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Expanding on evidence that interventions to improve health aremore effectivewhen informed by behavioral sci-
ence, we explore whether reminders designed to harness behavioral science principles can improve medication
adherence. We conducted a randomized controlled trial with 46,581 U.S. participants with commercial or Medi-
care Advantage insurance from Humana. Participants were randomly assigned to one of four experimental con-
ditions. Participants in the usual care condition only received standard mailings that the insurer usually sends. In
addition to the standard mailings, participants in the other three conditions also received (1) mailings that
reminded them to take a targetmedication (basic reminder condition), (2) reminders that prompted them to pre-
dict their medication adherence in the next 30 days (prediction condition), or (3) reminders that prompted them
to commit to a self-determined level of adherence for the next 30 days (commitment condition). We sent these
mailings once a month for three months from November, 2014 through January, 2015, and tracked prescription
refills. We find that, during the mailing period, reminders increased adherence by 0.95 percentage points (p b

0.05), and this effectwas driven by the prediction and commitment conditions; during the three-month post-mail-
ing period, reminders increased adherence by 0.98 percentage points (p b 0.05), and this effectwas driven by the
basic reminder and commitment conditions. The reminders increasedmedication adherence by 0.7 pills per dollar
spent over our 181 day study period.
Trial registry name: Effect of Reminders on Adherence.
Registration identification number: NCT02411006
URL for the registry: https://clinicaltrials.gov/ct2/show/NCT02411006
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1. Introduction

The low rate ofmedication adherence in theUnited States is estimat-
ed to cost Americans between $100 billion and $289 billion annually
(Viswanathan et al., 2012). Forgetfulness is considered to be a key con-
tributor to patients' failure to take their medications as prescribed
(Gadkari and McHorney, 2012). To overcome forgetfulness, a number
of recent studies have examined whether devices that remind people
to take their prescribed medication improve medication adherence.
We conducted a large randomized controlled trial (RCT) to examine
the efficacy of not only basic reminders that simply tackle forgetfulness
but also reminders that are designed to tackle another barrier of
adherence—procrastination and lack of motivation (George et al.,
2006; Israni et al., 2016). We evaluated their impact on medication
Dai).
adherence over a three-month intervention period and three-month
post-intervention period using data on prescription refills.

Our basic reminders tackle forgetfulness by simply encouraging peo-
ple to take pills regularly. Inspired by the potential of behavioral science
for promoting health behavior (Mogler et al., 2013; Li and Chapman,
2013), our interactive reminders are designed to leverage several be-
havioral science principles that may increase patients' motivation to re-
fill prescriptions and take medicines as prescribed. First, past research
has shown that merely asking people about their intentions and plans
to engage in a behavior (e.g., to make blood donations, to get vaccina-
tions) can increase actual engagement (Godin et al., 2008; Milkman et
al., 2011). One explanation for this effect is that people prefer to behave
consistently with intentions that they have stated, even when their in-
tentions are private (Milkman et al., 2011; Cialdini, 2006). Second, re-
search has shown that setting specific goals motivates people to work
harder and achieve better performance than they would in the absence
of such goals (Locke and Latham, 1990). Building on these insights, we
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designed two types of interactive reminders that prompted people to
form intentions about taking medications and encouraged them to set
specific adherence goals. One type of reminder prompted participants
to predict their future medication adherence levels, and another type
of reminder prompted participants to commit to a medication adher-
ence level. Our RCT compares receiving no reminders with receiving re-
minders and explores whether interactive reminders are particularly
impactful.

2. Methods

2.1. Study design, population, and procedures

In November 2014, 46,581 participants with employer-sponsored
commercial or Medicare Advantage insurance from Humana were
deemed eligible for inclusion in our randomized controlled trial. These
participants were taking oral medication for cholesterol, diabetes, or
blood pressure control, were expected to refill their medication every
30 days, and had 40–80% medication adherence in the 12 months
prior to randomization (Fig. 1). Participants were enrolled by Humana.

This study involved four primary experimental conditions. After
consulting with Humana, we set our intervention period to three
months—a reasonable starting point for examining the impact of our in-
tervention on adherence amongparticipantswith 30-day scripts. Partic-
ipants in the usual care condition received standard engagement
messages that the insurer regularly sends. Participants in the other
three conditions received three additional reminder mailings, with
each mailing sent around the 15th of each month from November,
2014 through January, 2015. In the basic reminder condition, thesemail-
ings simply reminded participants to take a target medication (for cho-
lesterol, diabetes, or blood pressure) (Szilagyi et al., 2000). In the
prediction condition, our mailings prompted participants to predict the
number of days in the next 30 when they would take their medication
(Godin et al., 2008; Milkman et al., 2011; Cialdini, 2006; Locke and
Latham, 1990). In the commitment condition, the mailings prompted
participants to commit to a self-determined number of days over the
next 30 to take their medication (Godin et al., 2008; Milkman et al.,
Fig. 1. CONSORT Flow diagram of s
2011; Cialdini, 2006; Locke and Latham, 1990). All reminder mailings
included a sticky note that participants could place somewhere (e.g.
on a refrigerator) as a reminder, and those in the prediction and com-
mitment conditionswere encouraged to record their prediction or com-
mitment on the sticky note.

Furthermore, inspired by past research showing that people are
more likely to follow through on plans that are made public (Cialdini,
2006), we randomly assigned half of the participants in the prediction
and commitment conditions to receive encouragement to share their
prediction or commitment with Humana online, via text, or via post-
card. Thus, both the prediction and commitment conditions consisted
of two sub-groups. After institutional review board waiver of informed
consent, researchers at the University of Pennsylvania used R, version
3.1.1 (R Core Team) to randomly assign participants in a 1:1:1:1:1:1
ratio to one of six groups, without blocking or other restrictions (Fig. 1).

2.2. Study outcomes and statistical analysis

Weused pharmacy claims data to calculate each participant's propor-
tion of days covered (PDC), defined as the number of days when he/she
had anypills in themedication category listed on his/hermailing divided
by the number of days in the observation period. In our primary analysis,
we use PDC as our proxy for adherence, a continuous measure that is
widely used by researchers to measure medication adherence (Lee et
al, 2006; Lin et al., 2006; Osterberg and Blaschke, 2005; Choudhry et
al., 2011). We used ordinary least squares regressions in STATA, version
14 (StataCorp) to predict PDCs on an intent-to-treat basis, controlling for
PDC during the six months prior to the start of our experiment (May 15,
2014 to November 14, 2014), gender, ethnicity, the linear and squared
terms of age, log-transformed income, and the type of medication that
was listed on the reminders. The regressions had an 80% power to detect
a minimum of a 1.2-percentage-point difference between the usual care
and each treatment condition with α= 0.05. We also evaluated adher-
ence using a binary measure of optimal adherence which was set equal
to one if a patient's PDC in a given period was equal to or N80%, and
zero otherwise. This less sensitive measure of adherence has also been
widely used in past research, and we used logistic regressions to predict
tudy blocks and sample sizes.
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this secondary outcome variable (Osterberg and Blaschke, 2005;
Choudhry et al., 2011).

3. Results

3.1. Main results

All conditions were balanced on available demographic variables
(age, gender, ethnicity, income) and adherence prior to our randomized
control trial, suggesting that our randomization was successful. Encour-
aging participants to publicly share their prediction or commitment
Table 1
Baseline characteristics and medication adherence results.

All conditions
combineda

U
c

Number of participants 46,581 7

Baseline sample characteristics
% Male 46.31% 4
% Caucasian 54.20% 5
% Black 19.04% 1
Mean age 69.32 6
(SD) (11.49) (

Mean income $54,621 $
(SD) (47,983) (

Mean adherence (PDC) during the six-month pre-mailing period:
May 15, 2014 to November 14, 2014

55.36% 5

(SD) (23.73%) (
Results - overall analysisb

During the three-month mailing period: November 15, 2014 to
February 14, 2015

Mean medication adherence (PDC) 61.49% 6
Unadjusted increase N/A N
OLS regression-adjusted increasec N/A N

During the three-month post-mailing period: February 15, 2014 to
May 14, 2015

Mean medication adherence (PDC) 59.01% 5
Unadjusted increase N/A N
OLS regression-adjusted increase N/A N

Results - subgroup analysisb,d

Participants with above-median baseline PDC
During the three-month mailing period: November 15, 2014 to
February 14, 2015
Mean medication adherence (PDC) 76.68% 7
Unadjusted increase N/A N
OLS regression-adjusted increase N/A N

During the three-month post-mailing period: February 15, 2014
to May 14, 2015
Medication adherence (PDC) 71.43% 7
Unadjusted increase N/A N
OLS regression-adjusted increase N/A N

Participants with below-median baseline PDC
During the three-month mailing period: November 15, 2014 to
February 14, 2015

Mean medication adherence (PDC) 46.32% 4
Unadjusted increase N/A N
OLS regression-adjusted increase N/A N

During the three-month post-mailing period: February 15, 2014 to
May 14, 2015

Medication adherence (PDC) 46.62% 4
Unadjusted increase N/A N
OLS regression-adjusted increase N/A N

Standard deviations in parentheses.
+ p b 0.1.
⁎ p b 0.05.
⁎⁎ p b 0.01.
⁎⁎⁎ p b 0.001.

a Our full sample involved participants in the United States with commercial or Medicare A
b Increases are relative to the usual care condition.
c Our regression controlled for PDC during the six months prior to the start of our experimen

age, log-transformed income, and the type of medication that was listed on the reminders.
d We separated our sample by median PDC during the six-month pre-mailing period (57.07
(i.e., by conveying it to Humana) did not significantly influence adher-
ence rates (see supplemental materials for details). Thus, we focus on
the differences between our usual care, basic reminder, prediction,
and commitment conditions below.

During the mailing period (November 15, 2014 to February 14,
2015), mean PDC in the usual care condition was 60.69%. The three re-
minder conditions, combined, increased PDCs by 0.95 percentage points
(95% confidence interval [CI], 0.26% to 1.65%)—a significant but small
amount. This effect was driven by prediction and commitment re-
minders, which increased PDCs by 1.07 percentage points (95% CI,
0.30% to 1.85%) and 1.00 percentage point (95% CI, 0.22% to 1.77%),
Reminder conditions

sual
are

Basic
reminder

Interactive
reminder:
prediction

Interactive
reminder:
commitment

Reminder
conditions,
combined

812 7766 15,500 15,503 38,769

5.66% 47.64% 46.23% 46.04% 46.44%
4.81% 54.00% 53.74% 54.45% 54.07%
8.79% 18.90% 19.32% 18.97% 19.10%
9.21 69.38 69.32 69.36 69.35
11.56) (11.59) (11.52) (11.37) (11.47)
54,692 $54,720 $54,644 $54,512 $54,606
46,974) (46,974) (48,226) (48,054) (47,908)
5.33% 55.18% 55.37% 55.45% 55.37%

23.48%) (23.83%) (23.85%) (23.67%) (23.78%)

0.67% 61.16% 61.76% 61.79% 61.65%
/A 0.50% 1.12%⁎ 1.09%⁎ 0.98%⁎

/A 0.64% 1.07%⁎⁎ 1.00%⁎ 0.95%⁎⁎

8.17% 59.26% 58.94% 59.39% 59.18%
/A 1.09% 0.78% 1.22%⁎ 1.02%⁎

/A 1.21%⁎ 0.76% 1.09%⁎ 0.98%⁎

6.16% 76.36% 76.89% 76.87% 76.78%
/A 0.21% 0.74% 0.71% 0.62%
/A 0.11% 0.49% 0.60% 0.46%

0.95% 71.52% 71.38% 71.68% 71.53%
/A 0.57% 0.43% 0.73% 0.57%
/A 0.51% 0.24% 0.62% 0.45%

5.29% 46.01% 46.76% 46.56% 46.53%
/A 0.72% 1.47%⁎ 1.27%+ 1.24%⁎

/A 1.20%+ 1.73%⁎⁎ 1.41%⁎ 1.50%⁎⁎

5.47% 47.04% 46.62% 46.98% 46.85%
/A 1.57%+ 1.15% 1.50%⁎ 1.37%⁎

/A 1.95%⁎ 1.33%+ 1.56%⁎ 1.55%⁎

dvantage insurance with Humana from November 15, 2014 to May 14, 2015.

t (May 15, 2014 to November 14, 2014), gender, ethnicity, the linear and squared terms of

%) and estimated the effect of our intervention for each subgroup.
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respectively. Basic reminders insignificantly increased PDCs by0.64per-
centage points (95% CI,−0.26% to 1.53%).

During the post-mailingperiod (February 15 toMay14, 2015),mean
PDC in the usual care condition was 58.20%. The three reminder condi-
tions, combined, increased PDCs significantly by 0.98 percentage points
(95% CI, 0.15% to 1.81%). This was driven by basic and commitment re-
minders, which increased PDCs by 1.21 percentage points (95%CI, 0.14%
to 2.28%) and 1.09 percentage points (95% CI, 0.16% to 2.02%), respec-
tively. Prediction reminders insignificantly increased PDCs by 0.76 per-
centage points (95% CI, −0.17% to 1.69%). Table 1 summarizes these
results. Our secondary analyses considering “optimal” adherence (PDC
≥ 80%) as a binary outcome measure yield directionally similar results,
though statistical significance is weaker for this less sensitive outcome
(Supplementary Table 1).

3.1. Subgroup analysis

We separated our sample by median PDC during the six-month pre-
mailing period (57.07%) and estimated the effect of our intervention on
each subgroup (Choudhry et al., 2017). Among the participants whose
PDC was above median prior to the mailing period, the three reminder
conditions, combined, did not significantly improve medication adher-
ence during themailing period (mean difference from the usual care con-
dition = 0.46 percentage points, 95% CI,−0.40% to 1.31%) or during the
post-mailing period (mean difference from the usual care condition =
0.45 percentage points, 95% CI, −0.68% to 1.58%). Among participants
whose PDC was below median prior to the mailing period, the three re-
minder conditions, combined, significantly improved medication adher-
ence by 1.50 percentage points (95% CI, 0.41% to 2.58%) during the
mailing period and1.54percentage points (95%CI, 0.33% to 2.76%) during
the post-mailing period, compared to the usual care condition. We ob-
served similar patterns when we compared different types of reminders
with the usual care condition (rather than pooling all reminders before
making this comparison). Participants with above-median baseline PDC
did not statistically significantly benefit fromany type of reminder during
the mailing or post-mailing period; participants with below-median
baseline PDCbenefited significantly fromprediction and commitment re-
minders during the mailing period, and from basic reminders and com-
mitment reminders during the post-mailing period. Table 1 summarizes
these results. However, note that in our OLS regressions to predict
PDCs, the interaction terms between indicators for our reminder condi-
tions and an indicator for having a below-median (vs. above-median)
baseline PDC are not statistically significant, indicating that the qualita-
tively better adherence observed among those with relatively lower
PDCs described above is not significant.

4. Discussion

We show that reminders, especially interactive ones, improve med-
ication adherence and that the effects persist even after mailings stop.
Our subgroup analysis suggests that remindermailingsmay bemore ef-
fective for those who have low prior adherence.

Overcoming low medication adherence is a challenge. Even RCTs
that test expensive, aggressive reminders (e.g., pill bottle caps with a
digital timer) show null effects (Choudhry et al., 2017). The effects of
our intervention are small in terms of absolutemagnitude, and if imple-
mented alone, reminder mailings would have limited clinical impact.
However, mailed reminders can easily supplement more intensive ad-
herence interventions at very low cost. They scale easily and are inex-
pensive; in contrast, methods that have been shown to successfully
improve medication adherence to a substantial degree are often com-
plex to scale, labor-intensive, and expensive (Lee et al., 2006;
Osterberg and Blaschke, 2005).

As an example, we compare our intervention with a highly-cited
program that reduced medication copayments and significantly in-
creased adherence by 5.4 percentage points. We calculate the increase
in medication adherence per dollar spent using the following formula:
(the average increase in PDC per person due to an intervention) ×
(the number of days in the observation period) / (the cost of the inter-
vention per person). In our study, reminders increased the average
PDC by 0.95 percentage points during our 92-day mailing period and
by 0.98 percentage points during our 89-day post-mailing period.
Thus, our reminder intervention was estimated to increase the number
of pills taken by 0.7 pills per dollar spent over 181 days, or (0.95% ∗ 92+
0.98% ∗ 89) / $2.535. In comparison, reducing copayments was estimat-
ed to produce an average increase of 0.02 pills per dollar spent over
394 days (Choudhry et al., 2011). We use the median observation peri-
od (394 days), average cost ($926), and average increase in PDC (5.4
percentage points) in our estimate (i.e., (5.4% ∗ 394) / $926).

4.1. Limitations

Several limitations of this study should be acknowledged. First, once
a month, on average, all of our study participants received usual care
mailings from their insurer, which sometimes containedmedication ad-
herence reminders, and participants may also have received reminders
from other sources (e.g., the pharmacies where they refilled prescrip-
tions). Thus, our observed reminder effect reflects the benefits of adding
an (interactive) reminder to standard reminders from Humana and
other sources, and our study may underestimate the impact that re-
minders could have on people who do not already receive any form of
reminder.

Second, limited by the data that the pharmacy benefit manager
(PBM) had, we calculate medication adherence based on prescription
refills. While prescription refill patterns are often used as a proxy for
medication adherence (Osterberg and Blaschke, 2005; Choudhry et al.
2017), they do not measure actual pill intake. Changing medication in-
take is psychologically different than changing prescription refills. Un-
fortunately, it is extremely challenging, if not impossible, to measure
actual medication intake, especially in large populations.

Third, while our choice of tracking PDCs for threemonths during the
post-mailing period is consistent with the length of the follow-up pe-
riods in many other RCTs examining medication adherence (Simoni et
al., 2007;Murray et al., 2007), the long-term effects of our interventions
beyond our follow-up period are unknown. Finally, we only examined
customers with 30-day refill frequencies, and reminders may work dif-
ferently for customers on different refill schedules.

5. Conclusion

Our randomized controlled trial reveals that reminders – particular-
ly interactive ones – have a positive and persistent, althoughmodest, ef-
fect on medication adherence. Given the large challenge of overcoming
poor medication adherence, a multifaceted approach seems necessary
(Osterberg and Blaschke, 2005). Future investigations of how to use re-
minders as a supplement to other medication adherence programs
would be valuable.
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