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Abstract
Background—Rehospitalization rates are higher in African-American than Caucasian patients
with heart failure (HF). The reasons for the disparity in outcomes between African-Americans and
Caucasians may relate to differences in medication adherence.

Objective—To determine whether medication adherence is a mediator of the relationship between
ethnicity and event-free survival in patients with HF.

Methods—Medication adherence was monitored longitudinally in 135 HF patients using the
Medication Event Monitoring System (MEMS). Events (ED visits for HF exacerbation, HF and
cardiac rehospitalization, and all cause mortality) were obtained by interview and hospital data base
review. A series of regression models and survival analyses were conducted to determine whether
medication adherence mediated the relationship between ethnicity and event-free survival.

Results—Event-free survival was significantly worse in African-Americans than Caucasians.
Ethnicity was a predictor of medication adherence (p = .011). African-Americans were 2.57 times
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more likely to experience an event than Caucasians (p = .026). Ethnicity was not a predictor of event-
free survival after entering medication adherence in the model (p = .06).

Conclusion—Medication adherence was a mediator of the relationship between ethnicity and
event-free survival in this sample. Interventions designed to reduce barriers to medication adherence
may decrease the disparity in outcomes.
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Introduction
Heart failure (HF) has been described as a “new epidemic”. The number of people diagnosed
with HF is expected to double within the next 25 years owing to the aging of the population
and improvements in treatment for cardiac conditions resulting in increased survival of
cardiovascular diseases.1, 2 Acute exacerbation of HF signs and symptoms commonly requires
hospitalizations that may contribute to increased mortality.3

The natural history of HF can now be modified by appropriate pharmacological therapy.4–6

However, pharmacological therapy only benefits patients who take their medications as
prescribed. Therefore, medication adherence is essential to achieve better health outcomes.7–
14 Poor medication adherence increases the risk of mortality and morbidity15 and leads to high
health care costs8, 12, 15 in patients with HF.

There is a higher prevalence of HF among African-Americans compared with the general
population (3% vs 2%, respectively).16, 17 African-Americans tend to be diagnosed with HF
at an earlier age, have lower left ventricular ejection fractions (LVEF), and worse New York
Heart Association (NYHA) functional class at the time of diagnosis than Caucasians.16, 18–
20 Moreover, African-American HF patients have higher rehospitalization rates,21–26 longer
lengths of hospital stay25 and higher hospital charges25 than Caucasian patients. The reasons
for the disparity in outcomes between African-Americans and Caucasians are unclear. Prior
researchers have suggested that African-American patients with HF have lower adherence rates
than Caucasian patients with HF27, 28 but whether differences in medication adherence may
play a role in disparity in outcomes is unknown. Accordingly, the purpose of this study was to
determine whether medication adherence is a mediator of the relationship between ethnicity
and the composite endpoint of event-free survival of ED visits for HF exacerbation or cardiac
or HF hospitalization or mortality in patients with HF.

Methods
Study Design

This was a prospective, longitudinal study in which patients with HF were followed for up to
3.5 years. At baseline, patients' demographic and clinical data were collected by patient
interview or medical record review. Outcome data on hospitalizations or survival were assessed
monthly by telephone interview and by examining the hospital administrative database.

Samples and Setting
Detailed eligibility criteria and recruitment methods have been published previously.29 Patients
of all ethnicities and either gender were recruited from outpatient cardiology clinics and
inpatient cardiology wards in Central Kentucky. Patients were enrolled who had a confirmed
diagnosis of chronic HF and were on stable doses of HF medications. Patients were excluded
if they had obvious cognitive impairment (i.e., not able to give informed consent or participate
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in an interview), were referred for heart transplantation, or had a co-existing terminal illness
such as cancer, or end-stage renal disease. No patient was attending a heart failure disease
management program.

Measurement of Variables
Independent variable—Ethnicity was the independent variable in this study. Patient's self-
reported ethnicity was collected by patient interview.

Mediator variable—Medication adherence was tested as a potential mediator variable in the
study. Medication adherence was measured continuously for 3 months using a microelectronic
medication monitoring device (Medication Event Monitoring System [MEMS], AARDEX®-
USA, Union City, CA) that is housed in the caps of a medication vial. Real-time data were
collected when the cap was removed. Patients kept a diary of cap openings not related to taking
medication such as checking their medication supply or filling the bottle. All cap openings
unrelated to taking medications were deleted from the analysis. Medication adherence from
the MEMS was defined as the dose-count which is the percentage of prescribed doses taken
during the 3-month monitoring period.29 Patients who took at least 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 prior research demonstrating
that adherence at or above this level predicted better event-free survival.30, 31

The MEMS was chosen as the measure of medication adherence because the MEMS is an
objective measure considered the new reference standard for the measurement of medication
adherence.32–37 Evidence from validation studies of the MEMS confirms that patients rarely
remove a pill without taking it.38, 39 For example, in Kimmel et al.'s study,39 anticoagulation
control, measured by International Normalized Ratio (INR) was correlated with medication
adherence using the MEMS. In addition, using electronic monitoring caps to measure
medication adherence can better identify patients who omitted doses than other measures.40

Furthermore, using electronic monitoring caps to measure medication adherence does not alter
adherence.41 In one study,41 HIV patients were randomly assigned to one of the following
three groups in order to determine the impact of surveillance methods on adherence: MEMS,
medication diary, and a no surveillance control group, with adherence measured by a structured
interview at baseline and study endpoint. After four weeks, there were no differences in
adherence between the three groups, demonstrating that there is no Hawthorne effect associated
with using the MEMS.

MEMS data were collected from one HF medication for each patient. Prior research has
demonstrated that monitoring one medication provides a valid indicator of all medication-
taking behavior.32, 33 The medication chosen to be monitored was 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 per day, then
the beta-adrenergic blocking agent was chosen unless the patient was not prescribed one. In
those cases, the angiotension-converting-enzyme (ACE) inhibitor or angiotensin receptor
blocker was used. If no beta-blocker or ACE inhibitor was prescribed, digoxin or a diuretic
was used in the MEMS device.

The MEMS was used for three months to measure patient's medication adherence because three
months has been shown to accurately reflect long-term adherence,42, 43 it avoids overburdening
the patient with a longer data collection period, and is longer than many studies in which the
MEMS was used for less than a month.32, 40, 44

Outcome variable—The outcome variable was the composite end-point of occurrences and
time to the following events: ED visits for symptoms of decompensated HF, HF or cardiac
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hospitalizations and all cause mortality (i.e., event-free survival). Data on event-free survival
were obtained by patient/family interview, hospital data base review and review of death
certificates and records. During data collection, the date and reasons for ED visits,
hospitalization and death were noted. If there was a difference between patient/family report
and the hospital records, we carefully reviewed the medical record to confirm the visit date
and reason, and discussed the discrepancy with the patient or family. If the ED visit or
rehospitalization was outside the system, a patient release was obtained and the medical record
was reviewed. In all cases, conflicting data between patient/family report and hospital records
were resolved with review of the medical record and interview of the patient and family.

Covariates—New York Heart Association (NYHA) functional class, age, gender, education
level, living status, body mass index (BMI), left ventricular ejection fraction (LVEF), medical
regimen, patient's attitude toward prescribed medication, knowledge of medication, and barrier
to medication adherence were collected as covariates. NYHA was determined by standardized
patient interview.45 Patients' age, gender, education level, living status, LVEF and medication
regimen (i.e., ACE inhibitors [yes/no], β blockers [yes/no], diuretics [yes/no], digoxin [yes/
no], aldosterone antagonist [yes/no]) were collected from the medical record, and patient
interview.

Patient's attitudes toward medication adherence, knowledge of medication and barriers to
medication adherence were measured using the Attitude, Knowledge, and Barriers subscales
of the Medication Adherence Scale (MAS).46 The 3-item Attitude subscale ranges from 0 to
30; higher scores indicate a more positive attitude toward medication adherence. The
Knowledge subscale consists of three items. The Knowledge subscale ranges from 0 to 30;
higher scores indicate more knowledge of prescribed medication. The Barriers subscale
consists of 11 items. Patients were asked to rate how important they think each of these 11
causes of not taking pills. Patients rated on a 10-point scale that is scored from 10 (very
important cause) to 0 (not important cause). The total score ranges from 0 to 110 with a higher
score reflecting more barriers to adhering to prescribed medication. One example of an item
is “cost of medication”. Based on our prior study,46 the MAS is a reliable and valid indicator
of attitudes, knowledge and barriers to medication adherence in patients with HF.

Procedure
Permission to conduct the study was obtained from the University of Kentucky (UK)
Institutional Review Board (IRB). A trained research nurse confirmed patients' eligibility,
explained study requirements to eligible patients, and obtained informed, written consent.

At baseline, patients' sociodemographic and clinical characteristics were collected by interview
and medical record review. Detailed written and verbal instructions on use of the MEMS bottle
were then given to patients. Patients were instructed to take the specified medicine from the
MEMS bottle for three months and to close the cap after each use. A medication diary was
given to patients to record unscheduled cap openings. Patients who used a pill box were asked
to keep the MEMS bottle beside their pill box and take that medicine from the MEMS bottle.

Patients returned the bottle by mail or in person after three months of continuous use of the
MEMS. The data from the MEMS cap were downloaded to a personal computer, printed, and
entered into a data base for analysis. Patients were followed for up to 3.5 years to collect data
regarding ED visits, hospitalizations and death.

Data Management and Analysis
All data analyses were performed using SPSS, version 16.0; a significance level of .05 was
used throughout. Data analysis began with a descriptive examination of all variables, including
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frequency distributions, means, standard deviations, medians, and interquartile ranges, as
appropriate to the level of measurement of the variables.

Patients were divided into adherent and nonadherent groups based on their medication
adherence rate measured by the MEMS using a cutpoint of 88%30 and into the African-
American or Caucasian group. To compare time to the composite end-point, the log-rank test
was used to compare the time to the endpoint between African-Americans and Caucasians.
Kaplan-Meier plots were used to graphically depict group differences in event-free survival.
Cox proportional hazards regression modeling was used to assess the time to the composite
end-point between the two ethnic groups, while controlling for the following potential
covariates: age, gender, education level, living status, ejection fraction, baseline NYHA,
LVEF, ACE inhibitor use, and beta-blocker use.

To test whether medication adherence was a mediator of the relationship between ethnicity
and event-free survival, a series of regression models and Cox-survival analyses were
conducted. The test for mediation followed the steps outlined by Baron et al.47–50 Four
regression models were run to test for the mediator effect. The first model tested whether
ethnicity (the independent variable) was a predictor of the medication adherence (mediator).
The second model tested whether medication adherence was a predictor of event-free survival
(outcome variable). The third model tested whether ethnicity was a predictor of event-free
survival. In the fourth model, both the ethnicity and medication adherence (independent and
mediator variables) were entered simultaneously as predictors of the event-free survival
(outcome variable). The following conditions must be met if a mediator effect is present: 1)
the results of the first, second, and the third models should be significant, and 2) the significance
level of the coefficient associated with the independent variable in the fourth model is less
significant (partial mediator) or non-significant (full mediator) than in the third model.47, 48,
51

Results
Patient Characteristics

A total of 147 patients with HF were recruited for the study but complete MEMS data were
obtained from 135 patients (Table 1). The reasons for incomplete MEMS data from the 12
patients were of technical failure of the cap or loss of the MEMS cap by the patient. The mean
age of patients in the sample was 61 years. The average LVEF reflected enrollment of patients
with and without systolic dysfunction. Thirty percent of the patients were female. One quarter
of the patients did not complete high school education (26%). About two thirds of patients
were classified as NYHA class III or IV. Full sample characteristics and comparison of the
two ethnic groups were presented in Table 1.

Ninety percent of the patients were Caucasians. Of the total sample, 70% were classified as
adherent. Caucasian patients were more likely to be adherent compared to the African-
American patients. Gender was the only sociodemographic variable that differentiated patients
in the two ethnic groups. There were a greater percentage of female patients in the African-
American group (57.1%) than in the Caucasian group (27.3%). There were no group differences
based on patients' government insurance (i.e., Medicare or Medicaid) status, financial status,
BMI, co-morbidities (i.e., diabetes, hypertension, previous myocardial infarction and stroke),
or number of pills taken per day. There was no group difference in the type of medication
(generic or non-generic) monitored using the MEMS (p = .159).
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Ethnicity, medication adherence and event-free survival
There was no difference in mortality rates between African-American and Caucasian patients.
The prevalence of cardiac rehospitalizations was higher in African-American patients than
Caucasian patients (47% vs. 19%, p = .004). In Kaplan-Meier analysis, the composite endpoint
of event-free survival was significantly worse in African-Americans than in Caucasians (Figure
1).

In a series of regression models and Cox-survival analyses medication adherence mediated the
relationship between ethnicity and event-free survival based on the following sequence of
regression analyses. First, in Path A (Figure 2), ethnicity independently predicted medication
adherence (p = .011). Second, in Path B, patients who were nonadherent were 2.11 times more
likely to experience an event than adherent patients (p = .029). Third, in Path C, African-
Americans were more likely to experience an event than Caucasians (p = .026). In the final
Path D, ethnicity was no longer a significant predictor of event-free survival when medication
adherence was entered into the model (p = .06). It is important to note that African-Americans
were 2.57 times more likely to experience an event than Caucasians in a simple Cox regression
model (p = .026). After adjusting for age, gender, education level, living status, NYHA, LVEF,
ACEI use and β blocker use, African-Americans were 3.19 times more likely to experience an
event than Caucasians (p = .022; Table 2).

Discussion
A goal of Healthy People 2010 is the elimination of racial/ethnic health disparities.52 African-
American patients with HF have a higher rate of hospital readmission than Caucasian patients.
22–24, 26 This finding suggests that additional strategies that address factors underlying this
disparity in African-American HF patients may be needed. It is important to explore factors
associated with racial/ethnic health disparities in patients with HF so that effective
interventions to health disparities can be developed. To our knowledge this is the first study
to examine mediators of the link between ethnicity and outcomes in HF patients. Our results
demonstrated that medication adherence was a mediator of the relationship between ethnicity
and event-free survival in patients with HF.

Consistent with other studies, we found that the rates of HF or cardiac rehospitalization were
higher in African-American patients than Caucasian patients.21–26, 53, 54 However, reasons
for the increased risk for hospitalization in African-Americans compared to Caucasians are
unclear. Biological differences between the two ethnic groups and/or differences in
psychosocial and behavioral factors may play a role on racial/ethnic disparity in outcomes.24,
26, 55, 56

Currently, there is no direct evidence that biological differences among ethnicities contribute
to disparity in outcomes. In some studies, investigators found genetic differences that
contribute to the development of HF and identified differences in the etiology of HF between
African-Americans and Caucasians. These findings provide some evidence to explain racial/
ethnic disparity in outcomes. Advocates of a biological explanation for disparities point to
advances in genomic techniques, that allowed investigation of genetic factors that might
contribute to racial/ethnic disparity. In one case-comparison study,55 African-American
participants with variant alpha2c receptor genotypes were 5 times more likely to have HF than
African-Americans with other receptor genotypes. No HF risk was associated with the variant
beta1 receptor alone; but, participants who had both variant receptor genotypes had a tenfold
increased risk of developing HF. However, to date, there is no direct genetic explanation for
the disparity in hospitalization rates.
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Another biological explanation is the etiology of HF. Hypertension is the most common cause
of HF in African American HF patients and coronary heart disease (CHD) is the most common
cause of HF in Caucasian HF patients.16, 17, 19, 57–59 In the large Studies of Left Ventricular
Dysfunction (SOLVD) registry, hypertension was found as the etiology of HF in 32% of
African Americans and only 4% of Caucasians, while CHD was the etiology in 36% of African-
Americans and 73% of Caucasians.56 In our study, hypertension was the cause of HF in 18%
of African-Americans and only 5.5% of Caucasians, while CHD was the cause of HF in 35%
of African-Americans and 63% of Caucasians. In a large study,60 investigators examined the
natural history of HF with preserved left ventricular systolic function in African-American and
Caucasian patients over five years. African American patients had a significantly higher
mortality risk than white patients (hazard ratio [HR] = 1.34). The racial difference in survival
rate was most prominent in patients with a non-ischemic etiology (HR = 1.6) compared with
patients with ischemic heart failure. The finding that HF etiology is different between these
two ethnic groups and non-ischemic etiology of HF leads to worse outcomes compared to
ischemic etiology of HF provides other support for a biological explanation. However, without
direct evidence, it is hard to conclude that racial/ethnic disparity in outcomes is due to biological
differences. Therefore, more studies are needed to explore direct biological evidence of racial/
ethnic difference in outcomes.

Other researchers have reported that differences in rehospitalizations may be related to
difference in the prevalence of comorbid conditions and the effectiveness of their treatment,
23, 24 differences in socioeconomic factors (e.g., age, access to care),23, 61 differences in
psychological factors (e.g., depression),24 and differences in adherence to diet and prescribed
medication.26 In our study, medication adherence emerged as a predominant mechanism
linking ethnicity and poor outcomes. When we compared sociodemographic and clinical
variables between African-American and Caucasian participants, only gender and medication
adherence were different between these two ethnic groups. Although the African-American
group had a greater percentage of female participants than Caucasian group, gender was not
related to event-free survival. This result is consistent with prior studies showing no gender
difference in rehospitalization or mortality in HF.62, 63

A major finding in our study was that patients in the Caucasian group were more likely to be
adherent than those in the African-American group. Studies of the relationship between
ethnicity and medication adherence have produced inconsistent results.27, 32, 64–66 A number
of investigators reported no differences in medication adherence based on race/ethnicity.32,
64, 67, 68 However, in three studies,27, 65, 66 African-American participants were less adherent
than Caucasian participants. Each of these studies had one or more of the following limitations
that may have influenced their results: self-report measures of medication adherence,64, 67,
68 small sample sizes,32, 64 or lack of consistent definitions of medication adherence.27, 32,
64–68

It is unclear why African-Americans might have lower adherence. Investigators have
postulated that it is not race alone, but the interaction of race and income that is related to
adherence.69 Other investigators found that African-Americans were more likely to experience
side effects from taking medication compared to Caucasians.70 Differences in adherence also
may be related to differences in depression71 or out-of-pocket prescription costs.72 In a national
study,73 African-Americans were 1.38 times more likely to report cost-related nonadherence
compared to Caucasians.

In prior studies, investigators reported attitudes toward medication,74, 75 knowledge,75–77 and
perceived barriers to medication taking78, 79 were correlated to medication adherence. African-
Americans were more likely to have negative attitudes toward medication,80 lower levels of
knowledge about medications,81, 82 and more barriers to medication taking.83 Low levels of
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health literacy81 may account for lower levels of health-related knowledge among African-
Americans. However, in another study,84 African-American patients reported that their health
care providers were more active in advising and counseling about hypertension care and
medication adherence than did Caucasians. African-Americans were found to have more
knowledge of the risks/benefits of available therapies, to be more aware of the importance of
controlling their blood pressure, and to be equally adherent. These data suggest that disparities
in health-related knowledge and attitudes between African-Americans and Caucasians can be
eliminated when both patients and health care providers are actively engaged in the health care
process.

The association between medication nonadherence and ethnicity could be explained by income,
side effects of medication, depression, out-of-pocket prescription costs, cost of medication,
attitudes toward medication taking, knowledge of medication and barriers to medication
adherence. Our results suggest the need to collect more data of potential factors related to racial/
ethnic disparity on medication adherence to provide further insight into the relationships among
race/ethnicity, medication adherence and outcomes and to improve medication adherence and
reduce racial/ethnic disparity in outcomes.

Limitations
Although we demonstrated significant differences between African-Americans and
Caucasians, a larger sample size of African-American HF patients is needed to generalize these
results. Our sample only included 10% African-Americans and future studies of this
phenomenon should include a larger proportion of African-Americans so that the complex
dynamics surrounding adherence and outcomes can be better illuminated. The small sample
of African-Americans also may produce unstable results that need to be verified in a larger
sample. Thus our findings should be considered exploratory and the need for replication
emphasized.

Conclusion
The major finding of this study was that medication adherence was a mediator of the
relationship between ethnicity and event-free survival in this sample. Although these data
suggest that interventions designed to improve medication adherence in African-Americans
may decrease the disparity in outcomes between African-American and Caucasian patients
with HF, our findings must be replicated before definitive recommendations can be made.
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Figure 1. Hazard Plot of ethnicity and event-free survival
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Figure 2. Medication adherence is a mediator
Path A: Test of whether ethnicity is a predictor of medication adherence.
Path B: Test of whether medication adherence is a predictor of event-free survival.
Path C: Test of whether ethnicity is a predictor of event-free survival.
Path D: Test of whether ethnicity and medication adherence together are predictors of event-
free survival.
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Table 1

Sample Characteristics

Characteristics Total Sample (N =
135)

African-
Americans (n =
14)

Caucasians (n =
121)

P

Age, years 61 ± 11 57 ± 11 61 ± 11 .227

Female 41 (30.4) 8 (57.1) 33 (27.3) .026

Education, years 12.7 ± 3.3 13.4 ± 2.0 12.5 ± 3.4 .362

Living alone 40 (29.6) 5 (35.7) 35 (28.9) .402

Financial status .633

 Comfortable 32 (24.1) 2 (14.3) 30 (25.2)

 Enough to make ends meet 71 (53.4) 8 (57.1) 63 (52.9)

 Not enough to make ends meet 30 (22.6) 4 (28.6) 26 (21.8)

With government or commercial
insurance

125 (92.6) 11 (78.6) 114 (94.2) .316

 With government insurance 106 (78.5) 10 (71.4) 96 (79.3) .499

 With commercial insurance 24 (17.9) 2 (14.3) 22 (18.3) 1.0

Attitudes toward medication adherence 28.5±3.2 27.9±3.2 28.6±3.3 .430

Knowledge of medication 21.1±8.8 20.3±9.8 21.2±8.7 .712

Barriers to medication adherence 18.8±29.9 31.6±32.9 17.4±29.3 .103

 Cost of medication 1.9±3.7 3.8±4.4 1.6±3.6 .115

LVEF, % 34.6 ± 14.2 35.2 ± 17.4 34.6 ± 13.9 .905

NYHA functional class .721

 I/II 51 (38.9) 6 (46.2) 45 (38.1)

 III 61 (46.6) 6 (46.2) 55 (46.6)

 IV 19 (14.5) 1 (7.7) 18 (15.3)

Charlson comorbidity index 3.3 ± 1.7 3.2 ± 1.6 3.3 ± 1.7 .800

Hypertension 103 (79.2) 10 (76.9) 93 (79.5) .732

Diabetes 63 (47.4) 6 (42.9) 57 (47.9) .783

Stroke 25 (18.8) 4 (28.6) 21 (17.6) .299

Previous MI 79 (60.8) 5 (35.7) 74 (63.8) .079

BMI 31.9 ±7.1 34.2 ± 9.7 31.6 ± 6.7 .297

Number of pill taken daily 13 ± 7.0 14.2 ± 9.1 12.5 ± 6.5 .402

Taking ACEI 97 (71.9) 10 (71.4) 87 (71.9) .595

Taking BB 120 (88.9) 12 (85.7) 108 (89.3) .480

Medication adherence 97 (71.9) 6 (42.9) 91 (75.2) .023

Data are presented as means ± SD, or N (%), interval level data compared by independent t-test, nominal and categorical by Chi-square; ACEI =
angiotensin-converting-enzyme inhibitor; BB = beta blocker; LVEF = left ventricular ejection fraction; MI = myocardial infarction; NYHA = New
York Heart Association
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Table 2

Cox Regression Modeling: Ethnicity on Event-free Survival (N = 135)

Variables Hazard Ratio Wald Significance

*Simple Cox Regression

Ethnicity 2.57 4.94 0.026

**Multiple Cox Regression

Ethnicity 3.189 5.241 0.022

Age 1.006 0.127 0.722

Gender 0.851 0.117 0.732

Education 1.002 0.001 0.976

Living status 0.564 1.911 0.167

LVEF 0.979 1.812 0.178

NYHA 1.007 0.001 0.982

Taking ACEI 0.913 0.035 0.851

Taking BB 0.343 4.364 0.037

ACEI = angiotensin-converting-enzyme inhibitor; BB = beta blocker; LVEF = left ventricular ejection fraction; NYHA = New York Heart Association

*
χ2 = 5312, p = 0.021

**
χ2 = 18.684, p = 0.028
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