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Abstract

Background—Medication nonadherence contributes to hospitalizations in recently discharged
patients with heart failure (HF). We aimed to test the feasibility of telemonitoring medication
adherence in patients with HF.

Methods and Results—We randomized 40 patients (1:1) hospitalized for HF to 30 days of
loop diuretic adherence monitoring with telephonic support for nonadherence or to passive
adherence monitoring alone. Eighty-three percent of eligible patients agreed to participate. The
median age of patients was 64 years, 25% were female, and 45% were Hispanic. Overall, 67% of
patients were nonadherent (percent of days correct number of doses taken <88%). There were no
differences between intervention and passive monitoring group patients, respectively, in adherence
(median correct dosing adherence 82% versus 73%; p = 0.41) or in the proportion readmitted
within 30 days (30% versus 20%; p = 0.72). Eighty-eight percent of patients rated the wireless
electronic adherence device as somewhat or very easy to use, and 88% agreed to use it again.

Conclusions—Adherence telemonitoring was acceptable to most patients with HF. Diuretic
nonadherence was common even when patients knew they were being monitored. Future studies
should assess whether adherence telemonitoring can improve adherence and reduce readmissions
among patients with HF.
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Introduction

Heart failure (HF) is a major contributor to morbidity, mortality, and health care costs in the
United States.! Nearly 27% of Medicare patients admitted to the hospital for HF are
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readmitted within 30 days.2 To date, interventions aimed at reducing HF readmissions have
had mixed results.34

Medication adherence is crucial to controlling symptoms, delaying disease progression, and
preventing hospitalization in HF.56 Unfortunately, up to 50% of patients with HF have
suboptimal adherence, suggesting that adherence interventions could reduce readmissions.>’

Telemonitoring, defined as the use of communication technology to monitor clinical status
in chronically ill patients, has not consistently improved outcomes in patients with HF.8-11
To our knowledge, however, telemonitoring HF medication adherence has yet to be
investigated. Thus, we conducted a pilot randomized trial evaluating the feasibility of
adherence telemonitoring in recently hospitalized patients with HF.

Design and Setting

Participants

We used a randomized design to compare adherence telemonitoring with passive adherence
monitoring alone. Patients were enrolled from New York-Presbyterian Hospital in Upper
Manhattan. Enrollment occurred from December 2014 to August 2015.

Patients were eligible if they were age 21 years or older; spoke English or Spanish; and were
discharged home on a loop diuretic. Patients were excluded for the following criteria: New
York Heart Association class IV HF symptoms!2; discharge to an institutional setting:
inability to self-administer medications; terminal non-cardiovascular illness; or participation
in another clinical trial. The study was approved by the Institutional Review Board of
Columbia University Medical Center, and is registered at ClinicalTrials.gov
(NCT02378571). All participants provided written informed consent.

Randomization and Allocation Concealment

Participants were randomly assigned in a 1:1 ratio to the intervention or passive monitoring
group. Randomization was generated using the Proc SurveySelect statement in SAS with
METHOD=Simple Random Sampling. Study team members who enrolled participants and
assessed outcomes were blinded to group assignments.

Study Protocol

All participants were provided with a GlowCap® system (Vitality, Inc., Los Angeles, CA)
which includes a pill bottle cap that records the date and time when the bottle is opened.
After each opening, the cap uses a wireless protocol to send data about the date and time of
openings to the communication hub. These data are available on an online portal.

Participants were instructed to fill the bottle with their loop diuretic medication and take
their diuretic exclusively from this bottle for 30 days following discharge. Participants were
informed that bottle openings would be wirelessly recorded and, depending upon group
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assignment, they might be contacted by the study team if missed doses or extra openings
were observed.

Intervention

For participants in the intervention group, a licensed clinical social worker reviewed
adherence data on a daily basis during the first 7 days after discharge and weekly thereafter,
and contacted participants who were nonadherent for two or more days per week. During
these phone calls, the social worker inquired about consequences of nonadherence, and
assessed and responded to reasons for missed doses. At least three attempts were made to
contact nonadherent participants.

Passive Monitoring

For participants assigned to passive monitoring, adherence data were recorded but not
monitored by the study team.

Outcomes

The primary outcome was adherence to loop diuretics in the 30 days after discharge,
calculated as the percent of days on which the correct number of doses was taken as
prescribed, irrespective of dose timing. Patients were classified as nonadherent if adherence
was <88%.13

Secondary outcomes included 30-day all-cause readmission and attendance at follow-up
clinic appointments. Participants were interviewed by telephone at 30 days to determine if
readmissions or clinic visits had occurred. Medical records were reviewed to confirm
responses. Participants were also queried to assess acceptability of adherence
telemonitoring.

Statistical Analyses

Descriptive statistics were used to summarize participants’ characteristics at baseline. The
Mann-Whitney U test was used to compare adherence percentages between groups, and the
Chi square or Fisher exact test, when appropriate, was used to compare proportions of
participants in the intervention and control groups who used the study device, were
nonadherent, were readmitted, or attended a follow-up clinic visit. Analyses were performed
using SPSS (version 21.0, IBM Corp., Armonk, NY).

Results

Participant Characteristics

Of 56 patients screened, 8 were ineligible and 8 declined to participate (Figure). Baseline
characteristics of the 40 enrolled participants are shown in Table 1.

Electronic Adherence

Four participants (10%) did not use the study device (3 intervention group versus 1 passive
monitoring group, p = 0.61). The remaining 36 participants had adherence monitored for a
median of 29 days (IQR 20-30). Across both groups, median correct dosing adherence was
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81% (IQR 47-94%), and 33% were classified as adherent (i.e. had adherence =88%). There
were no significant differences between intervention and passive monitoring groups,
respectively, in median correct dosing adherence (82% versus 73%; p= 0.41) or the
proportion that was classified as adherent (29% versus 37%; p = 0.64; Table 2). This
remained true when lowering the adherence threshold to 80% (59% versus 47%, p = 0.49).

Of the 17 intervention group participants who used the study device, 12 (71%) were flagged
for nonadherence at least once; the study team successfully contacted 11 of these (92%).
Reasons for nonadherence are described in Table 3.

Clinical Outcomes

Feasibility

Ten participants (25%) were readmitted within 30 days (6 intervention group versus 4
passive monitoring group; p= 0.72). Eight of these readmissions (80%) were for HF (5
intervention group versus 3 passive monitoring group; p= 0.70). Five participants (12%) did
not attend a follow-up clinic visit (1 intervention group versus 4 passive monitoring group; p
=0.34).

Thirty-six (90%) participants completed a follow-up assessment. Eighty-eight percent of
these participants rated the electronic pill bottle as somewhat or very easy to use, and 88%
agreed to use it again if asked by their provider. A minority expressed concerns about
privacy and security related to adherence telemonitoring (23% and 43%, respectively). All or
nearly all wanted their adherence data sent to themselves (100%), their families (85%), or
their providers (98%).

Discussion

This study demonstrated the feasibility of adherence telemonitoring in recently hospitalized
patients with HF. Eighty-three percent of eligible patients agreed to participate, and only
10% were unable to be contacted within one month. The wireless adherence monitoring
system had a high degree of usability, resulting in 90% of participants having analyzable
adherence data during the monitoring period.

This study had several strengths. First, we tested the feasibility of adherence telemonitoring
as a means of reducing hospital readmission rates, which to our knowledge has not
previously been investigated. Second, adherence data were collected passively, requiring no
involvement from participants aside from taking their diuretic from the electronic pill bottle.
Third, it involved racially and ethnically diverse group of participants.

There were also limitations. Electronic adherence monitoring cannot confirm whether the
correct number of pills was taken per dosing, nor whether doses were ingested. The
intervention was not targeted at nonadherent patients, who had the most to gain from
adherence telemonitoring. About one third of participants expressed concerns about privacy
and security, which could pose a barrier to the use of the device in larger studies. Most
importantly, this study was a pilot, and was not statistically powered to test the effect of
adherence telemonitoring on medication adherence or readmissions.
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summary, our results suggest that adherence telemonitoring is acceptable to most patients

with HF, nonadherence is common even when patients know they are being monitored, and
it is feasible to remotely track adherence. Future studies should test whether adherence
telemonitoring can improve medication adherence and reduce readmissions in patients with
HF.
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56 assessed for eligibility

16 excluded
+ 8did not meet inclusion criteria
« 3 physical, cognitive, or
psychiatric impairment
* 2 enrolled in another research

study

e 2 discharged to an institutional
setting

* 1 not prescribed a loop diuretic

+ 8 declined to participate

40 randomized

l

|

20 allocated to telemonitoring
+ 17 used the study device
+ 3 did not use the study device

1

20 allocated to passive monitoring
+ 19 used the study device
+ 1.did not use the study device

20 analyzed for readmissions

17 analyzed for adherence

Figure.

20 analyzed for readmissions

19 analyzed for adherence
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CONSORT (Consolidated Standards of Reporting Trials) diagram of the TElemonitoring
Adherence to Medications in Heart Failure Patients (TEAM-HF) trial
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Table 1
Baseline characteristics of participants
Characteristic Intervention Passive Total
(n=20) Monitoring (n =40)
(n=20)
Age (years), median (IQR 68 (49-79) 62 (52-75) 64 (50-77)
Female, 11 (%) 5 (25) 5(25) 10 (25)
Black race, 77(%) 5(25) 6 (30) 11 (28)
Hispanic ethnicity, 7 (%) 8 (40) 10 (50) 18 (45)
Preferred language Spanish, 77 (%) 5 (25) 4 (20) 9(23)
Partner status, 77 (%)
Single 2 (10) 3(15) 5(13)
Partnered/Married 11 (55) 11 (55) 22 (55)
Widowed 2 (10) 2 (10) 4 (10)
Divorced/Separated 5 (25) 4 (20) 9 (23)
Employment status, 77 (%)
Working full or part time 7(35) 2 (10) 9 (23)
Unemployed or laid off 3 (15) 8 (40) 11 (28)
Retired 10 (50) 8 (40) 18 (45)
Insurance, 77 (%) *
Medicare 11 (55) 9 (45) 20 (50)
Medicaid 6 (30) 9 (45) 15 (38)
Private 12 (60) 6 (30) 18 (45)
Uninsured 0(0) 2(10) 2 (5)
NYHA classification, 77 (%)
Class | 0 (0) 1(5) 1(3)
Class Il 10 (50) 9 (45) 19 (48)
Class Il 10 (50) 10 (5) 20 (50)
Ejection fraction, median (IQR) 25% (20-38%) 25% (15- 25% (15-
40%) 40%)
Charlson Comorbidity Index4, median (IQR) 3(2-4) 3(2-5) 3(2-4)
Length of stay (days), median (IQR) 4 (2-9) 6 (3-13) 5(3-11)
Total number of discharge medications, median 9(6-11) 8 (5-15) 8 (6-11)

(IQR)

Abbreviations. 1QR, Interquartile range; NYHA, New York Heart Association

*
Percentages do not add up to 100% because some participants had more than one type of insurance
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Table 2

Comparison of medication adherence, clinic attendance, and readmissions among patients randomized to
adherence telemonitoring versus passive monitoring ™

Characteristic Adherence Passive P-Value
Telemonitoring  Monitoring
(n=20) (n=20)
Adherent to diuretics (288%), n (%) 5(29.4) 7 (36.8) 0.64
Adherent to diuretics (280%), n (%) 10 (58.8) 9 (47.4) 0.49
Correct dosing adherencef, median % 818 733 0.41
Attended clinic appointment within 30 days, n (%) 19 (95) 16 (80) 0.34
Rehospitalized within 30 days, n (%) 6 (30) 4 (20) 0.72
Rehospitalized for HF within 30 days, n (%) 5 (25) 3 (15) 0.70

*
For medication adherence outcomes, 7= 17 for adherence telemonitoring group and 77 = 19 for passive monitoring group.

flndicates the percent of days monitored on which patients took the correct number of doses.
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Table 3

Reasons for medication nonadherence among nonadherent participants in the intervention group (7= 12)"

Reason for Medication Nonadherence Number (%) of Participants
True nonadherence

Ran out of pills 1(8)

Out of usual routine 1(8)

Side effects 1(8)

Did not know correct dose 1(8)

Pseudo- or uncertain nonadherence

Denied nonadherence 5 (42)
“Pocket dosing” © 2(17)
Did not fill electronic pill bottle with pills from new refill 1(8)
Monitoring stopped early due to readmission 1(8)
Stopped using device due to unstable housing situation 1(8)
Unable to be contacted by intervention team 1(8)

*
Number of reasons for nonadherence add up to greater than 12 because participants could state multiple reasons at each nonadherence phone call.

fPocket dosing refers to taking doses outside the GlowCap® system when away from home.

J Card Fail. Author manuscript; available in PMC 2018 April 01.



	Abstract
	Introduction
	Methods
	Design and Setting
	Participants
	Randomization and Allocation Concealment
	Study Protocol
	Intervention
	Passive Monitoring
	Outcomes
	Statistical Analyses

	Results
	Participant Characteristics
	Electronic Adherence
	Clinical Outcomes
	Feasibility

	Discussion
	References
	Figure
	Table 1
	Table 2
	Table 3

