6.0%

AN .2%  2.4%

H Intervention M Control

7.2%

Fig. 2 Percentage of common chronic conditions reported by participants (compiled using multiple response analysis)

15.7%

12.0%

14.5%
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Table 2 Baseline and six-month comparison of self-reported scores
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Question Baseline 6-month
Intervention Control ) z P-value Intervention Control U z P-value
(n=23) (n=25) (n=16) (n=15)
In the last 30 days, did you find it challenging to take your medication(s) on time?®
Median 3.00 3.00 185.5 -221 0.03¢ 1.00 2.00 99.5 -0.87 0.38
(IQR) 2 1 2 2
In the last 30 days, did you miss taking any medication(s)?”
Median 2.00 3.00 207.5 -1.74 0.08 1.00 2.00 64.0 —249 001¢
(IQR) 2 2 1 1
In the last 30 days, please rate your medication adherence (taking your medication on time) on a scale of 1 to 10°
Median 8.00 7.00 184.5 -2.16 0.03¢ 9.00 9.00 100.0 -0.83 041
(IQR) 2 4 2 3
In general, how would you say your health is in the last 30 days?“
Median 2.00 2.00 2185 —-1.58 0.12 3.00 2.00 86.0 —141 0.16
(IQR) 1 1 1 2
IQR Interquartile Range
“Likert scale was used to obtain occurrence scores (1 = Never; 2 = Rarely; 3 = Sometimes; 4 = Often; 5 = Always)
bl ikert scale was used to obtain adherence scores (1 = Least Adherent; 10 = Most Adherent)
“Likert scale was used to obtain health status quality scores (1 = Poor; 2 = Fair; 3 = Good; 4 = Very Good; 5 = Excellent)
9Significant differences at 95% confidence level
2 Control (n=15) 47% 34%
£ Intervention (n=16) 25% 75%
(=]
=
wn
< Control (n=13) 8% 62%
g Intervention (n=14) 43% 57%
<
< Control (n=13) 39%
é Intervention (n=15) 33% 60%
(a2]
< Control (n=18) 17% 33%
é Intervention (n=15) 20% 73%
o~
< Control (n=18) 50% 22%
g Intervention (n=14) 36% 64%
i
< Control (n=20) 30% 20%
28 Intervention (n=18) 17% 83%
[}
= Control (n=25) | 20% 12%
@ Intervention (n=23) | p173 26%
o

Fig. 3 Percentage of participants reporting missing their medications during the study

mAlways @OOften @ESometimes MRarely MW Never
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Table 3 Self-reported reason(s) for missing medication(s)
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Reason Baseline Follow-ups (Combined Responses)®
Intervention Control Intervention Control
(N =35) (N =45) (N=19) (N =74)

Forgot to take the medication(s)

n (%) 16 (45.7%) 17 (37.8%) 8 (42.1%) 42 (56.8%)

Were too busy to take the medication(s)

n (%) 12 (34.3%) 13 (28.9%) 11 (57.9%) 23 (31.1%)

Did not want to take the medication(s)

n (%) 2 (5.7%) 5(11.1%) 0 (0.0%) 5 (6.8%)

Had too many medication(s) to take

n (%) 2 (5.7%) 4 (8.9%) 0 (0.0%) 1 (1.4%)

Had to take medication(s) at too many times in a day

n (%) 3 (8.6%) 5(11.1%) 0 (0.0%) 3 (4.1%)

Did not have enough information on or feel unsure of taking the medication(s)

n (%) 0 (0.0%) 1(2.2%) 0 (0.0%) 0 (0.0%)

Reason(s) for missing medication question was only asked if participants selected response other than “never” for missed medication(s)
Numbers in the table are reported using Multiple Response Analysis as participants could select more than one option (check all that apply). ‘N’

represents total responses and not total number of completed questionnaires’

Follow-ups include combined responses from all six months of data collection due to low responses within each month

Table 4 Wilcoxon Matched-Pairs Signed Rank Test comparing
pretest and posttest self-reported scores

6-month-M, Z
Median (IQR)

Question n Baseline - M,

Median (IQR)

p-value

In the last 30 days, did you find it challenging to take your medication(s) on
time?*

0.02¢
<0019

Intervention 16 3.00(2) -2.28

3.00 (1)

1.00 (2)

Control 15 2.00 (2) -2.78

In the last 30 days, did you take your medication(s) at a different time than
prescribed??

Intervention 16 3.00(2) 2.00 (2) -1.35 0.18
Control 15 3.00 (3) 1.00 (1) —243 <0014
In the last 30 days, did you miss taking any medication(s)?®

Intervention 16 200 (2) 1.00 (1) -270  <001¢
Control 15300 (1) 200 (1) -223  003°

In the last 30 days, please rate your medication adherence (taking your
medication on time) on a scale of 1 to 10.°

Intervention 16 8.00 (2)° 9(2) —2.65 <0019
Control 15 7.00 (4)¢ 9.00 (3) -1.79 007

In general, how would you say your health is in the last 30 days?®
Intervention 16 250 (1) 3.00 (1) -213 0039
Control 15 200 (0) 2.00 (2) -083 041

IQR Interquartile Range

“Likert scale was used to obtain occurrence scores (1 = Never; 2 = Rarely;
3 = Sometimes; 4 = Often; 5 = Always)

b| jkert scale was used to obtain adherence scores (1 = Least Adherent;
10 = Most Adherent)

“Likert scale was used to obtain health status quality scores (1 =Poor; 2=
Fair; 3 = Good; 4 = Very Good; 5 = Excellent)

9Significant differences at 95% confidence level

“The reported values at baseline are different than Table 2, Table 5 and
Fig. 5 because the Wilcoxon Matched-Pairs Signed Rank Test only
included recoded values at pre-post measurement and missing values
are excluded

Figure 4 depicts the weekly pattern of recoded medica-
tion adherence between the two groups. The interven-
tion group had an average adherence of 97.57% + 5.03%
in the first week of using the MDS and 99.29% + 2.00 in
the last week. The control group started at 84.90% +
22.02 in the first week and gradually increased to
92.56% + 14.48% in the last week. It appears that in the
first 14 weeks, the intervention and control groups
were significantly different for all except for two weeks
(week 9 and week 11), p <.05. The decrease in medica-
tion adherence for the intervention group in week 9 is
explained by few participants not taking their medica-
tions within the two hour window and few others with-
drawing from the study with some non-adherent values
for the last day. Comparatively, the control group ob-
served a sudden decrease in medication adherence in
week 13 due to few participants reporting higher occur-
rence of missed dose than other weeks. For weeks 15
through 26, the difference between the two groups was
not significant. While, medication adherence in the
intervention group had remained steady (ranging be-
tween 97 and 99%). The weekly comparison of adher-
ence showed that the difference between the two groups
was minimized after week 15. Regarding the self-
reported medication adherence, when comparing the
pre-post analysis (Table 4), the intervention group
showed a significant increase in average medication ad-
herence from baseline to six-month (Z = -2.65, p < 0.01).
The control group showed a non-significant increase
(Z =-1.79, p = 0.07).

Figure 5 depicts the pattern of self-reported mean
medication adherence scores between the two groups
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88.00
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80.00

e==@== ntervention = CONtrol

Fig. 4 Recorded weekly medication adherence with trendline
N
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Trendline (Intervention)

Trendline (Control)

showing higher adherence scores in the intervention
group with an upward linear trend. Table 5 shows scores
were higher in the intervention group compared to con-
trol for all six months. Comparing Figs. 4 and 5, there is
no evidence of overestimation for self-reported medica-
tion adherence scores. In fact, the monthly self-reported
scores are lower than the actual recorded adherence per-
centage between the two groups. Table 5 also

highlights the self-reported rating for participants’
medication management method effectiveness (re-
ported on a 10-point scale). The effectiveness scores
were only collected during follow-ups after interven-
tion participants started using the MDS and not at
baseline. During the six months of the study, the ef-
fectiveness scores were higher in the intervention
group compared to the control group.

10
9.61 0.43
9.5
9
o
o
A
o 8.5
c
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<
©
<
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=
7
6.96
6.5
6
Baseline Month 1 Month 2
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Fig. 5 Self-reported medication adherence with trendline
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Table 5 Self-reported rating scores of effectiveness and medication adherence during the study

Question Baseline Month 1 Month 2 Month 3 Month 4 Month 5 Month 6
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
On a scale of 1-10, how would you rate MDS effectiveness in helping you manage your medications in the last 30 days?®
Intervention N/A® n=18 n=14 n=15 n=15 n=14 n=16
861 (2.23) 893 (2.17) 8.60 (2.23) 8.67 (244) 9.64 (0.50) 9.25 (1.34)

On a scale of 1-10, how would you rate your current medication management method's effectiveness in helping you manage your medications in
the last 30 days? °

Control N/AC n=18 n=17 n=16 n=13 n=13 n=15
739 (2.17) 7.59 (2.18) 8.19 (2.04) 6.92 (3.04) 7.85 (2.58) 7.80 (2.68)
In the last 30 days, please rate your medication adherence (taking your medication on time) on a scale of 1 to 10°
Intervention n=23 n=18 n=14 n=15 n=15 n=14 n=16
804 (1.61) 9.61 (0.70) 943 (0.76) 9.13 (1.19) 9.27 (1.10) 9.07 (1.14) 9.13 (0.81)
Control n=25 n=19 n=18 n=17 n=13 n=12 n=15
6.96 (1.72) 7.74 (1.66) 767 (1.78) 741 (2.50) 7.69 (2.02) 7.83 (1.90) 8.27 (2.09)

“Likert scale was used to obtain effectiveness rating scores (1 = Extremely Ineffective; 10 = Extremely Effective)
BLikert scale was used to obtain adherence scores (1 = Least Adherent; 10 = Most Adherent)
“Effectiveness rating scores weren't collected at baseline

Self-reported health status reported their health as very good, while no participants
Figure 6 highlights the percentage of self-reported health  in the intervention group reported that. The percentage
status during the study for intervention and control par-  of control participants reporting their health as poor in-
ticipants. At baseline, the majority of the participants re-  creased from 14% at one-month to 33% at six-month.
ported their health as fair; 52% in the intervention group ~ Whereas, the percentage of control participants report-
and 56% in the control group. None of the participants ing their health as fair decreased from 52% at one-
from the two groups reported their health as excellent. ~month to 20% at six-month. In the intervention group,
Furthermore, only 8% of the control group participants  the percentage of participants reporting their health as

2 Control (n=15) 33% 20% 27% 20%
‘g‘ Intervention (n=16) 6% 19% 56% 13% 6%
=
wn
< Control (n=13) 31% 39% 23% 373
g Intervention (n=14) 7% 14% 64% 14%
<
£ Control (n=14) 14% 43% 29% 14%
<§§ Intervention (n=15) 13% 13% 47% 20% 7%
(22}
< Control (n=18) 22% 44% 22% 6% 6%
é Intervention (n=15) 20% 20% 40% 20%
o~
< Control (n=19) 21% 32% 37% 11%
g Intervention (n=14) 29% 29% 36% 7%
—
< Control (n=21) 14% 52% 24% 10%
é Intervention (n=19) 73 16% 47% 26% 5%
[
% Control (n=25) 20% 56% 16% 8%
2 Intervention (n=23) [/ 52% 44%
o
EPoor [OFair @Good MVeryGood M Excellent
Fig. 6 Self-reported health status by participants during the study
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very good (0 to 13%) or excellent (0 to 6%) increased
from baseline to six-month. When comparing the pre-
post analysis regarding health status (Table 4), the inter-
vention group had a statistically significant increase in
their perceived health status from baseline to six-month
(Z=-2.13, p-value=0.03). Meanwhile, no observable
statistical difference in health improvement was evident
for the control group from baseline to six-month (Z=-
0.83, p-value = 0.41).

Discussion

Medication nonadherence in the older population due to
polypharmacy [30] and complex medication regimens is
a major public health issue. Investigators conducted a
pilot RCT to examine whether an in-home medication
dispensing technology can improve medication adher-
ence of users. The results of the study demonstrate that
the MDS can support medication management in
community-dwelling older adults living with chronic
conditions. The findings validated existing qualitative
evidence in which older adults claimed the use of medi-
cation dispensing technology improved their medication
adherence [15, 16, 19].

The average medication adherence recorded by the
MDS over the six-month study duration was 98.35% in
this study. Other studies related to medication dispens-
ing technology reported participants’ average adherence
from 97 to 98% [31, 32]. The evidence suggests that
medication dispensing technology can promote ex-
tremely high adherence in patients that are non-
compliant with their medication regimen. The trend of
recorded medication adherence further revealed that the
MDS provided users immediate improvement and con-
sistent adherence over time. A similar pattern was ob-
served by intervention participants’ self-rating of
medication adherence at baseline and follow-ups. Evi-
dence of improvements was corroborated by partici-
pants’ self-rated increase in adherence, and decrease in
missed medications and difficulties in taking medications
on time by the end of the study. The findings from this
study, in addition to evidence of existing studies, show
that medication dispensing technology can improve
medication adherence in older adults within the first
week or month, and the high adherence is likely to be
maintained over the six month period [17, 31, 33, 34].
Two studies have suggested the possibility of an even
longer maintenance of medication adherence for
community-dwelling older adults, at two to over three
years of use [18, 34].

In comparison, the control group had a consistently
lower and wider range of medication adherence. Inter-
esting, there was a gradual increase in self-recording and
self-rating as the study progressed. One explanation
could be that the task of daily medication tracking had
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inadvertently made the control participants more aware
of their medication regimens and improved their adher-
ence over time. Also, because the control group had a
significantly lower self-rated medication adherence to
begin with, due to chance [35], they had more room for
improvement. The gradual increase in medication adher-
ence in the control group may explain the lack of signifi-
cant differences in recorded adherence between
intervention and control patients after week 14, and the
lower self-reported challenges in taking medication at 6-
month, compared to baseline (Table 4). Another intri-
guing finding is that the control group’s highest data
point of self-rated medication adherence at six-month
(8.27 out of 10 which can be converted to 82.7%; Table
5) was lower than the lowest data point of self-recorded
medication adherence at week 1 (84.9%; Fig. 4). Since
the study was open-label, this indicates that the control
group believed they were not as adherent as they were.
It may be that non-technological intervention or the lack
of intervention gave them less confidence in their ability
to take medications according to their regimens. These
findings highlight the fact that the participants weren’t
overestimating their self-reported adherence due to
Hawthorne effect of being observed.

Overall, this study showed that the MDS induced bet-
ter adherence in intervention participants than non-
technological medication management methods used by
control participants. This is congruent with existing re-
search that concluded the superiority of medication dis-
pensing technology in decreasing missed doses for older
adults over self-management of medications [31], and
the use of pill organizers [31, 32]. One study conducted
in the Netherlands also reported that older adults
already using the technology had higher adherence than
non-users [36].

Study participants who reported medication adherence
issues at baseline and follow-ups mainly attributed it to
forgetfulness and busyness. Behavioural strategies have
been recommended to intervene with these commonly
reported, yet preventable barriers in individuals with
long-term pharmacotherapy commitments [37]. The
higher medication adherence in MDS users compared to
non-users could be mainly attributed to the audio and
visual reminders [17, 18, 33, 34]. The alerts emitted from
the MDS served as behavioural cues to induce remem-
bering and prevent distraction. Other features of the
MDS may have also contributed to improved outcomes.
Participants’ awareness of pharmacy adherence and
symptom monitoring through the MDS may have in-
creased their effort to be more adherent. Pre-organized
mediation packaging and early dispensing made man-
aging polypharmacy easier for participants. The early
dispensing feature provided greater flexibility and inde-
pendence for daily routine to MDS users. However, the
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p-value comparing the median rating score from base-
line to six-month for MDS participants taking their
medications at a different time than prescribed was not
statistically significant (Z=-1.35, p-value=0.18). One
possible explanation for this finding is when using the
early dispensing feature, few of the participants thought
they took their medications at a different time than pre-
scribed as opposed to the reminder time. Nevertheless,
effective interventions tend to integrate multiple compo-
nents and features [38, 39]. The combination of features
provided by the MDS (including the early dispensing op-
tion) may have produced stronger, additive effects com-
pared to the simple, non-technological interventions
used by the control participants for self-management of
medication.

Current evidence of health outcomes associated with
the use of medication dispensing technology has been
scarce and mixed. Some studies suggest it lowers the
number of hospitalization, emergency department visits
and physician appointments, and improves self-reported
physical and mental health [15, 31, 32]. Conversely, a
study found that under a nurse care coordination pro-
gram, the use of a medication dispensing device did not
improve depression, cognition, quality of life, and func-
tional status, whereas patients using a pill organizer did
[40]. In this study, the investigators found the MDS im-
proved the percieved health status of users over time,
whereas the control partcipants did not perceive im-
provements in health. Nevertheless, the study was un-
able to measure the impact of medication dispensing
technology on the actual health outcomes of older
adults, which was beyond the scope of this study.

Limitations
This study had a few limitations. The study was open-
label where knowledge about group assigned to partici-
pants after randomization was not withheld from the
participants or the research team. The lack of blinding
could have resulted in potential bias leading to higher
self-reported adherence and perceived health in the
intervention group. Also, although the outcome was the
same for both groups (i.e., medication adherence), differ-
ent methods were used to collect adherence data in the
intervention and control groups. The self-tracking
method used in the control group might not be fully ac-
curate as a result of recall bias and completing calendars
at different times or days. However, the research team
tried to reduce bias by sending personalized calendars to
control participants and used the same approach as
MDS users to calculate adherence. Self-reported adher-
ence scores were also used to supplement the recorded
adherence.

Investigators encountered some data collection issues
during the study. The research team was unable to
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obtain complete data from some participants. Intermit-
tent data were collected because some participants were
unavailable for all monthly follow-up phone calls; con-
trol participants were not consistently sending in medi-
cation tracking calendars; and, a few intervention
participants experienced technical issues with their
MDS, causing short periods of missed recordings
through the electronic monitoring system. Investigators
also experienced a high dropout rate with roughly equal
number of dropouts in both control and intervention
arms. This may be due to the content of the intervention
and the design of the study, such as the long data collec-
tion period and frequency of data collection (ie.,
monthly follow-up phone calls and daily calendar track-
ing). The investigators followed the guidelines of the
ITT approach to minimize bias due to missing responses
[41]. Lastly, the sample size in this study was small and
caution needs to be taken in the interpretation of the re-
sults [42, 43].

Future research direction
In this study, the measured impact of mediation dispens-
ing technology on health status was strictly perceptual and
may not correspond to objective measures of clinical
health outcomes. Nevertheless, the MDS Bluetooth func-
tion could be used to capture daily vital sign data and
health outcomes. In theory, the use of medication dispens-
ing technology and subsequent improvement in medica-
tion adherence have the potential to prevent or alleviate
worsening health outcomes for older adults with chronic
conditions and adherence issues. The use of medication
dispensing technology, thus, may have significant implica-
tions for the healthcare system, given non-adherent older
adults attribute to 11% of hospital admissions [44]. Future
research should examine whether using medication dis-
pensing technology attributes to changes in individuals’
health outcomes and healthcare system utilization, and
whether improved medication adherence mediates the
changes. Investigators plan to report on interviews con-
ducted with MDS users and healthcare providers at the
end of the study to obtain further insights about the topic.
Medication dispensing technology has the potential to
decrease healthcare system utilization, allow healthcare
resources to be used more effectively, and, ultimately,
decrease healthcare costs. Future, large-scale studies are
warranted to ascertain medication dispensing technol-
ogy’s impact on different groups of older population and
the healthcare system.

Conclusion

The evidence from this study suggests that the MDS can
be an effective, long-term solution to medication non-
adherence in community-dwelling older adults experien-
cing chronic conditions and taking multiple medications.
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The technology induces better consistency and improve-
ment in medication taking behaviour than simple, non-
technological intervention. Future, large-scale research is
warranted to demonstrate medication dispensing technol-
ogy’s potential in enhancing older patients’ health out-
comes, and reducing healthcare system utilization and
costs.
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