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BACKGROUND: Poor medication adherence is common
and limits the effectiveness of treatment.
OBJECTIVE: To investigate how social supports, auto-
mated alerts, and their combination improve medication
adherence.
DESIGN: Four-arm, randomized clinical trial with a 6-
month intervention.
PARTICIPANTS: A total of 179 CVS health employees or
adult dependentswith CVS Caremark prescription cover-
age, a current daily statin prescription, a medication pos-
session ratio less than 80%, and Internet access.
INTERVENTIONS: Participants were randomly assigned
to control, social support (partner), automated adherence
alert messages (alert), or both social support and alerts
(partner + alert). Participants in the social support arms
were asked to name a medication adherence partner
(MAP) to help them take their medication. Participants in
the alert arms were sent emails, text messages, or auto-
mated phone calls if they had failed to adhere on the
previous day and on one or both of the 2 days before that.
In partner + alert, both participants and fully enrolled
MAPs received alerts.
MAIN MEASURES: Adherence measured by wireless pill
bottle opening.
KEY RESULTS: Compared to 36.0% adherence in con-
trol, adherence was significantly greater in the alert arm
(52.9%, difference vs. control of 17.0%, 95% CI for differ-
ence 6.3 to 27.6%, P = 0.002) and the partner + alert arm
(54.5%, difference vs. control of 18.6%, 95% CI for differ-
ence 6.6 to 30.5%, P = 0.003). Adherence in the partner
armwas not statistically significantly greater than control
(43.2%, difference vs. control of 7.2%, 95%CI of difference
− 5.2% to 19.5%, P = 0.25). There were no statistically
significant differences among the three treatment arms.
Fewer participants invited a MAP in the partner + alert
arm than the partner arm (P = 0.02).
CONCLUSIONS: Automated alerts were effective at im-
proving medication adherence. Assigning a medication

adherence partner did not statistically significantly affect
adherence rates.
TRIAL REGISTRATION: ClinicalTrials.gov Number
NCT01890018 [https://clinicaltrials.gov/].
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INTRODUCTION

Atherosclerotic cardiovascular disease (ASCVD) is the lead-
ing cause of death in the USA. Clinical trials have shown that
HMG-CoA reductase inhibitors (also known as statins) reduce
cholesterol levels, reduce the risk of myocardial infarction by
about 30%, and lower mortality from ASCVD.1–3 Neverthe-
less, poor adherence to statin regimens remains common.
Estimates suggest that only half of patients who are prescribed
statins are still taking them within a year, even following acute
coronary syndromes.4–6 Failure to adhere to statins increases
medical care costs, the likelihood of hospitalization, and mor-
tality.4,5,7–9 Better statin adherence could greatly improve life
expectancy.
Previous work has shown that financial incentives can in-

crease medication adherence and that insights from behavioral
economics can be leveraged to further enhance pure financial
incentives.10–14 However, financial incentives can be expensive
to offer for ongoing chronic disease management, may be
logistically challenging, and can raise concerns about equity.15

The deployment of passive reminder devices, such as pill
boxes, has little impact on adherence, suggesting that additional
motivation or more active reminders are needed.16–18 Behav-
ioral economics has shown that social forces can also motivate
people to engage in beneficial actions like medication adher-
ence, but these approaches are not well-studied.19–22

In this study, we investigated the role of social support, in
the form of suggesting participants enlist a medication
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adherence partner (MAP); the effect of alerting patients about
their failure to adhere; and the combination of these two
interventions.

METHODS

Study Population

Eligible participants were at least 18 years of age, were CVS
Health employees with active CVS Caremark prescription
coverage or the dependents of CVS Health employees who
had active CVS Caremark prescription coverage, had a current
statin prescription with a medication possession ratio (MPR)
of less than 80%, and had the ability to access the Internet to
create an account on theWeb-based platform,Way toHealth.23

Key exclusion criteria included a diagnosis of any of the
following: diabetes (due to overlap with another medication
adherence study in the CVS Health employee population),
metastatic cancer, dementia, or active or progressive liver
diseases. Participants enrolled in similar research studies at
the University of Pennsylvania were also excluded.

Recruitment and Randomization

CVS Health identified eligible individuals and sent recruit-
ment letters with study information. Participants were
recruited for the study from July 2013 through February
2014 and were active in the study for 6 months. Potential
participants interested in joining the study were directed to
the University of Pennsylvania’sWay to Health study website
to create an account and answer eligibility screening ques-
tions. If eligible, participants were invited to consent to
participate.

Study Design

After consenting, participants were assigned via a random
number generator to one of four arms: (1) a control arm
(wireless pill bottle only); (2) a partner arm, in which partic-
ipants received a wireless pill bottle and were asked to invite a
family member or friend to serve as a MAP, who would be
invited to participate in the study by helping the patient to
adhere in whatever way the MAP saw fit. The email invitation
to be a MAP did not provide specific instructions for potential
MAPs—the relevant paragraph read: BParticipants in this
study have been asked to provide the email address of a person
who would serve as their ‘adherence partner.’ Adherence
partners will help encourage participants’ medication adher-
ence. [Patient Name] would like you to be that partner.^ No
adherence alerts were provided to the participant or to the
MAP; (3) an alert arm, in which a participant received a
wireless pill bottle with an automated alert message if the
participant failed to take the pill on the previous day and on
one or both of the 2 days before that. The alert message stated:
BYou missed taking your Statin medication on two of the past
three days, including yesterday^; or (4) a partner + alert arm, in

which participants received a wireless pill bottle and were
asked to invite aMAP. Both the participant and a fully enrolled
MAP received an automated alert message if the participant
failed to take the pill on the previous day and on one or both of
the 2 days before that. In arm (4) only, a fully enrolled MAP
received the following alert message triggered by participant
non-adherence on the previous day and one of the 2 days
before that: BYour adherence partner missed taking Statin
medication on two of the past three days, including yesterday.^
Participants in all arms received electronic pill bottles called

GlowCaps (hereafter ‘wireless pill bottles’), manufactured by
Vitality Inc., to monitor adherence to a once-a-day statin. Daily
bottle openings were passively recorded through a cellular
network and transmitted to the study platform,Way to Health.21

The general alarms and reminders that can be used with the
wireless pill bottles were turned off for our study, allowing us to
test our interventions in a more standardized and focused ap-
proach to addressing medication non-adherence. Investigators,
but not participants, were blinded to study arm assignment.
Those in the partner or partner + alert arm were asked to

identify up to three potential MAPs. MAPs needed to have
access to the Internet—available to all CVS employees—to
create an account on the Way to Health platform. Potential
MAP #1 was contacted by study staff with information about
the study (i.e., informed consent and instructions for creating a
Way to Health account). If that potential MAP was not inter-
ested or did not respond to the contact request, potential MAP
#2 and/or #3 was contacted. Potential MAPs were contacted
via phone or email depending on the information provided by
the participant. All participants and MAPs selected how they
preferred to receive communications (and alerts) from the
study: email, text, or interactive voice response (IVR) phone
call. If a participant did not name a MAP, they remained in the
study arm but participated in the study without a MAP.
After consent, participants completed a baseline survey

consisting of questions on basic demographics, dosage and
adherence habits, risk-taking behavior, and forgetfulness. All
surveys were administered via the Way to Health platform.
Participants received $25 for completing each of the baseline
survey, setting up the wireless pill bottle, and completing the
final survey, with the potential to earn $75 total for full study
participation. MAPs did not receive financial compensation.
Participants were followed for 6 months after randomization.
The study was approved by the Institutional Review Board of
the University of Pennsylvania and registered on Clinical-
Trials.gov (NCT01890018).

STUDY OUTCOMES

The primary outcome was daily medication adherence as
measured by the percentage of wireless pill bottle openings
during the 6-month intervention period. If participants were
not actively using the wireless pill bottle or if the device did
not upload, those days were counted as non-adherent.
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Statistical Analysis

The primary outcome was a binary indicator of adherence for
each participant-day of the study measured by wireless pill
bottle openings. We analyzed this daily adherence data using a
longitudinal logistic regression model with participant random
effects to account for repeated measures, clustering standard
errors by participant. Independent variables included indica-
tors to represent arm. Results were reported both as total
adherence percentages (the average of the daily adherence
indicators over the entire study period) and as odds ratios
(ORs) of daily adherence (yes/no) for each intervention arm
compared to the control arm. All P values are from two-sided
tests. One hundred sixty participants provide approximately
80% power to detect ORs of approximately 2.5 for either
intervention at a significance level of 0.05. Given four arms
and six pairwise comparisons, the Bonferroni-corrected criti-
cal p value is 0.00833. Analyses were conducted using Stata
13.1 (StataCorp).

RESULTS

Of 3187 eligible individuals who were invited to participate,
179 participants enrolled in the study and were randomized
into one of the four study arms; of these, 13 were determined
ineligible only after randomization due to incorrect screening
procedures, which led to recruitment of a small number of
ineligible subjects who had participated in a prior study (1),
did not have CVS Caremark insurance (8), or did not have a
qualifying MPR (4). The rate of enrollment of ineligibles was
similar across arms. An additional four subjects were random-
ized who were unable to successfully connect the wireless pill
bottle. Neither sets of exclusions varied by treatment (Fig. 1).
This left 162 participants for analysis (Fig. 1). Demographic
characteristics of participants were balanced across the four
arms of the study (Table 1). Participants were on average
54 years old, most were white, and most were college
educated.
Participants in all intervention arms were given the choice

to select their preferred method of contact: email, text, or IVR.
Of the 162 enrolled participants with analyzed data, 98%
selected email as one of the selected notification preferences
and 62% selected email only.
Eighty percent of participants in the partner arm and 56.0%

of participants in the partner + alert arm invited a MAP to
participate in the study (difference [Diff] = 24.0%; 95% CI =
2.02–42.7%; P = 0.02). Additionally, only 17.1% of partici-
pants in the partner arm and 13.7% of participants in the
partner + alert arm had MAPs who enrolled in the study by
creating an account onWay to Health. InvitedMAPs were told
that they had been identified by the patient to help them adhere
and had the potential to provide social support regardless of
enrollment in the study, but only MAPs who enrolled in the
study within the partner + alert arm received alerts when the
patient failed to adhere.

The results comparing the treatments are shown in the first
row of Table 2 and Figure 2. Over the 6 months of the study,
participants in the control arm took their medication (i.e., were
adherent) on 36.0% of days (standard deviation [SD] = 24.6).
Participants in the partner arm were not significantly more
adherent than those in the control arm with an overall adher-
ence rate of 43.2% (Diff = 7.2%, 95% CI = − 5.2–19.5%, P =
0.25). Results were similar for daily adherence (OR = 1.53,
95% CI = 0.76–3.09, P = 0.23). Compared to participants in
the control arm, participants in the alert arm had a higher
overall adherence rate of 52.9% (Diff = 17.0%, 95% CI =
6.3–27.6%, P = 0.002) and higher daily adherence (OR =
2.75, 95% CI = 1.50–5.03, P = 0.006). Participants in the part-
ner + alert arm were also significantly more adherent than
participants in the control arm over the study period, taking
their medication on 54.5% of days (Diff = 18.6%, 95% CI =
6.3–27.6%, P = 0.003). The odds ratio (OR) of daily adher-
ence was 2.92 (95% CI = 1.49–5.70, P = 0.002); that is, par-
ticipants in the partner + alert arm had odds nearly three times
as high of taking their medication on any given day than
participants in the control arm.

DISCUSSION

In this study, we found that medication adherence was signif-
icantly improved compared to the control arm for participants
who received automated alerts about missed doses, but that the
identification of a MAP had no significant effect on its own
and no incremental effect when paired with automated alerts.
Such alerts can be thought of as tailored reminders, sent to
participants only at times when the participants have forgotten
to take their pills. Both automated alerts and social support can
be easily scaled using technology and have the advantage of
being relatively low cost compared to more personnel-
intensive interventions.
Similar reminders have been shown to be effective in other

medication adherence studies, at least in the short run, al-
though evidence suggests that reminders are not always effec-
tive.21–29 In particular, simply providing pill bottle dispensing
devices does not appear to be effective in increasing adherence
even if those are coupled with timers that alert people to time
elapsed since last dose.16 While the pill bottles themselves did
not provide reminders to the patients, non-adherence notifica-
tions were delivered to the participants in the manner they
chose (i.e., email, text message, or IVR call) at times of non-
adherence in arms 3 and 4. These notifications reflected ‘push’
messages as opposed to more passive observation or
reminders that were triggered regardless of underlying adher-
ence patterns. Reminders have been shown effective in other
studies in achieving other beneficial health outcomes. For
example, reminders to get medical tests can increase compli-
ance rates and reminding people not to smoke via text message
can improve smoking cessation.30,31 Outside of the health
domain, reminders have been found to be effective at
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encouraging loan repayment as well as savings behavior.32,33

In workplace settings, reminders can help employees avoid
procrastinating.34 In light of the literature on reminders in
other domains—and the failure of passive reminders to influ-
ence adherence—our results suggest that to be effective, ad-
herence reminders may need to be active (e.g., pushed to
people — as opposed to passive — to bring adherence to the
top of mind) and triggered by non-adherence events to make

themmore salient. Given that 98% of subjects chose email as a
preferred mode of contact (62% as the only mode of contact),
and email is the most cost-effective option of the three contact
methods, such pushing can easily be scaled to larger popula-
tions at particularly low cost.
Being given the opportunity to invite someone to serve as a

MAP in the partner arm did not significantly increase adher-
ence relative to the control arm. The overall lack of an effect

Figure 1 CONSORT Diagram. *After withdrawal, adherence was marked as 0 (i.e., non-adherent).
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may be due in part to the fact that only 80% of participants in
this arm invited a MAP and that the MAP did not receive
feedback from the medication adherence monitoring technolo-
gy. The lack of an incremental effect of the MAP in the partner
+ alert arm relative to the alert arm highlights that offering
people who are already receiving automated alerts the oppor-
tunity to invite a MAP does not have an added benefit. This
result may be due in part to the fact that only 56% identified a
MAP in the partner + alert arm. Only about a fifth of invited
MAPs in the partner + alert arm actually enrolled in the study
through the online platform, which was a requirement to re-
ceive alerts. Thus, the trial assessed the effectiveness of being
offered the opportunity to invite someone to become a MAP
rather than the efficacy of actually having a MAP. In addition,
study enrollment for participants and MAPs was through an
online platform and the MAPs were not provided with partic-
ipation incentives. These barriers may have been associated
with low participation rates among MAPs. We did not measure
communication between the patient and theMAP and so do not
know the degree of engagement of the MAP. Moreover, the
MAP did not receive specific guidance on how to support the
patient with their medication adherence.

In further work, testing the nature and timing of messaging
between the patient and MAP could be valuable, because our
low rates of active engagement among MAPs and our ap-
proach of notifying the MAP only when a patient missed
two doses of a pill may not have been optimal in achieving
high levels of bi-directional dialog and feedback between the
MAP and the patient.
Finally, participants in the study arm in which the MAP

would receive alerts were significantly less likely to invite a
MAP to participate in the study, suggesting that patients may
have been reluctant to have others learn of their failure to
adhere or that they may have wanted to protect potential
partners from messages that might be intrusive. Effective
engagement of social partners must attend to these
considerations.

Limitations

Our study has limitations. First, we did not measure clinical
outcomes such as the heart attacks and strokes that might be
prevented by statin adherence; instead, we measured adher-
ence, and we did so using remote monitoring of wireless pill
bottle openings. Medication adherence as measured by pill

Table 1 Participant Characteristics by Arm

Total Control Alert Partner Partner + alert

N 162 34 51 31 46
Age, mean (SD) 54.29 53.85 52.31 54.65 56.57

(9.33) (9.10) (10.10) (9.61) (8.11)
Female, No. (%) 70 (43) 18 (53) 18 (35) 16 (52) 18 (39)
Race/ethnicity, No. (%)
White, Non-Hispanic 128 (79) 25 (74) 41 (80) 25 (81) 37 (80)
Non-White, Non-Hispanic 25 (15) 6 (18) 8 (16) 6 (19) 5 (11)
Hispanic 7 (4) 3 (9) 2 (4) 0 (0) 2 (4)
Missing 2 (1) 0 (0) 0 (0) 0 (0) 2 (4)

Education, No. (%)
<College 44 (27) 10 (29) 12 (24) 8 (26) 14 (30)
Some college 83 (51) 17 (50) 29 (57) 15 (48) 22 (48)
Graduate school 35 (22) 7 (21) 10 (20) 8 (26) 10 (22)

Annual household income, No. (%), $
< 50,000 37 (23) 10 (29) 11 (22) 5 (16) 11 (24)
50,000 to 100,000 43 (27) 11 (32) 9 (18) 9 (29) 14 (30)
> 100,000 65 (40) 11 (32) 22 (43) 15 (48) 17 (37)
Missing 17 (10) 2 (6) 9 (18) 2 (6) 4 (9)

Forgetfulness score, sum (SD) 13.62 (3.76) 13.80 (3.57) 13.20 (3.70) 14.03 (3.50) 13.70 (3.90)
Risk-taking score, sum (SD) 9.15 (3.61) 8.53 (3.38) 8.73 (3.24) 9.23 (3.63) 10.04 (4.07)

No differences across columns were statistically significant with Bonferroni correction of significance level. Forgetfulness and risk-taking scores were
based on summing survey responses (Appendix A)

Table 2 Adherence by Demographic Group

Statistic Control Alert Partner Partner + alert

Overall 6-month average % (SD) 36.0 (24.6) 52.9 (24.0) 43.2 (25.3) 54.5 (28.0)
p value 0.002 0.25 0.003

Daily adherence (unadjusted) OR (95% CI) – 2.75 (1.50–5.03) 1.53 (0.76–3.09) 2.92 (1.49–5.70)
p value 0.001 0.23 0.002

Daily adherence (adjusted*) OR (95% CI) – 2.34 (1.28–4.41) 1.40 (0.71–2.74) 2.94 (1.52–5.68)
p value 0.006 0.33 0.001

SD standard deviation, OR odds ratio, CI confidence interval
Given 6 pairwise comparisons, the Bonferroni-corrected critical p value is 0.0083
P value reflects comparison to control arm. Percent adherence reflect average adherence over the 6-month study period. OR estimates derive from
logistic regression of daily adherence (yes/no) with participant random effects, clustering standard errors by participant
*Adjusted model controls for age, gender, race, education, income, forgetfulness score, and risk-taking score
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bottle openings has been shown to correlate with clinical
measures such as lower LDL levels.12 Second, all participants,
including those in the control arm, received a wireless pill
bottle and knew that they were being observed, which may
have generated an additional effect on adherence as compared
to a true Busual care^ condition in which wireless pill bottles
are not used.We chose to use wireless pill bottles in all arms so
that we would have a consistent measure of adherence across
all groups. Third, results may not hold in the general popula-
tion because the eligible pool consisted of individuals
employed in a healthcare firm who (1) have employer-based
health insurance, (2) are presumably somewhat knowledge-
able about health issues, (3) are knowledgeable about technol-
ogy to the extent that they successfully enrolled in the program
online, and (4) are less likely to be socially isolated. Only 5%
of eligible individuals enrolled in the study and study partic-
ipants likely differed from nonparticipants in a variety of
ways. Fourth, the total number of eligible patients was lower
than originally anticipated; as a result, enrollment stopped
before target enrollment was reached. The partner arm, for
instance, exhibited directionally improved adherence, with a p
value of 0.25, but we are underpowered to detect whether this
7% improvement is meaningful. Fifth, only a small proportion
of the invited MAPs enrolled in the study, which provided a
limited exposure of the social support treatment andmeant that
the trial assessed the effectiveness of encouraging people to
invite someone to become a MAP and not the efficacy of
actually having a MAP.

CONCLUSIONS

Individual alerts triggered by adherence failures, with or with-
out a medication adherence partner, significantly increased
adherence to a once-a-day statin. Being offered the opportu-
nity to enroll an adherence partner offered no advantage on its
own or when paired with alerts.
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