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Abstract

Purpose: Participation in cardiac rehabilitation (CR) is low despite proven benefits. The aim 

of this study was to assess medical, psychosocial, and behavioral predictors of participation in a 

phase 2 CR.

Methods: This was a prospective observational study. Participants hospitalized for an acute 

cardiac event and eligible for CR completed in-hospital assessments, and the primary outcome 

was CR participation over a 4-mo follow-up. Measures included age, sex, educational attainment, 

smoking status, medical diagnosis, ejection fraction, and electronic referral to CR. Data included 

General Anxiety Disorder, Patient Health Questionnaire, Medical Outcomes Study Short Form-36, 

Behavioral Rating Inventory of Executive Function, and Duke Social Support Index. Logistic 

regression and Classification and Regression Tree analysis were performed.

Results: Of 378 hospitalized patients approached, 294 (31% females) enrolled in the study 

and 175 participated in CR. The presence of electronic referral, surgical diagnosis, non/former 

smoker, and strength of physician recommendation (all Ps < .02) were independent predictors for 

CR participation. No differences were seen in participation by measures of anxiety, depression, 

or executive function. Males with a profile of electronic referral to CR, high school or higher 

education, ejection fraction >50%, and strong physician recommendation were the most likely 

cohort to participate in CR (89%). Patients not referred to CR were the least likely to attend 

(20%).

Conclusions: Lack of CR referral, lower educational attainment, nonsurgical diagnosis, 

current smoking, and reduced ejection fraction can predict patients at a highest risk of 

CR nonparticipation. Specific interventions such as electronic referral and a strong in-person 

recommendation from a medical provider may enhance CR participation rates.

Keywords

cardiac rehabilitation; secondary prevention

Correspondence: Sherrie Khadanga, MD, Cardiac Rehabilitation and Prevention, University of Vermont Medical Center, 62 Tilley 
Dr, S. Burlington, VT 05403 (Sherrie.Khadanga@uvmhealth.org). 

Conflicts of Interest:
None.

HHS Public Access
Author manuscript
J Cardiopulm Rehabil Prev. Author manuscript; available in PMC 2022 September 01.

Published in final edited form as:
J Cardiopulm Rehabil Prev. 2021 September 01; 41(5): 322–327. doi:10.1097/HCR.0000000000000573.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Cardiovascular disease continues to be the leading cause of death in the United States for 

both men and women, and current guidelines recommend that all patients who experience 

an acute myocardial infarction and chronic systolic heart failure or undergo percutaneous 

coronary intervention or cardiac surgery attend cardiac rehabilitation (CR).1–4 Although the 

benefits of CR have been clearly established, it continues to be underutilized; only 19-34% 

of eligible individuals participate in CR.2,5–7 This underutilization of CR has led to national 

efforts such as the Million Hearts Initiative to increase participation, setting an ambitious 

goal of 70% participation by 2022.8

While several studies have identified anxiety, depression, or lack of social support as barriers 

to CR, these studies have been small, retrospective secondary analyses without in-depth 

demographic, behavioral, and psychosocial measures.9–11 Ades et al12 demonstrated in 

1992 that the strength of physician recommendation for CR participation was the most 

powerful predictor of CR entry; however, factors such as cardiac diagnosis or left ventricular 

ejection fraction (EF) did not predict participation. In addition, system-level factors such 

as lack of referral or geographic lack of program affect CR enrollment.7,13 The majority 

of these studies are not reflective of contemporary practice; for example, diagnostic 

indications for phase 2 CR have expanded to include patients with systolic heart failure 

and percutaneous heart valve replacement and repair, allowing more patients access to 

the program. Thus, while past studies have examined barriers to CR, there is need for 

a prospective examination, within the contemporary environment, that takes into account 

various psychosocial predictors pertinent to participation in CR. Aspects such as executive 

function, self-reported physical function, EF, and education level and its relationship with 

CR attendance have not routinely been examined.

The primary purpose of this study was to determine the medical, psychosocial, and 

behavioral factors that influence CR participation among men and women using a 

prospective approach in which patients were interviewed and completed comprehensive 

behavioral assessments in hospital. A secondary goal of these analyses is to inform 

evidence-based approaches to increasing CR participation.

METHODS

This was a prospective single-center study conducted from August 2018 to September 

2019 at the University of Vermont Medical Center (UVMMC). The University of Vermont 

Institutional Review Board approved this study.

Patients with a CR qualifying event (myocardial infarction, percutaneous coronary 

intervention, stable angina, heart failure with reduced EF [≤35%], coronary bypass, or heart 

valve surgery) were interviewed during their inpatient stay after obtaining informed consent. 

Participants were informed that this was a study to determine predictors of recovery from 

a cardiac event; CR was specifically not mentioned to avoid influencing patient attendance. 

Eligibility criteria included residence in the catchment area of the UVMMC CR program 

without plans to leave the area. Patients were ineligible if they had severe cognitive delay/ 

dementia, terminal illness (eg, advanced cancer), or other comorbidities that would impede 

ability to exercise (eg, severe arthritis).
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Patients were interviewed by the principal investigator or a research assistant at time 

of hospitalization to gather demographics, clinical, and psychosocial data. Demographic 

data included age, sex, educational attainment, and smoking status through self-report. 

Clinical data included the medical diagnosis, body mass index (BMI), left ventricular 

EF (obtained by echocardiogram), electronic referral to CR, and selected comorbidities 

(chronic pulmonary disease, peripheral arterial disease, diabetes mellitus, and stroke/

transient ischemic attack). Psychosocial data were collected through a series of validated 

questionnaires: anxiety screening (General Anxiety Disorder [GAD-7]), depression 

screening (Patient Health Questionnaire [PHQ-9]), self-reported physical functioning 

assessment (Medical Outcomes Study Short Form-36 [MOS SF-36 Physical Function] 

survey questionnaire) and assessment of social support via the Duke Social Support Index 

(DSSI).14–17 In addition, executive function was assessed using the Behavioral Rating 

Inventory of Executive Function, a validated and standardized measure of subjective 

executive function in an everyday environment (BRIEF-A).18

One week after hospital discharge, patients were contacted via telephone call to inquire 

about their overall health status; at that time, patient perceived strength of physician 

provider recommendation to participate in CR was assessed. A 5-point Likert scale was 

used to measure the strength of recommendation, with options ranging from 1 (recommend 

against CR), 2 (do not remember), 3 (mentioned but not recommended), 4 (mentioned and 

recommended), or 5 (mentioned and strongly recommended). Patients were then followed to 

determine enrollment and participation in CR. Similar with prior studies, CR participation 

was defined as having attended ≥1 CR session.7,19

Patients who did not enroll in CR were contacted by telephone 4 mo following hospital 

discharge to assess reason for lack of CR participation.

STATSICAL ANALYSES

Frequencies and means of baseline characteristics were calculated and were compared 

between CR participants and non-CR participants as well as between sexes using chi-square 

tests for categorical variables and the t test for continuous variables. Logistic regression 

analysis was performed to find a best fitting model predicting CR participation, with 

psychosocial and medical variables as independent variables. Univariate logistic regression 

was conducted with 12 possible predictors (age, qualifying diagnosis, smoking status 

prior to hospitalization, BMI, social support, anxiety, depression, executive function, level 

of education, EF, use of electronic referral, and strength of physician recommendation). 

Subsequently, a multivariable logistic regression model for enrollment in CR was performed 

for all variables that were significant from the univariate analysis. Results from regressions 

are reported as ORs with a 95% CI. A P value of <.05 was used to indicate statistical 

significance. Statistical analyses were performed using SAS version 9.0 (SAS Institute, Inc).

A Classification and Regression Tree (CART) analysis was performed to quantify which of 

the variables identified in logistic regression analyses were most important in predicting CR 

participation and how combinations of those variables (risk profiles) affect the likelihood 

of participation.20 A CART is a nonparametric procedure for dividing a population of 

interest into mutually exclusive subcategories based on a dependent variable of interest.21 

Khadanga et al. Page 3

J Cardiopulm Rehabil Prev. Author manuscript; available in PMC 2022 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



During this process, the observed independent variables with the most explanatory power 

in accounting for that dependent variable are identified. These observed variables can be 

used repeatedly across branches, depending on their relative importance in splitting groups. 

Beginning with the entire sample, an algorithm identifies a single independent variable, 

where splitting the sample (parent node) on that variable will maximize the distinction 

between the two resulting subsamples (child nodes) on the dependent variable. When 

variables are continuous, the analysis determines what score, when used as a cutoff, will 

maximize differences in the resulting nodes. Nodes continue to be split into subsamples 

in this fashion, based on which independent variable will continue to maximize distinction 

between the resulting nodes until further splits do not significantly improve classification 

within the model (terminal nodes). The “rpart” package in R was used to perform the CART 

analysis.22

RESULTS

We identified 378 patients in hospital as potentially eligible for inclusion in the study. Of 

these, 46 patients declined (39% females) and 38 were ineligible (21% females) due to 

dementia (n = 7) or severe comorbidities/terminal illness (n = 31). There was no difference 

in study enrollment between men and women (data not shown). The final study population 

included 294 individuals (31% females). Baseline characteristics were analyzed separately 

by CR participation (Table 1).

PREDICTORS OF CR PARTICIPATION

A total of 175 patients (60%) enrolled and participated in ≥1 session of CR. Predictors, 

or correlates, of CR participation can be seen in Table 2. Electronic referral (OR = 8.79; 

95% CI, 4.18-18.45), surgical diagnosis (OR = 5.95; 95% CI, 2.44-14.50), and non/former 

smoker (OR = 2.86; 95% CI, 1.38-5.92) were the most powerful univariate predictors of 

CR participation. In addition, EF >50% (OR = 2.56; 95% CI, 1.56-4.20), higher educational 

attainment (OR = 1.71; 95% CI, 1.07-2.75), stronger physician recommendation (OR = 

1.68; 95% CI, 1.34-2.11), higher physical function (OR = 1.01; 95% CI, 1.00-1.02), and 

more social support (OR = 1.01; 95% CI, 1.00-1.12) were favorably associated with CR 

participation in the overall population. There were no significant differences in participation 

due to measures of anxiety, depression, or executive function.

Factors associated with CR participation in the univariate logistic regression model were 

entered into a multivariate model; four factors were identified as independent correlates for 

CR participation: electronic referral (OR = 7.05; 95% CI, 2.57-19.21), surgical diagnosis 

(OR = 4.01; 95% CI, 1.23-13.34), non/former smoker (OR = 3.19; 95% CI, 1.17-8.66), and 

stronger physician recommendation (OR = 1.4; 95% CI, 1.01-1.89). In addition, univariate 

and multivariate regressions were performed among men and women separately (Table 2).

For women, electronic referral (OR = 13.66; 95% CI, 2.9-63.67), surgical diagnosis (OR 

= 5.81; 95% CI, 1.20-28.22), and strength of physician recommendation (OR = 1.63; 95% 

CI, 1.07-2.48) were univariate predictors of CR attendance. Use of electronic referral (OR = 

11.34; 95% CI, 2.24-57.35) and surgical diagnosis (OR = 6.27; 95% CI, 1.06-37.25) were 

independent predictors for CR participation in women.
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Regarding men, electronic referral (OR = 7.35; 95% CI, 3.09-17.47), surgical diagnosis (OR 

= 5.83; 95% CI, 1.97-17.25), non/former smoker (OR = 3.86; 95% CI, 1.67-8.92), EF >50% 

(OR = 3.27; 95% CI, 1.76-6.09), college-level or higher education (OR = 1.82; 95% CI, 

1.01-3.26), stronger physician recommendation (OR = 1.72; 95% CI, 1.31-2.26), and more 

social support (OR = 1.08; 95% CI, 1.00-1.17) were associated with CR participation. Of 

these, electronic referral (OR = 6.39; 95% CI, 2.45-16.61), surgical diagnosis (OR = 4.37; 

95% CI, 1.17-16.44), non/former smoker (OR = 2.78; 95% CI, 1.08-7.18), and EF >50% 

(OR = 2.39; 95% CI, 1.15-4.95) were independent correlates for CR participation in men.

The Figure shows the CART model of associations between CR attendance and the 

following risk factors: use of electronic referral, educational attainment, EF, self-reported 

physical function score (SF-36), physician recommendation, social support (DSSI), age, and 

sex. The top rectangle (node) represents the entire sample, whereas other nodes represent 

subgroups of the sample. Within each node, the top line lists the percentage of the overall 

sample represented within that node and the second line represents the percentage of the 

subsample that attended CR. Using the top node as an example, this node represents 

100% of the sample and 60% of them attended CR. Lines below nodes represent the 

binary branching around particular risk factors and risk factor levels into subgroup nodes. 

For example, the first branching occurs around whether there was an electronic referral. 

Following this division, those with no referral make up 17% of the sample, only 20% of 

whom attended CR. Consequently, 83% of the sample received electronic referral, 68% of 

whom attended CR. Further divisions of nodes demonstrate how combinations of risk factors 

influence attendance. Overall, 13 terminal nodes or risk profiles were identified.

The CART analysis demonstrates how combinations of characteristics can drastically change 

the likelihood of CR attendance. For example, receiving a referral leads to the first big 

split; the percentage of those who attend CR is 68% in those who do receive a referral as 

compared with only 20% of those who did not. The next large split occurs within those who 

have been referred. Among this subsample, CR attendance is 70% among those who have 

at least a high school education and only 30% among those with less than a high school 

education. A third large split demonstrates how important combinations of factors are. Those 

with electronic referral, a high school education or higher, EF >50%, who received strong 

physician recommendation, and are male were the most likely cohort to participate in CR 

(89% likelihood). This contrasts with the women, who, when they share all those same 

characteristics, are still fairly likely to attend (68%). But the likelihood of women attending 

varies in a large part by whether they report higher levels of social support (77% CR 

attendance) or lower levels of support (33%).

BARRIERS TO CR PARTICIPATION

Of those enrolled in the study, 119 patients (40%) did not participate in CR. Four months 

following hospital discharge, patients were contacted for phone interviews to assess self

reported reasons for nonparticipation. Three attempts were made by the research assistant 

to contact the patient; 69 (58%) were able to be contacted. The following were found to be 

the major barriers for participation: lack of interest (23%), transportation issues (22%), or no 

referral/recommendation by provider (18%).

Khadanga et al. Page 5

J Cardiopulm Rehabil Prev. Author manuscript; available in PMC 2022 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



DISCUSSION

Cardiac rehabilitation is a comprehensive lifestyle program with well-known medical 

benefits, but it continues to be underutilized. Inspired by the Million Hearts Initiative of 

reaching 70% CR participation by 2022, our goal was to examine the medical, behavioral, 

and psychosocial factors that influence contemporary CR participation.8,23

In 2011, Grace et al24 demonstrated that use of automatic electronic medical record-based 

CR referral can dramatically increase referral rates and thus participation in the Canadian 

system of care. A major limitation of the study, however, was that the measurement of 

CR referral and participation relied solely on patient self-report. In the present study, we 

objectively identified whether an electronic referral was placed at discharge and our data 

support the importance of an electronic referral in increasing CR participation in both men 

and women after a cardiac event. Given the evidence, following the conclusion of our study, 

we instituted the use of automatic electronic referral for all eligible patients upon discharge 

from our hospital inpatient cardiology or cardiothoracic surgery services.

Ades et al12 highlighted the importance of physician recommendation to CR in 1992, and 

28 yr later, this still holds true. Patients look to their physician for guidance as seen in 

this present study; those who received a strong recommendation from their provider for 

CR participation while in the hospital were much more likely to attend CR. Accordingly, 

we need to ensure that physicians and other health care providers endorse CR in the same 

manner as other treatments of secondary prevention such as statins or aspirin. Lack of 

endorsement is only partly overcome with an automatic referral as patients still highly value 

guidance of their primary caregiver/cardiologist when it comes to medical interventions.25

A novel finding in our study was that those with an EF >50% were more likely to participate 

in CR than those who did not. To the best of our knowledge, this is the first time EF has 

been found to be a predictor for CR participation and this is highly relevant since patients 

with systolic chronic heart failure are now eligible for CR. Those with lower EF, particularly 

≤35%, tend to be more ill or frail, so there might be a perception that these individuals may 

not benefit as much from CR.26,27 This, however, is not the case as participation in CR has 

been show to relieve symptoms and reduce clinical events in this cohort and since 2014, 

systolic heart failure has been a CMS-covered diagnosis for CR.28–31 Attention therefore 

needs to be placed among those with lower EF as they are less likely to enroll in CR.

Participants in our CR program were less likely to smoke, had fewer comorbidities, had 

higher educational attainment, more frequently had surgical diagnosis, had better left 

ventricular function, and had strong social support compared with those who did not enroll. 

Unlike prior studies, psychosocial factors such as anxiety and depression, which were 

carefully measured, were not a predictor of participation in either men or women. The 

evaluation of executive function was a unique component to this study. While patients 

referred to CR tend to be older and have comorbidities, there does not appear to be 

corresponding impairment in executive function that might affect participation.

Consistent with prior studies, the disparity in CR participation rates between men and 

women persists.32–34 However, women enrolled in our CR at a higher rate (50%) than 
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previously reported. Overall, women referred to CR tended to be older and have more 

comorbidities than men. Thus, when examined in the multivariate analysis, sex was not an 

independent predictor of CR participation.

A secondary goal of this study was to identify evidence-based approaches to increasing CR 

participation. Several factors associated with CR participation, however, are modifiable. In 

particular, the use of electronic referral was a key independent predictor for CR participation 

for both men and women as was the strength of physician referral.

Our study has several strengths. First, it was a prospective study with a large sample size, 

included various CR qualifying events, and patients were interviewed during their inpatient 

stay for data collection and questionnaires rather than by retrospective medical record 

review. This study also included a large number of female cardiac patients, a vulnerable 

population often underrepresented in prior studies. We therefore were able to analyze 

patterns for CR participation in men and women separately and examine unique components 

that might affect enrollment. As demonstrated by the CART analysis, those with lower 

physical function, less than high school-level education, or EF <50% may require additional 

support to participate in CR.

In terms of limitations, this was a single-center study with limited population diversity. 

The majority (98%) of patients were Caucasian (data not shown). Certain variables could 

not be included in the CART analysis of risk profile, given the relatively small number 

of current smokers and those with a surgical diagnosis. We did not obtain data on patient 

income, employment status, or insurance, which have been previously identified as barriers 

to CR participation. We did, however, measure educational status, a good measure of 

socioeconomic status. We also note that psychosocial assessments (GAD-7, PHQ-9) are 

measures of symptoms and are not necessarily reflective of clinical diagnoses. In addition, 

CR participation was defined as having attended ≥1 session; the number of sessions attended 

(adherence) was not examined in this study.

CONCLUSION

Variations in CR participation are associated with characteristics known at the time 

of hospitalization. Lack of referral, lower educational attainment, nonsurgical diagnosis, 

current smoking, and low/moderately reduced EF can predict patients at a highest risk of CR 

nonparticipation. Efforts need to be directed toward developing specific strategies to enhance 

CR participation. These factors include the use of automatic electronic referral for all 

eligible patients and ensuring that medical providers discuss and recommend participating in 

CR directly, in person, prior to hospital discharge.

ACKNOWLEDGMENT

This research was supported by National Institutes of Health Center of Biomedical Research Excellence award from 
the National Institute of General Medical Sciences (P20GM103644) and by the National Heart, Lung, and Blood 
Institute (R33HL143305). The authors thank Jeffery Priest who assisted with the CART analysis.

Khadanga et al. Page 7

J Cardiopulm Rehabil Prev. Author manuscript; available in PMC 2022 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



REFERENCES

1. Centers for Disease Control and Prevention. Deaths and mortality. https://www.cdc.gov/nchs/fastats/
deaths.htm.Accessed March 12, 2020.

2. Balady GJ, Ades PA, Bittner VA, et al.Referral, enrollment, and delivery of cardiac rehabilitation/
secondary prevention programs at clinical centers and beyond: a presidential advisory from the 
American Heart Association. Circulation. 2011;124(29):2951–2960. [PubMed: 22082676] 

3. Supervía M, Medina-Inojosa JR, Yeung C, et al.Cardiac rehabilitation for women: a systematic 
review of barriers and solutions. Mayo Clin Proc. 2017. doi:10.1016/j.mayocp.2017.01.002.

4. Schoper DW, Forman DE. Cardiac rehabilitation in older adults. Can J Cardiol. 2016;32(9):1088–
1096. [PubMed: 27297002] 

5. McMahon SR, Ades PA, Thompson PD. The role of cardiac rehabilitation in patients with heart 
disease. Trends Cardiovasc Med. 2017;27(6):420–425. [PubMed: 28318815] 

6. Smith SJ Jr, Benjamin EJ, Bonow RO, et al.AHA/ACCF secondary prevention and risk reduction 
therapy for patients with coronary and other atherosclerotic vascular disease: 2011 update: a 
guideline from the American Heart Association and American College of Cardiology Foundation. 
Circulation. 2011;124(22):2458–2473. [PubMed: 22052934] 

7. Suaya JA, Shepard DS, Normand SL, Ades PA, Prottas J, Stason WB. Use of cardiac rehabilitation 
by Medicare beneficiaries after myocardial infarction or coronary bypass surgery. Circulation. 
2007;116(15):1653–1662. [PubMed: 17893274] 

8. Ades PA, Keteyian SJ, Wright JS, et al.Increasing cardiac rehabilitation participation from 20% to 
70%: a road map from the Million Hearts Cardiac Rehabilitation Collaborative. Mayo Clin Proc. 
2017;92(2):234–242. [PubMed: 27855953] 

9. Grace SL, Abbey SE, Shnek ZM, Irvine J, Franche RL, Stewart DE. Cardiac rehabilitation I: review 
of psychosocial factors. Gen Hosp Psychiatry. 2002;24(3):121–126. [PubMed: 12062135] 

10. Cooper AF, Jackson G, Weinman J, Horne R. Factors associated with cardiac rehabilitation 
attendance: a systematic review of the literature. Clin Rehabil. 2002;16(5):541–552. [PubMed: 
12194625] 

11. Lieberman L, Meana M, Stewart D. Cardiac rehabilitation: gender differences in factors 
influencing participation. J Womens Health. 1998;7(6):717–723. [PubMed: 9718540] 

12. Ades PA, Waldmann ML, McCann WJ, Weaver SO. Predictors of cardiac rehabilitation 
participation in older coronary patients. Arch Intern Med. 1992;152(5):1033–1035. [PubMed: 
1580707] 

13. Grace SL, Abbey SE, Shneck ZM, Irvine J, Franche RL, Stewart DE. Cardiac rehabilitation II: 
referral and participation. Gen Hosp Psychiatry. 2002;24(3):127–134. [PubMed: 12062136] 

14. Elderon L, Smokderen K, Na B, Whooley MA. Accuracy and prognostic value of American 
Heart Association-recommended depression screening in patients with coronary heart disease: data 
from the Heart and Soul study. Circ Cardiovasc Qual Outcomes. 2011;4(5):533–540. [PubMed: 
21862720] 

15. Spitzer RL, Kroenke K, Williams JBW, Löwe B. A brief measure for assessing generalized anxiety 
disorder: the GAD-7. Arch Intern Med. 2006;166(10):1092–1097. [PubMed: 16717171] 

16. McHorney CA, Ware JE Jr, Lu JF, Sherbourne CD. The MOS 36-item Short-Form Health Survey 
(SF-36): III. Tests of data quality, scaling assumptions, and reliability across diverse patient 
groups. Med Care. 1994;32:40–66. [PubMed: 8277801] 

17. Koenig HG, Westlund RE, George LK, Hughes DC, BLzer DG, Hybels C. Abbreviating the Duke 
Social Support Index for use in chronically ill elderly individuals. Psychosomatics. 1993;34(1):61–
69. [PubMed: 8426892] 

18. Roth RM, Isquith PK, Gioia GA. BRIEF-A: Behavior Rating Inventory Executive Function-Adult 
Version. Lutz, FL: Psychological Assessment Resources; 2005.

19. Ritchey MD, Maresh S, McNeely J, et al.Tracking cardiac rehabilitation participation and 
completion among Medicare beneficiaries to inform the efforts of a national initiative. Circ 
Cardiovasc Qual Outcomes. 2020;13(1):e005902. [PubMed: 31931615] 

20. Breiman L, Friedman JH, Olshen RA, Stone CJ. Classification and Regression Trees. Belmont, 
CA: Wadsworth; 1984.

Khadanga et al. Page 8

J Cardiopulm Rehabil Prev. Author manuscript; available in PMC 2022 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.cdc.gov/nchs/fastats/deaths.htm
https://www.cdc.gov/nchs/fastats/deaths.htm


21. Lemon SC, Roy J, Clark MA, Friedmann PD, Rakowski W. Classification and Regression Tree 
analysis in public health: methodological review and comparison with logistic regression. Ann 
Behav Med. 2003;26(3):172–181. [PubMed: 14644693] 

22. Therneau T, Atkinson B, Ripley B. rpart: Recursive Partitioning and Regression Trees. R Package 
Version. San Francisco, CA: GitHub Inc; 2019:1–15.

23. Wall HK, Stolp H, Wright JS, et al.The Million Hearts Initiative: catalyzing utilization of cardiac 
rehabilitation and accelerating implementation of new care models. J Cardiopulm Rehabil Prev. 
2020;40(5):290–293. [PubMed: 32868655] 

24. Grace SL, Russell KL, Reid RD, et al.Effect of cardiac rehabilitation referral strategies 
on utilization rates: a prospective, controlled study. Arch Intern Med. 2011;171(3):235–241. 
[PubMed: 21325114] 

25. Sanderson BK, Shewchuk RM, Bittner V. Cardiac rehabilitation and women: what keeps them 
away?J Cardiopulm Rehabil Prev. 2010;30(1):12–21. [PubMed: 20068418] 

26. Ades PA, Keteyian SL, Balady GJ, et al.Cardiac rehabilitation exercise and self care for chronic 
heart failure. J Am Coll Cardiol HF. 2013;1(6):540–547.

27. Bjarnason-Wehrens B, Nebel R, Jensen K, et al.Exercise-based cardiac rehabilitation in patients 
with reduced left ventricular ejection fraction: the Cardiac Rehabilitation Outcome Study 
in Heart Failure (CROS-HF): a systematic review and meta-analysis. Eur J Prev Cardiol. 
2019;8:2047487319854140. doi:10.1177/2047487319854140.

28. Flynn KE, Piña IL, Whellan DJ, et al.Effects of exercise training on health status in patients with 
chronic heart failure: HF-ACTION randomized controlled trial. JAMA. 2009;301(14):1451–1459. 
[PubMed: 19351942] 

29. O’Connor CM, Whellan DJ, Lee KL, et al.Efficacy and safety of exercise training in patients with 
chronic heart failure: HF-ACTION randomized control trial. JAMA. 2009;301(14):1439–1450. 
[PubMed: 19351941] 

30. CMS.gov. Decision memo for cardiac rehabilitation (CR) programs—chronic heart 
failure (CAG-00437N). https://www.cms.gov/medicare-coverage-database/details/nca-decision
memo.aspx-?NCAId=270.Published February 18, 2014.Accessed March 12, 2020.

31. Rengo JL, Savage PD, Barrett T, Ades PA. Cardiac rehabilitation participation rates and 
outcomes for patients with heart failure. J Cardiopulm Rehabil Prev. 2018;38(1):38–42. [PubMed: 
28671938] 

32. Worcester MU, Murphy BM, Mee VK, Roberts SB, Goble AJ. Cardiac rehabilitation programmes: 
predictors of non-attendance and drop-out. Eur J Cardiovasc Prev Rehabil. 2004;11(4):328–335. 
[PubMed: 15292767] 

33. Weingarten MN, Salz KA, Thomas RJ, Squires RW. Rates of enrollment for men and women 
referred to outpatient cardiac rehabilitation. J Cardiopulm Rehabil Prev. 2011;31(4):217–222. 
[PubMed: 21317800] 

34. Cossette S, Maheu-Cadotte MA, Mailhot T, et al.Sex- and gender-related factors associated with 
cardiac rehabilitation enrollment: a secondary analysis among systemically referred patients. J 
Cardiopulm Rehabil Prev. 2019;39(4):259–265. [PubMed: 30252783] 

Khadanga et al. Page 9

J Cardiopulm Rehabil Prev. Author manuscript; available in PMC 2022 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.cms.gov/medicare-coverage-database/details/nca-decision-memo.aspx-?NCAId=270
https://www.cms.gov/medicare-coverage-database/details/nca-decision-memo.aspx-?NCAId=270


Figure. 
A pruned, weighted CART model of associations between attendance and CR and the 

following risk factors: use of electronic referral, educational attainment (HS), EF, self

reported physical function score (SF-36), physician recommendation (phys rec), social 

support (DSSI), age, and sex. The top rectangle (node) represents the entire sample, while 

other nodes represent subgroups of the sample. Within each node, the top line lists the 

percentage of the overall sample represented within that node and the second line represents 

the percentage of the subsample that attended CR. Using the top node as an example, 

this node represents 100% of the sample and 60% of them attended CR. Lines below 

nodes represent the binary branching around particular risk factors and risk factor levels 

into subgroup nodes. For example, the first branching occurs around whether there was 

an electronic referral. Following this division, those with no referral make up 17% of 

the sample, only 20% of whom attended CR. Consequently, 83% of the sample received 

electronic referral, 68% of whom attended CR. Further divisions of nodes demonstrate how 

combinations of risk factors influence attendance. Abbreviations: CART, Classification and 

Regression Tree; CR, cardiac rehabilitation; DSSI, Duke Social Support Index; EF, ejection 

fraction; HS, high school; SF-36, Medical Outcomes Study Short Form-36.
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Table 1.

Baseline Characteristics for CR and Non-CR Participants
a

CR Participants (n = 175) Non-CR Participants (n = 119) P Value

Age, yr 68.3 ± 12 67.7 ± 12 .67

Sex, male 128 (73) 74 (62) .05

BMI, kg/m2 29.5 ± 6 29.7 ± 6 .48

Current smokers 13 (7) 22 (18) <.001

High school or higher education 72 (41) 65 (55) <.001

Electronic referral 165 (94) 77 (65) <.001

Surgical diagnosis 42 (24) 6 (5) <.001

Ejection fraction >50% 113 (65) 51 (43) <.001

Strength of physician 4.2± 1 3.3±1 <.001

 recommendation

Comorbidities

 Chronic pulmonary disease 17 (8) 7 (6) .81

 Diabetes mellitus 43 (25) 40 (34) .09

 Peripheral arterial disease 4 (2) 7 (6) .11

 Orthopedic limitations 19 (11) 8 (7) .78

 Stroke 7 (4) 4 (3) .78

Psychosocial assessments

 PHQ-9 score 3.7 ± 6 5 ± 5 .08

 GAD-7 score 4.4 ± 5 4.9 ± 5 .46

 MOS SF-36 Physical 64 ± 30 56.3 ± 30 .03

  Function score

BRIEF (T-scores)

 Behavioral Regulation Index 47.2 ± 9 46.4 ± 7 .46

 Global Executive Composite 47.7 ± 8 47.4 ± 8 .81

Duke Social Support Index 28.3 ± 3 27.5 ± 4 .04

Abbreviations: BMI, body mass index; BRIEF, Behavioral Rating Inventory of Executive Function; CR, cardiac rehabilitation; GAD-7, Generalized 
Anxiety Disorder Questionnaire; MOS SF-36 Physical Function, Medical Outcomes Study Short Form-36 Physical Function Component; PHQ-9, 
Patient Health Questionnaire.

a
Data present as mean ± SD or n (%).
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Table 2.

Correlates for CR Participation

OR (95% CI) P Value

Correlates for CR participation

Univariate analysis

 Electronic referral 8.79 (4.18-18.45) <.001

 Surgical diagnosis 5.95 (2.44-14.50) <.001

 Non/former smoker 2.86 (1.38-5.92) <.001

 Ejection fraction >50% 2.56 (1.56-4.20) .001

 College-level or higher education 1.71 (1.07-2.75) .03

 Strength of physician recommendation 1.68 (1.34-2.11) <.001

 Male sex 1.67 (1.01-2.72) .05

 MOS SF-36 Physical Function score 1.01 (1.00-1.02) .03

 Duke Social Support Index 1.01 (1.00-1.12) .04

Multivariate analysis

 Electronic referral 7.05 (2.57-19.21) <.001

 Surgical diagnosis 4.01 (1.23-13.34) .02

 Non/former smoker 3.19 (1.17-8.66) .02

 Male sex 2.12 (1.01-4.79) .05

 College-level or higher education 1.43 (0.70-2.95) .32

 Strength of physician recommendation 1.40 (1.01-1.89) .02

 Duke Social Support Index 1.08 (0.98-1.19) .12

 MOS SF-36 Physical Function score 1.01 (0.99-1.02) .32

Correlates for CR participation within women

Univariate analysis

 Electronic referral 13.66 (2.9-63.67) <.001

 Surgical diagnosis 5.81 (1.20-28.22) .03

 Strength of physician recommendation 1.63 (1.07-2.48) .02

Multivariate analysis

 Electronic referral 11.34 (2.24-57.35) .003

 Surgical diagnosis 6.27 (1.06-37.25) .04

Correlates for CR participation within men

Univariate analysis

 Electronic referral 7.35 (3.09-17.47) <.001

 Surgical diagnosis 5.83 (1.97-17.25) .001

 Non/former smoker 3.86 (1.67-8.92) .001

 Ejection fraction >50% 3.27 (1.76-6.09) .001

 College-level or higher education 1.82 (1.01-3.26) .04

 Strength of physician recommendation 1.72 (1.31-2.26) <.001

 Duke Social Support Index 1.08 (1.00-1.17) .04

Multivariate analysis

 Electronic referral 6.39 (2.45-16.61) <.001

J Cardiopulm Rehabil Prev. Author manuscript; available in PMC 2022 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Khadanga et al. Page 13

OR (95% CI) P Value

 Surgical diagnosis 4.37 (1.17-16.44) .03

 Non/former smoker 2.78 (1.08-7.18) .03

 Ejection fraction >50% 2.39 (1.15-4.95) .02

Abbreviations: CR, cardiac rehabilitation; MOS SF-36 Physical Function, Medical Outcomes Study Short Form-36 Physical Function Component.
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