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Abstract

Background—Cardiac rehabilitation is strongly recommended after myocardial infarction (Ml),
percutaneous coronary intervention (PCI), or coronary artery bypass surgery (CABG), but is
historically underused. We sought to evaluate variation in cardiac rehabilitation participation
across the United States.

Methods—From administrative data from the Veterans Affairs (VA) healthcare system and a 5%
Medicare sample, we used ICD-9 codes to identify patients hospitalized for Ml, PCI, or CABG
from 2007-2011. After excluding patients who died within 30 days of hospitalization, we
calculated the percent of patients who participated in one or more outpatient visits for cardiac
rehabilitation during the 12 months after hospitalization. We estimated adjusted and standardized
rates of participation in cardiac rehabilitation by state using hierarchical logistic regression
models.

Results—Overall, participation in cardiac rehabilitation was 16.3% (23,403/143,756) in
Medicare and 10.3% (9,123/88,826) in VA. However, participation rates varied widely across
states, ranging from 3.2% to 41.8% in Medicare and 1.2% to 47.6% in VVA. Similar regional
variation was observed in both populations. Patients in the West North Central region (lowa,
Kansas, Minnesota, Missouri, Nebraska, North Dakota, and South Dakota) had the highest
participation, while those in the Pacific region (Alaska, California, Hawaii, Oregon, and
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Washington) had the lowest participation in both Medicare (33.7% vs. 10.6%) and VA (16.6% vs.
5.1%) populations. Significant hospital-level variation was also present, with participation ranging
from 3-75% in Medicare and 1-43% in VA.

Conclusions—Cardiac rehabilitation participation remains low overall in both Medicare and VA
populations. However, there is remarkably similar regional variation, with some regions and
hospitals achieving high rates of participation in both populations. This provides an opportunity to
identify best practices from higher-performing hospitals and regions that could be used to improve
cardiac rehabilitation participation in lower-performing hospitals and regions.

Keywords

cardiac rehabilitation; quality of health care; coronary artery disease; percutaneous coronary
intervention; cardiovascular surgery

Journal Subject Codes

Secondary Prevention; Myocardial Infarction; Revascularization; Rehabilitation; Quality and
Outcomes

Introduction

Cardiac rehabilitation is an evidence-based program of exercise training, risk factor
modification, and psychosocial counseling.l: 2 Participation in cardiac rehabilitation is
associated with lower cardiovascular mortality, fewer hospitalizations, and improved quality
of life.3=7 Most health insurance providers, including Medicare Part B and the Veterans
Affairs (VA) healthcare system, cover cardiac rehabilitation after myocardial infarction (Ml),
percutaneous coronary intervention (PCI), and coronary artery bypass surgery (CABG).

Cardiac rehabilitation participation has historically been poor. An analysis of participation in
Medicare patients hospitalized for M1l or CABG in 1997 revealed 19% participation in
cardiac rehabilitation,® and a recent analysis demonstrated 8.1 to 13.2% participation in VA
patients with ischemic heart disease.? In an effort to improve participation in cardiac
rehabilitation, professional societies have published guidelines and performance measures
that strongly recommend cardiac rehabilitation after MI, PCI, and CABG.10-15 Although
referral to cardiac rehabilitation has increased since these publications,® it is unclear
whether this increase in referral has translated into greater participation among eligible
patients.

In this study, we aimed to describe national rates of cardiac rehabilitation participation
among patients with ischemic heart disease and to evaluate variation in participation rates
across the Medicare and VA populations. The extent to which cardiac rehabilitation
participation varies is not well understood. Quality improvement efforts involve examining
variation in care, identifying best practices at high-performing sites, and using those
practices to improve care at low-performing sites. Thus, identifying sites or regions with
high participation in cardiac rehabilitation may offer an opportunity for improving
participation at low-performing sites.
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Methods

For the purposes of reproducing the results or replicating the procedure, the data cannot be
made available to other researchers, but analytic methods will be made available to other
researchers upon request.

Population

We used VA administrative data and a standard analytic dataset of a 5% random sample of
Medicare beneficiaries’ to identify unique patients discharged or undergoing procedures
from January 1, 2007 to December 31, 2011 with diagnosis of MI (primary diagnosis only),
PCI, or CABG using International Classification of Diseases, Ninth Revision, Clinical
Modification and Current Procedural Terminology(CPT) codes (Ml 410.xx; PCI 0.66, 17.55,
36.0x, 92973, 92974, 92980-92982, 92984, 92995, 92996, G0290, G0291, 92920, 92921,
92924, 92925, 92928, 92929, 92933, 92934, 92937, 92938, 92941, 92943, 92944; CABG
36.10-36.16, 36.19, 36.2, 33510-33514, 33516-33519, 33521-33523, 33530, 33533-33536,
33572, 35600, S2205, S2206, S2207, S2208, S2209). We excluded beneficiaries who died
within 30 days of the index event. The UCSF and VA Puget Sound Health Care System
Institutional Review Boards approved the study and waived the requirement for informed
consent.

Outcomes

Cardiac rehabilitation participation was identified as one or more procedure codes for
cardiac rehabilitation (Current Procedural Terminology codes 93797, 93798, S9472, S9473,
G0422, G0423) within 1 year after discharge. During the period of analysis, on-site cardiac
rehabilitation programs were available at 35 VA facilities (including a program in Puerto
Rico). When a VA cardiac rehabilitation program was not available, or when it was not
feasible for a Veteran to attend that program, Veterans could be referred to a non-VA cardiac
rehabilitation facility where they would receive care that was paid for by the VA (“purchased
care”). Our VA analysis includes data on cardiac rehabilitation participation from both VA
and non-VA cardiac rehabilitation programs.

Patient Characteristics

Patient characteristics were obtained from inpatient data (1 claim in the year prior to and
including the index event) and from outpatient data (2 claims in the year prior to the index
event). State was determined by patient zip code.

Hospital Characteristics

Hospital characteristics were obtained from the American Hospital Association database.
VA hospital cardiac rehabilitation site status was determined from VA records.

Statistical Analysis

We analyzed data from Medicare and VA populations separately. Differences in patient
characteristics by cardiac rehabilitation participation were compared using the X2 test.
Hospitals with 10 or more patients were divided into quartiles of cardiac rehabilitation
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participation and hospital characteristics were compared using the X2 test. We described
crude rates of participation in cardiac rehabilitation by state. We created a hierarchical
logistic regression model, clustered by hospital with a random intercept for state, using the
adaptive quadrature likelihood approximation method (SAS PROC GLIMMIX). So that our
methods were similar to a previous analysis, we based our approach on described methods.®
The model included patient characteristics of age, gender, race/ethnicity, Medicaid status,
hospitalization diagnoses, and all comorbidities in Tables 1 and 2. We estimated state-
adjusted rates of cardiac rehabilitation participation as the average of the predicted
individual probabilities of all patients living in the state by using the solutions for state-
specific random effects (SAS BLUP option).1® We estimated standardized rates of cardiac
rehabilitation participation as the adjusted state rate divided by the expected state rate,
multiplied by the national unadjusted cardiac rehabilitation participation rate. Expected state
rates of cardiac rehabilitation were calculated as the average of the predicted individual
probabilities as if those individuals were living in an average state using only fixed effects
without the state-specific random effect (SAS NOBLUP option).To estimate the magnitude
of regional variation, we calculated odds ratios adjusted for patient characteristics (age,
gender, race/ethnicity, Medicaid status, hospitalization diagnoses, and all comorbidities in
Tables 1 and 2), hospital characteristics (hospital size, medical school affiliation, urban/rural,
and presence of an on-site cardiac rehabilitation center), and state-level socioeconomic
status indicators (median income and high school graduation rate from the 2010 American
Community Survey) with US Census divisions grouped by ranking of participation and the
lowest-ranking Pacific region (Alaska, California, Hawaii, Oregon, and Washington) serving
as the reference group. To estimate the magnitude of hospital- and state-level variation, we
calculated the median odds ratio from the multi-level mixed effects model variances. The
median odds ratio is a measure of between-group (hospital or state) variation that expresses
the relative odds of cardiac rehabilitation participation for two identical patients living in one
randomly selected group compared with a second randomly selected group. A median odds
ratio is always greater than or equal to 1 and can be interpreted on the same scale as fixed
effects odds ratios.1% 20 We conducted a sensitivity analysis of adjusting for state-level
cardiac rehabilitation program density (obtained from the number of programs with cardiac
rehabilitation claims in the 5% Medicare sample for each state per 100 eligible patients in
the 5% sample in that state), We also conducted a sensitivity analysis including only VA
patients >65 in the analysis. All analyses were performed with SAS Enterprise Guide
(version 7.1) or Stata (version 14).

Participation in cardiac rehabilitation after MI, PCI, or CABG in Medicare patients was
16.3% (23,403/143,756) and in VA patients was 10.3% (9,123/88,826). Medicare patients
(Table 1) were older and more were female compared to Veteran patients (Table 2). A
greater proportion of the Veteran cohort received PCI and CABG. Women were less likely to
participate in cardiac rehabilitation in the Medicare population, but not in VVA. Variation in
participation by race and ethnicity was seen in both populations, but low participation
amongst minorities was more prominent in the Medicare population. In Medicare,
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participation rates were 17.6% for whites, 7.3% for blacks, and 3.8% for Hispanics; whereas
in VA, participation rates were 10.4% for whites, 8.9% for blacks, and 12.0% for Hispanics.

Hospitals in the higher quartiles of patient participation in cardiac rehabilitation were more
likely to be larger, academically affiliated, and have onsite cardiac rehabilitation (Table 3).

Standardized participation rates varied widely across states, ranging from 3.2% to 41.8% in
Medicare and 1.2% to 47.6% in VA (Figure 1) (Supplemental Table 1). State-level variation
in cardiac rehabilitation participation was present in both populations (Figure 2). The region
with the highest rates of participation in cardiac rehabilitation was the West North Central
United States (lowa, Nebraska, Kansas, North Dakota, Minnesota, South Dakota, and
Missouri) for both Medicare (33.7%) and VA (16.6%) populations (Table 4).

After adjusting for patient characteristics, hospital characteristics, and state-level
socioeconomic status (Supplemental Tables 2 and 3), there remained significant variation at
the state level for both Medicare (median odds ratio 1.81, 95%CI 1.63, 1.99) and VA
patients (median odds ratio 2.05, 95%CI 1.54, 2.56) and at the hospital level for both
Medicare (median odds ratio 1.78, 95%CI 1.74, 1.82) and VA patients (median odds ratio
2.57, 95%Cl 2.17, 2.96).

A sensitivity analysis adjusting for cardiac rehabilitation program density using estimates
from the 5% Medicare sample (Supplemental Tables 2 and 3) did not meaningfully alter
estimates of regional and state variation (Supplemental Tables 4 and 5). A sensitivity
analysis including only VA patients >65 years old demonstrated an overall participation rate
of 8.5% (3,163/37,245) (Supplemental Table 6). Significant hospital- and state-level
variation persisted (Supplemental Table 7), but variation across census regions was lower
and no longer statistically significant (Supplemental Table 8).

Discussion

For the past 20 years, underuse of cardiac rehabilitation has been an intractable problem for
patients with ischemic heart disease. Despite substantial advocacy and improvements in
cardiac rehabilitation referral,2 16 there has been little improvement in cardiac rehabilitation
participation over time.8 We examined variation in cardiac rehabilitation participation from
2007-2011 in two large healthcare systems. Standardized participation rates by state ranged
from 3.2% to 41.8% in Medicare and 1.2% to 47.6% in VA. Notably, some states achieved
remarkably high levels of participation in both healthcare systems. Adjustment for patient-
and hospital-level characteristics had little impact on this variation. These findings suggest
that regional differences in healthcare delivery may have a large effect on cardiac
rehabilitation participation. More importantly, they provide an opportunity for us to
investigate what high-performing regions are doing to achieve high levels of participation, so
that best practices can be disseminated to low performing regions and hospitals.

Variation in participation in cardiac rehabilitation has previously been described in the
Medicare population.8 Our study demonstrates that this variation is not unique to Medicare,
and can also be seen in the Veterans Affairs healthcare system. Additionally, it appears that
regional variation follows a similar pattern in both populations, suggesting that regional
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practice patterns influence cardiac rehabilitation delivery. Some of this similarity in regional
variation could be a result of many VA medical centers not having cardiac rehabilitation
centers and relying on community cardiac rehabilitation centers to provide this service. Also
of note, significant hospital-level variation was present in both populations, suggesting that
in addition to regional practice patterns, hospital practice patterns may influence cardiac
rehabilitation participation.

Notably, there were greater racial and ethnic disparities in cardiac rehabilitation participation
in Medicare than in VA. Though it is not possible to determine from administrative data
what factors explain these differences or to examine all the socio-cultural variables that
might contribute to these differences, it is possible that the uniformity of VA health coverage
may contribute to fewer racial and ethnic disparities in care.

We observed that participation in cardiac rehabilitation was overall lower in the VA
population than in the Medicare population. It has previously been observed that utilization
of healthcare services is often lower in the VA population than in Medicare for other
conditions. For instance, use of cancer-related imaging®! and echocardiography?2 are higher
in Medicare than in the VA health system. It has also previously been noted that regional
variation in utilization of healthcare services is similar in both populations and is not
attributable to differing utilization rates between the VA and Medicare. It has been
previously reported that presence of a VA cardiac rehabilitation program and patient
proximity to a VA facility are associated with greater participation in cardiac rehabilitation
among Veterans.? Despite the ability for VA patients to receive cardiac rehabilitation in the
community when no VA cardiac rehabilitation center is available, there may still be barriers
that prevent Veterans from attending cardiac rehabilitation in the community, which could
also contribute to lower rates of participation among Veterans.

State-level socioeconomic status was associated with cardiac rehabilitation participation, but
did not fully explain variation in cardiac rehabilitation participation. This is consistent with
previous analyses demonstrating that some variation is associated with socioeconomic
status.23 A recent study also revealed that higher neighborhood-level socioeconomic status
was a strong predictor of cardiac rehabilitation participation, suggesting that greater efforts
are needed to provide access to vulnerable populations.24

In both populations, some regions and hospitals achieved high rates of participation. New
strategies are needed to reduce variation and increase participation in cardiac rehabilitation,
particularly in low performing regions and hospitals.2 Though we do not know whether there
were specific strategies used by high-performing hospitals in this study, evidence-based
strategies to promote uptake of cardiac rehabilitation by all eligible patients should be
instituted at all hospitals, such as automatic referral of all eligible patients and early staff
contact to encourage enrollment in cardiac rehabilitation.2> Automatic referral increases the
number of patients referred to and enrolling in cardiac rehabilitation, and when coupled with
early staff contact about cardiac rehabilitation, results in high levels of participation.26-29
Automatic referral of all eligible patients may also help to reduce disparities in cardiac
rehabilitation referral and participation. In addition, since even hospitals having onsite
cardiac rehabilitation have suboptimal rates of participation, new delivery models, such as
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home cardiac rehabilitation, should be considered to reach patients unable to attend center-
based cardiac rehabilitation.

Home cardiac rehabilitation can be administered remotely and has the potential to better
meet the needs of rural patients, patients with work or caregiving responsibilities, or those
served by facilities without an existing cardiac rehabilitation center.30 31 However, home-
based programs are unlikely to be widely adopted unless payment reform is enacted to
include reimbursement for non-traditional cardiac rehabilitation. Medicare is considering
programs for incentives to hospitals based on cardiac rehabilitation participation and
bundled payment initiatives with an aim toward reducing rehospitalizations, at least in part
by increasing use of cardiac rehabilitation. In addition, the Million Hearts initiative has
identified increasing cardiac rehabilitation participation as a strategy for preventing
cardiovascular events and has outlined a road map for interventions to improve participation.
32 These initiatives could promote greater adoption of strategies to improve cardiac
rehabilitation referral, enroliment, and participation. Future research should focus on novel
approaches to improving cardiac rehabilitation participation that can be easily delivered
across diverse regions and healthcare settings.

Several limitations to our findings should be noted. First, we relied on administrative data to
determine the denominator of potentially eligible patients. Some patients deemed ineligible
for cardiac rehabilitation by their providers are included within our denominator. However,
other analyses have demonstrated rates of ineligibility <10%.16 Second, because
administrative data was used for this analysis, some potentially important factors were not
included in our analysis, such as smoking status. Third, the ability to evaluate hospital-level
participation is limited due to small numbers of eligible patients at some hospitals in the 5%
Medicare sample. Finally, we analyzed cardiac rehabilitation program density, but the
estimation of cardiac rehabilitation program density is unlikely to be accurate with the 5%
Medicare sample, since many programs with smaller numbers of participants were missed.
Future analyses are needed to accurately examine the effects of cardiac rehabilitation
program density on cardiac rehabilitation participation.

Conclusions

Overall participation in cardiac rehabilitation remains suboptimal, despite being strongly
endorsed. Significant regional and hospital-level variation in participation in cardiac
rehabilitation is present, with some regions and hospitals achieving high rates of
participation. The adoption of new strategies is needed to reduce variation and achieve high
levels of participation in cardiac rehabilitation nationwide in all hospitals and healthcare
systems.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Clinical Perspective
1) What is new?

. Despite substantial efforts to promote cardiac rehabilitation by including it in
guidelines and performance measures, only 16% of Medicare patients and
10% of Veterans attended cardiac rehabilitation after a myocardial infarction,
percutaneous coronary intervention, or coronary artery bypass surgery from
2007-2011.

. Patients in the West North Central region (lowa, Kansas, Minnesota,
Missouri, Nebraska, North Dakota, and South Dakota,) had the highest
participation, while those in the Pacific region (Alaska, California, Hawaii,
Oregon, Washington) had the lowest participation in both Medicare (33.7 vs.
10.6%) and Veterans Affairs (16.6% vs. 5.1%) populations.

2) What are the clinical implications?
. New approaches are needed to improve participation in cardiac rehabilitation.

. Hospitals and health systems in low participation regions should examine the
practices of high participation hospitals and regions to improve participation.

. Innovative policies and programs could be catalysts for hospitals, health
systems, and regions to implement strategies for improving the delivery of
cardiac rehabilitation.
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Figure 1. Standardized rates of participation in cardiac rehabilitation by state
(A) Medicare and (B) Veterans Affairs patients after myocardial infarction, percutaneous

coronary intervention, or coronary artery bypass surgery 2007-2011.
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Figure 2. Variation in participation in cardiac rehabilitation by state

(A) Medicare and (B) Veterans Affairs patients after myocardial infarction, percutaneous

coronary intervention, or coronary artery bypass surgery 2007-2011. Color of bars
represents quartile of participation in Medicare.
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Table 1

Characteristics of Medicare patients eligible for cardiac rehabilitation.

Total Participant  Non-participant  p_ygyet
N = 143,756 N = 23,403 N =120,353

Patient Characteristics, N(%)
Age, years <0.001

66-75 50,584 (41.4) 12,357 (52.8) 47,227 (39.2)

76-85 58,810 (40.9) 9,672 (41.3) 49,138 (40.8)

>85 25,362 (17.6) 1,374 (5.9) 23,988 (19.9)
Race/Ethnicity <0.001

White 126,249 (87.8) 22,160 (94.7)  104,089(86.5)

Black 10,476 (7.3) 760 (3.2) 9,716 (8.1)

Hispanic 2,649 (1.8) 101 (0.4) 2,548 (2.1)

Asian, Pacific Islander, American Indian 4,215 (2.9) 367 (1.6) 3,848 (3.2)

Unknown/Missing 167 (0.1) 15(0.1) 152 (0.1)
Female 70,256 (48.9) 9,071 (38.8%) 61,185 (50.8%)  <0.001
Medicaid 24,256 (16.9) 1,741 (7.4) 22,515 (18.7) <0.001
Hospitalization <0.001

Ml only 44626 (31.0) 1,002 (4.3) 43,624 (36.2)

PCI only 41,601 (28.9) 6,748 (28.8) 34,853 (29.0)

CABG only 18,618 (13.0) 6,615 (28.3) 12,003 (10.0)

MI and PCI 28,035 (19.5) 5,337 (22.8) 22,698 (18.9)

MI and CABG 7,050 (4.9) 2,071 (8.8) 4,979 (4.1)

PCl and CABG 1,796 (1.2) 835 (3.6) 961 (0.8)

MI, PCI, and CABG 2,030 (1.4) 795 (3.4) 1,235 (1.0)
Comorbid Condition, N(%)
Hypertension 118,497 (82.4) 19,270 (82.3) 99,227 (82.4) 0.69
Heart failure 53,694 (37.4) 6,097 (26.1) 47,597 (39.5) <0.001
Arrhythmias 61,726 (42.9) 10,104 (43.2) 51,622 (42.9) 0.43
Peripheral vascular disease 32,350 (22.5) 5,339 (22.8) 27,011 (22.4) 0.21
Valvular heart disease 51,741 (36.0) 8,722 (37.3) 43,019 (35.7) <0.001
Cerebrovascular disease 16,613 (11.6) 1,611 (6.9) 15,002 (12.5) <0.001
Diabetes 54,323 (37.8) 8,244 (35.2) 46,079 (38.3) <0.001
Dementia 12,366 (8.6) 903 (3.9) 11,463 (9.5) <0.001
Cancer 33,315 (23.2) 7,075 (30.2) 26,240 (21.8) <0.001
COPD 33,777 (23.5) 4,143 (17.7) 29,634 (24.6) <0.001
Chronic kidney disease 31,797 (22.1) 3,576 (15.3) 28,221 (23.4) <0.001
Region ¥, N(%) <0.001

New England 6,991 (4.9) 1,281 (5.5) 5,710 (4.8)

Mid Atlantic 21527 (15.1) 2,382 (10.2) 19,145 (16.0)
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Total Participant ~ Non-participant  p_ygjyet
N = 143,756 N = 23,403 N = 120,353
South Atlantic 29,261 (20.5) 4,528 (19.4) 24,733 (20.7)
East North Central 25,636 (17.9) 5,470 (23.4) 20,166 (16.9)
East South Central 10,640 (7.4) 1,386 (5.9) 9,254 (7.7)
West North Central 10,658 (7.5) 3,596 (15.4) 7,062 (5.9)
West South Central 15,923 (11.1) 1,923 (8.2) 14,000 (11.7)
Mountain 7,473 (5.2) 1,241 (5.3) 6,232 (5.2)
Pacific 14,918 (10.4) 1,588 (6.8) 13,330 (11.1)

Page 15

Abbreviations: CABG: coronary artery bypass grafting, COPD: chronic obstructive pulmonary disease, IQR: interquartile range, MI: myocardial
infarction, PCI: percutaneous coronary intervention

*New England: Connecticut, Maine, Massachusetts, New Hampshire, Rhode Island, Vermont; Mid Atlantic: New Jersey, New York, Pennsylvania;
South Atlantic: Delaware, District of Columbia, Florida, Georgia, Maryland, North Carolina, South Carolina, Virginia, West Virginia; East North
Central: Indiana, Illinois, Michigan, Ohio, Wisconsin; East South Central: Alabama, Kentucky, Mississippi, Tennessee; West North Central: lowa,
Nebraska, Kansas, North Dakota, Minnesota, South Dakota, Missouri; West South Central: Arkansas, Louisiana, Oklahoma, Texas; Mountain:

Avrizona, Colorado, Idaho, New Mexico, Montana, Utah, Nevada, Wyoming; Pacific: Alaska, California, Hawaii, Oregon, Washington.

fP-vaIues for comparison between participants and non-participants by X2 test
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Table 2

Characteristics of Veterans Affairs patients eligible for cardiac rehabilitation.

Total Participant  Non-participant  p_yajyet
N = 88,826 N =9,123 N =79,703
Patient Characteristics, N(%)
Age, years <0.001
<65 51,579 (58.1) 5960 (65.3) 45,619 (57.2)
66-75 18,860 (21.2) 1,949 (21.4) 16,911 (21.2)
76-85 14,494 (16.3) 1,070 (11.7) 13,424 (16.8)
>85 3,891 (4.4) 144 (1.6) 3,747 (4.7)
Race/Ethnicity <0.001
White 69,716 (78.5) 7,219 (79.1) 62,497 (78.5)
Black 10,457 (11.8) 926 (10.2) 9,531 (12.0)
Hispanic 4,904 (5.5) 587 (6.4) 4,317 (5.4)
Asian, Pacific Islander, American Indian 1,190 (1.3) 118 (1.3) 1072 (1.3)
Unknown/Missing 2,559 (2.9) 273 (3.0) 2,286 (2.9)
Female 1,426 (1.6) 143 (1.6) 1,283 (1.6) 0.76
Medicaid 5,571 (6.3) 579 (6.3) 4,992 (6.3) 0.76
Hospitalization <0.001
MI only 17,271 (19.4) 849 (9.3) 16,422 (20.6)
PCl only 34,083 (38.4) 2010 (22.0) 32,073 (40.2)
CABG only 19,097 (21.5) 3998 (43.8) 15,099 (18.9)
MI and PCI 13,103 (14.8) 1162 (12.7) 11,941 (15.0)
Ml and CABG 2,867 (3.2) 537 (5.9) 2,330 (2.9)
PCl and CABG 1,628 (1.8) 396 (4.3) 1,232 (1.5)
MI, PCI, and CABG 777 (0.9) 171 (1.9) 606 (0.8)
Comorbid Conditions, N(%)
Hypertension 69,561 (78.3) 7,066 (77.5) 62,495 (78.4) 0.04
Heart failure 16,574 (18.7) 1,163 (12.7) 15411 (19.3) <0.001
Arrhythmias 14,731 (16.6) 1,181 (12.9) 13,550 (17.0) <0.001
Peripheral vascular disease 13,069 (14.7) 1,079 (11.8) 11,990 (15.0) <0.001
Valvular heart disease 10,438 (11.8) 1,152 (12.6) 9,286 (11.7) 0.006
Cerebrovascular disease 6,012 (6.8) 432 (4.7) 5,580 (7.0) <0.001
Diabetes 39,007 (43.9) 4,031 (44.2) 34,976 (43.9) 0.58
Dementia 984 (1.1) 24 (0.3) 960 (1.2) <0.001
Cancer 11,707 (13.2) 975 (10.7) 10,732 (13.5) <0.001
COPD 15,877 (17.9) 1,259 (13.8) 14,618 (18.3) <0.001
Chronic kidney disease 12,510 (14.1) 902 (9.9) 11,608 (14.6) <0.001
Region ™, N(%) <0.001
New England 2,922 (3.4) 267 (3.0) 2,655 (3.4)
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Total Participant  Non-participant  p_ygjyet

N = 88,826 N =09,123 N =79,703
Mid Atlantic 5,694 (6.5) 432 (4.9) 5,262 (6.7)
South Atlantic 19,637 (22.5) 2,105(23.8) 17,532 (22.4)
East North Central 10,574 (12.1) 1,360 (15.4) 9,214 (11.8)
East South Central 8,105 (9.3) 632 (7.2) 7,473 (9.5)
West North Central 7,643(8.8) 1,271 (14.4) 6,372 (8.1)
West South Central 13,495 (155)  814(9.2) 12,681 (16.2)
Mountain 10,074 (11.6) 1,486 (16.8) 8,588 (11.0)
Pacific 9,046 (10.4) 464 (5.3) 8,582 (11.0)

Page 17

Abbreviations: CABG: coronary artery bypass grafting, COPD: chronic obstructive pulmonary disease, IQR: interquartile range, MI: myocardial
infarction, PCI: percutaneous coronary intervention

*

New England: Connecticut, Maine, Massachusetts, New Hampshire, Rhode Island, Vermont; Mid Atlantic: New Jersey, New York, Pennsylvania;
South Atlantic: Delaware, District of Columbia, Florida, Georgia, Maryland, North Carolina, South Carolina, Virginia, West Virginia; East North
Central: Indiana, Illinois, Michigan, Ohio, Wisconsin; East South Central: Alabama, Kentucky, Mississippi, Tennessee; West North Central: lowa,
Nebraska, Kansas, North Dakota, Minnesota, South Dakota, Missouri; West South Central: Arkansas, Louisiana, Oklahoma, Texas; Mountain:

Avrizona, Colorado, Idaho, New Mexico, Montana, Utah, Nevada, Wyoming; Pacific: Alaska, California, Hawaii, Oregon, Washington.

7LP—vaIues for comparison between participants and non-participants by X2 test.
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Table 4

Regional variation in participation in cardiac rehabilitation in Medicare and Veterans Affairs populations.

Participation Rank

Medicare

Veterans Affairs

Region* Odds Ratio' (95%Cl)

Region* Odds Ratio' (95%Cl)

1 (highest) West North Central 2.37(2.00, 2.81) West North Central 1.41(1.12,1.78)
2 East North Central 1.36 (1.20, 1.55) Mountain 1.22 (0.99, 1.50)
3 New England East North Central

4 Mountain South Atlantic

5 South Atlantic New England

6 East South Central 1.01 (0.88, 1.14) East South Central 1.07 (0.85, 1.34)
7 West South Central Mid Atlantic

8 Mid Atlantic West South Central

9 (lowest) Pacific 1.0 (referent) Pacific 1.0 (referent)

*

New England: Connecticut, Maine, Massachusetts, New Hampshire, Rhode Island, Vermont; Mid Atlantic: New Jersey, New York, Pennsylvania;
South Atlantic: Delaware, District of Columbia, Florida, Georgia, Maryland, North Carolina, South Carolina, Virginia, West Virginia; East North
Central: Indiana, Illinois, Michigan, Ohio, Wisconsin; East South Central: Alabama, Kentucky, Mississippi, Tennessee; West North Central: lowa,
Nebraska, Kansas, North Dakota, Minnesota, South Dakota, Missouri; West South Central: Arkansas, Louisiana, Oklahoma, Texas; Mountain:
Avrizona, Colorado, Idaho, New Mexico, Montana, Utah, Nevada, Wyoming; Pacific: Alaska, California, Hawaii, Oregon, Washington.

fAdjusted for patient characteristics (age, gender, race/ethnicity, Medicaid status, hospitalization diagnoses, and all comorbidities in Table 1) and
hospital characteristics (hospital bed size, medical school affiliation, urban/rural, and presence of an on-site cardiac rehabilitation center), and state
socioeconomic indicators (median household income and high school graduation rate).
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