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Background: Immunosuppression nonadherence increases the risk for kidney transplant loss after trans-

plantation. Wireless-enabled pill bottles have created the opportunity to monitor medication adherence in real

time. Reminders may help patients with poor memory or organization. Provision of adherence data to providers

may motivate patients to improve adherence and help providers identify adherence barriers.

Study Design: Randomized controlled trial.

Setting & Participants: Kidney transplant recipients (n5 120) at a single center.

Intervention: Participants were provided wireless pill bottles to store tacrolimus and record bottle openings.

Participants were randomly assigned 1:1:1 to adherence monitoring with customized reminders (including

alarms, texts, telephone calls, and/or e-mails), monitoring with customized reminders plus provider notification

(every 2 weeks, providers received notification if adherence decreased to ,90% during that period), or

wireless pill bottle use alone (control).

Outcomes: The main outcome was bottle-measured tacrolimus adherence during the last 90 days of the

180-day trial. A secondary outcome was tacrolimus whole-blood concentrations at routine clinical visits.

Measurements: Adherence for the primary outcome was assessed via wireless pill bottle openings.

Results: Mean participant age was 50 years; 60% were men, and 40% were black. Mean adherence was

78%, 88%, and 55% in the reminders, reminders-plus-notification, and control arms (P , 0.001 for comparison

of each intervention to control). Mean tacrolimus levels were not significantly different between groups.

Limitations: The study did not assess clinical end points. Participants and study coordinators were not

blinded to intervention arm.

Conclusions: Provider notification and customized reminders appear promising in helping patients achieve

better medication adherence, but these strategies require evaluation in trials powered to detect differences in

clinical outcomes.
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Kidney transplant recipients are often nonadherent
to immunosuppression medications, which can

cause rejection and transplant loss.1-3 Organ trans-
plant recipients generally face a high barrier to
adherence in the first posttransplantation year because
they take multiple new medications with diverse
adverse effects and frequent dose changes.1,4

Immunosuppression nonadherence can be intentional
or unintentional. Lower immunosuppression adher-
ence is associated with younger age and further time
from transplant. It is driven by nonmodifiable and
modifiable factors such as medication beliefs,
forgetfulness, confusion about complex regimens,
competing priorities, concerns about adverse effects,
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or costs.1,5-8 Taken together, these findings demon-
strate the need to develop and test scalable strategies
to improve adherence.7,9-11 Given the interdisci-
plinary nature of transplant care, such strategies might
involve physicians and other team members, such as
pharmacists or clinical coordinators.12,13

Insights from studies of adherence and behavioral
economic theory suggest new methods to overcome
adherence barriers in transplantation.14-16 First, sus-
taining behaviors such as medication adherence often
requires repeated concrete feedback to help the patient
stay engaged.17 Unfortunately, adherence to immu-
nosuppression creates adverse effects, but does not
make patients feel better because early rejection does
not usually lead to symptoms. Reminders or repeated
incentives may be effective in keeping patients
focused on the importance of immunosuppression
adherence to future health. Second, physicians often
overestimate their patients’medication adherence.18-20

Early notification to the health care team about non-
adherence might enable providers to overcome pa-
tients’ concerns about adverse effects or clarify
misunderstandings about dosing. Providers can also
schedule appointments at shorter intervals, refer pa-
tients to specialists such as a pharmacist, or direct
patients to social support when financial barriers
exist. Third, social forces may influence individual
behavior.21-23 Specifically, patients may desire to
avoid disapproval from their physicians related to
medication nonadherence. In transplantation, immu-
nosuppression nonadherence can be stigmatized by
health care staff and even patients’ families because
kidney transplant recipients are stewards of a precious
gift—the organ.24,25 Therefore, real-time monitoring
of medication adherence by physicians and other
transplantation providers may create a “social incen-
tive” for patients to comply with their immunosup-
pression regimens.15

Wireless technology has created opportunities to
estimate pill-taking behavior in real time, supple-
mented by customizable visual and audible alarms,
texts, telephone calls, and e-mails when a dose is due.
To our knowledge, real-time provider notification of
low adherence using wireless pill bottles has not pre-
viously been tested. However, directly observed ther-
apy—either in person or using video—has been widely
implemented in tuberculosis and human immunodefi-
ciency virus (HIV) treatment, with some successful
trials, particularly when there is flexibility about who
receives the adherence report.26-28 Additionally, in-
terventions that alert physicians when patients do not
refill prescriptions have also been tested.29

Wireless pill bottles also introduce challenges, such
as requiring patients to master a new technology and
clinical teams to respond to a continuous data stream.
However, the transplantation setting usually features a

clinical coordinator assigned to each patient who is
responsible for helping with many aspects of care.
If wireless pill bottles were implemented in the
future, these transplantation coordinators could
feasibly monitor output from pill bottles and help
devise solutions.
We conducted a randomized controlled trial among

new kidney transplant recipients provided with wire-
less pill bottles to determine whether automated re-
minders alone or paired with provider notification in
cases of low adherence improve tacrolimus adherence
compared to adherence monitoring alone. We
considered the trial a pilot because of minimal pre-
liminary data about pill bottle2measured adherence
in the 6 months posttransplantation. The primary
outcome was the percentage of correctly taken
tacrolimus doses as estimated by pill-bottle openings.
Given evidence of providers’ limited ability to detect
nonadherence, a secondary aim was to examine the
accuracy of pharmacists’ predictions of each partici-
pant’s adherence during the trial.

METHODS

Overview

This study trial enrolled 120 kidney transplant recipients or
kidney-pancreas recipients at the Hospital of the University of
Pennsylvania. Each participant was provided with a wireless pill
bottle (Vitality GlowCap; Vitality Inc) that recorded pill-cap
openings; these data were transmitted in real time to the study
database.30 Participants were instructed to store only tacrolimus in
the bottle and refill as necessary. Participation lasted 6 months and
was approved by the University of Pennsylvania Institutional
Review Board (protocol #814788).

Inclusion and Exclusion Criteria

The study was conducted in adults (aged $18 years) who
were taking immediate-release tacrolimus. Exclusions included
patient inability to manage medications, poor English
comprehension (because of the requirement for direct
communication with study staff), HIV-positive serostatus
(because of drug interactions that often require unusual tacro-
limus dosing regimens),31 living more than 120 miles from the
center (because these patients return to local care soon after
transplantation), and/or discharge to an acute-care facility
(where a patient would not personally manage medications).
Participants could remain in the trial if prescribed immediate-
release tacrolimus twice a day (usual practice) or a thrice-a-
day regimen (1 participant).

Enrollment

Patients were approached for informed consent during
the first 2 weeks after transplantation. During enrollment, the
study coordinator provided a wireless pill bottle and demon-
strated its use. Participation lasted for 180 days, including a
2-week initial wash-in period to become accustomed to the
wireless device.
Participants indicated the times when they intended to take

tacrolimus. The study coordinator created an account for each
participant on the Vitality website and entered these times.
Adherence data were transferred from the Vitality website to a
web-based secure research platform called Way to Health.32
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