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Patient messages through EHR

Reconciliation of missed pills and refills was attempted via messag-
ing to patients within the EHR (Figure 3C). At enrollment, partici-
pants received assistance in setting up their account if they were new
to MyChart, training on the general use of the EHR, and an interac-
tive demonstration to show them how to access these messages on a
test account and view a sample message. Remote pill bottle trans-
missions were monitored daily (Monday-Friday) by the study team,
and one member of the study team alerted patients within 24 h fol-
lowing a patient missing a full day of their DOAC or two consecu-
tive doses of warfarin. Patients received a second and third message
(both unique messages) via the EHR if they missed 2 d of OAC or 4
d of warfarin. In response to prescription refill alerts, study staff
sent messages to patients when their prescription refill was overdue
by at least a week. Patients who received messages from the study
team, triggered by smart pill bottle or Surescripts alerts, were
reminded of the importance of medication adherence and asked to
reply with explanations for missed doses and/or notify the study
team of upcoming doses that would be missed (ie, doctor ordered a
medication hold; patient leaving for vacation and bringing only their
weekly pill organizer). (Separate from these reminder messages, in-
tervention group participants received weekly educational messages
as part of a separate hypothesis about the effect of educational inter-
ventions on medication adherence. Detailed descriptions of these
messages and the results of this intervention are described in other
work; the present study focuses on the methodology and feasibility
of capturing adherence via this multifaceted approach.) Patients
were also encouraged at enrollment to message study staff during
the course of the study if there were any changes or interruptions to
their medication schedule.

Patient experiences with pill bottle

We conducted 148 semi-structured face-to-face exit interviews with
participants (full interview 7 =70, abbreviated interview n="78); 12
participants did not complete exit interviews due to withdrawal,
death, or inability to contact. During the interview, patients were
asked details about their missed doses and any communication (or
lack of communication) with study staff. To aid their memory, re-
search personnel showed patients logs of missed doses, Surescripts
data, and missed refill messages, if applicable. In addition, they were
asked about their experiences with the smart pill bottle. Interviews,
lasted approximately 20 min to 1 h, were held in a private room in
the research center, and were audio-recorded and transcribed for
analysis.

Data analysis

Quantitative

Of the 160 enrolled patients, 155 were included in quantitative anal-
yses. Those that were excluded had missing or unreliable (due to
noncompliance with instructions) adherence data. We were inter-
ested in two main quantitative metrics: (1) adherence rates across
the two technologies (both raw, and, for the smart pill bottle, ad-
justed, supplemented by patient feedback and other notes within
EHR), and (2) messaging information (ie, messages sent to and from
patient via EHR) for medication adherence reconciliation. For the
smart pill bottles, the raw adherence rate was the ratio of doses that
were marked as taken (late, early, or on-time) relative to the sched-
uled doses the participant was ordered to take during the study pe-
riod. We also calculated an “adjusted” score for pill bottle
adherence. For each dose marked by the pill bottle as missed, a clini-

cal nurse researcher inspected the EHR to determine if there were
documented, acceptable explanations as communicated from the pa-
tient via MyChart messages. These explanations were cross-
referenced and supplemented with clinician notes from the EHR, or
records from the Anticoagulation Therapy Unit (ATU) Clinic. If
there was an acceptable reason noted for any of the doses marked as
missed by the smart pill bottle, this was documented as an “allowed
missed dose.” The allowed missed doses were subtracted from total
missed doses and the adherence percentage was recalculated.

Qualitative

An inductive thematic analysis was conducted with all interview
data. In this type of analysis, codes, or brief labels, are used to repre-
sent concepts identified in the qualitative data. The analysis team
members independently reviewed the same transcript and identified
concepts related to patients’ use of the smart pill bottle. For each
concept, a provisional code was created. The team members met to
compare codes, discuss discrepancies, and establish a final code set.
This iterative process continued until the set of codes was stable,
demonstrating conceptual saturation. Then, each transcript was
coded independently by two team members, who would meet to
compare codes and reach consensus. Team members were paired
with a new partner each week to prevent divergence in how codes
were applied. Data were coded using nVivo10 software. Once cod-
ing was complete, all data were aggregated and abstracted into sum-
maries for each code.

RESULTS

Participants were 37.5% (60/160) female and 98.1% (153/156)
white with an average age of 71 years. Most had completed at least
some college (75.3%), were retired (73.0%), and lived with a spouse
or partner (77.9%). See Table 1 for complete participant demo-
graphics.

Medication adherence rates

Overall, 88% (141/160) participants had available Surescripts data
because they used a Surescripts enabled pharmacy, and 92.2% of
patients (130/141) were adherent with refilling their medication
over the 6-month project. Twenty percent (39/160) participants had
no Surescripts data available. Meanwhile, the raw smart pill bottle
average adherence rate was 90.0% (SD =10.8, see Table 2). In con-
trast, the adjusted pill bottle medication average adherence rate was
93.6% (SD =8.2). The distribution of these adjusted pill bottle ad-
herence rates is displayed in Figure 5. In considering the difference
between these two rates for each participant, the range of discrepan-
cies was —0.1% to 50.0%, with the raw adherence rates tending to
be lower than the adjusted rates (mean difference=3.6%;
SD=6.9). The average number of allowed missed doses was
8 (SD =19, median =1, range = 0-133).

Messaging information

Of the 80 participants eligible to receive MyChart messages for
medication nonadherence alerts, a total of 138 messages alerting
about missed medication doses (triggered by smart pill bottle alerts)
were sent to 50 participants, and 45 messages alerting about missed
medication refills (triggered by Surescripts alerts) were sent to 18
participants. As some participants (7 =13) received both smart pill
bottle and Surescripts triggered messages, 68.8% (55/80) partici-
pants in total received either smart pill bottle or Surescripts triggered
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