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Abstract

Objective—To determine factors independently associated with Cardiac Rehabilitation (CR)
referral, which are currently not well described at a national level.

Background—Substantial numbers of eligible patients are not referred to CR at hospital discharge
despite proven reductions in mortality and national guideline recommendations.

Methods—We used data from the American Heart Association’s (AHA’s) Get With the Guidelines
(GWTG) program, analyzing 72,817 patients discharged alive following a myocardial infarction
(M), percutaneous coronary intervention (PCI), or coronary artery bypass graft (CABG) surgery
between 1/00 and 9/07 from 156 hospitals. We identified factors associated with CR referral at
discharge and performed multivariable logistic regression, adjusted for clustering, to identify which
factors were independently associated with CR referral.

Results—Mean age was 64.1+13.0 years, 68% were male, 79% white, 30% had diabetes, 66%
hypertension, and 52% dyslipidemia; mean body mass index was 29.1+6.3 kg/m? and mean ejection
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fraction 49.0+13.6%. All patients were admitted for coronary artery disease (CAD), with 71%
admitted for MI. Overall, only 40,974 (56%) were referred to CR at discharge, ranging from 53%
for MI, to 58% for PCI, and to 74% for CABG patients. Older age, non-ST-elevation MI, and the
presence of most co-morbidities were associated with decreased odds of CR referral.

Conclusions—Despite strong evidence for benefit, only 56% of eligible CAD patients discharged
from these hospitals were referred to CR. Increased physician awareness about the benefits of CR
and initiatives to overcome barriers to referral are critical to improve the quality of care of patients
with CAD.

Keywords
coronary artery disease; exercise; prevention; cardiac rehabilitation

Introduction

Cardiac rehabilitation reduces morbidity and mortality in coronary artery disease (CAD)
patients after myocardial infarction, improves risk factor management, and is a class |
indication in numerous national guidelines following myocardial infarction or
revascularization (1-8). However, despite the proven benefits of cardiac rehabilitation and
these national guideline recommendations, cardiac rehabilitation continues to be significantly
underutilized, based predominately on single center evaluations (1,9-17). A recent analysis of
national Medicare claims data also indicated that cardiac rehabilitation use is suboptimal as
only 19% of Medicare patients enrolled in cardiac rehabilitation following a myocardial
infarction or coronary artery bypass graft (CABG) surgery (9). These claims based analyses,
however, lacked the detailed clinical data necessary to accurately determine eligibility for
cardiac rehabilitation or to determine what percentage had actually been referred for cardiac
rehabilitation.

In response to these data concerning the underutilization of cardiac rehabilitation, the American
Association of Cardiovascular and Pulmonary Rehabilitation (AACVPR), the American
College of Cardiology (ACC), and the American Heart Association (AHA) recently published
performance measures for the referral to and delivery of cardiac rehabilitation services (18).
These performance measures state that all hospitalized patients with a qualifying
cardiovascular disease event should be referred to outpatient cardiac rehabilitation prior to
hospital discharge. Qualifying cardiovascular disease events include: myocardial infarction,
percutaneous coronary intervention (PCI), CABG surgery, stable angina, heart transplant, and
heart valve surgery. As the authors of these performance measures emphasize, numerous
barriers preventing attendance in cardiac rehabilitation exist, but the most important and easily
overcome barrier is the failure of health care providers to refer eligible patients to cardiac
rehabilitation (18). Understanding referral patterns and barriers to cardiac rehabilitation referral
is necessary to improve the utilization of cardiac rehabilitation in eligible CAD patients.

Our current study extends these prior works investigating cardiac rehabilitation
underutilization by analyzing cardiac rehabilitation referral among eligible patients with
myocardial infarction, PCI, or CABG surgery discharged from hospitals participating in the
AHA Get With the Guidelines (GWTG) program. Furthermore, we identified factors that were
independently associated with cardiac rehabilitation referral.
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Methods

Data Source

The AHA GWTG program is a voluntary, observational data collection and quality-
improvement initiative that began in 2000 and has been described in detail previously (19).
Participating hospitals use the point-of-service, interactive, Internet-based Patient
Management Tool (Outcome Sciences, Inc, Cambridge, Mass) to submit clinical information
regarding inhospital care and outcomes of patients hospitalized for CAD, stroke, or heart
failure. Participating hospitals submit consecutive, eligible patients to the database and
compliance with local regulatory and privacy guidelines is required.

Trained personnel abstract the data, and patients are assigned to race/ethnicity categories using
options defined by the electronic case report form. Other variables collected in the CAD module
include socio-demographic and clinical characteristics, medical history, admitting diagnosis,
inpatient medical therapies and procedures, ejection fraction, hospital characteristics,
compliance with CAD-related performance measures including referral to cardiac
rehabilitation, contraindications for evidence-based therapies, and in-hospital outcomes.
Referral to cardiac rehabilitation is recorded as: 1) yes, 2) no, 3) not documented, or 4) not
applicable.

Outcome Sciences, Inc. serves as the data collection and coordination center for GWTG. The
Duke Clinical Research Institute serves as the data analysis center and has an agreement and
Institutional Review Board approval to analyze the aggregate de-identified data for research
purposes. The Internet-based data entry system includes edit checks to insure the completeness
of the reported data. Data quality is monitored and reports are generated to assure the
completeness and accuracy of the submitted data. Only sites and variables with a high degree
of completeness are included in analyses.

Study Population

We identified 310,563 patients with CAD-related diagnoses discharged from 555 GWTG
participating hospitals between January 2000 and September 2007 in the GWTG CAD module.
We limited our analysis to individuals with Class | indications for cardiac rehabilitation by
only including patients discharged alive who had an acute myocardial infarction, PCI, or CABG
surgery during their hospitalization. We excluded patients whose primary admission diagnoses
were non-CAD related (n=26,932), those without an acute myocardial infarction, PCI, or
CABG surgery (n=59,121), and those discharged to skilled nursing facilities, acute care
facilities, hospice, against medical advice, expired, or whose discharge status was not
documented or missing (n=48,302). Additionally, to ensure the accuracy of our analysis,
patients discharged from hospitals failing to report data on past medical history or in-hospital
procedures >10% of the time (n=52,483 patients from 201 hospitals) or cardiac rehabilitation
referral >25% of the time (n=50,908 patients from 170 hospitals) were also excluded. This
resulted in a final sample size of 72,817 patients from 156 hospitals. Compared with those
included in the analysis, hospitals excluded from the analysis had fewer beds, were less likely
to be a teaching hospital, less likely to have interventional and heart transplant capabilities,
and more likely to be from the northeast.

Statistical Analysis

The main outcome measure was the proportion of patients referred to cardiac rehabilitation at
discharge. Individuals with missing values for cardiac rehabilitation referral, cardiac
rehabilitation referral not documented, or those with cardiac rehabilitation recorded as “not
applicable” were considered not referred for this analysis. Because “not applicable” might be
used to document those felt to have a contraindication for cardiac rehabilitation, we also
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calculated the proportion of individuals referred to cardiac rehabilitation after excluding those
individuals where “not applicable” was recorded (n=7,454).

Using chi-square tests for categorical variables and Wilcoxon rank-sum tests for continuous
variables, we compared the baseline characteristics of patients referred to cardiac rehabilitation
with those not referred. Additionally, we were interested in whether individuals referred to
cardiac rehabilitation were more likely to receive other evidence-based therapies during their
hospitalization. To investigate this, we compared compliance with established CAD
performance measures (20,21) between those referred and not referred to cardiac rehabilitation
using chi square. Percentages and medians with interquartile ranges were reported for
categorical and continuous variables respectively.

A multivariable logistic regression analysis using the generalized estimating equations (GEE)
method, adjusting for within-hospital clustering, was performed to identify factors associated
with cardiac rehabilitation referral at discharge. The initial model included age, gender, race,
body mass index, systolic blood pressure, insurance status, admitting diagnosis, procedures
(PCI or CABG), hospital characteristics (bed size, region, teaching status, and transplant
capability), and patient co-morbidities including anemia, stroke, heart failure, prior myocardial
infarction, diabetes, hyperlipidemia, hypertension, chronic obstructive pulmonary disease,
peripheral arterial disease, chronic kidney disease (serum creatinine >2.0 mg/dL), dialysis,
atrial fibrillation or flutter, depression, pacemaker or implantable cardioverter-defibrillator,
and alcohol or tobacco use. Factors with a p-value <0.05 were kept in the reduced model and
the odds ratios for the significant factors in the reduced model were reported. A secondary
analysis adding a variable for the presence of a left ventricular ejection fraction <40% into the
reduced model was performed to evaluate the influence of left ventricular systolic dysfunction
on the probability of cardiac rehabilitation referral. A p-value <0.05 was considered statistically
significant for all tests. All analyses were performed using SAS software version 9.1 (SAS
Institute, Cary, NC).

Of the 72,817 individuals discharged from these 156 GWTG participating hospitals following
a myocardial infarction, PCI, or CABG surgery from January 2000 to September 2007, only
40,974 (56%) were referred to cardiac rehabilitation at hospital discharge. This ranged from
53% for patients admitted with a myocardial infarction, to 58% for those undergoing PCI, to
74% for those undergoing CABG surgery. After excluding individuals where cardiac
rehabilitation was deemed to be “not applicable,” still only 63% (40,974 of 65,363) were
referred. The distribution of referral rates by hospital is displayed in Figure 1. The median
referral rate by hospital was 43% and ranged from 0 to 100%. As shown in Figure 1, 35% of
hospitals referred fewer than 20% of eligible patients, and only one-third of hospitals referred
over 60% of eligible patients.

Table 1 lists the demographic and clinical characteristics in the overall population as well as
in those referred and not referred to cardiac rehabilitation. When compared with those not
referred, individuals referred to cardiac rehabilitation were younger, more likely to be male
and white race, less likely to have an unspecified or non-ST segment elevation myocardial
infarction, less likely to have Medicare, less likely to have most medical co-morbidities, and
more likely to have undergone PCl or CABG. Table 2 lists the proportion of eligible individuals
who received therapies in compliance with established performance measures in the overall
population and among those referred or not referred to cardiac rehabilitation. Individuals
referred to cardiac rehabilitation were also more likely to receive therapies in accordance with
each of these performance measures.
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Factors independently associated with cardiac rehabilitation referral in the final multivariable
model are listed in Table 3. Undergoing CABG surgery (adjusted odds ratio [AOR] 3.00) and
PCI (AOR 1.67) were the factors most strongly associated with cardiac rehabilitation referral.
Other factors independently associated with referral included younger age, ST-segment
elevation myocardial infarction, and a history of dyslipidemia or smoking. Most co-morbidities
were associated with decreased odds for referral. Adding left ventricular systolic dysfunction
(left ventricular ejection fraction <40%) into the model did not significantly alter the factors
associated with cardiac rehabilitation referral. Patients with left ventricular systolic dysfunction
were slightly less likely to be referred to cardiac rehabilitation (AOR 0.96, 95% confidence
interval [C1] 0.92-1.01), although this association was not statistically significant.

Discussion

Participation in cardiac rehabilitation is associated with reductions in mortality and recurrent
myocardial infarction. Taylor et al, in a meta-analysis of randomized clinical trials of exercise
based cardiac rehabilitation, demonstrated that participation in cardiac rehabilitation was
associated with significant reductions in both all-cause mortality (OR 0.80, 95% CI1 0.68-0.93)
and cardiac-specific mortality (OR 0.74, 95% CI 0.61-0.96) after a median follow-up of 15
months (22). Witt and colleagues have subsequently extended these data by demonstrating that
participation in contemporary, community-based cardiac rehabilitation programs, which enroll
older and higher risk patients not enrolled in clinical trials and provide more comprehensive
approaches to secondary prevention in addition to exercise training, is associated with reduced
mortality and fewer recurrent myocardial infarctions (23). Despite these proven benefits of
cardiac rehabilitation, previous studies from predominantly single centers within the United
States report referral rates of less than 25-30% (11-15). In our study, only approximately one-
half of eligible patents in this large, nationwide sample of 72,817 patients discharged from 156
GWTG participating hospitals were referred to cardiac rehabilitation. We also observed
substantial variation among hospitals in the percentage of eligible patients referred to cardiac
rehabilitation. In 35% of hospitals, fewer than 20% of eligible patients were referred, while
only one-third referred over 60%. Given that GWTG hospitals in general (24-25), as well as
the subset of those hospitals included in this analysis, report very good compliance with
virtually all other secondary prevention performance measures, we believe our results represent
a best case scenario among hospitals with high adherence rates to core measures and sufficient
resources for excellent data collection.

We also observed that individuals not referred to cardiac rehabilitation were less likely to have
received other guidelines-based therapies as defined by recent performance measures (20,21).
Individuals not referred to cardiac rehabilitation were less likely to be discharged on aspirin,
beta-blockers, angiotensin converting enzyme inhibitors or angiotensin receptor blockers if
they had left ventricular systolic dysfunction, to receive lipid lowering agents if they had a low
density lipoprotein cholesterol level >100 mg/dL, and to receive smoking cessation counseling.
Most concerning, however, is that despite the wealth of data on the benefits of cardiac
rehabilitation, the overall referral rate to cardiac rehabilitation (56%) was far lower than for
any of the other performance measures studied (which ranged from 84-98%), suggesting that
physician awareness about the benefits of cardiac rehabilitation is lower than for other
interventions.

Cortes and Arthur recently systematically reviewed 10 studies to examine referral patterns to
cardiac rehabilitation (17). Major predictors of referral to cardiac rehabilitation included being
English speaking, admitted to a hospital with a cardiac rehabilitation program, insurance status,
and previous myocardial infarction. Other less significant predictors included younger age,
cardiac catheterization, hypercholesterolemia, CABG surgery, hypertension, and smoking
(17). Our results are similar. Younger age, ST-segment elevation myocardial infarction, and
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the performance of PCI or CABG surgery were associated with increased odds of cardiac
rehabilitation referral. Individuals with dyslipidemia and those who smoked also had increased
odds of cardiac rehabilitation referral; in contrast, most co-morbidities were associated with
lower odds of referral. Individuals with co-morbidities may be perceived by physicians as less
likely to benefit or less likely to participate in cardiac rehabilitation; however, in many
instances, these individuals represent populations at significantly increased cardiovascular risk
who may benefit from the more intense secondary prevention services provided in cardiac
rehabilitation (23). A recent analysis examining patient and physician factors affecting cardiac
rehabilitation referral concluded that among physicians, one of the most important factors
influencing whether physicians refer patients to cardiac rehabilitation was the degree of the
physician’s perceived benefit of cardiac rehabilitation (26). Therefore, increased physician
awareness about the benefits of cardiac rehabilitation in these higher risk sub-groups may
increase referrals.

Obviously, individuals cannot enroll and participate in cardiac rehabilitation if they are not
first referred. Mazzini et al report that, in a single center using a GWTG-based clinical pathway,
55% of patients with myocardial infarction were referred to cardiac rehabilitation at discharge
(27). However, the subsequent enroliment rate into cardiac rehabilitation for these individuals
who were referred prior to discharge was only 34% (27). With no more than one-half of eligible
patients being referred and only one-third of those referred enrolling, it is not surprising that
most studies, including a recent analysis of 267,427 Medicare beneficiaries with acute
myocardial infarctions or CABG surgery, report overall enrollment rates into cardiac
rehabilitation of only about 15-20% (9-15). One notable exception is Olmsted County,
Minnesota where 55% of individuals enrolled into cardiac rehabilitation following a
myocardial infarction between 1982 and 1998 (2). Numerous barriers exist which prevent
referred patients from enrolling into cardiac rehabilitation including cost, lack of insurance
coverage, time commitment, and distance from a cardiac rehabilitation center. However,
despite these barriers, simply increasing the proportion of eligible patients referred to cardiac
rehabilitation, as recommended by numerous ACC/AHA guidelines (4-8) and a recently
published AACVPR/ACC/AHA performance measure (18), could substantially increase
cardiac rehabilitation enrollment.

Investigators in Canada have examined the effectiveness of computer generated, automatic
referral at discharge of eligible patients to cardiac rehabilitation (28-31). These authors report
enrollment rates into cardiac rehabilitation ranging from as low as 43% to as high as 73%
(28-31). These data support the hypothesis that failure to refer patients to cardiac rehabilitation
represents one of the largest and, potentially, most easily overcome barrier to participation in
cardiac rehabilitation. By simply increasing referral rates, these authors report much higher
rates of enrollment in cardiac rehabilitation than is reported using standard, physician-initiated
referral practices. However, automatically referring patients to cardiac rehabilitation may not
be enough. Mazzini et al report that among those who were referred to cardiac rehabilitation
but did not enroll, 26% reported that they did not perceive that they had been referred (27),
reflecting a gap between what is documented in the medical record and what the patient actually
recalls following discharge. Additionally, multiple previous studies have demonstrated that
physician endorsement of the benefits of cardiac rehabilitation is one of the most powerful
predictors of attendance in cardiac rehabilitation among patients who are referred (13,14,16).
Therefore, a computer generated referral, although helpful in prompting physicians to initiate
referrals, may not be sufficient to correct the current vast underutilization of cardiac
rehabilitation.

Our study has a number of limitations. First, hospital participation in the GWTG program is
voluntary. Therefore, the overall proportion of eligible patients referred to cardiac
rehabilitation and predictors of referral may not be the same in non-participating hospitals.
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Furthermore, even among participating hospitals, we are not able to determine the referral
patterns of those hospitals with a large amount of missing data about cardiac rehabilitation
referral. This does limit the generalizabilty of our findings; however, we are unlikely to have
underestimated the proportion of eligible patients referred to cardiac rehabilitation in the United
States. Rather, we believe that our results represent a best case scenario among hospitals with
high adherence rates to core measures in general. Hospitals excluded from our analysis as well
as non-GWTG participating institutions very likely refer a lower proportion of eligible CAD
patients to cardiac rehabilitation. Therefore, the overall referral rate within the United States
is likely lower than what we estimate in this analysis. Second, the GWTG program only collects
in-hospital data and does not collect data on physician characteristics. Therefore, we are unable
to assess what proportion of individuals are referred to cardiac rehabilitation following
discharge from the hospital or what percentage of those referred actually attend cardiac
rehabilitation. Furthermore, we are unable to determine what physician characteristics
contribute to cardiac rehabilitation referral. Third, we lack detailed data on socioeconomic
variables such as income and education levels of eligible patients, which prohibits us from
assessing the impact that these variables have on referral rates. Fourth, we cannot exclude
residual measured and unmeasured confounding variables that might account for these
associations with cardiac rehabilitation referral.

Overall, only approximately one-half of patients discharged from these GWTG participating
hospitals who were eligible for cardiac rehabilitation following a myocardial infarction, PCI,
or CABG surgery were referred at hospital discharge. Older individuals, as well as those with
most of the co-morbidities we studied had decreased odds of cardiac rehabilitation referral.
Individuals with ST-segment elevation myocardial infarction or who underwent PCI or CABG
surgery had increased odds for referral. More emphasis on increasing referral to cardiac
rehabilitation is necessary to overcome the current underutilization of cardiac rehabilitation in
the secondary prevention of cardiovascular disease.
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Figure 1. Cardiac Rehabilitation Referral Patterns Among 156 Get With the Guidelines
Participating Hospitals, 2000-2007
GWTG=Get With the Guidelines
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Table 1
Baseline Demographic and Clinical Characteristics in the Overall Population and in Those Referred and Not Referred
to Cardiac Rehabilitation

Not Referred to Referred to CR
Overall Population (n=72,817) CR (n=31,843) (n=40,974) P-Value
Age (years) 64 (55-74) 65 (55-75) 63 (54-73) <0.0001
Gender (%)
Female 32.1 33.7 30.8 <0.0001
Race (%)
White 79 76 82
African American 7 7 7 <0.0001
Hispanic 7 10 5
a%()‘jy Mass Index (kg/ 28.2 (25.0-32.2) 27.9 (24.7-32.0) 28.4 (25.2-32.4) <0.0001
Ejection Fraction (%) 50 (40-60) 50 (40-60) 50 (40-60) 0.0039
Admitting Diagnosis (%)
Unspecified Ml 45.3 51.1 40.7
CAD 20.7 15.8 24.6
Non-STEMI 16.3 17.4 154 <0.0001
STEMI 9.1 7.4 10.4
Unstable Angina 8.7 8.3 8.9
Insurance Status (%)
Other 56.3 50.9 60.5
Medicare 32.3 37.2 28.5 <0.0001
None 8.2 8.4 8.1
Medicaid 32 34 3.0
Co-Morbidities (%)
Hypertension 66.3 66.8 65.9 0.0192
Dyslipidemia 51.6 47.8 54.6 <0.0001
Smoking 31.4 29.0 333 <0.0001
Diabetes 30.1 31.0 294 <0.0001
Prior Ml 19.2 19.7 18.8 0.0029
COPD 115 12.4 10.9 <0.0001
PAD 7.5 8.1 7.1 <0.0001
Stroke or TIA 5.8 6.9 4.9 <0.0001
Chronic Dialysis 15 1.9 12 <0.0001
ICD 0.2 0.3 0.2 0.0086
In-Hospital Procedures (%)
PCI 66.8 64.5 68.6 <0.0001
CABG 15.3 9.0 20.2 <0.0001

All values listed as median (interquartile range) or %.
Wilcoxon two-sample test performed for continuous variables.

Chi-square test performed for categorical variables.
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CABG=coronary artery bypass graft surgery, CAD=coronary artery disease, COPD=Chronic Obstructive Pulmonary Disease, CR=cardiac rehabilitation,
ICD=implantable cardioverter-defibrillator, MI=myocardial infarction, PAD=peripheral arterial disease, PCl=percutaneous coronary intervention,
STEMI=ST-segment myocardial infarction, TIA=transient ischemic attack.
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Table 3

Predictors of Referral to Cardiac Rehabilitation in the Overall Population

Page 15

Adjusted Odds Ratio

Adjusted Odds Ratio (95%
Cl)

Variable (95% CI) Variable

Age (years) Co-Morbidities
>50 Referent Dyslipidemia 1.15(1.08-1.23)
51-65 1.00 (0.96-1.04) Smoking 1.10 (1.05-1.15)
66-80 0.92 (0.87-0.97) Hypertension 0.95 (0.91-0.99)
>80 0.76 (0.71-0.82) Prior Ml 0.95 (0.90-0.99)

Admitting Diagnosis COPD 0.93 (0.89-0.97)
STEMI Referent PAD 0.92 (0.87-0.98)
Non-STEMI 0.84 (0.76-0.93) Stroke/TIA 0.91 (0.87-0.96)

Unspecified Ml
CAD
Unstable Angina

0.73 (0.53-0.99)
0.71 (0.57-0.87)
0.63 (0.50-0.78)

Chronic Dialysis
ICD
Procedures
CABG
PCI

0.79 (0.70-0.90)
0.74 (0.55-1.00)

3.00 (2.32-3.87)
1.67 (1.50-1.85)

CABG=coronary artery bypass graft surgery, CAD=coronary artery disease, Cl=confidence interval, COPD=chronic obstructive pulmonary disease,

ICD=implantable cardioverter-defibrillator, MI=myocardial infarction, PAD=peripheral arterial disease, PCl=percutaneous coronary intervention,
STEMI=ST-segment elevation myocardial infarction, TIA=transient ischemic attack
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