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Abstract

Background—~Exercise-based cardiac rehabilitation (CR) is under-utilized. CR is indicated after
heart transplantation, but there are no data regarding CR participation in transplant recipients. We
characterized current CR utilization among heart transplant recipients in the United States and the
association of CR with 1-year readmissions using the 2013-2014 Medicare files.

Methods—The study population included Medicare beneficiaries enrolled due to disability
(patients on the transplant list are eligible for disability benefits under Medicare regulations) or
age =65 years. We identified heart transplant patients by diagnosis codes and cumulative CR
sessions occurring within 1 year after the transplant hospitalization.

Results—There were 2,531 heart transplant patients in the USA in 2013, of whom 595 (24%)
received Medicare coverage and were included in the study. CR utilization was low, with 326
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patients (55%) participating in CR programs. The Midwest had the highest proportion of
transplant recipients initiating CR (68%, p = 0.001). Patients initiating CR attended a mean of 26.7
(standard deviation 13.3) sessions, less than the generally prescribed program of 36 sessions.
Transplant recipients age 35 to 49 years were less likely to initiate CR (odds ratio [OR] 0.39, 95%
confidence interval [C1] 0.23 to 0.66, < 0.001) and attended 8.2 fewer sessions (95% CI 3.5 to
12.9, p<0.001) than patients age = 65 years. CR participation was associated with a 29% lower 1-
year readmission risk (95% CI 13% to 42%, p = 0.001).

Conclusions—Only half of cardiac transplant recipients participate in CR, and those who do
have a lower 1-year readmission risk. These data invite further study on barriers to CR in this
population.

Keywords

cardiac rehabilitation; cardiac transplantation; heart transplantation; rehabilitation; readmissions;
health services research

Methods

Data source

Cardiac rehabilitation (CR), a program of prescribed exercise and risk factor modification, is
recommended in patients undergoing heart transplantation as well as those with in ischemic
heart disease and systolic heart failure.12 CR is associated with an approximate 25%
decrease in mortality in patients with ischemic heart disease.3 Despite its known benefits, <
20% of these patients participate in CR programs.1:3-2 There are, however, no data on CR
utilization after heart transplantation.

CR is clearly beneficial for heart transplant recipients.10-12 Exercise training after heart
transplantation improves maximal oxygen consumption,13-15 peak heart rate,16 ventilatory
capacity,14 autonomic function’ and quality of life.18:12 As such, CR programs offer a
promising modality to improve outcomes during the months after transplantation.

Patients on the waiting list for heart transplantation in the USA are eligible for Medicare
disability benefits upon reaching United Network of Organ Transplantation (UNQOS) Status
IA or IB.20 Therefore, we evaluated CR utilization after heart transplantation in the USA
using Medicare data. We also characterized the association of CR with 1-year readmissions
among heart transplant recipients. We hypothesized that CR is associated with a decreased
risk of readmission in these patients.

We obtained data regarding CR utilization in heart transplant recipients in the USA from
2013-2014 and 2008-2009 Medicare 100% Limited Data Set (LDS) files from the Centers
for Medicare & Medicaid Services (CMS). These files contain all inpatient and institutional
outpatient claims for fee-for-service Medicare beneficiaries. For purposes of evaluating the
generalizability of transplant recipients receiving Medicare coverage in 2013, we also
obtained demographic characteristics of all heart transplant patients during that time period
from the Organ Procurement and Transplantation Network national data report.?1 The
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institutional review board of Vanderbilt University Medical Center approved the study,
which was conducted under the terms of a data use agreement with CMS.

Patient population

Outcomes

The study population included Medicare beneficiaries enrolled in 2013 due to disability or
age = 65 years who were residing in the USA and who had uninterrupted fee-for-service
coverage until their death or for 1 year after discharge. We used the same criteria for the
2008 cohort. Inclusion in the study was based on discharge diagnosis code (/nternational
Classification of Diseases, 9th Revision [ICD-9], Code 37.51) or procedure code (Current
Procedure Terminology [CPT], Code 33945) for heart transplantation.

Participation in CR programs, defined as a binary variable (yes/no), was the primary
outcome. We searched the Medicare outpatient LDS files for CR claims (CPT Codes 93797,
93798, G0422, G0423 or S9472) occurring within 1 year after the transplant hospitalization
discharge date. Our secondary outcome examined CR as a continuous variable (hnumber of
sessions attended).

Additional secondary outcomes included: (1) the number of days between discharge from
the transplant hospitalization and the first CR session, obtained from the Medicare files; and
(2) the number of readmissions that occurred in the 1-year period after patients underwent
transplantation, also obtained from the Medicare files. We specifically queried readmissions,
not observation stays.

Other variables

We obtained demographic characteristics, including age, gender, race (black, white, other)
and geographic census division (Midwest, Northeast, West and South), from the
denominator file. We characterized the burden of comorbidities with Elixhauser comorbidity
groups present during the index hospitalization, which were identified by 1ICD-9 codes as
described previously.22

We determined whether patients had a ventricular assist device (VAD) before transplant by
identifying ICD-9 (37.64) and CPT codes (33977, 33978, 33980) for VAD explantation
during the transplant hospitalization. We also identified patients who were discharged to
inpatient rehabilitation facilities (IRFs) or skilled nursing facilities (SNFs) after
transplantation using the inpatient file. In addition, we determined whether the transplant
hospital had a CR program from the American Hospital Association Annual Survey of
Hospitals.23

Statistical analysis

Demographic and geographic characteristics of cardiac transplant recipients receiving
Medicare coverage in 2013 were compared with all heart transplant patients using Pearson's
chi-square tests. We used multivariable-adjusted logistic regression to evaluate the effect of
individual covariates on CR initiation rates and linear regression to analyze predictors of the
number of CR sessions attended. The Andersen—Gill model with a robust sandwich
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covariance estimate (also known as a proportional means model), a technique for the
analysis of repeated events, was used to model the effect of participating in CR on 1-year
readmission risk after adjusting for covariates.?425 CR participation was used as a time-
updated covariate such that all individuals in the sample were considered non-CR
participants at baseline and remained so until beginning CR (Figure 1). For example, if an
individual had no readmissions in the year after transplant and did not initiate CR until 3
months post-transplant, he or she would contribute 3 months of non-readmission time to the
CR non-participant group and the remaining 9 months to the CR participant group. This
approach, known as the Mantel-Byar method, was chosen to minimize immortal person-
time bias.26-28

We used Pearson's chi-square tests to compare demographic and geographic characteristics
of Medicare beneficiaries receiving heart transplants in the context of CR participation
between 2008 and 2013. Comorbidities could not be directly compared between the 2008
and 2013 samples because the inpatient file version used in 2008 (Version 1) has 10 fields for
additional diagnoses, whereas the version used in 2013 (\Version J) has 25 fields for
additional diagnoses.

All analyses utilized SAS (version 9.4) and R (version 3.1.2) software,29:30

Cohort derivation

According to the Organ Procurement and Transplantation Network, there were 2,531 heart
transplants in 2013.21 A total of 696 (27%) of these patients received Medicare coverage.
We excluded 61 patients who did not have uninterrupted fee-for-service Medicare coverage
and 40 patients who died in the hospital or were participating in CR programs at the time of
transplantation, resulting in a final sample size of 595 transplant recipients.

Comparison of all transplant recipients to those receiving Medicare

Compared with all transplant recipients in 2013 (V= 2,531), the cohort of transplant
recipients with Medicare coverage (N = 595) was comprised of more patients age =65 years
of age and fewer patients <35 years age, but with a similar proportion of patients 35 to 65
years of age (Table 1). There was a greater proportion of men (78% vs 70%, p < 0.001) in
the Medicare cohort and a similar proportion of black transplant recipients. There was a
slightly greater proportion of Medicare beneficiaries receiving transplants in the South as
compared with all transplant patients (43% vs 37%, p= 0.02).

Cohort characteristics

CR utilization among Medicare beneficiaries receiving heart transplants was low, with 55%
of eligible patients initiating CR (Table 1). Almost all patients in the study (98%) were
transplanted at hospitals that reported having CR programs. The average age of the cohort
was 58%, and 22% of transplant recipients were female. The majority of patients undergoing
heart transplantation were white (71%), whereas 21% were black and 8% were categorized
as another ethnicity, including Asian and Hispanic. Before transplantation, 40% of patients
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had ventricular assist devices (VADs). After transplantation, 17% of patients were
discharged to inpatient rehabilitation facilities (IRFs) or skilled nursing facilities (SNFs).

CR utilization

CR initiation rates by demographic, geographic and clinical characteristics are displayed in
Table 2. Patients in the Midwest census region had markedly higher odds of initiating CR
(odds ratio [OR] 2.23, 95% confidence interval [CI] 1.37 to 3.63, p=0.001) as compared
with those in the South, after multivariable adjustment. The West census region was not
significantly different from the South and there was a nonsignificant trend toward lower CR
utilization in the Northeast. Younger transplant recipients were less likely to initiate CR than
older patients (Table 2). Patients discharged to an IRF or SNF were also less likely to
participate in CR (OR 0.58, 95% CI 0.36 to 0.94, p= 0.03). None of the comorbidities on
admission, defined by Elixhauser comorbidity groups, were associated with the odds of
attending CR.

Those patients who did initiate CR attended a mean of 26.7 + 13.3 sessions, fewer than the
generally prescribed program of 36 sessions (Table 3). Only 95 CR attendees (29%)
participated in the full course of 36 sessions. Younger transplant patients attended far fewer
sessions than older patients, with transplant recipients < 35 years old attending a mean of
16.0 £ 12.8 sessions as compared with 29.4 + 12.1 sessions in those > 65 years old (p <
0.001). Women attended 4.3 (95% CI 0.7 to 7.9, p= 0.02) fewer sessions than men. Among
CR participants, the average time between discharge and the first CR session was 71.0
(standard deviation 62.2) days, with a median of 54 (interquartile range 27 to 96) days.

CR and readmissions

Readmissions within 1 year after transplantation were cumulated among Medicare
beneficiaries receiving heart transplants. There were 953 total readmissions within 1 year of
transplant in the cohort, with 391 patients (66%) admitted at least once during this time.
After multivariable adjustment, participation in a CR program was associated with a 29%
(95% CI 13% to 42%, p = 0.001) decrease in 1-year readmissions (Table 4). Patients
discharged to an IRF or SNF had a significantly increased risk of being readmitted within 1
year after transplant (HR 1.40, 95% CI 1.13 to 1.74, p= 0.002). Female transplant recipients
had a higher risk of readmission compared with men (HR 1.32, 95% CI 1.06 to 1.64, p=
0.01). Multivariable-adjusted cumulative readmissions over time for heart transplant
recipients, stratified by CR participation, are shown in Figure 2. Readmission curves for CR
participants and non-participants diverge within 90 days after discharge, with CR
participants showing a lower rate of readmission throughout the 1-year follow-up period.

Temporal trends in CR utilization

Temporal trends in CR participation among transplant recipients were analyzed by
comparing patients in 2013 with patients undergoing transplantation 5 years earlier, in 2008
(Table 5). There were 2,163 heart transplants in 2008, of which 486 (22%) had Medicare
coverage. Among Medicare beneficiaries receiving heart transplants in 2008, 205 (42%)
participated in CR programs, a significantly lower percentage than in 2013 (55%, p < 0.001).
CR participants attended a mean of 23.0 £11.9 sessions in 2008, also significantly lower
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than in 2013 (p < 0.001). As in 2013, patients receiving transplants in 2008 were more likely
to participate in CR if they were older and from the Midwest.

Discussion

This is the first study to report CR utilization rates in patients undergoing heart
transplantation in the USA. CR was underutilized among transplant recipients, with slightly
over half of patients participating in CR programs. There is geographic variation in CR after
heart transplantation, with the Midwest having the highest CR initiation rates. Those
transplant patients who do participate in CR programs begin an average of 2 months after
discharge and attend two thirds of the recommended course of 36 sessions. Younger
transplant CR participants attend significantly fewer CR sessions than older patients. CR
was found to be associated with a significant decrease in 1-year readmission risk in
transplant patients after multivariable adjustment.

CR utilization varies by indication, with reported initiation rates ranging from < 10% in
patients with systolic heart failure8 to 10% to 20% in patients with acute myocardial
infarction and percutaneous coronary intervention’:8:31 and up to 30% to 35% after coronary
artery bypass grafting.#932 Our observed initiation rate of 55% in cardiac transplant
recipients is the highest to date among CR's indications. However, the fact that only half of
heart transplant patients undergo CR is both surprising and sub-optimal. Cardiac transplant
candidates must have the potential to regain functional capacity to be listed, and a significant
proportion of transplant recipients are likely capable of attending CR programs.33

Younger heart transplant recipients have the highest functional capacity in the immediate
post-operative period3* and, on this basis, would be expected to be more likely to participate
in CR. Our findings suggest the opposite, with younger patients less than half as likely to
initiate CR than those age =65 years old. Moreover, younger transplant patients attend
significantly fewer CR sessions than older transplant recipients. The intensity of CR
participation is important as a dose-dependent relationship has been identified between the
number of sessions attended and mortality in patients with ischemic heart disease.*> Work
responsibilities are a potential barrier to CR attendance that disproportionately affects
younger patients.

In addition to work responsibilities, other barriers to CR participation include distance to the
nearest CR center, availability of transportation, caregiver responsibilities and social anxiety.
35-8 Insurance status and the clinical specialty of the referring provider can present barriers
to referral.3940 All of these barriers are likely to vary by geographic region, and we have
identified significant geographic variation in CR initiation rates. Although the South
accounts for the largest proportion of heart transplants, transplant recipients in the Midwest
are more than twice as likely to attend CR programs as those in the South. This geographic
variation in CR utilization is consistent with earlier studies of CR use after acute myocardial
infarction and coronary artery bypass grafting.® Some of the geographic variation in CR
utilization may be related to access, although nearly every transplant center in this analysis
reported having a CR program. We identified similar geographic patterns in CR use among
heart transplants in 2008, suggesting that this variation represents a durable trend.
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Although there were similar geographic patterns in CR among transplant patients in 2008
and 2013, the proportion of the entire cohort initiating CR increased from 42% to 55% (p <
0.001). CR participants attended an average of 3.7 more sessions (p < 0.001) in 2013
compared with 5 years earlier. These findings likely represent a gradual increase over the
past 10 years, as Medicare began reimbursing CR after heart transplantation in 2006.41 CR
referral for heart transplantation and other conditions became a National Quality Forum—
endorsed performance measure in 2007,2 after which referral rates for acute myocardial
infarction? and heart failure® both began to rise. Of note, the CR quality measure does not
apply to patients discharged to post-acute rehabilitation facilities.?

Our analysis has demonstrated that CR initiation rates are lower in transplant patients
discharged to IRFs or SNFs, possibly due to lower referral rates. Severe functional
impairment or frailty may limit CR participation in these patients,*3 although we were
unable to characterize this with administrative claims data. This population is also less able
to participate in CR due to a higher burden of comorbidities, as demonstrated by the fact that
heart transplant patients discharged to post-acute care facilities have a significantly higher
risk of being readmitted over 1 year.

Readmissions represent a major source of morbidity and economic cost in heart transplant
patients. Our study has clinical implications in demonstrating an association between CR
and decreased risk of readmissions. CR programs may be an effective way for facilities to
attenuate readmissions in the critical first year after heart transplantation. Healthy cohort
bias is inherent to observational studies involving CR, and it is possible that such bias could
lead to an overestimate of the effect of CR on readmissions. Frailty or functional impairment
could contribute to this bias. However, our analysis controlled extensively for
sociodemographic and clinical factors, and Elixhauser comorbidity groups provide effective
comorbidity adjustment in surgical populations, 2244 including heart transplant patients.4>
The most common causes of readmission in heart transplant patients are rejection, infection
and cardiovascular complications.#647 Future studies could investigate CR in the context of
indications for readmission, although identifying these diagnoses would likely require
adjudication.

One way that heart transplant centers could increase CR utilization is to focus on decreasing
the time between discharge and the first CR session. A randomized, controlled trial between
early appointments to CR after discharge (median time 8.5 days) and standard appointments
(median time 42 days) in patients with ischemic heart disease demonstrated that early
appointments significantly improved attendance at the orientation visit.*8 Median time
between discharge and first CR appointment for our cohort was 54 days, longer than the
standard appointment group of the trial referenced previously. The causes of delays in CR
initiation are complex and include insurance pre-approval as well as facility capacity and
patient comorbidities.4%*0 Another study also identified an association of time between
heart transplantation and first CR appointment with greater body mass index and body fat
percent, providing another rationale for early CR appointments after discharge.>! Given the
fact that most transplant centers have CR programs, it is feasible for hospitals to work with
CR providers to ensure that heart transplant patients are given timely appointments.

J Heart Lung Transplant. Author manuscript; available in PMC 2019 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Bachmann et al.

Page 8

Automatic enrollment of heart transplant patients in CR programs by institutional protocol
has also been used to increase CR utilization.52

Our study has limitations. First, we were only able to capture utilization data on transplant
patients age =65 years old or with Medicare disability benefits, which comprised
approximately one quarter of total transplant recipients. However, the fact that most patients
in our cohort received disability coverage under Medicare does not indicate that they would
be inherently less likely to participate in CR, as all patients reaching UNOS IA or IB status
are eligible for disability benefits. Rather, some patients may not have had disability benefits
approved by the time they undergo transplantation. In addition, age, gender and racial
characteristics of Medicare beneficiaries undergoing heart transplantation approximate the
entire cohort of heart transplant recipients.>3 Second, our data were obtained from CMS
administrative claims. These data are not adjudicated and lack granular data on clinical
characteristics. However, CMS data have been used to effectively study many cardiovascular
therapies, including CR, in earlier work.4>° Third, our analyses were limited to heart
transplant patients enrolled in fee-for-service Medicare and may not be generalizable to
patients enrolled in Medicare private health plans. However, fee-for-service Medicare still
accounted for 72% of Medicare beneficiaries in 2013.54

In summary, only half of heart transplant recipients in the USA participate in CR programs,
but CR is associated with a decreased risk of readmission at 1 year after discharge. These
data suggest a path for reducing readmissions in a high-risk population that requires an
enormous amount of health-care resources. Our findings invite further research on the
etiology of CR under-utilization in cardiac transplant recipients, including the possibility of
under-referral to CR programs as well as characterization of barriers to CR participation.
This research will inform quality improvement interventions to increase CR uptake and the
number of sessions attended in heart transplant recipients.
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Figure 1.
Person-time approach (Mantel-Byar method) to defining cardiac rehabilitation (CR)

participation status in modeling the association of CR with readmissions. In CR participants,
the time between hospital discharge and CR initiation (immortal person-time) is classified as
CR non-participation until CR initiation and CR participation thereafter.
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Figure 2.
Cumulative readmissions over time for Medicare beneficiaries receiving heart transplants in

2013, stratified by participation in cardiac rehabilitation. Cumulative readmissions were
calculated using the Andersen—Gill model with a robust sandwich covariance estimator
adjusted for age, gender, race, census region, comorbidities, discharge to an inpatient
rehabilitation facility or skilled nursing facility, and previous ventricular assist device.
Shaded areas represent 95% confidence intervals.

J Heart Lung Transplant. Author manuscript; available in PMC 2019 April 01.



Page 14

Bachmann et al.

620 (%8¢g) €eT (%ey) €11 WN  (%0v) 9gC wN sajegeIq
820  (%ST) 0§ (%eT) €€ VN  (%VT) €8 VN uoissaidaQ
0L0  (%ve) 2L (%22) 09 WN  (%€2) LET VN elwaue Aousdleq
160 (%gY) TvT (%ey) 91T WN  (%ev) LGC WN AyredojnBeon
1€0  (%LT) 95 (%vT) 88 VN (%9T) v6 VN aseasip Aseuow|nd o1uo1yd
6000 (%VT) v (%22) 85 VN  (%.T) 20T VN 4NS 10 441 0} 3beydsIq
010 (%.€) 02T (%ey) LTT WN  (%0v) LeC WN AVA shoinaid
[ea1ut|
v20  (%66) 22 (%.6) 292 VN (%86) ¥8S VN [endsoy juejdsues je weiGosd YO
(%8T) 65 (%91) v (%.1) €01 (%02) v€S 159
(%0v) 1€T (%Sv) 22T (%ev) €52 (%.€) 826 yinos
(%.1) 95 (%t2) 59 (%02) T2T (%02) 005 1seayLoN
(%S2) 08 (%v1) 8¢ (%0¢) 81T (%22) 695 1S3MPIN
5000 200 uoibai snsua)
(%) ve (%6) €2 (%8) Lv (%¥T) vve Yo
(%6T) 29 (%e2) 29 (%12) veT (%ce) 655 %oe|g
(%vL) ove (%89) v8T (%12) vevy (%19) 829'T alyMm
LE0 T00°0> ?0ey
(%82) ¥Se (%.2) 802 (%82) ¢9v (%02) T9L'T 3leN
(%z2) 2L (%€2) 19 (%22) €€T (%0€) 0.2 aewa
980 100°0> Japus
(%vy) evT (%9¢) 96 (%0v) 6€C (%8T1) 9vv 692
(%0v) 62T (%9€) 86 (%8¢) 222 (%0v) L00'T 79 01 0§
(%zT) oy (%02) 55 (%91) 56 (%.T1) Gev 6v 0} GE
(%) ¥T (%2) 0z (%9) ve (%52) €79 Ge>
6000 T00'0> (s1eak) dnoub sby
o1ydesBowaq
VN (%56) 92€ (%Sv) 692 (%2) 565 1€5'C [e1oL
eeneA-d  syuedioned ¥O asedlps\  siuedionged-uou YO aJedIpsN panfeA-d  auedIpa|A Buialeosy sjuejdsued)  swuejdsuedy || ansLsRIRYD

Author Manuscript

(565 = N) £T0z Ul syuejdsue.] 1esH BuiAIoay Salaeldljauag a4edIpalA JO Soisiaaloedey) auljeseg

T alqeL

Author Manuscript

Author Manuscript

Author Manuscript

J Heart Lung Transplant. Author manuscript; available in PMC 2019 April 01.



Page 15

Bachmann et al.

"159] asenbs-1y9 s,uosiead Buisn paurelqo sanjend __<m

"301A3P 1SISSE JBINJLIUBA ‘QWA ‘Al108) BuisInu paj[1ds ‘ANS UOIRIASP piepuels ‘dsS 9|ge|ieAr 10U YN ‘ANjioey uone|iqeyal usnedul ‘Y| ‘uonen|igeyal Jeipies ‘4D

v20  (%ET) eV (%¥T) 8¢ VN  (%¥T) 18 WN sso| JyBIom
€10 (%0v) 62T (%9v) €eT VN (%2v) 252 VN ain|re} eusy
er'o  (%9) 6T (%2) 0T VN (%Z) 6€ VN aseasip Jejnosen essydiiad
790 (%6) 62 (%01) L2 WN  (%6) 95 WN Ansaqo
v20  (%SS) 8LT (%08) veT VN (%2S) 2ie VN uosuapadAH
2€0  (%68) €61 (%€9) 0.1 VN (%T9) €9¢ VN SI8pIosip 814]01108]8 pue pinj<
eeneA-d  syuedionded ¥ asedlps|\  siuedionued-uou YO aJedIpsN penfeA-d  auedIps|A Bulaisosy sjueldsued)  siuejdsuedy || ansLIsRIRYD

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

J Heart Lung Transplant. Author manuscript; available in PMC 2019 April 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Bachmann et al.

Predictors of Cardiac Rehabilitation Initiation Among Medicare Beneficiaries Receiving

Table 2

Heart Transplants in 2013 (N = 595)

Participation in a CR program&

Characteristic Proportion of patients initiating CR (%) OR 95% ClI p-value
All 55%
Demographic
Age group (years)
<35 41% 0.36 0.16t0 0.79 0.01
35t049 42% 039 0.23t00.66  00.001
50 to 64 57% 0.83 0.56t0 1.23 0.36
<65 60% Referent
Gender
Female 54% 0.94 0.61to 1.45 0.78
Male 55% Referent
Race
Black 50% 0.94 0.60 to 1.47 0.78
Other 51% 1.03 0.53t02.01 0.92
White 57% Referent
Census region
Midwest 68% 2.23 1.37 t0 3.63 0.001
Northeast 46% 0.74 046to1.17 0.19
West 57% 1.07 0.64t01.78 0.80
South 52% Referent
Clinical
Previous VAD 51% 0.79 0.55t0 1.12 0.18
Discharge to IRF or SNF 43% 058 0.36t00.94  0.03
Chronic pulmonary disease 60% 115 0.72t01.85 056
Coagulopathy 55% 099 070to1.40 0.94
Deficiency anemia 56% 105 0.70t01.59 0.81
Depression 60% 130 0.78t02.15 0.31
Diabetes 52% 0.83 0.57t0 1.19 0.30
Fluid and electrolyte disorders  53% 082 057t01.17 0.27
Hypertension 57% 129 090to1.84 0.16
Obesity 52% 0.83 0.46to 1.51 0.54
Peripheral vascular disease 49% 069 035t01.40 0.30
Renal failure 51% 076  0.53t01.10 0.14
Weight loss 53% 1.10 0.65t0 1.84 0.73

Cl, confidence interval; CR, cardiac rehabilitation; IRF, inpatient rehabilitation facility; OR, odds ratio; SNF, skilled nursing facility; VAD,

ventricular assist device.

aAdj usted for all listed variables.
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Table 3
Predictors of Number of Sessions Attended Among Cardiac Rehabilitation Participants

Receiving Heart Transplants and Medicare Coverage in 2013 (N = 326)

Number of CR sessions attended®

Characteristic CR sessions among participants (mean + SD)  Coefficient 95% ClI p-value

All 26.7+13.3

Demographic

Age group (years)
<35 16.0+12.8 -11.8 -19.0,-4.6 0.001
351049 21.2+143 -82 -129,-35 00.001
50 to 64 26.5+13.3 -24 -55,08 0.15
265 294+121 Referent

Gender
Female 229+12.7 -43 -7.9,-0.7 0.02
Male 27.7+133 Referent

Race
Black 220+13.2 -36 -7.4,03 0.07
Other 243+125 -11 -6.8,46 0.70
White 28.1+131 Referent

Census region

Midwest 283+14.4 35 -04,74 0.07
Northeast 27.2+12.0 09 -3351 0.67
West 269+12.1 002 -42,42 0.99
South 254 +137 Referent
Clinical
Previous VAD 24.0+13.8 -45 -75,-16 0.003
Discharge to IRF or SNF 29.2+10.8 33 -11,77 0.14
Chronic pulmonary disease 26.3+12.1 -02 -4.0,36 0.92
Coagulopathy 258+12.4 -20 -4.9,09 0.17
Deficiency anemia 28.1+10.9 16 -18,5.1 0.36
Depression 27.1+13.0 0.2 -38,42 0.91
Diabetes 266+ 13.4 -08 -3.9,23 0.60
Fluid and electrolyte disorders  26.7 + 13.5 -13 -43,18 0.41
Hypertension 26.9+13.2 0.03 -29,30 0.99
Obesity 28.4+13.6 24 -27,75 0.35
Peripheral vascular disease 27.8+10.0 -0.2 -6.4,59 0.94
Renal failure 276+12.4 09 -21,39 0.57
Weight loss 28.2+14.9 09 -3.6,53 0.71

Cl, confidence interval; CR, cardiac rehabilitation; SD, standard deviation; VAD, ventricular assist device; IRF, inpatient rehabilitation facility;
SNF, skilled nursing facility.

aAdj usted for all listed variables.
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Table 4
Predictors of 1-year Readmission Risk Among Medicare Beneficiaries Receiving Heart

Transplants in 2013 (N = 595)

One-year readmission risk

Characteristic Hazard ratio® 95% CI p-value
CR participation 0.71 0.58t00.87 0.001
Age group (years)
<35 0.61 0.41t00.91 0.02
351049 1.09 0.80to1.48 0.60
50 to 64 0.89 0.73t01.09 0.26
265 Referent
Gender
Female 1.32 1.06t01.64 0.01
Male Referent
Race
Black 0.93 0.72t0 1.21 0.59
Other 0.97 0.68t01.37 0.86
White Referent

Census region

Midwest 1.01 0.78t01.31 0.93
Northeast 0.95 0.75t01.19 0.64
West 0.73 054t00.99 0.04
South Referent
Clinical

Previous VAD 0.91 0.75t01.09  0.30
Discharge to IRF or SNF 1.40 1.13t01.74 0.002
Chronic pulmonary disease 1.33 1.03t01.72 0.03
Coagulopathy 0.96 0.80t0 1.16 0.68
Deficiency anemia 1.08 0.86t01.35 0.52
Depression 1.12 0.85t01.48 0.42
Diabetes 111 091to1.35 0.30
Fluid and electrolyte disorders  0.94 0.78t01.14 0.55
Hypertension 0.80 0.66t00.97 0.02
Obesity 0.98 0.73t01.33 0.91
Peripheral vascular disease 0.91 0.66t01.26 0.58
Renal failure 1.05 0.87t01.26 0.64
Weight loss 1.00 0.78t01.28 0.99

Cl, confidence interval; CR, cardiac rehabilitation; IRF, inpatient rehabilitation facility; SNF, skilled nursing facility; VAD, ventricular assist
device.

a . . - . . . . . . .
Hazard ratios derived from the multivariable-adjusted AndersenGill model with robust sandwich covariance estimator (or proportional means
model).
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