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Heart failure affects 6.6 million Americans and 23 million people world-wide and is 
increasing. There are more than a million hospitalizations per year in the US.1 Heart 
failure is one of the most common reasons for hospitalization in patients over the age of 
65.  Thirty day readmission is also high, approaching 25% nationally.2  The Get With The 
Guidelines-Heart Failure (GWTG-HF) Registry reported that 10.3% of 54,322 heart 
failure hospitalizations during 2005-2007 were due to medication or dietary 
nonadherence.3   Although provider prescription rates for evidence-based therapies have 
improved over time and during hospitalization for heart failure,4,5 patient nonadherence is 
common and widely variable.  Overall nonadherence to heart failure medications has 
been reported to be between 11 and 48%.6-8 Some studies have reported nonadherence 
rates for individual classes of medications- 11-65% for ACE-I/ARB, 19-43% for beta 
blockers, and 58-87% for aldosterone antagonists.6, 9, 10 Studies have reported both 
increasing and unchanged adherence over time.9, 11, 12 Data on medication adherence are 
not currently available in patients with heart failure with preserved ejection fraction. 
  
Nonadherence is associated with poor outcomes.  In Denmark, nonpersistence (break in 
therapy > 90 days) was linked to increased mortality in 107,092 patients discharged after 
1st hospitalization with heart failure.13   In the US, nonadherence has been associated with 
increased all-cause mortality and cardiovascular hospitalizations.6, 12  This association 
remained significant when all 3 classes of heart failure medications (ACE-I/ARB, BB, 
aldosterone antagonists) and when the components of the composite end point were 
considered separately.  Increased readmissions, 7 more Emergency Departments visits, 14 
subsequent higher length of stay, 15 and higher health care cost7 have also been linked to 
nonadherence.   

Several studies have investigated patient-related characteristics of medication adherence 
in heart failure patients but only a few have reported multivariable models.9 Generally, 
age > 65 years is associated with better adherence. 2,10,16  However, in one study, patients 
< 65 years were more adherent to ACE-I/ARB and less adherent to BB compared to older 
patients.11  Decreased adherence has been associated with male gender in most studies9-

11,16  dialysis,9  no insurance,2 African American ethnicity,6,8,9,16  history of heart failure, 9 
depression,17 new users of medications,11 failure to fill a prescription within 30 days of 
discharge,11 taking only one class of heart failure medications,11,16  and cost-related 
issues.10  Higher comorbidities or chronic illness score,6, 11,16  high number of 
concomitant medications, and hospitalizations9  have been reported to be associated with 
both increased and decreased adherence.  The one study that reported a c-statistic for 
their multivariate model indicated that only a small proportion of the variability in 
medication adherence was explained by observed patient-related factors. 9  

We will use data from the ARIC cohort study linked with the CMS Medicare claims data 
to examine adherence over time and predictors of medication adherence among study 
participants who have been hospitalized with heart failure.  In contrast to previous studies 
of medication adherence, we will examine a more current cohort (2006-2009) of patients 
with an adjudicated hospitalization for heart failure.  We will utilize Medicare part D 
claims as opposed to self-report or specific pharmacy data bases.  ARIC coupled to CMS 
data will enable us to explore whether there is an association between medication 
adherence and patterns of hospital care and transitions of care and the outcomes of 



 
 

nonadherent vs. adherent patients.  If sample size is sufficient, predictors of medication 
adherence in patients with heart failure with preserved ejection fraction will be examined 
which has not previously been reported.  Determining predictors of adherence in patients 
who have been hospitalized with heart failure will aid in designing interventions to 
improve medication compliance and outcomes.   

5. Main Hypothesis/Study Questions: 
 

1. Does medication adherence differ at 6 months compared to 1 year after 
hospitalization for heart failure?  

2. Do patterns of care during hospitalization and at discharge influence 
medication adherence in the ARIC cohort who have been hospitalized with 
heart failure, i.e. cardiology consultation during hospitalization, ICU stay, 
length of stay, intravenous diuretics or inotropes, cardiac tests, cardiac 
procedures, newly started medications, follow up ≤ 2 weeks, collaborative 
care with a cardiologist, and referral to home health?  

3. Does medication adherence differ by type of heart failure i.e. systolic vs. heart 
failure with preserved ejection fraction? 

4. What are the outcomes of adherent compared to nonadherent patients? 

 
6. Design and analysis (study design, inclusion/exclusion, outcome and other 

variables of interest with specific reference to the time of their collection, summary 

of data analysis, and any anticipated methodologic limitations or challenges if 

present). 

 
This is a retrospective, ARIC cohort analysis utilizing Medicare Part A (inpatient), B 
(outpatient), and D (pharmacy) claims data.  
 
Inclusion/Exclusion Criteria: 

1. Primary discharge diagnosis of both incident and prevalent heart failure 
hospitalizations between 2006 and 2009 validated by chart abstraction  

2. Alive at discharge 
3. Enrolled in Medicare Part A, B, and D.  
4. Not directly discharged to a nursing home, skilled nursing facility or hospice 

 
The beginning of follow up is defined as the date of hospital discharge for heart failure.  
The follow up period is 1 year.  Adherence will be reported as semiannual and yearly 
medication possession ratio (MPR) based on Medicare part D data for eligible study 
participants.  MPR is computed as the number of days supply obtained during the 
observation period divided by the number of days in the observation period multiplied by 
100.  MPR will be adjusted for subsequent hospital admissions by excluding the dates of 
those stays and calculated by censoring for death, lost to follow up, or at entry into a 
nursing home, skilled nursing facility, or hospice if that occurs after discharge. 
 



 

 
Medication adherence is defined as MPR > 80%.  Discontinuation is defined as a gap of 
> 30 days from the run out date of the previous prescription.  We will continue to follow 
these patients to determine if the prescriptions are refilled at a later time.  Persistence is 
defined as no discontinuations. The following classes of medications will be examined: 
ACE-I/ARB, BB, diuretics, digoxin, spironolactone, calcium channel blockers, and 
statins.  We will also explore adherence to combinations of medications: ACE-I/ARB + 
BB, ACE-I/ARB + diuretic + BB, ACE-I/ARB + BB + diuretic + spironolactone.   
 
Medication adherence will be reported as means and medians.  Other data will be 
reported as means for continuous variables and as percentages for categorical variables.  
Univariate comparisons between adherent and nonadherent patients will be compared 
using the Pearson chi-square analysis for categorical variables and Student’s t test for 
continuous variables.    Logistic regression will be used to identify predictors of 
medication adherence.  The overall fit of the regression model will be assessed using a  
c-statistic.  The analysis explanatory variables for medication adherence will focus on 
process of care variables including intravenous inotropes, ICU stay, length of stay, 
cardiology consultation, cardiac tests (echo, catheterization, nuclear study, cardiac MRI, 
cardiac CT, stress test), cardiac procedures (PCI, cardioversion, ICD, CRT), newly 
started medications, number of cardiac classes of medications at discharge, time from 
discharge to 1st medication refill, time to 1st follow up visit, follow up within 1 or 2 
weeks of discharge, follow up with a cardiologist, and referral to home health. 
Patient characteristic variables will include:  age, gender, and race, and ARIC study 
center, comorbidities including CAD, dialysis, lung disease, diabetes, ejection fraction or 
qualitative description of left ventricular function if known.  Secondary analysis will 
examine adherence in systolic vs. diastolic heart failure if the sample size is sufficient.   

We will compare the outcomes of adherent vs. nonadherent patients. Outcomes will 
include: death, hospitalization, admission to hospice, nursing home, or a skilled nursing 
facility derived from Medicare claims data.  We recognize that outcomes will be affected 
by selection bias i.e. healthy adherers and frailty.  We will explore several methods to 
address this issue i.e. adding frailty markers such as home oxygen, including a negative 
control outcome such as accidents, and consider utilizing a marginal structure model.18 
We will also examine the best way to deal with the concurrence of exposure and 
outcome, and will consider survival models as well as other approaches. 

This study has several limitations.  A major limitation is that filling a prescription does 
not guarantee that the patient actually takes the medication.  Furthermore, patterns of care 
such as follow-up visits are also chosen at least in part by the patient or the patient in 
conjunction with the physician rather than independently (randomly) assigned, so 
selection bias may affect the estimates. Sample size may also be modest because only a 
portion of patients will have Part D. There are also no specific measures of heart failure 
severity in ARIC which would correlate with healthcare resource utilization and 
outcomes. We will use ejection fraction (EF) as a surrogate defining EF ≥ 50% or normal 
EF as HF with preserved ejection fraction, EF 40-49 or mild systolic, EF 31-39 or 
moderate, and EF ≤ 30% or severe systolic heart failure.   
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