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BACKGROUND: Simple nudges such as reminders and
feedback reports to either a patient or a partner may
facilitate improved medication adherence.
OBJECTIVE: To test the impact of a pill bottle used to
monitor adherence, deliver a daily alarm, and generate
weekly medication adherence feedback reports on statin
adherence.
DESIGN: Three-month, three-arm randomized clinical
trial (ClinicalTrials.gov identifier: NCT02480530).
PARTICIPANTS: One hundred and twenty-six veterans
with known coronary artery disease and poor adherence
(medication possession ratio <80 %).
INTERVENTION: Patients were randomized to one of
three groups: (1) a control group (n = 36) that received a
pill-monitoring device with no alarms or feedback; (2) an
individual feedback group (n = 36) that received a daily
alarm and a weekly medication adherence feedback re-
port; and (3) a partner feedback group (n = 54) that re-
ceived an alarm and a weekly feedback report that was
shared with a friend, family member, or a peer. The inter-
vention continued for 3 months, and participants were
followed for an additional 3 months after the intervention
period.
MAINMEASURES: Adherence asmeasured by pill bottle.
Secondary outcomes included change in LDL (mg/dl),
patient activation, and social support.
KEY RESULTS:During the 3-month intervention period,
medication adherence was higher in both feedback arms
than in the control arm (individual feedback group 89 %,
partner feedback group 86 %, control group 67 %;
p < 0.001 and = 0.001). At 6 months, there was no differ-
ence in medication adherence between either of the feed-
back groups and the control (individual feedback 60 %,
partner feedback 52 %, control group 54 %; p = 0.75 and
0.97).
CONCLUSIONS: Daily alarms combined with individual
or partner feedback reports improved statin medication
adherence.While neither an individual feedbacknor part-
ner feedback strategy created a sustainable medication

adherence habit, the intervention itself is relatively easy to
implement and low cost.
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INTRODUCTION

Cardiovascular disease is the leading cause of death in the
United States. Statins (HMG-CoA reductase inhibitors) lower
cholesterol and reduce the risk of myocardial infarction by
30 %,1 but even among patients who have had a heart attack,
nearly half stop taking their statin medications within a year of
their initial prescription.2,3 This poor medication adherence is
associated with higher mortality, worse clinical outcomes, and
increased health care costs.4,5

One possible solution for improving adherence to medica-
tions is the implementation of Bautomated hovering,^ the
ability to remotely monitor and engage patients outside the
traditional walls of our hospitals and clinics. For many non-
adherent patients, awareness of being observed may facilitate
their use of prescribed medications.6 Developments such as
wireless smart bottles might provide an ideal opportunity to
implement non-intrusive monitoring to promote patient
engagement.
While wireless monitoring alone has not changed behavior

to the extent expected given the appeal of pedometers and
other wearable devices, linking wireless monitoring to finan-
cial incentives has been effective in advancing medication
adherence.7,8 However, interventions using financial incentive
to improve adherence require substantial resources, and some
view them as unacceptable.9,10 Other potential facilitators of
behavior change include individual feedback and social influ-
ence.11 For example, individual feedback on home energy use
increases awareness of consumption and provides motivation
for reducing usage.12 Moreover, individuals are more likely to
engage in behavior change when asked to do so by someone
else, using peer support to promote alignment with the favor-
able values exemplified by others.13 Community health
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workers and peer mentors have used similar social influences
to motivate medication adherence.14,15

Our study aimed to test the impact of Bautomated hovering^
combined with a daily alarm and weekly feedback reports on
statin adherence in veteran patients with coronary artery dis-
ease. The intervention was structured to create a three-step
Bhabit loop.^16 First, we used a daily alarm to signal to the
patient that it was time to take their medication. Second, by
opening the bottle, patients completed the behavior of taking
the medication. Finally, we provided a weekly feedback report
delivered to the individual and family/friend or peer to help
both the patient and their partner gauge their success in taking
their medications daily. We conducted a three-arm randomized
controlled trial designed to test whether a daily medication
reminder combined with a weekly adherence feedback report
sent to the patient or to the patient plus a selected partner
(designed to create individual and social forces) could improve
adherence in comparison to a control group receiving no
alarms or feedback reports. Previous research suggests that
formation of a habit takes 66 days on average.17 Therefore, we
chose to structure the intervention for 13 weeks, and patients
were followed for an additional 13 weeks after the intervention
period. Our primary outcome was medication adherence. Sec-
ondary outcomes included changes in patient activation, social
support, and low-density lipoprotein (LDL) level.

METHODS

Setting and Participants

Veteran patients at the Corporal Michael J. Crescenz VA
Medical Center (CMCVAMC) in Philadelphia were assigned
to one of three groups (Fig. 1): a control group that received an
electronic pill monitoring device with no alarms or feedback;
an individual feedback group that received a daily alarm and a
weekly medication adherence feedback report; and a partner
feedback group that received an alarm and a weekly feedback
report that was also shared with a patient-selected partner. A
patient randomized to this group chose a family member,
friend, or another patient randomized to this group as a partner.
We defined peer partner as a participant in the partner feedback
group who chose to share their feedback with another patient.
We identified participants using the VAVeterans Integrated

Service Network (VISN) four Data Warehouses (CDW) and
electronic medical records.We included only patients between
the ages of 30 and 75 with a diagnosis of coronary artery
disease (CAD).We further limited this group to those who had
documented poor adherence to a prescribed statin as measured
by a 16-month medication possession ratio (MPR) of < 80 %.
MPR is calculated using pharmacy refill data, as the propor-
tion of days in the past 480 days that the patient has access to
medication. Prescriptions for statin medications within the
Veterans Health Administration (VHA) are often written for
90 days. Therefore, calculation of MPR levels over a 3-month

period is unreliable, as patients may have only one prescrip-
tion during that period.
Study coordinators used electronic medical records to con-

firm veteran age, diagnosis of CAD, and active statin pre-
scription. Veterans whose problem list revealed active sub-
stance abuse, significant hearing loss, reduced cognitive abil-
ity, or homelessness were excluded. Patients meeting the
inclusion criteria (n = 685) were sent a letter to their home
notifying them of the study, our intention to contact them, and
our telephone number in case they had questions or wished to
opt out of participation. Mailings were followed by up to
three phone calls. Of those contacted, 397 patients declined
to participate. Veterans who agreed to participate (n = 126)
were invited to the Philadelphia CMCVAMC to complete the
consent procedure, a baseline direct LDL measurement, a
baseline survey asking about demographic information, the
four-item self-reported Morisky Medication Adherence Scale

Figure 1 Study flow diagram.
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(MMAS-4),18,19 the Patient Activation Measure (PAM),20

and the Multidimensional Scale of Perceived Social Support
(MSPSS).21 Enrollees received $50 for completion of the
baseline survey and blood draw. At 13 weeks, a study coor-
dinator re-surveyed participants by phone and recorded their
opinions about the study. An in-person visit at 26 weeks was
used to collect LDL levels and complete the final health
behavior surveys. During this visit, participants received an
additional $75 if they had also completed the telephone
survey or $50 if they had not. The study ran from April
2014 through September 2015. Funding for the study was
provided by the Center for the Evaluation of Patient Aligned
Care Team (CEPACT). The protocol was approved by the
institutional review board of the Philadelphia CMCVAMC.

Randomization and Intervention

The study was managed using BWay to Health,^ an automated
information technology platform based at the University of
Pennsylvania that facilitates clinical trial randomization, se-
curely captures survey responses, monitors electronic pill bot-
tle adherence data, and integrates adherence data to create
feedback reports.
The primary investigators were blinded to participants’

assigned intervention; however, research assistants were un-
blinded so that they could educate participants about their
device functionality and mail weekly feedback reports to the
participants’ or partners’ home address (active arms only).
Each patient was given a GlowCap® bottle (Vitality, Inc.,
Los Angeles, CA) to use for their statin. The bottle has a
computer chip in the lid that communicates with a cellular-
connected plug-in nightlight. When all features are activated,
the GlowCap monitor changes color 1 h before the scheduled
time to take the medication. If the medication is taken during
this period, the pill bottle does not sound an alarm. If the
medication is not taken within the designated period, the bottle
flashes and sounds an alarm. All patients received educational
material on the importance of adherence to statin medication.
The GlowCap was used as an electronic monitoring device to
measure our primary outcome. The control group received this
device, but none of the patient features were activated (no
alarm or notification). The use of the device in the control arm
allowed us to accurately measure daily adherence and to
compare this to the intervention (which included notification
and alarm). The individual feedback participants received a
bottle with a daily alarm and a weekly adherence feedback
report. Weekly feedback reports (Appendix available online)
displayed participants’ medication adherence and assigned a
value for weekly performance based on the number of days
that they had opened the bottle. For example, if a participant
had taken his or her medication every day, the weekly report
would display BYour weekly performance is great, keep it up.^
If it demonstrated less adherence, the report would state BYour
weekly performance needs improvement.^ Participants in the
partner feedback also had a copy of the report sent to their

designated family member, friend, or peer. All participants and
partners were trained on the interpretation of the weekly
adherence report.
Our sample size was estimated to identify Bmoderate^

intervention effects (Cohen’s d = 0.6). We calculated that we
would need a sample of 50 patients in each arm, assuming
15 % attrition, to ensure 80 % power, with alpha set at 0.05 to
detect differences in adherence between each of the feedback
arms and the control arm. In addition, we assumed that many
participants randomized to the partner arm would select a peer
partner. To adjust for the potentially high degree of relatedness
between these patients (intra-cluster correlation, ICC = 0.5),
we recruited an additional 25 subjects into the partner feed-
back arm. These assumptions were made prior to recruitment.
However, we were ultimately conservative in our estimates, as
we had only a handful of patients who dropped out (n = 6) or
selected a peer partner (n = 7). We used a computer-generated
stratified 2:2:3 block randomization assignment to facilitate
the allocation of extra participants to the partner feedback arm.

Outcomes and Statistical Analysis

Our primary outcome was medication adherence (daily open-
ing of pill bottle) during the intervention period (13 weeks).
Adherence was calculated as the number of days the GlowCap
bottle was opened during the period divided by 91 (number of
days in the time period). Our secondary outcomes included
adherence during the 13-week post-intervention period,
change in the PAM and MSPSS (all assessed from baseline
to 13 weeks and from 14 weeks to 26 weeks), and change in
the LDL-direct level (from baseline to 26 weeks). We hypoth-
esized that participants in both feedback groups would have
greater adherence rates than participants in the control arm.
To test the primary and secondary hypotheses, we used an

unadjusted intent-to-treat analysis. For those who died or
withdrew during the first 13 weeks, we assumed that unob-
served days during this period and all days in the second 13-
week period were non-adherent. Adherence was compared
among arms separately for each time period using one-way
ANOVA. P-values were calculated using the Tukey adjust-
ment for multiple comparisons.22 Additional methods of cal-
culating adherence (adjustment of denominators to account for
death, withdrawal and/or hospitalization, as well as multiple
imputations for missing data) were also analyzed, and results
were similar.
Changes in LDL levels, PAM scores, and MSPSS levels

were also compared among arms using one-wayANOVA. In a
sensitivity analysis, we used a random effects regression mod-
el that accounted for correlation of measurements on the same
person over time. The model included main effects for time
and arm, and used the interaction between time and arm to test
for differences in change over time by arm.We also performed
additional sensitivity analyses that adjusted for baseline mea-
sures of adherence (MPR and Morisky score), baseline social
support, and all demographic variables. Althoughmissing data
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was not common, multiple imputations were performed in
SAS (SAS Institute Inc., Cary, NC) using PROC MI and
MIANALYZE to create and analyze the imputed data sets.

RESULTS

Our initial screen identified 1173 patients with coronary artery
disease and a statin MPR of < 80 %. Four hundred and eighty-
eight were excluded on the basis of the inclusion or exclusion
criteria, 397 declined to participate, and we were unable to
reach 162 potential participants (Fig. 1). Demographic char-
acteristics of the 126 enrolled participants were similar for
control (n = 36), individual feedback (n = 36), and partner
feedback (n = 54) arms (Table 1). Within the partner feedback
group, most participants chose to pair with a familymember or
friend (n = 47) versus a peer (n = 7). The mean age of partic-
ipants was 65 years, and a majority were men (96 %). The
average rate of statin medication adherence in the baseline
period as measured by MPR was 67 % in the control group,
64% in the individual feedback group, and 71% in the partner
feedback group. We compared pre-trial MPR levels, sex, and
age between those who enrolled and those who did not enroll
and found no statistically significant differences. A baseline
self-assessment of adherence using the four-question Morisky
score showed that about 10 % of participants reported low
rates of adherence to statin medication, 53 % reported medium
adherence, and 37 % reported high adherence. Forty-two
percent reported high social support and 49 % had medium
levels of social support. Participants also had high levels of
patient activation (level 4: 31 % and level 3: 45 %). The
average baseline LDL cholesterol level was 88.8 mg/dl. We

tested all baseline characteristics for imbalance between ran-
domization groups and found no statistically significant
differences.
During the 13-week intervention period, medication adher-

ence in both feedback arms was higher than that in the control
arm (89 % in the individual feedback vs. 67 % in the control
group, p < 0.001; 86 % in the partner feedback vs. 67 % in the
control group, p = 0.001). There was no significant difference
in adherence between the two feedback groups (Table 2).
Throughout the intervention period, both feedback groups
maintained relatively constant weekly adherence of about
80 %. However, the control group experienced a steady de-
cline, from above 75 % adherence in the first few weeks to
near 65% byweek 13 (Fig. 2).When all intervention feedback
mechanisms were stopped at week 13, adherence rates
dropped in both feedback groups. At 6 months there was no
difference in medication adherence between the control group
and either the individual feedback group (54 vs. 60 %, p =
0.75) or the partner feedback group (54 vs. 52 %, p = 0.95).
The results from our sensitivity analyses did not significantly
change the effect sizes, p values, or interpretation of the
results.
In the post-intervention period, follow-up LDL at 26 weeks

was missing in 14 (11 %) cases, and follow-up surveys were
missing at 13 and 26 weeks for 13 (10 %) and 19 (15 %) of the
subjects, respectively. From baseline to 26 weeks, the mean
LDL level was reduced among participants in the control
group by 9.1 mg/dl (95 % CI −19.5 to 1.2), in the individual
feedback group by 5.0 mg/dl (95%CI −15.5 to 5.5), and in the
partner feedback group by 4.6 mg/dl (95%CI −13.55 to 4.35).
The differences in mean reduction in LDL levels between
individual and partner feedback arms and the control group

Table 1 Participant Characteristics

Entire sample
(n = 126)

Control
(n = 36)

Individual feedback
(n = 36)

Partner feedback
(n = 54)

Mean age (SD) 64.9 (5.8) 64.1 (6.6) 65.6 (4.1) 64.9 (6.2)
Male, n (%) 121 (96.3) 33 (91.7) 36 (100.0) 52 (96.3)
Race/ethnicity, n (%)
White, non-Hispanic 57 (45.2) 17 (47.2) 20 (55.6) 20 (37.0)
African American, non-Hispanic 64 (50.8) 18 (50.0) 16 (44.4) 30 (55.6)
Other 5 (4.0) 1 (2.8) 0 (0.0) 4 (7.4)
Baseline self-reported medication adherence,
MMAS-4, n (%)
High 46 (36.5) 11 (30.6) 16 (44.4) 19 (35.2)

Medium 67 (53.2) 20 (55.6) 17 (47.2) 30 (55.6)
Low 13 (10.3) 5 (13.9) 3 (8.3) 5 (9.3)

Baseline social support, MSPSS survey, n (%)
High 52 (41.6) 17 (48.6) 18 (50.0) 17 (31.5)
Medium 61 (48.8) 15 (42.9) 16 (44.4) 30 (55.6)
Low 12 (9.6) 3 (8.6) 2 (5.6) 7 (13.0)

Baseline patient activation, n (%)
Level 1 11 (8.7) 3 (8.3) 2 (5.6) 6 (11.1)
Level 2 19 (15.1) 5 (13.9) 4 (11.1) 10 (18.5)
Level 3 57 (45.2) 18 (50.0) 17 (47.2) 22 (40.7)
Level 4 39 (31.0) 10 (27.8) 13 (36.1) 16 (29.6)

Mean LDL level (SD) 88.8 (31.7) 93.6 (40.2) 87.3 (26.7) 86.6 (28.6)
Mean medication possession ratio, (SD) 0.68 (.27) 0.67 (.23) 0.64 (.22) 0.71 (.31)

MMAS-4 Morisky Medication Adherence Scale four-item self-report, MSPSS Multidimensional Scale of Perceived Social Support, LDL low-density
lipoprotein
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were not significant (p-values of 0.59 and 0.51, respectively).
We observed minimal score changes in the PAM and the
MSPSS surveys during the intervention period and at
26 weeks. Point estimate changes between baseline and
26 weeks in PAM and MSPSS scores were not statistically
significant and close to zero in magnitude.

DISCUSSION

This randomized controlled trial tested a novel approach
for intensifying Bautomated hovering^ using daily alarms
combined with feedback reports to engage individuals and
social partners in medication adherence. During the 13-
week intervention period, medication adherence in both
feedback arms was higher than in the control arm. We did
not find any difference between the group that received

individual feedback and the partner feedback group. In
addition, the higher rates of adherence were not sustained
once the interventions stopped.
Our results are similar to those of recent studies showing

that alarm devices and electronic reminders can improve
medication adherence23 and a recent pilot randomized con-
trolled trial that found no additional benefit provided by
partners.24 Limited interactions between participants and
partners may be one reason that we did not see a specific
benefit from the partner-selected feedback. It may be that
the alarm and individual feedback itself was sufficient to
change behavior, and there was not much to be gained with
the addition of the feedback reports to partners. On the
other hand, many participants chose their spouse as their
partner, and it is possible that participants in the individual
feedback arm may have been engaging their spouse simi-
larly even without formal engagement in the study. A
glowing, buzzing pill bottle in and of itself may have
engaged them.
Interestingly, we did not observe any change in our second-

ary outcome, LDL levels, despite higher adherence levels in
the intervention arms. While adherence improved in the inter-
vention arms at 3 months, by 6 months all groups had similar
levels of adherence. We acknowledge that we might have seen
a decline in LDL level that mirrored the improvement in
adherence had we tested LDL levels at 3 months. But the
relationship between LDL levels and statin medication adher-
ence is imprecise. We found that our population with limited
adherence to statin medications had a number of patients with
LDL levels less than 100 mg/dl at the start of the study (the
overall mean baseline LDL was 88 mg/dl). Previous research
has shown that nearly 20 % of patients with MPR of less than
80 % have LDL levels less than 100 mg/dl.25 These data
suggest that it may be possible to achieve low LDL levels
with imperfect adherence.
Our study has several limitations. First, participants in the

control group received electronic pill bottles and may have
Figure 2 Overall weekly adherence. Control

Individual feedback Partner feedback.

Table 2 Medication Adherence During Intervention and Follow-Up, LDL Change from Baseline to 6 Months, and Survey Changes from
Baseline to 3 Months and from 4 to 6 Months

Control (n = 36) Individual feedback (n = 36) Feedback + Partner (n = 54)

Intervention (0–3 months) adherence rate 0.67 (0.60, 0.75) 0.89 (0.81, 0.97) 0.86 (0.80, 0.92)
p-value* < 0.001 0.001

Follow-up (4–6 months) adherence rate 0.54 (0.43, 0.66) 0.60 (0.49, 0.72) 0.52 (0.42, 0.61)
p-value* 0.75 0.95

Change in LDL at 6 months −9.14 (−19.47, 1.18) −5.01 (−15.49, 5.48) −4.60 (−13.55, 4.35)
p-value* 0.85 0.79

Change in PAM level, baseline to 3 months† 0.12 (−0.21, 0.45) 0.23 (−0 01, 0 55) 0.27 (0.01, 0.53)
p-value* 0.88 0.77

Change in PAM level, 4 to 6 months −0.14 (−0.43, 0.15) −0.27 (−0.56, 0.02) −0.32 (−0.55, −0.08)
p-value* 0.82 0.63

Change in MSPSS level, baseline to 3 months‡ −0.06 (−0.28, 0.15) −0.09 (−0.31, 0.13) −0.01 (−0.18, 0.17)
p-value* 0.98 0.92

Change in MSPSS level, 4 to 6 months 0.16 (−0.03, 0.35) −0.01 (−0.20, 0.18) 0.11 (−0.06, 0.28)
p-value* 0.41 0.89

LDL low-density lipoprotein, PAM Patient Activation Measure, MSPSS Multidimensional Scale of Perceived Social Support
*p-values reflect comparisons with control group, and are adjusted for multiple comparisons using the Tukey method. Differences between intervention
arms were not significant.
†PAM level range: 1 to 4
‡MSPSS level range: 1 to 3
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been more adherent than a population that was not under
observation. This awareness of being observed (Hawthorne
effect) in the control group waned quickly. Second, we did
not enroll the number of subjects pre-specified by our power
calculation. However, our findings were quite robust, as we
observed a large effect size in both intervention groups com-
pared to the control group. In addition, the dropout rate and the
number of participants who selected to work with a peer partner
was lower than expected (i.e. our initial power calculation may
have been overestimated). Finally, given the steep decline in
adherence in the intervention arms once the intervention was
complete, we believe that the observed findings are authentic.
Better tools for improving patient engagement in med-

ication adherence behaviors are urgently needed. Wireless
technologies with remote monitoring capabilities can
change how we approach this problem. Our intervention
is relatively easy and inexpensive to implement, rendering
it a potentially effective way to improve long-term medi-
cation adherence. Given the easy automation and scaling
of the intervention, it would be worthwhile to determine
whether a longer intervention could lead to habit forma-
tion (i.e. persistent adherence once the intervention is
complete) or whether a continuous intervention that never
ends (the pill bottle always goes off) could lead to
sustained high levels of adherence.
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