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A B S T R A C T

Background: Home Based Cardiac Rehabilitation (HBCR) has been considered a reasonable alternative to Cen-
ter-based Cardiac Rehabilitation (CBCR) in patients with established cardiovascular disease, especially in the
midst of COVID-19 pandemic. However, the long-term cardiovascular outcomes of patients referred to HBCR
remains unknown.
Objectives: To compare outcomes of patients who were referred and attended HBCR vs patients referred but
did not attend HBCR (Non-HBCR).
Methods:We performed a retrospective study of 269 patients referred to HBCR at Providence Veterans Affairs
Medical Center (PVAMC). From November 2017 to March 2020, 427 patients were eligible and referred for
Cardiac Rehabilitation (CR) at PVAMC. Of total patients, 158 patients were referred to CBCR and 269 patients
to HBCR based on patient and/or clinician preference. The analysis of outcomes was focused on HBCR
patients. We compared outcomes of patients who were referred and attended HBCR vs patients referred but
did not attend HBCR (Non-HBCR) from 3 to 12 months of the referral date. HBCR consisted of face-to-face
entry exam with exercise prescription, weekly phone calls for education and exercise monitoring, with
adjustments where applicable, for 12-weeks and an exit exam. Primary outcome was composite of all-cause
mortality and hospitalizations. Secondary outcomes were all-cause hospitalization, all-cause mortality and
cardiovascular hospitalizations, separately. We used cox proportional methods to calculate hazard ratios
(HR) and 95% CI. We adjusted for imbalanced characteristics at baseline: smoking, left ventricular ejection
fraction and CABG status.
Results: A total of 269 patients (mean age: 72, 98% Male) were referred to HBCR, however, only 157 (58%)
patients attended HBCR. The primary outcome occurred in 30 patients (19.1%) in the HBCR group and 30
patients (30%) in the Non-HBCR group (adjusted HR=0.56, CI 0.33-0.95, P=.03). All-cause mortality occurred
in 6.4% of patients in the HBCR group and 13% patients in the Non-HBCR group 3 to 12 months after HBCR
referral (adjusted HR=0.43, CI 0.18-1.0, P= .05). There was no difference in cardiovascular hospitalizations
(HBCR: 5.7% vs Non-HBCR: 10%, adjusted HR 0.57, CI 0.22-1.4, P= .23) or all cause hospitalizations at 3 to 12
months between the groups (HBCR: 12.7% vs Non-HBCR: 21%, adjusted HR 0.53, CI 0.28-1.01, P= .05).
Conclusion: Completion of HBCR among referred patients was associated with a lower risk of the combined
all-cause mortality and all-cause hospitalizations up to 12 months. Based on the outcomes, HBCR is a reason-
able option that can improve access to CR for patients who are not candidates of or cannot attend CBCR. Ran-
domized-controlled studies are needed to confirm these findings.
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Introduction

Cardiovascular disease (CVD) is the leading cause of mortality and
morbidity worldwide. In the USA, CVD has an incidence of > 650000
every year and is the most common diagnosis for inpatient admission
in patients aged > 65 years. CVD causes a huge burden on economy
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as it costs > $200 billions annually.1 Cardiac rehabilitation (CR) is
standard of care for patients with cardiovascular disease and part of
the standard treatment for CVD.2 CR has been shown to reduce all-
cause and cardiovascular mortality, all-cause and HF hospitalizations,
improved functional status and quality of life in patients with CVD.3-5

Despite its known benefits, CR is not available and accessible to all
patients with CVD.

Home based cardiac rehabilitation (HBCR) has been offered as an
alternative to center-based CR (CBCR) for patients who need CR but
cannot attend for multiple reasons.6 HBCR consists of same core com-
ponents of CBCR but with remote delivery. Previous literature has
shown that compared to CBCR, HBCR was as effective in improving
functional status and quality of life in eligible patients following a
cardiac event.7-12 In a recent multi-center retrospective study at Vet-
erans Affairs (VA), patients were more likely to participate in CR
when HBCR was available at the institution.13 Therefore, HBCR can be
a resource for women and other patients with transport issues to pro-
vide a potentially effective therapy. Despite its increased use during
the COVID-19 pandemic, the long-term cardiovascular outcomes
including deaths and hospitalizations in patients who were referred
for HBCR are unknown. Therefore, the aim for our study is to compare
the outcomes of patients who were referred and attended HBCR vs
patients referred but did not attend HBCR (Non-HBCR).

Methods

We performed a retrospective study of 269 patients referred to
HBCR at Providence Veterans Affairs Medical Center (PVAMC). From
November 2017 to March 2020, 427 patients were eligible and
referred for Cardiac Rehabilitation (CR) at PVAMC. Although HBCR is
available at PVAMC, the hospital does not have an on-site CR pro-
gram, for which CBCR were referred out to the community CR pro-
grams paid for by the PVAMC. Of total patients referred to CR, 158
patients were referred to CBCR in the community and 269 patients to
HBCR based on patient and clinician shared decision making. The
analysis of outcomes was focused on HBCR patients. Patients who
were referred for CBCR were excluded from this analysis because
these patients received care from multiple CBCR facilities outside the
VA hospital, and details of their outcomes with timelines were not
available to the study team. This is a cohort study where patients
who were referred and attended HBCR were compared against those
patients who were referred but did not attend HBCR (Non-HBCR) to
ensure that all patients in this study met initial eligibility criteria for
HBCR. The study protocol was approved by the Internal Review Board
at PVAMC. The HBCR program at PVAMC is supported by the VA
Office of Rural Health HBCR Program,14 with the goal of expanding
CR access to Veterans with eligible CR diagnoses. Medical records
were reviewed from consecutive patients enrolled in the HBCR pro-
gram at PVAMC, Rhode Island, from November 2017 to March 2020.
Patients were referred to HBCR for eligible diagnoses such as recent
myocardial infarction, percutaneous coronary intervention, Coronary
Artery Bypass Graft (CABG), angina, Heart Failure (HF), heart trans-
plantation or after heart valve procedure, as per American heart asso-
ciation/ American Association of Cardiovascular and Pulmonary
Rehabilitation (AACVPR) guidelines.15,16

Study Outcomes

Study outcomes were ascertained by chart review and data was
complete on 100% of the Veterans using VA’s cross-linked electronic
medical records nation-wide for VA-hospitalizations and mortality.
The data has a high reliability on death status given the burial claims
submitted on behalf of the Veteran and the linkage of the records to
the National death index. Weekly phone calls about weekly exercise
and health status changes including hospitalizations were docu-
mented in the electronic medical records by the HBCR staff per HBCR
protocol, which was captured through chart review. The primary out-
come was a composite of all-cause mortality and hospitalizations
from 3 months to 12 months after referral. The first 3-month blank-
ing period after referral was established to minimize selection bias to
ensure that patients from either group did not incur hospitalizations
or death that would have precluded them from HBCR participation.
The outcomes of first 3-months were reported separately in supple-
mentary material. Secondary outcomes were all-cause hospitaliza-
tion, all-cause mortality and cardiovascular hospitalizations, each
separately, from 3 to 12 months of referral for HBCR.

Study Covariates

Hypertension, coronary artery disease, diabetes mellitus, hyper-
lipidemia, stroke and atrial fibrillation were recorded at the time of
entry to CR. Smoking was self-reported and details were collected
about current smoking habits as number of cigarettes per day and if
patient has quit smoking or ever smoked in the past. Prescribed med-
ications were reviewed and confirmed with the patient upon entry to
CR. Patients were stratified into low, intermediate or high-risk cate-
gories based on AACVPR risk category.6 Left ventricular ejection frac-
tion (LVEF) data was extracted from review of echocardiogram, left-
ventricular angiogram, nuclear perfusion scan, cardiac CT scan or
MRI, previous to CR enrollment.

Functional capacity was measured using the 6-minute walk test
(6MWT) and the Duke Activity Status Index (DASI):

6. Minutes Walking Test (6MWT)
The 6MWT test is a commonly used test to estimate functional

exercise capacity in patients, where a patient walked unassisted in a
marked track for 6 minutes and the distance recorded.17

Duke Activity Status Index (DASI)
Duke Activity Status Index is a validated self-administered twelve

item questionnaire that measures a patient's functional capacity. It is
used to obtain an estimate of a patient's peak oxygen uptake.18

Depression symptoms were measured using the Patient Health
Questionnaire (PHQ-9):

Patient Health Questionnaire (PHQ-9)
It is a well-validated nine-item questionnaire to assess depression

symptoms. Score ranges from 0-27 where higher score is associated
with more depression symptoms.19

Home-Based Cardiac Rehabilitation at Providence VAMC

Patients were required to attend an in-person examination ses-
sion at entry and after completing 12 weeks of HBCR. After the entry
visit where exercise prescription was provided, the expectation was
that the patients perform daily exercises, whenever possible and as
tolerated, for the 12 weeks of HBCR duration. Patients were provided
with and educated about the use of, a portable peddler, a pedometer
and elastic bands for resistance exercise. Achievable individualized
goals on exercise and behavioral modification (diet, smoking and
medication adherence) were set with the patient. Leg exercises (e.g.,
goal to start with 750 non-uphill walking steps per occasion for 5
minutes twice a day) were usually started prior to progression to arm
exercises. Band exercises included arm curl/biceps curl, side raise,
front raise (shoulder flexion), chest press and shoulder abduction
(arms straight in front and pull apart without bending the elbows).
For band exercises, a common prescription was 5 repetitions of each
exercise 2 times per day, divided throughout the day. Patients were
asked to check their weight in the morning, blood pressure and pulse
two hours after taking their morning medications and to document
them in a logbook. A weekly call from HBCR staff (e.g., nurse) were
made at a mutually agreeable time to inquire about the progress.
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Patients also received education and counselling about nutrition,
stress reduction, and other topics of secondary prevention of 20-min-
ute duration during the phone calls. An exit exam was conducted at
12 weeks upon completion of the HBCR program with maintenance
behavioral and exercise prescriptions to continue to perform at home
or in the community. Patients were asked to complete a 6-minute
walk test and three questionnaires at entry and exit of the HBCR pro-
gram.

Statistical Analysis

Values were presented as mean § standard deviation, frequencies
and percentage. T-test was used to compare continuous variables
between groups. For the main analysis, subjects were grouped into
HBCR and Non-HBCR and their baseline characteristics compared.
Cox proportional hazards modeling was used to compare the primary
and secondary outcomes of patients who attended HBCR versus those
who did not, adjusting for imbalanced baseline characteristics (smok-
ing, LVEF and CABG). Time zero was set at 3 months from the referral
date and outcomes compared up to 12 months from the referral date.
A separate sensitivity analysis was conducted to compare the
Figure 1. Flow diagram of patient enrollment* Patients excluded with outcomes less then
pleted home based cardiac rehabilitation; Non-HBCR, Patients who were referred but not com
outcomes of the patients with time zero set at the date of referral (no
three-month blanking period), up to 12 months after referral.

In a subgroup analysis for patients who attended HBCR, the CR
outcomes of 6MWT, DASI and PHQ-9; as well as weight, blood pres-
sure, lipid panel and hemoglobin A1c (for patients with diabetes)
were compared, before and after HBCR. There were very few data
points missing (less than 5% of patients had incomplete data) mostly
affecting laboratory values (hemoglobin A1c), for which the missing
observations were not counted for the estimate of the index labora-
tory variable. A retrospective power size calculation to detect statisti-
cal difference among the two groups were undertaken and 68
patients in each group (with 80% power and 5% alpha) were needed.
A 2-sided level of significance of P < 0.05 was used for statistical sig-
nificance. Statistical analyses were carried out using Stata statistical
package (Stata 15.1).

Results

A total of 269 patients were referred to HBCR. Twelve patients
were excluded from the main analysis as they experienced a primary
or secondary outcome in less than 90 days since referral (figure 1).
90 days of enrollment, Abbreviations: CR, cardiac rehabilitation; HBCR, Patients com-
pleted home based cardiac rehabilitation
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The mean age of the patients was 72 years, 98% were male and 93%
were white. Out of total patients referred for HBCR, 157 (58%)
patients attended HBCR. Patients in HBCR group were less likely to be
smokers (HBCR: 13% vs Non-HBCR: 28%, P< .01) and less likely to
have undergone CABG (HBCR: 17% vs Non-HBCR: 27%, P= .04) than
patients in the Non-HBCR group. Baseline comorbidities and AACVPR
risk were similar between both groups with the exception of LVEF.
Patients who attended HBCR group had a higher LVEF than patients
in the Non-HBCR group (51 § 15% vs 47 § 14%, P= .02), Table 1.

Primary outcome occurred in 30 patients (19.1%) in the HBCR
group and 30 patients (30%) in the Non-HBCR group from 3 to 12
months after HBCR referral (adjusted HR=0.56, CI 0.33-0.95, P= .03),
Figure 2. All-cause mortality occurred in 6.4% of patients in the HBCR
group and 13% patients in the Non-HBCR group, 3 to 12 months after
HBCR referral (adjusted HR=0.43, CI 0.18-1.0, P= .05). There was no
significant difference in cardiovascular hospitalizations (HBCR: 5.7%
vs Non-HBCR: 10%, adjusted HR 0.57, CI 0.22-1.4, P= .23) or all cause
hospitalizations at 3 to 12 months between the groups (HBCR: 12.7%
vs Non-HBCR: 21%, adjusted HR 0.53, CI 0.28-1.01, P= .05), Table 2.
Sensitivity analyses that included outcomes from date of referral to
12 months showed a similar trend of results, Supplemental Table
and Figure.

In the subgroup analyses of patients who participated in HBCR
(N=157), 138 (87.9%) patients completed HBCR and the average dura-
tion of enrollment was 11.1 weeks. Improvements in blood pressure,
total cholesterol and PHQ-9 scores were observed after HCBR when
compared to baseline, Table 3.

Discussion

The study findings showed that amongst patients who were
referred to HBCR at PVAMC, attendance of HBCR was associated with
Table 1
Clinical and demographic characteristics (N=257)

Patients Enrolled in Home Based Cardiac Rehab (N=15

Age, years 73 § 9
Male 153 (98)
Ethnicity, White 144 (92)
BMI, kg/m2 33 § 8
SBP, mmHg 126 § 17
AACVPR Risk Category

High
Intermediate
Low

29 (19)
112 (71)
16 (10)

Risk Factors
Hypertension
Diabetes Mellitus
Current smoker
Hyperlipidemia
Stroke
Atrial Fibrillation

141 (90)
75 (48)
20 (13)
134 (85)
12 (8)
66 (42)

Enrollment Diagnosis
STEMI/NSTEMI
PCI
CABG
CHF
Valve disease
CAD
PAD

36 (23)
27 (17)
26 (17)
105 (67)
16 (10)
85 (54)
11 (7)

LVEF 51 § 15
Glycated Hemoglobin A1C 6.5 § 1.9
Total Cholesterol, mg/dl 147 § 43
Triglycerides, mg/dl 141 § 105
Statin use 86 (55)

Abbreviations: BMI; body mass index; SBP, systolic blood pressure; AACVPR, Associatio
tion myocardial infraction; NSTEMI, Non-ST elevation myocardial infarction; PCI, P
Congestive Heart Failure; CAD, Coronary Artery Disease; PAD, Peripheral Arterial Disea
*P value comparing two groups
a lower composite risk of all-cause mortality and hospitalizations at
12 months when compared to patients who did not attend HBCR.
Amongst HBCR participants, improvements were seen in blood pres-
sure, lipids and depression scores compared to baseline, and can be
potential mechanisms that explained the observed favorable out-
comes in regard to combined all-cause mortality and hospitaliza-
tions.

HBCR has been shown to be as effective as center-based CR by
previous meta-analysis results in terms of mortality, exercise capac-
ity and health related quality of life7. The same meta-analysis did not
show differences in mortality or morbidity in HBCR vs. center-based
CR.7 The findings of the current study showed that patients who
attended HBCR have a better composite outcome of combined all-
cause mortality and hospitalizations than patients who did not attend
HBCR. Although findings of the current study did not directly com-
pare CBCR and HBCR, similar improvements in clinical outcomes
were previously shown after CBCR and HBCR by Anderson et al7.
Indeed, there is paucity of randomized-controlled studies that com-
pared long-term outcomes of HBCR versus usual care. A recent study
of home-based mobile guided CR compared to non-participation in
CR among elderly patients in Europe, showed improvement in fit-
ness, but no difference in 1-year cardiac events.20 The HBCR program
at VA hospitals improved access to and participation in CR for Veter-
ans,13 since CBCR is not available in many VA hospitals. Yet, evidence
of long-term adverse outcome reductions associated with the pro-
gram was still lacking. Our study built upon previous studies to show
that HBCR, provided as part of the VA nationwide HBCR program,
was associated with improved cardiac outcomes compared to usual
care. Potential mechanisms include the effectiveness of the program
in improving functional capacity, quality of life, and psychological
symptoms, shown in patients who attended the HBCR program, simi-
lar to short-term results from previous studies.8,21-23 Recently,
7) Patients Not Enrolled in Home Based Cardiac Rehab (N=100) P Value*

70 § 11 0.06
99 (99) 0.38
94 (94) 0.50
32 § 8 0.46
128 § 18 0.33

23 (23)
62 (62)
13 (13)

0.40

87 (87)
47 (47)
28 (28)
86 (86)
10 (10)
45 (45)

0.49
0.90
<0.01
0.88
0.51
0.64

27 (27)
26 (26)
27 (27)
72 (72)
8 (8)
59 (59)
7 (7)

0.46
0.09
0.04
0.39
0.56
0.44
1.0

47 § 14 0.02
7 § 2 0.06
152 § 49 0.34
140 § 82 0.92
66 (66) 0.07

n of Cardiovascular and Pulmonary Rehabilitation risk category; STEMI, ST eleva-
ercutaneous Coronary Intervention; CABG, Coronary Artery Bypass Graft; CHF,
se; LVEF, left ventricular ejection fraction



Figure 2. Survival curve for patients who have completed HBCR vs patients not completed HBCR**Adjusted primary outcome for smoking, left ventricular ejection fraction and
patients with coronary artery bypass grafting, Abbreviations: HBCR, home based cardiac rehabilitation

Table 2
Morbidity and Mortality of patients in Home Based Cardiac Rehabilitationa (N=257)

Patients Enrolled in Home
Based Cardiac Rehab
(N=157)

Patients Not Enrolled in
Home Based Cardiac Rehab
(N=100)

Unadjusted Hazard Ratio
(95% CI)

P Value* Adjusted Hazard Ratio
(95% CI)

P Value*

Primary outcome** 30 (19.1) 30 (30) 0.57 (0.35-0.95) 0.03 0.56 (0.33-0.95) 0.03
All cause deaths 10 (6.4) 13 (13) 0.50 (0.20-1.03) 0.06 0.43 (0.18-1.00) 0.05
All cause hospitalizations 20 (12.7) 21 (21) 0.54 (0.29-1.00) 0.05 0.53 (0.28-1.01) 0.05
CV hospitalizations 9 (5.7) 10 (10) 0.51 (0.21-1.26) 0.15 0.57 (0.22-1.40) 0.23

*P value comparing two groups
** Combined outcome (all cause death and hospitalizations)

a All outcomes from 3-12 months of referral

Table 3
Pre HBCR and Post HBCR values in patients completed Rehab (N=157)

Pre-HBCR (95% CI) Post HBCR (95% CI) Difference (95% CI) P Value*

Weight, Ibs 220 (211, 229) 219 (210, 227) -1 (-5, 3) 0.53
SBP, mmHg 126 (123, 129) 117 (112, 122) -8 (-14, -3) <0.01
DBP, mmHg 71 (69, 73) 67 (64, 70) -4 (-8, -1) <0.01
Cholesterol, mg/dl 145 (139, 151) 132 (124, 140) -13 (-20, -6) <0.01
LDL, mg/dl 79 (73, 84) 76 (62, 89) -3 (-15, 9) 0.61
HDL, mg/dl 42 (39, 44) 39 (36, 41) -3 (-5, -1) 0.02
Triglycerides, mg/dl 134 (120, 148) 123 (110, 136) -11 (-23, 2) 0.10
HbA1C 6.5 (6.2-6.8) 6.2 (5.8, 6.5) 0 (-1, 0) 0.05
Duke score 20 (18, 23) 21 (19, 24) 1 (-1, 3) 0.38
6MWT, ft 249 (226, 271) 258 (230, 286) 9 (-14, 32) 0.44
PHQ-9 6 (5, 7) 5 (4, 6) -2 (-3, -1) <0.01

Abbreviations: HBCR, Home base cardiac rehabilitation; SBP, Systolic blood pressure; DBP, Diastolic blood
pressure; LDL, Low density lipoprotein; HDL, High density lipoprotein; HBA1C, Hemoglobin A1C; 6MWT,
6 Minutes walking test; PHQ-9, Patient health questionnaire
*P value comparing groups Pre and Post HBCR
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Aronov et al. (2019) showed that CR (both HBCR and CBCR) can help
in reducing total cholesterol values in patients with CVD which can
further improve quality of life and reduce cardiovascular
complications.23

Given the location and schedule flexibility offered by the delivery
of HBCR, HBCR has the potential to increase the overall access to CR
for all eligible patients who are facing these obstacles of participation.
As such, it should be considered as means to achieve the goals of the
Million Hearts� 2022 program, which is a national initiative led by
the Centers for Disease Control and Prevention (CDC) to increase CR
participation to prevent 1 million heart attacks and strokes within 5
years24. As CR is an underutilized component,25 due to multiple
obstacles such as transportation, schedule26 and other factors, HBCR
can be a viable alternative. As shown by Schopfer et al,13 the presence
of HBCR in an institution increased patient participation in CR. In
addition, HBCR can be an ideal tool in the era of COVID19 pandemic
where in-person CR programs had to be limited due to social distanc-
ing.

Limitations

This is a single center study. The majority of patients in our study
were male and white, making it less applicable to women and those
of other ethnicities. Although women participation has been consis-
tently low27 in CR programs across the country, it is especially so in
the current study of Veterans, where women represent less than 10%
of the current Veteran population, for which the generalizability to
women with CR needs is limited. The current study results should be
interpreted with caution and only applicable to the subset of patients
who attended HBCR and who were not referred to CBCR based on the
decision of the patient in conjunction to the referring physician. The
study design was observational and non-randomized for which the
possibility of residual confounding cannot be excluded despite our
efforts using strict inclusion criteria, multi-variate adjustment and
sensitivity analyses. It is possible that the observed difference was a
result of healthier patients more willing to attend HBCR compared to
those who did not.28,29 However, the adjusted results as well as the
3-month post-referral blanking period including the sensitivity anal-
yses (without 3-month blanking period) showed consistent results. It
is also possible that the non-VA hospitalizations were incompletely
captured but this problem would affect both groups and underesti-
mate the true difference in study outcomes. In addition, the improve-
ments seen in blood pressure, cholesterol and depression scores in
HBCR patients could also have been achieved by patients who did not
attend HBCR; however, this information was incomplete or not avail-
able for non-HBCR patients and should be better addressed in future
randomized-controlled trials. The current study participants did not
show improvements in exercise capacity after completion of HBCR
and the reason that their functional capacity did not significantly
increase could be due to more adherence to some elements and less
to others such as the exercise, given the lack of on-site supervision.
Given that significant findings for the primary outcome, the remain-
ing non-exercise components such as lifestyle counselling and sup-
port, and health monitoring provided as part of the HBCR, were likely
meaningful. Despite the above weaknesses, this study is helpful in
providing the first effect size estimates for the design of future ran-
domized-controlled trials.

Conclusions

Completion of HBCR among referred patients was associated with
a lower risk of combined all-cause mortality and all-cause hospital-
izations up to 12 months. Based on the outcomes, HBCR is a reason-
able option that can improve access to CR for patients who are not
candidates of or cannot attend CBCR. Randomized-controlled studies
are needed to confirm these findings.
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