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Abstract
BACKGROUND—Medication nonadherence contributes to hospitalization and mortality, yet
there have been few interventions tested that improve adherence and reduce hospitalization and
mortality in heart failure (HF).

OBJECTIVE—To determine whether an education intervention improved medication adherence
and cardiac event-free survival.

METHODS—A randomized controlled trial was conducted on 82 HF patients. The intervention
was based on the Theory of Planned Behavior (TPB) and included feedback of medication-taking
behavior using the Medication Event Monitoring System (MEMS). Patients were assigned to one
of three groups: 1) theory-based education plus MEMS feedback (PLUS), 2) theory-based
education only (LITE), or 3) a usual care control group. Cardiac events were collected for 9
months.

RESULTS—Patients in both intervention groups were more adherent over follow-up compared to
control group. In Cox regression, patients in either intervention group had a longer event-free
survival compared to those in the control group before and after controlling age, marital status,
financial status, ejection fraction, New York Heart Association functional class, angiotensin-
converting enzyme inhibitor use, and presence or absence of a significant other during the
intervention (p < .05).

CONCLUSION—Use of an intervention based on the TPB improves medication adherence and
outcomes in patients with HF, and as such, offers promise as a clinically applicable intervention to
help patients with HF adhere to their prescribed regimen.

© 2011 Elsevier Inc. All rights reserved.
Address for correspondence: Jia-Rong Wu, PhD, RN, University of North Carolina at Chapel Hill, School of Nursing, 435 Carrington
Hall, CB# 7460, Chapel Hill, NC 27599-7460, Phone 919-966-8057, Fax 919-843-9900, jiarongw@email.unc.edu.
DISCLOSURES
We have nothing to disclose.
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
J Card Fail. Author manuscript; available in PMC 2013 January 1.

Published in final edited form as:
J Card Fail. 2012 January ; 18(1): 1–9. doi:10.1016/j.cardfail.2011.09.006.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Keywords
medication adherence; intervention; randomized control trial; heart failure; outcomes; MEMS
feedback; theory of planned behavior

Introduction
Heart failure (HF) currently affects 5.8 million Americans and its prevalence and incidence
are increasing in the United States and worldwide.1, 2 It is essential that patients with HF
receive pharmacological treatment to slow cardiac remodeling, and decrease symptoms,
hospitalizations and death.3–5 Prescribed therapy is, however, useless unless patients adhere
to their prescribed medications.6 Medication nonadherence compromises treatment
outcomes in HF.6–11 Overall medication adherence rates in HF patients average only about
50%12–21 and decline over time.22, 23

Due to the importance of medication adherence to hospitalization and mortality, it is vital
that clinicians implement interventions to improve medication adherence. Specialized
disease management programs that include medication adherence among their many targets
have reduced hospitalization and mortality in HF,24, 25 however, the vast majority of
patients do not receive care in disease management programs. There are few successful
stand-alone interventions that enhance medication adherence and reduce hospitalization and
mortality in HF.26, 27 Moreover, there are no specific recommendations regarding the type,
amount or content of information needed to increase adherence.

A theoretical model enhances understanding of complex situations.28 Without a full, rational
appraisal of the problem, interventions might easily address inappropriate variables and
tackle only a small proportion of the variables required to have the desired effect.28 Current
approaches rarely are theory driven, resulting in interventions derived not from successful
behavior change theories, but from individual practitioner’s experience of best practices. A
theory provides the basis for judging whether all of the necessary fundamentals of an
intervention are in place.28 The Theory of Planned Behavior (TPB) is a widely used
theoretical framework for explaining health-related behaviors and behavior change.29, 30

Interventions based on the TPB have been shown to be effective in improving health-related
behaviors (e.g., medication adherence) in HIV-infected patients,30 stroke patients31 and
diabetics.32

An additional factor that may enhance adherence is feedback of patients’ adherence levels.
Because patients commonly overestimate adherence and are unaware of their actual
medication-taking behaviors,11 feedback of medication-taking behavior (using data from the
medication event monitoring system [MEMS]) may provide an innovative approach to
correct misperceptions and thus improve adherence.30, 33–36 Direct feedback from the
MEMS of patient actual medication-taking behavior may be a tangible method of helping
patients with HF understands their own behavior. Patients’ barriers to adhering to their
medication may be more easily identified through discussion of missed doses from the
MEMS reports. Accordingly, the purpose of this study was to determine whether a theory-
based intervention that includes personalized feedback of medication-taking behavior
delivered by a nurse improves adherence, decreases cardiac-related hospitalization and
death, and improves quality of life in patients with HF.
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METHODS
Study Design

This study was a randomized controlled trial to determine the effect of a theory-based
intervention on medication adherence and cardiac event-free survival in patients with HF.
All patients were randomly assigned to the PLUS (theory-based intervention plus feedback
of medication-taking behavior from the MEMS), LITE (theory-based intervention only) or a
usual care control group. Patients assigned to the PLUS and LITE groups received
individualized teaching and counseling. All patients used the MEMS for 9 months to
monitor adherence (baseline to the end of the study [9 months]) and were followed monthly
by phone to obtain their hospitalization data (by a research associate blind to group
assignment from baseline to the end of the study). There was a 1 month “run in” period prior
to starting the intervention to determine patients’ baseline medication adherence levels.

Sample and Setting
Patients were recruited from the outpatient cardiology clinic and inpatient hospital in one
Southern state. Patients who met the following selection criteria and agreed to participate
were enrolled: (1) diagnosis of chronic HF (from either preserved or non-preserved systolic
functions because medication adherence is an important problem in patients with both
preserved and non-preserved systolic function); (2) undergone evaluation of HF by a
cardiologist and optimization of medical therapy, defined as being on stable doses of HF
medications for one month; and (3) able to read and speak English. Patients were excluded if
they had: (1) impaired cognition defined as a word recall score of 0 or a word recall of ≤ 2
with an abnormal clock test on the Mini-Cog Exam; (2) a co-existing imminently terminal
illness such as cancer or chronic renal failure requiring dialysis; (3) a myocardial infarction
within the past 3 months; or (4) a history of cerebral vascular accident within the past 3
months or with major sequelae. We excluded patients who had had an MI or a stroke within
the past 3 months because their health outcomes may differ regardless of adherence.

Measurement of Variables
Cardiac event-free survival: Cardiac event-free survival was the composite end-point. This
end-point consisted of cardiac-related emergency department (ED) visit, cardiac-related
hospitalization, or cardiac death. We collected date and reasons for ED visits and
hospitalization by making monthly follow-up phone calls to patients and confirmed these by
reviewing hospital medical records. Date and cause of death were collected from interviews
with family members and physicians, and were confirmed by review of medical records and
death certificates.

Quality of life: Quality of life was measured using the Minnesota Living with Heart Failure
Questionnaire (LHFQ).37, 38 The LHFQ was developed specifically to measure patients’
perception of how much their HF and its treatment affect their ability to live as desired. It
has been widely used in research and clinical practice.37, 38 It consists of 21 questions rated
on a scale from 0 (no effect) to 5 (very much). Item ratings are summed for a total score that
can range from 0 to 105. Higher scores reflect worse quality of life. Questions concern a
variety of physical and psychological aspects of living with HF and include activities of
daily living, economic issues, ability to work, enjoyment of leisure time activities, relations
with family and friends, sexual activity, side effects from medications, depression, and
impact of HF symptoms. The LHFQ has been used extensively in HF research and is
appealing because it is inexpensive, short, easily understood by ill and elderly individuals,
self-administered, and easy to score.37, 38 The LHFQ has strong evidence of internal
consistency reliability, with Cronbach’s alphas ranging from .88 to .93 and supported
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construct validity.38 In this study, the Cronbach’s alpha of the LHFQ was .94, indicating
acceptable internal consistency.

Medication adherence: Medication adherence was measured using the MEMS.39, 40 The
MEMS is a medication bottle with a cap that is equipped with a microchip that registers the
date and time of each cap opening.39–41 The MEMS device has been demonstrated to be a
valid and objective method to assess medication adherence.42 The MEMS was used to
collect data on one HF medication (β-blocker, angiotensin-converting-enzyme [ACE]
inhibitor, angiotensin receptor blocker [ARB], aldosterone antagonist, digoxin, or diuretic)
for each patient. The medication to be monitored was chosen based on the following criteria.
If the patient was taking a medication twice a day, this medication was chosen for
monitoring using the MEMS. If all medications were taken twice or only once daily, then,
the beta-adrenergic blocking agent was chosen unless the patient was not prescribed one. In
those cases, the ACE inhibitor or ARB was used. If no beta-blocker, ACE inhibitor, or ARB
was prescribed, an aldosterone antagonist, digoxin or a diuretic was used in the MEMS
device. Patients were given a MEMS diary to record unscheduled cap openings, such as
those to refill the bottle, so that those unscheduled events which are unrelated to adherence
were removed from analysis. Medication adherence from the MEMS was defined as the
dose-count which is the percentage of prescribed doses taken during the 9-month monitoring
period.11

In this study, we chose 88% as the cutpoint to categorize patients into adherent or
nonadherent. Patients who took ≥ 88% of their prescribed doses were categorized as
adherent, while patients who took less than 88% of doses were categorized as non-adherent.
This cutpoint was chosen based on our prior research demonstrating that ≥ 88% is an
evidence-based (as opposed to arbitrary) cutpoint to define adherence based on outcomes.43

Other variables of interest: To characterize subjects and obtain data on potential
confounding variables, information concerning the following variables was collected from
the medical records, or patient interview: age, gender, marital status, years of education, left
ventricular ejection fraction, medication regimen, and presence or absence of a significant
other during the intervention. New York Heart Association (NYHA) functional class was
determined by standardized patient interview.44 Self-reported financial status was assessed
using one item from our socio-demographic questionnaire. Patients were asked to rate
“Considering how well your household lives on its income. Financially, would you say you
are: (1) Comfortable; have more than enough to make ends meet; (2) Have enough to make
ends meet; or (3) Do not have enough to make ends meet.” Lower scores indicated better
reported financial status.

INTERVENTION—The TPB is an effective behavior change theory to support an
intervention designed to increase medication adherence.29 According to the TPB the
proximate determinant of actual behavior is a person’s behavioral intention or his/her
intention to engage in the target behavior.29 The direct determinants of behavioral intention
are attitudes (patient’s beliefs about outcomes of adhering prescribed medication), subjective
norm (whether patient’s significant others and physicians approve or disapprove of
medication adherence), and perceived behavioral control (the presence or absence of
resources for, and impediments to, performance of adhering prescribed medication).29

Patients’ significant others were patients’ spouse, daughters/sons, relatives, neighbors or
friends who might or might not live with the patients in the same house, but who took care
of patients and were identified by patients as their major caretakers. Our intervention is
designed to encourage positive behavioral beliefs by explaining the significance of HF
symptoms, their relationship with HF and the importance of adhering to medications
(attitudes). The intervention encourages identification of significant others and reflection by
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patients of their beliefs about significant others’ opinions on whether it is important for
patients to take prescribed medication regularly (subjective norm). Significant others who
participate in the intervention are taught how to support the patient by emphasizing the
importance of adherence and identify what they can help in improving medication adherence
through facilitating communication between patient and significant others (subjective norm).
Resources that support or impede adherence are identified by interventionist and the patient
and/or significant others, teaching is individualized to increase perceived control, and
patients are taught the skills needed to feel empowered (perceived behavioral control). The
provision of feedback about patients’ medication taking behavior is used to identify their
barriers to adherence through discussion of missed doses from their MEMS reports
(perceived behavioral control).

The intervention was delivered by a cardiovascular nurse expert (JRW) in delivery of the
education and counseling intervention. Patients in both the PLUS and LITE groups received
the following education and counseling intervention. The intervention is delivered
individually every other week for a total of 4 sessions. The first and third sessions were face-
to-face education and counseling lasting about one hour. The second and four sessions were
delivered by telephone lasting about 15–20 minutes each. The intervention was designed to
influence medication adherence by creating a more positive attitude toward medication
adherence, incorporating significant others into the patient education and counseling
sessions to build a positive subjective norm, and providing needed information and skills to
overcome barriers to adherence to increase the patient’s perceived behavioral control.

PLUS group: Patients in the PLUS group received feedback of their medication-taking
behavior from the MEMS at each of the two face to face intervention sessions (Sessions 1 &
3). MEMS feedback was used to show patients their own medication-taking behavior in
order to correct any misperceptions of actual adherence and to identify problem areas (e.g.,
reasons of missing certain doses). A visual display of adherence behavior from the MEMS
report was shared by the nurse with the patient. The purpose of this feedback was to give
patients insight into their own medication-taking behavior over time, to increase their
perceived behavioral control and improve medication adherence and outcomes.

Procedure: See Table 1. Permission to conduct this study was obtained from appropriate
Institutional Review Board. Patients were referred to the investigator by physicians or nurse
practitioners. Patient eligibility was confirmed by a trained nurse who then explained study
requirements to the patients and invited them to participate. At baseline, after obtaining an
informed consent, patient’s demographic and clinical characteristics were collected by
interview and medical record review. Patients completed the questionnaires and were
provided detailed written and verbal instructions on use of the MEMS bottle for the one-
month run-in period. A second appointment was made one month later. At this visit, a
research nurse determined patient’s adherence rate by downloading data from the MEMS.
Patients were categorized as adherent (i.e. ≥ 88% medication adherence) or non-adherent
(i.e. < 88% medication adherence).43

All patients were stratified by medication adherence (using 88% as cutpoint) and then
randomized to one of the three groups. For those patients randomized to either the PLUS or
LITE groups, this visit also included the first intervention session. For patients in the control
group, this session ended after data collection. All patients continued to use the MEMS for 9
months from baseline. Patients in all groups received monthly phone calls to ask about any
ED visits and/or hospitalizations. At 9 months, all patients had the last visit to complete
questionnaires and returned MEMS cap, the diary that recorded unscheduled cap openings,
and a list of ED visits and/or hospitalizations.
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Data Analysis—All data analyses were performed using SPSS, version 17.0; an alpha
level of < 0.05 was used. The analyses followed an intent-to-treat strategy. That is, the
analyses included all participants in the groups to which they were randomly assigned,
regardless of their level of adherence to the intervention and regardless of subsequent
withdrawal from the study. To compare time to first cardiac event among the 3 groups,
Kaplan-Meier plots were used to graphically depict group differences in time to first cardiac
event, and log-rank tests were used to determine which group of patients had the longer
event-free survival time. Cox proportional hazards regression modeling was used to assess
this endpoint, while controlling for appropriate demographic and clinical variables,
including age, marital status, financial status, ejection fraction, baseline NYHA, ACE
inhibitor use, and presence or absence of a significant other during the intervention.
Repeated measure analysis of variance (ANOVA) was used to compare quality of life and
medication adherence among 3 groups over the 9 month period. Both continuous data and
dichotomized data (using 88% as cutpoint) of medication adherence were used in the
separate analyses. Post-hoc comparisons based on Fisher’s least significant difference (LSD)
procedure were used to determine how the three groups differed at each time point.

RESULTS
Patient Characteristics

Of the 195 eligible HF patients approached for the study; 110 patients refused to participate
due to long travel distance, time concerns (e.g., have to take care of other family members),
no interest in participating in research, or lack of energy. Three patients withdrew from the
study before randomization due to moving to an assisted facility (n=2) and dealing with
another medical condition (n=1). A total of 82 patients with HF were included in this study.
The mean age of patients was 60 ± 13 years. Half of the patients had advanced HF as
reflected by their NYHA functional class. The average left ventricular ejection fraction
reflected the enrollment of both patients with and without preserved systolic function. Less
than one third of the patients were defined as non-adherent based on 88% cutpoint. Full
sample characteristics and comparisons among the 3 groups are presented in Table 2.
Groups did not differ on clinical characteristics at baseline; however, there were a greater
percentage of married patients in the intervention groups (70%) than in the control group
(39%). Therefore, we adjusted for marital status in the Cox regression.

Intervention effect on event-free survival
Kaplan Meier survival curve and log-rank test—Kaplan-Meier plots with log-rank
tests were used to compare patients’ time to first occurrence of the composite endpoint
among the 2 intervention groups and the control group. Kaplan-Meier survival analysis
demonstrated that there was a significant difference on event-free survival among 3 groups
(p = .034, Figure 1). The PLUS and LITE groups did not differ on event-free survival, thus
data of the 2 intervention groups were combined. Event-free survival was significantly
longer for the patients in both intervention groups than those in the control group (p = .01,
Figure 2).

Cox regression modeling—In Cox regression (Table 3), group assignment (intervention
vs. control) was a predictor of cardiac event-free survival before and after controlling age,
marital status, financial status, ejection fraction, baseline NYHA class, ACE inhibitor use,
and presence or absence of a significant other during the intervention (p < .05). The hazard
ratio for time to the first cardiac event for patients assigned to the control group was 2.91
compared to those assigned to the intervention groups. The hazard ratio for time to the first
cardiac event for patients in the control group increased to 4.22 after controlling for some
socio-demographic (age, marital status, financial status), clinical factors (ejection fraction,
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baseline NYHA functional class, angiotensin-converting enzyme inhibitor use), and
presence or absence of a significant other during the intervention compared with those in the
intervention groups. In addition to group assignment, financial status and baseline NYHA
functional class were independent predictors of the composite endpoint (p < .05). Patients
who had low financial status (i.e., those who did not have enough to make ends meet) had
5.16 odds greater odds of having a cardiac event than those who had better financial status
(i.e., those who reported to have more than enough to make ends meet). Patients in NYHA
III or IV were 3.16 times more likely to experience a cardiac event compared to patients in
NYHA I or II.

Intervention effect on quality of life
The mean quality of life score measured by the LHFQ was 37.5 at baseline. There was no
difference in quality of life scores among the 3 groups at baseline. Figure 3 shows quality of
life trajectory for each group over the 9 month period. Repeated measure ANOVA showed
no main effect for time or group by time interaction. Although there appears to be a trend for
quality of life to improve over time for patients in the intervention groups, this trend was not
significant.

Intervention effect on medication adherence
Adherence was determined on a medication taken twice daily in a majority (77%) of
patients. Medication adherence (Table 2) measured by the MEMS showed a mean
medication adherence of 93.9% at baseline. There was no difference in medication
adherence among 3 groups at baseline (p = .255). Figure 4 shows medication adherence
trajectory for each of the 3 groups from baseline to the end of the 9-month follow-up period.
Repeated measure ANOVA showed that there was a significant interaction for group by
time (F = 2.686, p = .049). There were significant differences in medication adherence from
baseline to 2 months and to 9 months among the 3 groups. Patients who were in the PLUS
group had better medication adherence compared to those in the control group at 2 months
(p = .05) and at 9 months (p = .021). There was a difference in medication adherence
between the LITE and control group at 9 months (p = .04), but not between the LITE and
control group at 2 months (p = .143), nor the PLUS and LITE groups at 2 months (p = .668)
or 9 months (p = .804).

Patients were classified at baseline as adherent if their medication adherence rate achieved ≥
88% and as nonadherent if < 88%. At baseline, there were no differences among 3 groups
for number of adherent patients based on chi square test (p = .694). There were similar
percentages of patients who were adherent among 3 groups (70% in PLUS group, 59% in
LITE group, and 64% in the control group, Table 4). During the intervention period, more
patients in the intervention groups (PLUS and LITE groups) became adherent compared to
those in the control group. At 9 months, the percentage of adherent patients dropped slightly
in the intervention groups. However, in the control group, the percentage of adherent
patients dropped from 64% at baseline, to 59% at 2 months and to 36% at 9 months. There
were significantly more patients in the intervention groups (PLUS and LITE) who remained
above the adherence level at 9 months compared to those in the control group (74%, 65%,
and 36% for PLUS, LITE, and control group, respectively, p = .015, Table 4).

DISCUSSION
In this study, we tested an innovative intervention designed to enhance medication
adherence. We demonstrated that patients in either of the intervention groups had better
medication adherence and a longer event-free survival compared to patients in the control
group who received usual care. The estimated medical costs for HF for 2010 are $39.2

Wu et al. Page 7

J Card Fail. Author manuscript; available in PMC 2013 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



billion and are continuing to rise.2 Medication nonadherence resulting in HF exacerbation
and subsequent hospital readmission is the most common cause of high health care
costs,8, 10, 45 demonstrating how important it is to discover effective interventions to
improve adherence.7–11

Our study needs to be considered in light of the findings from similar studies. To date, there
have been seven investigations testing the impact of interventions designed to improve
medication adherence on adherence and outcomes in patients with HF.5, 26, 27, 46–49 In all
studies,5, 26, 27, 46–49 adherence rates improved in the intervention compared to control
group, but outcomes were improved in only four.5, 26, 27, 48 In the other three
studies,46, 47, 49 no change in hospitalization or mortality was noted between the intervention
and usual care groups. Potential reasons for failure to demonstrate a difference in outcomes,
despite an increase in adherence, include: (1) short follow-up period46, 49 and 2) use of self-
report measure, which is subject to reporting bias.47

Among the four studies in which outcomes were better in the intervention group, in only one
was the MEMS used to assess medication adherence. The intervention lasted nine months,
and involved an interdisciplinary team.27 The effects of the intervention were evident only
during the intervention period. The intensity of the intervention and the limited effectiveness
suggested that the intervention would not be sustainable in usual practice settings. The
remaining three studies in this group were limited by the use of self-report to measure
adherence.5, 26, 48 Self-report is subject to recall bias and social desirability.

In our study, the mean medication adherence of patients in the control group was 94.5% at
baseline; however, the rate dropped to 90.7% at 2 months and dropped even more to 84.2%
at 9 months. The finding was consistent with the previous study, medication adherence rate
decreases as time progresses.22, 23 To our knowledge, this is the first study to explore the
natural pattern of medication adherence over 9 months in patients with HF. It is important to
note that two thirds of patients in the control group were adherent using the cutpoint of 88%
at baseline. However, the number of adherent patients dropped dramatically in the control
group. The number of adherent patients was maintained over the 9 months in the
intervention groups. Therefore, even patients who were adherent at baseline still need
interventions and/or reminders to help them sustain their adherence level.

Post hoc test showed there was a difference in medication adherence between the PLUS and
control group at 2 months and 9 months, but not PLUS and LITE groups. We also did not
find a difference between PLUS group and LITE group in cardiac event-free survival. In
previous studies MEMS report as feedback for medication-taking behavior was effective in
improving medication adherence of HIV positive,30 smoking (adherence to bupropion),50

and hypertensive33 individuals and people with diabetes.36 It is unclear why we could not
find a difference between PLUS and LITE groups. There are a few possibilities. First,
feedback from the MEMS is to help patients with HF to understand their actual medication-
taking behavior and track back on those days they missed doses. Then, it will be easier to
help patients recognize their barriers of missing doses and find ways to target on those
barriers. However, patients may have established and known their patterns of taking their
medication and their reasons of missed doses without the help from a MEMS report.

Second is dose response. In the most effective studies, patients in the intervention group
received more sessions of feedback intervention (3 to 7 sessions) than our study. It might
take more than two sessions of feedback intervention to see their medication-taking patterns,
identify the reasons of missed doses, and gain skills to adhere to their medications. Third, in
two30, 36 of the effective feedback studies, patients in the intervention group were offered
another type of MEMS caps during the intervention: the so-called SmartCap that displays
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how often it has been opened during that day and helps patients to increase their adherence.
No matter which possibility is correct, the findings need to be verified in a larger sample
size and recruiting more non-adherent patients in the future study.

Limitation
Our findings should be interpreted with the following limitations in mind. First, it is
assumed that patients take one dose of their prescribed medication after each MEMS bottle
opening although this assumption could be questioned. The MEMS device is a valid,
objective, and considered a “gold standard” measure to assess medication adherence in the
current adherence literature.42 Prior researchers have demonstrated that opening of the bottle
does, indeed, reflect actual medication taking,31, 34 and that use of the MEMS does not
increase adherence artificially.35 However, we did not measure serum drug levels and
cannot say with absolute certainty that when patients opened the MEMS cap, that they really
took out the medication and consumed it. Our finding, however, of an association between
increased medication adherence and improved outcomes make this likelihood quite small.

Another potential limitation has to do with the applicability of the MEMS to clinical
practice. The use of the MEMS to measure medication adherence is likely too expensive and
not practical in the clinical settings. Therefore, even though self-report measures are subject
to recall bias and social desirability, it is important to develop a reliable and valid self-report
instrument to measure medication adherence for researchers and clinicians in order to
translate the results of this study to clinical settings.

Although we demonstrated significant differences (better medication adherence and less
cardiac event) between intervention and control groups, a larger sample size of non-adherent
HF patients is needed to generalize these results. This study had a total sample of 82
participants who were recruited from one Southern tertiary hospital. Our sample only
included 36% non-adherent patients. Therefore, findings from this study warrant further
study in a larger non-adherent sample. Finally, there were more married patients randomized
to the intervention group than to the control group, and for this reason we adjusted for
marital status in the multiple Cox regression.

CONCLUSION
We provided evidence that use of an intervention based on the TPB improved medication
adherence and reduced cardiac events in patients with HF. Heart failure is a chronic
condition and requires patients to take their several medications on a daily basis indefinitely.
It is important for clinicians to implement interventions to help patients with HF to adhere to
their prescribed on a regular basis. Our theory-based intervention is a clinically applicable
approach that clinicians can use. One possible way to transfer the intervention to the clinical
setting is to train home health nurses to deliver the intervention.

We further provided evidence that medication adherence decreases over time regardless of
whether patients are adherent on first assessment or not. Thus, it is essential that clinicians
assess adherence at each visit, even when patients appear to have been adherent in the past.
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Figure 1.
Time to First Cardiac Event of Emergency Department Visits, Hospitalization, or Mortality
among patients in the PLUS, LITE, and control groups

Wu et al. Page 13

J Card Fail. Author manuscript; available in PMC 2013 January 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Time to First Cardiac Event of Emergency Department Visits, Hospitalization, or Mortality
between patients in the intervention group and control group
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Figure 3.
Quality of life* scores changes from baseline to the end of 9 months period among 3
groups**
*Quality of Life was measure by the Minnesota Living with Heart Failure Questionnaire.
Higher scores reflect worse quality of life.
**Repeated measures analysis of variance, no significant difference for time or group by
time interaction
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Figure 4.
Dose-count adherence changes over the 9 months period among 3 groups*
* Repeated measures analysis of variance, significant difference for time (F = 5.405, p = .
012) and group by time interaction (F= 2.688, p = .05)
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Table 3

Cox Regression Model: Predictors of Event-free Survival (N = 82)

Variables Hazard Ratio Wald p

*Simple Cox Regression

Group (control compared to intervention group) 2.906 6.046 .014

**Multiple Cox Regression

Group (control compared to intervention group) 4.223 7.677 .006

Age .994 .100 .752

Marital status .644 3.116 .078

Financial status 9.802 .007

 Enough compared to comfortable .739 .241 .624

 Not enough compared to comfortable 5.156 5.626 .018

Family_company 1.910 1.145 .285

LVEF 1.014 .688 .407

NYHA (III/IV compared to I/II) 3.158 4.859 .027

Taking ACEI .599 .660 .417

*
χ2 = 6.64, p = .010;

**
χ2 = 23.454, p = .012

ACEI = angiotensin-converting-enzyme inhibitor; LVEF = left ventricular ejection fraction; NYHA = New York Heart Association
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Table 4

Patients who are adherent* to their prescribed medications in 3 groups over the 9-month period

Duration PLUS group LITE group Control group Significance (p)

Baseline 19 (70%) 16 (59%) 18 (64%) .694

2 month 22 (82%) 18 (69%) 16 (59%) .203

9 month 20 (74%) 17 (65%) 9 (36%) .015

*
Using 88% as cutpoint to determine whether patients are adherent or non-adherent.
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