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Abstract 

Kimberly Roberts 
Impact of General Health on the Outcomes of Center-Based Cardiac Rehabilitation 
(Under the direction of Lufei Young, Ph.D., RN, APRN-NP) 
 

Background: Cardiovascular disease is the number one cause of death, and cardiac 

rehabilitation (CR) is effective in reducing the risks of disease progression and mortality 

by improving physical functioning and quality of life. Despite the significant impact of CR, 

the completion of CR is low. Factors influencing CR completion have been widely 

studied, but little is known about the impact of general health on CR completion self-care 

behaviors, and physical functioning associated with CR completion. Therefore, the 

purpose of the study was to explore relationships between health beliefs, general health, 

CR completion, physical function, and self-care behavior. The conceptual framework 

shows how health belief perceptions, support systems, sociodemographic factors, and 

general health influence CR completion, physical function, and self-care behavior. 

Methods: This was a retrospective cohort study using a sample of participants 

completing the outpatient CR center at a large medical center in the southeastern United 

States. Multiple linear regression was used to determine the predictors of CR 

completion, the improvement of physical function, and self-care behavior. Results: 

HbA1C predicted CR completion, and there was no significant relationship between CR 

completion and general health. Gender and general health (sitting time, fatigue, anxiety, 

and depression) predicted the improvement of physical functioning. Age and general 

health (sitting time, self-care complexity, and disease burden) predicted self-care 

behaviors. There was no relationship between health beliefs and CR completion. 

Conclusion: CR completion was predicted by glycemic control, while physical 

functioning improvement and self-care behavior were predicted by general health 

indictors. Additional research is needed to validate the findings and develop a sensitive 



 

screening tool to identify high-risk patients who are likely to dropout from a CR program. 

Further research to develop strategies to prevent CR incompletion and poor outcomes 

prior to patients’ participation is warranted. 

Keywords: cardiac rehabilitation, general health, physical function, self-care 

behaviors
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Chapter 1 

Introduction 

 Cardiovascular disease is the leading cause of death in the United States, 

claiming more lives each year than cancer (Kochanek et al., 2019). The estimated 

financial impact of cardiovascular disease in the United States totals greater than 200 

billion dollars (Heron, 2019). Extensive evidence shows that cardiac rehabilitation (CR) 

can improve overall physical functioning, enhance exercise capacity, prevent and reduce 

complications, relieve typical symptoms such as chest pain and shortness of breath, and 

promote the adoption of a healthy lifestyle in cardiovascular disease patients (Anderson 

et al., 2016). The completion of CR also helps reverse cardiovascular risks such as 

reductions in weight, blood glucose, Hb A1C, and cholesterol levels (Doll et al., 2015; 

Kato et al., 2017; Kim et al., 2015; Menezes, Lavie, Milani, et al., 2014; Mohammed & 

Shabana, 2018). Additionally, an increasing body of evidence suggests that CR 

completion decreases costs by reducing healthcare utilization, especially emergency 

room utilization and hospital readmissions (Ades et al., 2017). Therefore, the strong 

recommendations are made for the use of CR to help prevent cardiovascular disease 

progression and complications and improve health outcomes (Simon et al., 2018). 

Problem Statement 

 Despite the documented effectiveness of CR, utilization and completion of these 

services remains low in cardiac patients (Ades et al., 2017). The Centers for Disease 

Control and Prevention reported that the rates of CR completion are approximately 20% 

and have remained the same for the past 10 years (Fang et al., 2017). Studies show 

incompletion of CR can lead to an increase in cardiovascular disease progression. This 

is due to a lack of exercise and restoration of perfusion to the cardiac muscle, occurring 

in as many as 60% of patients after a heart attack (Bahit et al., 2018; Jernberg et al., 

2015). Those experiencing significant disease progression have a poorer health-related 
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quality-of-life (QoL) and suffer greater losses in future productivity (Sumner et al., 2017). 

Poor QoL also results in greater healthcare costs through increased healthcare 

utilization, including hospital readmissions, emergency department (ED) utilization, 

polypharmacy, and frequent office visits, which account for over 300 billion dollars per 

year in costs (Fang et al., 2017). Reasons contributing to low CR completion are 

multifactorial. These reasons include non-modifiable factors such as age, gender, and 

ethnic and racial background. These reasons also include modifiable factors such as 

education level, income, and occupation, and other factors such as CR program referral, 

health literacy, and access (Fang et al., 2017; Gaalema et al., 2019; Hess et al., 2017; 

Pack et al., 2013; Peters, 2019; Ruano-Ravina et al., 2016; Schopfer & Forman, 2016; 

Sumner et al., 2017). 

 Great efforts have been made to improve CR participation and completion by 

targeting modifiable factors. There have been studies developed to increase referrals, 

improve CR access, enhance health literacy, and increase the use of alternative CR 

delivery methods (Beatty et al., 2018; Sibilitz et al., 2016; Widmer et al., 2017; Widmer et 

al., 2015). However, the effectiveness of these interventions is uncertain. To develop 

effective strategies to improve CR completion rates, additional factors need to be 

discovered and examined.  

An area receiving little attention involves the impact of general health on CR 

completion and its associated improvement in physical functioning. It is unknown 

whether health beliefs and general health influence the individual’s decision to 

participate in lifestyle behavior modification activities, such as CR (Cooper et al., 2007; 

Rosenstock, 1974). A positive health belief may motivate the engagement of lifestyle 

change activities such as the CR (Harrison et al., 2017; Horwood et al., 2015), while 

negative beliefs and perceptions can disengage individuals from lifestyle modification 

interventions (Blair et al., 2014; Champion et al., 2008; Lavie & Milani, 1995; McGrady et 
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al., 2009; McIntosh et al., 2017). It is suggested that individuals’ health beliefs have a 

greater impact than aging on the risks and progression of cardiovascular disease 

(McPherson et al., 2016). Health belief refers to an individual’s perception about health 

threat, benefit, barrier, confidence, and support in participating in a health behavior. 

(Regitz-Zagrosek et al., 2015; Yang & Clancy, 2011). However, little is known about the 

interaction between health beliefs and general health on lifestyle behavior modification 

(e.g., CR completion) and the health outcomes associated with lifestyle change (e.g., 

physical functioning). To fill the knowledge gap, the proposed study was designed to 

examine the relationships between health belief, general health, CR completion, physical 

functioning, and self-care behavior in patients completing a CR program. The purpose of 

this study was to examine the relationships between health beliefs, general health, CR 

completion, physical functioning, and self-care behaviors in patients completing CR. 

Significance of the Study 

 The study is important because CR is shown to improve overall cardiac health, 

improve QoL, decrease future cardiac events, and decrease costs to the healthcare 

system. Currently, only about 30% of those who could benefit from CR receive these 

services (Fang et al., 2017; Pack et al., 2013; Sumner et al., 2017). The interventions 

designed to improve the participation and completion of CR are not consistently effective 

(Ruano-Ravina et al., 2016). Thus, additional factors contributing to CR completion need 

to be examined. Evidence suggests a relationship between health beliefs and the 

adoption of healthy behaviors, including CR completion (Blair et al., 2014). However, few 

studies have examined the interaction between health beliefs and general health on CR 

completion. It also is unknown whether there is an interaction between health beliefs and 

general heath on physical functioning and self-care behavior in cardiac patients 

completing CR. 
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 The association of health beliefs with CR participation and completion has been 

widely reported. A strong dose-response relationship between the number of CR 

sessions and CR outcomes (i.e., physical functioning and self-care behavior) has been 

demonstrated (Hanson et al., 2012; Rengo et al., 2017; Reybrouck, 2003). Additionally, 

not completing a CR program has been associated with less benefit in physical 

functioning and lower adherence to self-care behavior, resulting in reduced quality of life 

(Kato et al., 2017). However, this research was the first known study to examine the 

impact of general health on CR completion, physical functioning, and self-care behavior. 

A better understanding of factors influencing CR completion may lead to the 

development of interventions to improve CR completion, subsequently improving 

physical functioning and self-care behavior. 

Research Questions 

The research questions for this study were:  

1. Do health beliefs and general health predict CR completion in patients who were 

participants of a CR program? 

2. Do health beliefs and general health predict physical functioning in patients who 

were participants of a CR program? 

3. Do health beliefs and general health predict self-care behavior in patients who 

were participants of a CR program? 

Conceptual Framework 

 To address the research questions, a modified version of the health belief model 

(HBM) was used as the conceptual framework (CF) to identify factors related to CR 

completion and the outcomes of physical functioning associated with CR. The original 

HBM model uses five key concepts to explain individuals’ health behavior and practice: 

(a) perceived susceptibility or threat, (b) perceived benefit, (c) perceived barriers, (d) 

self-care efficacy, and (e) cues to action (Kirscht, 1974; Lamorte, 2018; Rosenstock et 
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al., 1988). Based on the literature review, general health and sociodemographic factors 

were added in the modified HBM to explain the between-individual variations in CR 

completion along with associated changes in self-care behaviors and physical 

functioning. A support system is thought to have an effect on adopting a healthy lifestyle 

(Figure 1). 

 

Figure 1 

Model for Cardiac Rehabilitation Completion 

Definitions of Key Concepts  

 The definitions of key concepts and terms that are used in this study are 

presented in Table 1. 

 

Table 1  

Conceptual and Operational Definitions of Concepts in the Conceptual Framework 

Benefit and 
Barrier 

Health Threat 

Self-Efficacy 

Support 
System 

Socio-
Demographic 

and Biophysical 
Characteristics 

Cardiac 
Rehabilitation 

Completion 

General Health 

Physical 
Functioning 

Self-Care 
Behavior 
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Concept 
Conceptual 
definition 

Operational 
definition 

Measure 

CR completion 
 
 
 
 
 

Completing the 
CR intervention 

 

The percentage of 
persons 
graduated from 
CR  

 
 

Completed 
number of 
sessions divided 
by prescribed 
number of 
sessions 

Self-Care behaviors 
 
 

Behaviors that 
prevent disease, 
improve, and 
manage cardiac 
health (Riegel et 
al., 2009) 

 

The score of 
individual 
responses to the 
self-care 
behaviors  

Self-care Behavior 
questionnaire 

 

Physical functioning 
 
 
 

The physical 
capacity for 
everyday tasks 
after a cardiac 
event (Cooper et 
al., 2011) 

The individual 
activity level and 
perceptions of 
physical function 

 
 

Duke Activity 
Status Index  

 
 
 

General health 
 
 
 
 
 
 
 
 
 

A state of physical, 
mental, and 
social well-being 
to support an 
individual’s daily 
function and 
lead to a full life 
with meaning 
and purpose 
(World Health 
Organization, 
1986) 

 

Perceived ability to 
live daily life with 
full potential 

 
 
 
 
 
 
  

Multiple general 
health signs 

 
 
 
 
 
 
 

Health threat 
 
 
 
 
 
 
 
 
 

Health threat are 
the challenges 
that one faces 
regarding health 
and combines 
perceived 
susceptibility 
and perceived 
severity of 
illness 
(Champion et 
al., 2008) 

 

The score of 
responses to 
stress  

 
 
 
 
 
 
 

Stress 
questionnaire 

 
 
 
 
 
 
 
 

Benefit and barrier 
 
 
 

The benefit is the 
perception that 
participating in 
CR interventions 

The score of the 
individual 
responses to the 
perceived 

Benefit 
questionnaire 
and Barrier 
questionnaire 
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Concept 
Conceptual 
definition 

Operational 
definition 

Measure 

 
 
 
 
 
 

are associated 
with positive 
consequences 

 
The barrier is the 

perception of 
obstacles to 
participating in 
CR interventions 

 

benefit and 
barrier  

 
 
 
 
 
  

 
 
 
 
 
 
 

Self-Efficacy 
 
 
 

The perception of 
individual 
capabilities to 
influence one’s 
health (Liu et al., 
2018) 

 

The score of 
responses to 
self-efficacy  

Self-Efficacy 
questionnaire 

 

Support system The perception of 
being cared for, 
with assistance 
available from 
others, and the 
presence of a 
social network 
(Smith & 
Baucom, 2017) 

 

The score of 
responses to 
perceived social 
support  

Support Quantity 
questionnaire 
and Support 
Quality 
questionnaire 

Socio-Demographic/ 
biophysical 
characteristics 

Social, 
demographic, 
and bio-physical 
characteristics 
influencing CR 
completion 

Demographic and 
clinical data 
collected from 
the study 
population. 

Socio-
demographic-
clinical and 
biophysical data 

Note. CR = cardiac rehabilitation. 

 

Cardiac Rehabilitation Completion  

The concept of CR completion is finishing or completing the CR intervention. This 

is further defined as the percentage of persons graduated from CR and is measured by 

the completed number of sessions divided by the prescribed number of sessions and is 

a continuous variable. It is a medically supervised intervention that includes exercise, 

education, and counseling, designed to improve cardiovascular health. Individuals are 
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typically prescribed up to 36 one-hour sessions, and those that complete all prescribed 

sessions are considered to have completed it (Ruano-Ravina et al., 2016).  

Self-Care Behavior 

 Self-care behaviors are behaviors that prevent disease and improve and manage 

cardiac health (Riegel et al., 2017). Self-care behaviors are the decisions and actions 

that an individual can take to cope with a health problem or to improve health (Webber et 

al., 2013). Self-care behavior is the score of individual responses to the 12-item Self-

Care Behavior questionnaire. This questionnaire was used to measure perception of 

self-care behavior. These items include perceptions of self-care behavior from staying 

physically active to having knowledge about how to care about my health conditions that 

were assessed on a five point scale (1 = not hard at all to 5 = very hard). Higher scores 

indicate that it was very hard to complete self-care behaviors. 

Physical Functioning 

 Physical functioning is defined as the ability to perform the basic activities of daily 

living and encompasses mobility, strength, and endurance. This is the individual’s ability 

to maintain physical independence in daily functions as measured by the Duke Activity 

Status Index (DASI; Bellet et al., 2012; Cooper et al., 2011; Du et al., 2017; Enright, 

2003). The individual activity level after a cardiac event was operationally defined in 

terms of the self-reported DASI. The DASI, is reported as a reliable and valid instrument 

to assess physical functioning in CR participants (Failde & Ramos 2000; Fan et al., 

2015). 

General Health  

 General health is a state of physical, mental, and social well-being to support an 

individual’s daily function and lead a full life with meaning and purpose (Felman, 2020; 

World Health Organization, 1986). Poor general health is associated with poor outcomes 

in cardiac patients (Ware, 1976). The definition of general health is the perceived ability 
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to live daily life with full potential. To assess this abstruse and unobservable construct, 

multiple general health signs were used, including general health perceptions, perceived 

balance between energy consumption and expenditure (daily sitting time, fatigue, sleep, 

and eating quality), perceived physical wellbeing (number of chronic conditions, number 

of medications, healthcare use), perceived mental wellbeing (anxiety and depression), 

and perceived self-care capacity (burden and complexity of self-care). 

Health Beliefs 

Health Threat 

 Health threat is the challenges that one faces regarding their health; these 

threats combine perceived susceptibility and perceived severity of illness (Champion et 

al., 2008). The completion of CR may be lower in those patients with a low perceived 

threat of susceptibility. Furthermore, patients with low perceived threat may ignore the 

possibility of complications of their illness because of a lack of knowledge regarding the 

illness (Dullaghan et al., 2014). However, recent studies report either no correlation or a 

very small correlation between health threat and participation in a CR program (Horwood 

et al., 2015; Tulloch et al., 2009). It is theorized that patients may be unaware of the 

severity of cardiac illness or that perceived threats do not have an influence on CR 

participation (Horwood et al., 2015; Tulloch et al., 2009). Therefore, the concept was 

defined as stress perception and measured by the scores on the Stress questionnaire. 

Benefit and Barrier 

 The benefit and barrier to CR are the individual beliefs related to the completion 

of CR (Horwood et al., 2015; McKee, Biddle, et al., 2013). The perceived benefit of 

participating in CR is the perception that participating was associated with positive 

consequences (Dunlay et al., 2014; McKee, Biddle, et al., 2013). Of all patients 

participating in CR, 96.1% perceive they have received benefit from participating, such 

as a sense of improvement in wellbeing, a perception of a quicker recovery, and 



CARDIAC REHABILITATION 

21 

perception of better outcomes of improved diet, stress management, and support 

(Gardiner, Nwose, et al., 2018). Perception of benefit are the individual responses to the 

Perception of Benefit questionnaire. The concept was measured by the scores on this 

questionnaire. These responses are based on a five-point scale (1 = very helpful and 5 = 

not helpful at all). Higher scores show a decreased perception of the benefit of CR 

interventions. 

 Perceived barriers are the perceived obstacles to participating in CR 

interventions (Dunlay et al., 2009). A patient’s perceived barriers to attendance may be 

related to individual perceptions (e.g., harmful effects of exercise, not effective), logistical 

factors (e.g., poor transportation, inability to make appointments, poor functional status), 

and system factors (e.g., limited health coverage, lack availability), all of which are 

associated with poor CR completion rates (Balady et al., 2011; Grace et al., 2015; 

Resurreccion et al., 2017). This concept is defined as the responses to the 12-item Self-

Care Barriers questionnaire. The concept was measured by calculating the scores on 

the questionnaire. The responses are based on a five-point scale (1 = not hard at all to 

complete CR to 5 = very hard to complete CR). Higher scores equal greater barriers to 

participation in CR interventions. 

Self-Efficacy 

 Self-efficacy is the belief in control over one’s health and in one’s ability to make 

changes to improve health (Blanchard et al., 2015). This is a key variable facilitating 

completion of a CR program, with high perceptions of self-care efficacy associated with 

higher CR completion rates (Cene et al., 2013; Chang et al., 2017; Hammash et al., 

2017; Salyer et al., 2012). Additionally, poor self-care efficacy is related to poorer 

cognition, lower socioeconomic status, and increased severity of cardiac disease 

(Cocchieri et al., 2015; Vellone et al., 2016). Self-care efficacy is the individual 

responses to the Self-Efficacy questionnaire and was measured by the scores on the 



CARDIAC REHABILITATION 

22 

questionnaire. This score was based on a five-point scale (1 = low confidence to take 

care of health problems to 5 = high confidence to take care of health problems). Higher 

scores indicate greater self-care ability while lower scores indicate poor self-care ability. 

Support System 

 Support system is the individual’s perceived network of personal and emotional 

support (Smith & Baucom, 2017), where a higher perceived level of support is 

associated with better health, and a poorer perception of support is associated with 

poorer health (Haley et al., 2003; Pinquart & Sorenson, 2007). Also, higher perceptions 

of social support have been shown to predict the completion of CR (Fry et al., 2016). 

Support system perception are the responses to two support questionnaires. The first 

Support Quantity questionnaire asked participants about their personal perceptions of 

support. They were asked to respond with “yes” or “no.” Thus, higher scores indicate 

excellent perception of support system, while lower scores indicate poorer perception of 

support. The Support Quality questionnaire asked participants to rate their support 

system on a five point scale (1 = very poorly rated support system to 5 = excellently 

rated support system).That is, higher scores indicate participants had a higher rating of 

their individual support system. 

Socio-Demographic and Biophysical Characteristics 

 Socio-demographic and biophysical characteristics include age, gender, race, 

blood pressure, HbA1C, cardiac ejection fraction, and weight, which influence CR 

participation and completion (Castellanos et al., 2019). These factors are the 

demographic and clinical data collected from the study populations and were measured 

using the socio-demographic and the biophysical clinical data. 

Summary 

 This chapter included the background and significance of the study, the problem 

statement, the purpose, and research questions. The CF (Figure 1) that supports the 
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study, the definition of each concept, and the relationships among the concepts were 

presented. Finally, the key concepts and terms that were used in the study were defined. 

In the next chapter, a comprehensive literature review that further emphasizes the 

significance and implications of the study and the concepts related to CR completion is 

presented. 
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Chapter 2  

Literature Review 

 This chapter provides a comprehensive literature review discussing the current 

state of the science regarding CR and the health effects. The focus is on what is known 

and unknown about health beliefs and factors related to CR completion. In addition, the 

CF underpinning the study is explicitly discussed followed by the discussion of key 

concepts: (a) the definition and measure of CR completion, (b) the definition and 

measurement of physical functioning in CR, (c) the factors that influence the completion 

of CR, physical functioning, and self-care behavior, and (d) general health and its 

relationship with CR completion. 

Cardiac Rehabilitation 

 CR offers individually tailored interventions to assist in illness recovery, promote 

lifestyle modification, and meet physical, mental, and social needs (Simon et al., 2018). 

The CR is designed to help patients by increasing physical activity, reducing stress, 

adopting a heart-healthy diet, stopping smoking, and implementing other lifestyle 

modifications (Fryar et al., 2012; Menezes, Lavi, Milani et al., 2014; Ritchey et al., 2014; 

Widmer et al., 2015; Yusuf et al., 2004). Patients recovering from various cardiovascular 

conditions, such as acute myocardial infarction, chronic stable angina, chronic heart 

failure, cardiac revascularization procedures (i.e., coronary artery bypass grafting, 

percutaneous coronary interventions), cardiac valve surgery, and cardiac transplants are 

eligible to participate in CR (Anderson & Emery, 2014; Pack et al., 2013). The CR 

consists of up to 36 one-hour sessions. The CR sessions include several components 

that are delivered by a multi-disciplinary team that includes the cardiologist, exercise 

physiologist, registered nurse, dietitian, and counselor. The patients enrolled are 

provided medically supervised exercise training, cardiac risk factor modification 

education, counseling, and behavioral interventions, as well as assessment of 
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psychosocial and physical outcomes (Servey & Stephens, 2016). The exercise portion of 

CR begins with an initial assessment of physical functioning, including the Six-Minute 

Walk Test (6MWT), activity level, strength, flexibility, and physical limitation assessments 

(Sutherland et al., 2018). Once this assessment is completed, the exercise physiologist 

prescribes additional exercise training to be completed during CR sessions. The 

exercise portion of CR includes such activities as rowing, weight training, walking on a 

track or treadmill, riding an exercise bike, exercising on elliptical machines, doing arm 

workouts, and completing resistance training several times a week for a prescribed 

duration (Sutherland et al., 2018). 

 The education portion of CR begins with an assessment of cardiac risk factors, 

including obesity, family history of cardiac disease, high blood pressure, sedentary 

lifestyle, and stress (Aminpour et al., 2014; Mohammed & Shabana, 2018). Cardiac risk 

factor modification education may include discussions with the nurse related to weight 

loss, smoking cessation, tobacco triggers education, and medication compliance (Ades 

et al., 2013). Cardiac education may also include the signs and symptoms of angina, as 

well as cardiac anatomy and physiology, understanding blood pressure, and blood 

pressure medications (Ades et al., 2013). Then a psychosocial assessment is conducted 

utilizing the Hospital Anxiety and Depression Scale (HADS). There is a specific scale for 

one for assessing anxiety called the Hospital Anxiety and Depression Scale Anxiety A 

(HADS-A) and another questionnaire for assessing depression called the Hospital 

Anxiety and Depression Scale D (HADS-D). The Short Form Health Survey is a 

questionnaire that assesses both general health and physical function perception. There 

are two parts to this survey. They are the general health portion named the Short Form 

Health Survey of General Health (SF-36GH) that measures perceptions of general 

health and the Short Form Health Survey of Physical Function (SF-36PF) measuring 

perceptions of physical functioning (Chang et al., 2017; Kachur et al., 2016). The 
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potential barriers to learning are assessed before a CR program begins as well as any 

pre-knowledge of cardiac disease. The nurse-patient discussion portion of the 

assessment includes discussion of dietary goals and interventions such as the signs and 

symptoms of hypo- and hyperglycemia and eating healthy. Finally, the patient is given 

referrals to a dietitian, a nutrition class, diabetes education, and behavioral health 

counseling as needed (Menezes, Lavie, Milani, et al., 2014). 

 Extensive evidence shows that CR can prevent disease progression and 

complications, improve overall physical functioning and QoL, enhance exercise capacity, 

relieve symptoms (e.g., chest pain, shortness of breath), and promote the adoption of a 

healthy lifestyle (Anderson et al., 2016; Balady et al., 2011; Mampuya, 2012). 

Consequently, the completion of CR helps reverse cardiovascular risk factors, including 

reductions in weight, blood glucose, HbA1C, and cholesterol levels (Doll et al., 2015; 

Kato et al., 2017; Kim et al., 2015; Mohammed & Shabana, 2018; Menezes, Lavie, 

DeSchutter, et al., 2014a). Additionally, an increasing body of evidence suggests that 

CR completion decreases costs through a reduction in healthcare utilization, especially 

ED utilization and hospital readmissions (Ades et al., 2017). 

The Original Health Belief Model 

 Several decades of research have focused on understanding factors related to 

participation and completion of CR using various theories and theoretical frameworks 

(Murray et al., 2012). Among them, HBM is one of the primary theories and generally 

recognized models used to describe personal health behavior (Horwood et al., 2015; 

Oldridge & Streiner, 1990). The HBM originated in the 1950s at the US Public Health 

Service. It was developed by social scientists to explain low participation in government 

disease prevention and detection and also to describe adherence to medical treatment 

(Rosenstock, 1974). The HBM indicates that personal behaviors are the driving force 

behind good health and that these behaviors are linked to personal beliefs regarding 
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health (Oldridge & Streiner, 1990). According to the HBM, the adoption of a health 

intervention or self-care behavior is influenced by the person’s perception that an illness 

may result in injury or damage, and this is combined with a belief in the effectiveness of 

the intervention or self-care behavior (Rosenstock, 1974). The assumptions of the HBM 

are that an ill person will engage in actions to cure the illness, and these actions are 

based on the perceptions of the benefit and barrier to taking that action (Rosenstock, 

1974). The HBM is used as a framework to determine why patients attend a CR program 

(Mirotznik et al., 1995; Rosenstock et al., 1988; Shanks, 2009). The HBM comprises five 

key concepts: (a) perceived health threat which is stress, (b) perceived benefit, (c) 

perceived barrier, (d) self-care efficacy, and (e) cues to action (Kirscht, 1974; Lamorte, 

2018; Rosenstock et al., 1988). 

 The perceived health threat is the subjective perception of the personal risk of 

getting sick or contracting the disease and may include feelings regarding the 

consequences or impact of the illness (Goldman et al., 2006). The factors that influence 

this perception are a prior knowledge of the illness, the ability to obtain, process, and 

understand basic health information, and the ability to understand and work with 

numbers (Van der Weijden et al., 2007). Health threat is shown by stress, and the 

severity of the health threat is shown by stress levels. 

 Perceptions of the benefit of actions or behaviors are the beliefs that actions will 

reduce the susceptibility and severity of illness and may be the key predictor of CR 

completion (Cooper et al., 2007). The person with both a high belief in the susceptibility 

and also a high perception of the severity of illness will not be likely to take health action 

unless the person believes that taking the action will decrease the threat of the disease 

(Rosenstock, 1974). The perceptions of barrier to taking action are the feelings 

regarding the obstacles to performing a health action and include weighing the 

advantages and disadvantages of taking the action (Becker & Maiman, 1980; Cooper et 
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al., 2007). The person may perceive a health action as beneficial, but if that action is 

perceived as expensive, inconvenient, or otherwise emotional, then the person is not 

likely to take the action (Rosenstock, 1974). 

 The concept of self-care efficacy refers to a person’s confidence to succeed in 

performing a health care behavior, with higher self-care efficacy associated with feelings 

of being successful (Rosenstock et al., 1988). Self-care efficacy is based upon 

Bandura’s social learning theory, which suggests that the person must have not only the 

confidence but also the competence to achieve success (Glanz et al., 2002; Rosenstock, 

1974). That is, self-care efficacy greatly influences self-care. 

 Cues to action are the triggers, signals, or prompts that promote self-care 

behaviors, and if prevalent, will encourage the individual to action. They may be internal 

cues, external cues, or a combination, and the cues can be of varying intensity based 

upon the threat of the disease (Rosenstock, 1974). The HBM has several strengths and 

limitations. According to Lamorte (2018), the HBM has several strengths and limitations. 

The strengths are that it is well accepted, validated, reliable, and generalizable in diverse 

populations across the world (Lamorte, 2018). The HBM addresses self-efficacy and the 

role of perceptions and beliefs related to CR (Kohler et al., 2017). The HBM divides 

individual beliefs into categories such as perceived threats, perceived benefit, and 

barriers to completion of a CR program (Oldridge & Streiner, 1990; Rosenstock, 1974). 

One of the limitations of the HBM is that it does not include some other well-studied 

factors related to CR completion, such as social support, general health perception, and 

various socio-demographic-clinical factors (e.g., age, gender, mental health status). 

 There are several limitations of the HBM that restrict its utility in the CR 

population. First, it does not account for a person’s support system that may prohibit or 

promote the recommended behavioral change and action. Social support plays a 

significant role in promoting CR participation and completion (Fivecoat et al., 2018; 
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Horwood et al., 2015). Unlike cues to action, which describe a passive reaction to 

internal and external stimulations or stressors, the role of social support in health 

behavioral change reveals how emotional support, informational support, and 

companionship affect a person’s willingness to adopt a healthy behavior (Blikman et al., 

2014). Social support is the basis of positive human interactions and as such, is shown 

to affect the completion of a CR program, where the higher the social support the greater 

the completion of a CR program (Blikman et al., 2014). Second, the HBM does not 

account for a person's general health that may dictate a person's acceptance of a health 

behavior. General health is linked to behavior change (Broadbent et al., 2004). Likewise, 

a positive sense of general health impacts one’s recovery from an illness (McIntosh et 

al., 2017). For example, positive health perceptions are linked with the sense of good 

general health regardless of the number of chronic conditions (Reeder et al., 2015). 

Additionally, a positive perception of general health is associated with taking action 

towards self-care (Nielsen et al., 2015). The relationships between general health and 

CR completion, and the subsequent health outcomes of physical functioning have not 

been substantially studied in CR participants. Third, the HBM does not consider wide 

variations between individuals regarding their sociodemographic background and their 

health state, which may affect their adoption of a health behavior differently. Last, the 

HBM assumes that cues to action are widely prevalent in encouraging people to act and 

that these actions are the main goal in the decision-making process. To have a better 

understanding of the factors influencing CR completion, a modified version of the original 

HBM was proposed to underpin the analysis. The concepts that were added to the 

model include general health and sociodemographic factors based on the literature 

review findings. In the CF, cues to action is replaced by social support, which is defined 

as the perception and reality that one is cared for, is assisted by others, and is part of a 

supportive social network (Sayers et al., 2008). 
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Conceptual Framework 

 This section places the CF within the current body of literature and explains the 

relationships among concepts depicted in the CF. The section discusses how health 

belief may influence CR completion, physical functioning, and self-care behavior in the 

participants of a CR program. This section also discusses the interaction of 

sociodemographic factors, general health, and health belief on CR completion, physical 

functioning, and self-care behavior. 

CR Completion 

 The completion of CR remains low despite the benefit and the many efforts 

directed at increasing these rates over time (Ades et al., 2017; Arena et al., 2012). 

Completion of CR is less likely with females, African Americans, and the poorly educated 

(Castellanos et al., 2019; Doll et al., 2015; Resurreccion et al., 2017). Persons with a 

greater likelihood of completing CR are male, White, have insurance, and are retired, or 

self-employed (Peters & Keeley, 2017). Nonetheless, these statistics vary by region, with 

some states achieving higher rates of completion within all socioeconomic groups 

(Beatty et al., 2018). The factors that explain the regional differences in CR completion 

rates are not well documented in the literature. Supporting these findings, a recent 

systematic review revealed multiple comorbidities as one factor that may explain low 

completion rates (Ruano-Ravina et al., 2016). In this study, CR was a medically 

supervised intervention to improve cardiovascular health that included exercise, 

education, and counseling. Individuals were typically prescribed up to 36 one-hour 

sessions, and those that completed all the sessions prescribed were considered to have 

completed CR (Ruano-Ravina et al., 2016). The concept of CR completion is the 

percentage of persons who have graduated from CR. This was measured as the 

completed number of sessions divided by the prescribed number of sessions. 
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Self-Care Behavior 

 Self-care behaviors are those behaviors that prevent disease and improve and 

manage cardiac health (Riegel et al., 2009). To effectively control the progression of 

cardiac disease and improve cardiac health, patients with cardiac disease need effective 

self-care behaviors (Agarwal, 2012), which may have similar benefits to medical 

treatment (Agarwal, 2012). Self-care behaviors are the decisions and actions that an 

individual can take to cope with a health problem or to improve health (Webber et al., 

2013); according to the American Heart Association, effective self-care behaviors are 

necessary for patients with cardiac disease (Riegel et al., 2009). Patients carry out self-

care to maintain health but also to improve health (World Health Organization, 1986). 

Furthermore, the same self-care activities that prevent cardiac disease are also 

important in managing it (Riegel et al., 2009). Self-care includes the process of engaging 

in health maintenance and health promoting behaviors that are to maintain health and 

wellbeing. The process of self-care involves observations of one’s health status and then 

making the lifestyle changes necessary to maintain and promote health (Riegel et al., 

2009). The self-care behaviors identified as the most effective by the American Heart 

Association and strongly supported in the literature include eating healthy foods; staying 

physically active; avoiding stress; monitoring weight, blood pressure, and cholesterol 

levels; regularly taking medications; an adequate disease knowledge; getting help from 

family and friends when needed; and being able to easily reach and work with a 

physician (Eckel et al., 2013; Grundy et al., 2019). 

Physical Functioning 

 Physical functioning is the ability to perform basic activities of daily living and is 

recognized as a significant outcome of CR (Gardiner et al., 2017). Physical functioning is 

associated with healthcare utilization, levels of dependency, and risk of falls (Gardiner et 

al., 2017; Heiland et al., 2017; Schopfer & Foreman, 2016). Physical functioning plays a 
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significant role in the prevention and control of cardiovascular risk factors (Heiland et al., 

2017; Servey & Stephens, 2016). Patients with poor physical functioning are likely to 

have increased cardiovascular disease risk factors, such as high blood pressure, 

diabetes, obesity, high cholesterol levels, and inflammation (Gardiner et al., 2017; 

Grundy et al., 2019; St. Clair et al., 2014). Likewise, physical functioning impacts QoL 

(Andersen et al., 2018). Low levels of physical functioning predict poor self-care 

behavior in those with cardiovascular disease (Kato et al., 2017). Furthermore, low 

physical functioning is linked with increases in the perception of symptoms of depression 

(Wright et al., 2015). 

It is widely reported in the literature that CR can promote physical functioning 

through improving oxygen consumption and endothelial function and decreasing 

vascular inflammation and blood pressure, resulting in an improvement in functioning, 

sleep, and general QoL (James et al., 2014, Mancia et al., 2013). In addition, studies 

have shown that CR completion may reverse these risk factors by improving patients’ 

physical functioning (Franklin et al., 2013). According to Conti (2011), despite the well-

established health benefits, CR completion remains low. Cardiac patients in CR are 

offered supervised endurance and resistance training such as treadmills, weights, and 

exercise bikes (Kato et al., 2017). The exercise regimen is tailored to each individual’s 

needs in terms of the intensity, duration, and frequency of exercise (Rengo et al., 2017). 

In the United States, the standard for exercise training in CR is 36 weeks in duration, 

with each session lasting approximately 45 minutes (Menezes, Lavie, Milani, et al., 

2014). Studies suggest that the structured and supervised exercise training in CR can 

significantly improve participants’ physical functioning (Balady et al., 2011; Mampuya, 

2012). After CR exercise training, patients of all ages, genders, and diagnostic 

categories improved their physical functioning (Servey & Stephens, 2016). One study 
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performed by Rengo et al. (2017) showed patients with the lowest baseline physical 

function scores improved the most after completing CR. 

To assess the effects of exercise training, physical functioning is often assessed 

at baseline and at completion of CR. The DASI, the 6MWT, and the SF-36PF are the 

most common measures (Du et al., 2017; Fan et al., 2015). The 6MWT was developed 

by the American Thoracic Society, and it was officially introduced in 2002 (Enright, 

2003). The 6MWT is used to assess aerobic capacity and endurance (Andersen et al., 

2018). This test is used to measure the outcomes of physical function before and after 

CR for participants with cardiac disease (Du et al., 2017). The 6MWT is a reliable and 

valid measure of overall physical function and endurance. It is a suitable test to evaluate 

exercise tolerance in patients referred to CR in several studies (Du et al., 2017). The 

reliability and validity of the 6MWT suggest that this is a responsive measurement of 

physical functioning (Bellet et al., 2012). The meta-analysis of Bellet and colleagues 

(2012) found that the 6MWT was responsive to changes in clinical status as evidenced 

by an increase in walking distance of 60.43 meters (95% confidence interval 54.57 to 

66.30 meters; p < .001). The test also demonstrated a high level of relative reliability with 

intra-class correlations across repeated measures (Enright, 2003). Likewise, Hamilton 

and Haennel (2000) reported a strong test-retest reliability of the 6MWT in 94 patients 

over three walks in CR. There was a 6% improvement over three walks and a strong 

test-retest reliability was demonstrated by an intra-class correlation of .97 (Hamilton & 

Haennel, 2000). 

 The DASI is a standardized tool used to estimate the functional capacity of 

patients with cardiac disease (Grodin et al., 2015). The DASI is a self-report instrument 

developed to estimate physical function; it includes 12 activities that are typical of 

several key aspects of physical function and measures the effort it takes to complete the 

activity. All activities are given a predetermined score that represents the amount of 
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oxygen uptake measured in metabolic equivalent of task (MET) required to complete the 

activity. The areas measured are personal care, walking, doing household chores, 

sexual health, and participation in recreational activities (Carter et al., 2002; Fan et al., 

2015). Physical function is assessed using 12items that are related to the activities of 

daily living. The possible scores for the DASI are totaled and put through the final DASI 

equation to get a final functional capacity score. These scores ranged from 0 if the 

participant is unable to complete an activity to 58.2, meaning the participants answered 

yes to each activity. Higher scores on the DASI indicate better physical functioning and 

lower scores indicate poor physical functioning. 

 The DASI, developed in 1989, is a reliable and valid self-report instrument for 

assessing the functional capacity of cardiac patients in English and in other languages 

(Coutinho-Myrrha et al., 2014). Validity was first developed and demonstrated by Hlatky 

et al. (1989), who studied 50 participants in exercise testing for peak oxygen levels and 

found that the DASI was correlated with exercise test results at the (p < .001) level. 

Cronbach’s alpha reliability coefficients in several studies involving cardiac patients were 

between .81 and .89 (Alonso et al., 1997; Carter et al., 2002; Fan et al., 2015). In a 

group of patients with chronic coronary disease, Alonso et al. (1997) concluded that the 

DASI was correlated with the 6MWT (r = .45), indicating that the higher the DASI score, 

the better patients scored on the 6MWT. The questionnaire was found to be reliable for 

predicting the successful completion of cardiac exercise treadmill stress testing by 

Phillips et al. (2011), who reported that 80% of patients scoring higher on the DASI could 

complete an exercise treadmill test. Hence, the higher the DASI score, the greater the 

likelihood that the patient could walk on a treadmill. 

 Physical functioning in CR patients is frequently measured by using the SF-36PF 

(Jette & Downing, 1994; Lahoud et al., 2017; Staniute et al., 2014). The questionnaire is 

easy to administer, takes approximately 8 minutes to complete, and measures QoL in 
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eight domains; in this study, physical function and general health were emphasized. The 

SF-36PF asks participants to rate their physical functioning on ten activities, including 

walking, carrying groceries, bathing, and dressing. These scores are calculated as 

weighted sums of the items and each scale is transformed into a 1-100 scale where 

lower scores indicate increased disability and the higher scores indicate less disability. In 

this study, the scores on for this questionnaire were reported in the medical record 

before the start and at completion of CR. 

 The SF-36PF was developed by the RAND Corporation as part of the Medical 

Outcomes Study and is routinely used by organizations for assessment and monitoring 

of physical functioning in patient care outcomes (Reed & Moore, 2000; Ware, 1976; 

Ware & Sherbourne, 1992). The SF-36PF was validated with patients participating in 

CR. The SF-36PF had a reliability of .94 (as determined by the Cronbach’s alpha) and a 

correlation of .30 with another QoL tool, the Minnesota Living with Heart Failure 

Questionnaire (MLHFQ; Supino et al., 2009). 

General Health 

 General health is a state of physical, mental, and social well-being that supports 

an individual’s daily function and ability to lead a full life with meaning and purpose 

(World Health Organization, 1986). The average adult in the United States rates their 

general health as fair to poor (Kaiser Family Foundation, 2018). Research also shows 

that patients in CR have poorer general health, tend to be overweight, have increased 

comorbidities, and have a higher prevalence of unhealthy behaviors than the general 

population (Abohammar et al., 2017; Gaalema et al., 2019). Furthermore, those with 

poor general health may be likely to participate in behaviors that put them at additional 

risks for poor health (Golenbock et al., 2017). 

 The conceptualization of general health is difficult and challenging because of the 

multidimensional and multifactorial nature, which cannot be measured using a single 
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measure, test, or instrument. Given the high level of subjectivity and imprecision inherent 

in the general health construct, it should be operationalized using multiple indicators. 

Indicators operate at the empirical level, in contrast to constructs, which are 

conceptualized at the theoretical level. Each indicator may characterize an attribute or 

dimension of general health. The combined indicators at the empirical level may improve 

the comprehensive representation of general health. This process also allows for an 

examination of the closeness amongst these indicators as an assessment of their 

accuracy (reliability). 

There are two types of indicators of general health – formative and reflective. A 

formative indicator is a measure that forms or contributes to an underlying construct. 

Such indicators may represent different dimensions of the construct of interest. For 

instance, general health is defined as being composed of physical and mental wellbeing. 

The indicators chosen to measure physical dimension of general heath are the number 

of chronic conditions, number of medications, and healthcare use. The indicators chosen 

to measure the mental dimension of general heath are anxiety and depression. A 

reflective indicator is a measure that reflects an underlying construct of general health. 

General health is the perceived ability to support an individual’s daily function and lead a 

full life with meaning and purpose (World Health Organization, 1986). A person’s ability 

for self-care and living a balanced life reflect the underlying construct of general health. 

These reflective indicators include general health perceptions, perceived balance 

between energy consumption and expenditure (daily sitting time, fatigue, sleep, and 

eating quality), and perceived self-care capacity (burden and complexity of self-care). 

The formative indictors of general health commonly discussed in the literature 

are the number of chronic conditions, the number of medications prescribed, and health 

care use (i.e. hospitalization and emergency room visits). Chronic conditions are 

typically the total number of chronic conditions that a person experienced. Twenty-one 
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percent of the adult population have multiple chronic conditions, and 23% of Medicare 

beneficiaries have five or more chronic conditions (Papanicolas et al., 2018). Two large 

cohort studies recently associated cardiac disease with increasing age, multiple chronic 

conditions, and higher mortality (Chen et al., 2013; Tisminetzky et al., 2018). A high 

burden of chronic conditions plays a key role in hospital and ER utilization as well as 

cardiac disease progression (Skinner et al., 2016). Several modifiable risk factors for 

chronic conditions have been identified, including an unhealthy diet, lack of physical 

activity, and tobacco use (Adams et al., 2019). Additionally, modifiable risk factors (i.e., 

weight, blood pressure, blood glucose, lipid levels) combined with the non-modifiable 

risk factors, (i.e., age and heredity), influence the risk factors for heart disease (Daviglus 

et al., 2012). Furthermore, persons with chronic conditions are likely to be on multiple 

medications, otherwise known and polypharmacy. Vyas et al. (2012) studied 10,528 

individuals with two or more diseases and found that overall the presence of multiple 

chronic conditions increased the risk of the use of many medications by up to 64.1%; 

they also found that the average number of medications used was seven. Furthermore, 

in the group older than age 65, multiple chronic conditions increased the use of hospital 

and outpatient ambulatory care services and was associated with a greater overall 

number of medications used (Vyas et al., 2012). 

The most commonly used formative indicators of mental health wellbeing are 

anxiety and depression. Evidence suggests that nearly 28% of patients in CR 

experience anxiety and depression (Konrad et al., 2016; Rao et al., 2011). The 

symptoms of anxiety and depression impacts CR completion and leads to poorer CR 

outcomes (McGrady et al., 2009; Sever et al., 2019; Zheng et al., 2019). Anxiety has 

been shown to decrease CR completion rates (Shah et al., 2013). Similarly, depressed 

patients have a 24% greater chance of not completing CR than those without depression 

(Rao et al., 2019). Furthermore, depression is linked with symptoms of increased 
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fatigue, pain, increased severity of cardiovascular disease, decreased self-care efficacy, 

and lower CR completion rates (Konrad et al., 2016). Anxiety and depression affect the 

general sense of health and are known to affect CR completion (McKee, Kerrins, et al., 

2013).  

The HADS is widely used to assess anxiety and depression among cardiac 

population (Krishnamurthi et al., 2019; Snaith, 2003). This tool is typically administered 

while the patient is in CR. This tool demonstrated validity and reliability in the hospital 

and outpatient patient care areas when used to assess the severity of anxiety and 

depression. McKee et al. (2013) reported the mean normative scores on the HADS-A  

(M = 6.14, SD = 3.76) and HADS-D (M 3.68, SD = 3.07). The Cronbach’s alpha for the 

HADS-A varied from .68 to .93 (M = .83) and for the HADS-D from .67 to .90 (M = .82), 

indicating good internal consistency; these values are similar to other anxiety and 

depression questionnaires (Bjelland et al., 2002). Likewise, the burden of disease 

impacts self-reports of general health. 

One of the reflective indicators of general health is general health perception. 

Based on the literature, a person’s perception of general health is related to participation 

in behavior change. Several studies found that when health perception was favorable, 

patients were expected to participate in interventions aimed at increasing healthy 

behavior and participate in healthy behaviors (McPherson et al., 2016; Ramadi & 

Haennel, 2019; Tang et al., 2019; Ter Hoeve et al., 2017; Vellone et al., 2016). Likewise, 

in a study of women with heart failure, those with a better perception of their general 

health ate a greater quantity of fruits and vegetables (Beckie et al., 2017). Only one 

study differed, reporting that it was health literacy and not general health that predicted 

behavior change in a population of patients with heart failure (Son et al., 2019). 

However, the literature did not reach any conclusion regarding general health in the 
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population participating in CR because this is an area that has not been sufficiently 

studied. 

 Perception of general health in the literature is reported using the scores of two 

well-known questionnaires. These are the Single-Item self-rated health measure and the 

SF-36GH questionnaire. The single-item general health question is a tool that measures 

the individual perception of general health status and is used among the population aged 

60 years and older (Hays et al., 2015; Meng et al., 2014). The single-item general health 

question is the most used measurement of self-reported general health (Hays et al., 

2015). The item was validated in a cross-sectional survey of 23,133 individuals that were 

a representative sample of the general population. Likewise, in a study of 1,092 

participants over the age of 60 years, Meng et al. (2014) reported that as participants 

aged, they tended to rate their overall general health as being poor, and this was 

correlated with decreased physical function and severity of reported disease condition. 

They concluded that general health perception correlated with actual health status as 

well as physical functioning in patients over the age of 60 years (Meng et al., 2014). In 

the current study, the tool was used to assess the individual health perception of 

participants. The question asked participants to rate their health status using one 

question: “How do you rate your general health condition?”. The participants responded 

on a five-point scale (1 = very poor perceived general heath to 5 = excellent perceived 

general health). Higher scores suggested that participants have better perceptions of 

their overall general health. 

 The SF-36GH is a standardized questionnaire used in the CR to assess the 

general health perceptions of the CR participants. The general health items on the SF-

36GH were administered by the CR nurses CR before and after participation. The 

results of the testing were documented in the medical record. The origins as well as the 

reliability and validity of the scale were previously discussed. Ware (1976) reported the 
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normative scores for the instrument as (SF-36PF M = 70.6, SD = 27.4; SF-36GH M = 

57.0, SD = 21.1). The general health items measure personal assessments of the 

participants’ own general health as opposed to directly observable measures of health. 

The concepts that are measured are personal perceptions of overall health and outlook 

on health. The items also measure perception of resistance to illness and health worries 

and concerns. Participants’ attitudes about seeing a doctor and general inclinations 

about health and the role that sickness plays for the person in their situation are also 

measured (Ware, 1976). 

 Another reflective indicator of general health discussed in the literature is the 

balanced energy consumption and expenditure, including daily sitting time, fatigue, 

sleep, and eating quality. Insufficient physical activity can be assessed by the number of 

hours spent sitting daily (Owen et al., 2010). Between 15-47% of adults are physically 

inactive (Pratt et al., 2014). Insufficient physical activity is associated with passive work, 

leisure, transportation, and increasing age. This phenomenon increases the risk of 

obesity and heart disease, and is also associated with increased anxiety and 

depression, obesity, and increased mortality (Booth et al., 2017; Gonzalez et al., 2017). 

The American Heart Association promotes physical activity to prevent and treat 

cardiovascular disease (Lavie et al., 2014). Physical inactivity may be the consequence 

of fatigue. It was reported that many cardiac patients suffer from a general sense of 

fatigue. This was noted by Van Geffen et al. (2015), both before and after completion of 

CR. In their study of 121 patients enrolled in a standard intervention, Van Geffen et al. 

(2015) found that fatigue symptoms remained high even after CR completion. It was 

recommended to identify fatigue at the start of CR and provide a targeted strategy to 

minimize fatigue symptoms to improve CR completion (Van Geffen et al., 2015). 

 Along with physical inactivity, poor sleep quality also affects general health. 

Sleep is defined in the literature as both the duration and perceived quality of sleep and 
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is often reported number of hours of sleep as well as sleep quality. Sleeping hours as 

well as quality of sleep is not considered a traditional risk factor for cardiac disease. 

However, a growing body of evidence suggests that sleep duration and quality may 

impact both cardiac disease risk as well as mortality from cardiac disease (Cappuccio et 

al., 2011; Meng et al., 2013; Westerlund et al., 2013). The CDC and the National Sleep 

Foundation recommend between seven and nine hours of sleep for the average adult 

(Centers for Disease Control, 2018; Hirshkowitz et al., 2015). However, new evidence 

shows that duration of sleep of greater than eight hours is associated with an increased 

risk for mortality, while this effect is not seen for sleep duration of less than seven hours. 

Furthermore, long sleep duration of over eight hours is associated with obstructive sleep 

apnea, heart disease, and overall poor general health (Grander et al., 2007; Stranges et 

al., 2008). In addition, breathing related sleep disorders impact personal perception of 

sleep quality (Mendelson et al., 2020). Sleep apnea is the most common sleep-related 

breathing disorder; it is a risk factor for cardiovascular disease and is a common disease 

among cardiovascular patients (Hupin et al., 2016). Furthermore, the literature suggests 

that CR is an effective treatment for sleep apnea (Jafari, 2017).  

Just as sleep and sleep quality are indicators for general health, so is diet and 

diet quality. Diet quality is also a strong indicator of general health in the population with 

cardiovascular disease (Alkerwi, Vernier, et al., 2015). Nutrition is an important lifestyle 

factor related to cardiovascular disease but there are potential barriers to recommended 

dietary intake (Alkerwi, Sauvageot, et al., 2015; Powell-Willey et al., 2014). In a study of 

1,351 adult participants answering the Observation of Cardiovascular Risk Factors 

survey, Alkerwi, Sauvageot, et al. (2015) concluded that perceptions of the importance 

of diet in cardiac health have a direct effect on the actual quality of the diet. Similarly, an 

earlier cross-sectional analysis of the National Health and Nutrition Examination Survey 

revealed that higher perceived diet quality resulted in better actual diet quality (Powell-
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Wiley et al., 2014). Other studies further correlate the perceptions of quality diet and 

actual diet quality (Gregory et al., 2011; Kirkpatrick et al., 2012). Additionally, multiple 

studies suggested that most adults recognize or have at least a cursory knowledge of 

the proper cardiac dietary guidelines (Alkerwi, Sauvageot, et al., 2015; Wright & Wang, 

2011). Even though knowledge and awareness of these guidelines are present, 

adherence to these guidelines is poor. Poor adherence to dietary recommendations has 

been linked to socioeconomic factors but also social support, perception of self-efficacy, 

as well as knowledge of appropriate dietary guidelines (Diez Roux & Mair, 2010; Rehm 

et al., 2016). In addition to diet quality, burden of disease can also impact general health. 

 The last reflective indicator of general health is the perceived self-care capacity 

(burden and complexity of self-care). Heart disease burden is a person’s perceived 

burden to care for her/his heart conditions. There is significant association between 

heart disease and QoL. The most validated tool to assess heart disease burden is the 

MLHFQ, which is a 21-item questionnaire used to assess the impact of disease burden 

on wellbeing and daily life (Bilbao et al., 2016). The MLHFQ combines the score of 

responses from the 21 items into a single measure. In the study by Bilbao et al. (2016), 

participants were asked to rate their burden of disease on a six-point scale (1 = not at all 

burdened to 6 = very much a burden). Higher scores indicate that participants were 

burdened to a great degree by their disease. They also reported the impact of cardiac 

disease and treatment on participant QoL. They found that patients with cardiac disease 

often reported a worsened QoL. This was associated with obesity, poor physical 

function, and female gender (Bilbao et al., 2016). The MLHFQ reliability and validity 

come from a long history of the use as a patient reported outcomes instrument (Bulpitt et 

al., 1998; Psotka et al., 2016; Supino et al., 2009). The psychometric and statistical 

properties of the MLHFQ are heavily supported by the literature. The items included in 

the MLHFQ are supported by expert clinical opinion in symptomatic heart failure studies 
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(Rector et al., 1987). For decades, the content validity of the instrument was reported in 

studies as important in assessing patient experiences to disease burden and treatment 

(Guyett et al., 1989; Witham et al., 2007; Yu et al., 2008; Zambroski et al., 2005). The 

normative scores on the MLHFQ were assessed using the SF-36GH and the SF-36PF. 

Hsu et al. (2018), in a study of 255 patients, found that the MLHQF was significantly 

associated with health-related QoL and that moderate burden of illness was considered 

at scores in the range of 24-45. 

 Like health disease burden, perceived self-care complexity is another strong 

reflective indicator of general health. Complex illness is a health problem that may 

require a substantial dedication of time and effort for a longer period of time (Dean, 

1999). Examples of these activities for cardiac patients include going to medical 

appointments and may involve complicated medication regimens (MacKichen et al., 

2011). MacKichen et al. (2011) reported an association between a perception of 

complex illness, self-care, and increased number of long term health conditions. That is, 

greater perceived complexity of self-care may indicate poor overall general health 

(MacKichan et al., 2011). Furthermore, complexity of illness is shown to negatively 

impact the QoL of cardiac patients (Tisminetzky et al., 2018). 

Health Beliefs 

Health Threat 

 Perception is formed once the patient recognizes that there is a threat to health. 

The completion of CR may be lower in those patients with a low perceived threat of 

susceptibility. Furthermore, it is suggested that patients with low perceived threat may 

ignore the possibility of complications of their illness because of a lack of knowledge 

regarding the illness (Dullaghan et al., 2014). This means that those without knowledge 

of the severity of their health threat may not perceive cardiac illness as a threat and may 

not complete CR (Horwood et al., 2015; Tulloch et al., 2009). It is theorized that patients 
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with no perception of how their illness threatens their health may be less inclined to 

complete CR. For example, Blair et al. (2014), in a study of 128 persons referred to CR, 

found that those not completing CR were likely to have negative perceptions regarding 

health threat which is stress. That is, higher perceived health threat was related to poor 

CR completion. They further concluded that health threat is a significant factor in CR 

completion (Blair et al., 2014). 

Benefit and Barrier 

 Patients perceiving that there is a benefit to exercise will have fewer barriers to 

attendance in CR. Completion of CR is influenced by a person’s personal perceptions of 

CR as a form of treatment (McKee, Biddle, et al., 2013). In a multivariate analysis of 

patient intentions to attend and complete CR, McKee, Biddle, et al. (2013) found that of 

the 1,172 patients surveyed, 84% completing CR perceived it to be beneficial. These 

researchers also found that beliefs that are positively related to completion include a 

recognition of the necessity and effectiveness of CR, and these factors were found to be 

the key perceptions that influence completion of CR (McKee, Biddle, et al., 2013). 

Furthermore, perceptions of benefit of health behaviors are related to personal beliefs 

and personal perceptions of the risk of heart disease (Scheideler et al., 2017). 

Interestingly, the messages that patients send themselves (i.e., perceived benefit and 

barrier) may prevent them from completing CR. These types of perceptions are often not 

based on medical advice (Anderson & Emery, 2014). Anderson and Emery (2014) found 

that after controlling for age, income, and ethnicity, perceptions are predictive of CR 

completion, (β = -.290, R² = .074, F(1, 55) = 5.50, p < .05). A patient’s perceived barriers 

to attendance, such as concerns related to the harmful effects of exercise, are 

associated with poor CR completion rates (Resurreccion et al., 2017). Additionally, 

patients may have a variety of other perceived barriers to completing CR, including 

logistical factors, poor or limited transportation to and from the CR center, inability to 
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make and keep appointments, trouble planning, and difficulty organizing the trip to the 

center. Multiple comorbidities and poor functional status such as fatigue, weakness, 

advanced age, lack of encouragement, the perception of exercise being tiring or painful, 

as well as the perception that CR will not improve health are also barriers to completion 

(Grace et al., 2015; Resurreccion et al., 2017). In addition, the lack of referral to CR, 

limited health insurance coverage, and lack of availability were also cited as both 

perceived and actual barriers to completing CR (Balady et al., 2011). 

Self-Efficacy 

 Self-care confidence facilitates behavior change by enhancing the completion of 

CR (Liu et al., 2018). Self-care confidence augments perceptions of social support, 

which is also a factor in completion (Cene et al., 2013; Salyer et al., 2012). Beyond 

social support, self-care confidence is a key variable for completion in CR for patients 

with cardiac disease (Hammash et al., 2017). Low self-care confidence was related to 

poor cognition, gender, employment status and increased severity of cardiac disease 

(Cocchieri et al., 2015; Vellone et al., 2016). Also, low self-care confidence is correlated 

with poor completion rates in CR (Chang et al., 2017). 

Support System 

 The association between CR completion and social support has been researched 

extensively (Smith & Baucom, 2017). Social support includes family, friends, and 

healthcare professionals that encourage completion of CR. These types of social 

support systems benefit patients by acting as a buffer to stress, improving mood, and 

increasing the sense of self-efficacy, and they are associated with improved completion 

of CR (Arena et al., 2012). Social support and social affiliations received by both family 

and friends have a positive influence on health outcomes in cardiac patients attending 

CR (Fry et al., 2016). Additionally, warm cohesive family relationships were predictive of 

CR completion (Fry et al., 2016). Furthermore, the presence of a spouse was a stronger 
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predictor of CR completion than other types of relationships (Pourafkari et al., 2016). 

One study differed, reporting that the presence of a support system was linked to 

negative health outcomes (Bucholz et al., 2014). The study suggested that competing 

demands between patients and family are barriers to CR completion (Bucholz et al., 

2014). For example, family members may not want to eat the same foods as a cardiac 

patient who is trying to maintain a healthier diet. Also, patients often have demands 

between CR completion and work commitments. Such competing demands can limit the 

patient's time and energy and introduce stress that can negatively impact patients trying 

to handle several obligations at one time (Blikman et al., 2014). These findings may be 

explained in part by the variety of scales and differences in the conceptualization and 

perception of the support system by each individual. 

Sociodemographic/ Biophysical Characteristics 

 Those less likely to complete CR are female, Black, Hispanic, experience high 

out-of-pocket healthcare costs, lack of health coverage, and have limited accessibility to 

CR (Fang et al., 2017; Ghazali et al., 2015; Harrison et al., 2017; Heydarpour et al., 

2015, Menezes, Lavie, DeSchutter, et al., 2014). In fact, those with lower socioeconomic 

status have been shown to have fewer referrals to CR than those with high 

socioeconomic status (Graversen et al., 2017). One study reported that persons less 

than 50 years of age were less likely to complete CR as opposed to those over 50 years, 

and this was because of work commitments (Listerman et al., 2011). Studies on gender 

differences in cardiac disease and CR completion concluded that men have a greater 

likelihood of completing CR than women (Regitz-Zagrosek et al., 2015; Supervía et al., 

2017; Yang et al., 2017). For instance, several studies found that men receive an 

increased amount of encouragement and subsequently have a greater likelihood of 

completing CR than women (Fang et al., 2017; Leifheit-Limson et al., 2010; Martin et al., 
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2012). Only one study differed in this finding, reporting that women complete CR to a 

greater degree as compared to men (Feola et al., 2015). 

 The literature suggests a relationship between ethnicity and CR completion 

among adults with cardiac disease. In a systematic review, CR completion rates among 

African Americans and Hispanics were lower than the general population (Castellanos et 

al., 2019). In a meta-analysis of several studies, it was suggested that one of the 

reasons for this low completion rate was that minorities were often not referred to CR (Li 

et al., 2018). These results conflict with another study, which reported that Hispanics had 

higher rates of CR completion than Non-Hispanic (Fang et al., 2017). 

 The level of education and income among patients with cardiac disease may also 

be a contributing factor in the difficulties that patients have in completing CR (Schultz et 

al., 2018). Despite their increased comorbidities, individuals with a lower education level 

were less likely to be referred to tertiary prevention, such as CR, than those with a 

higher education level (Schultz et al., 2018). Lower education levels have been 

associated with a lower rates of health literacy, which is shown to contribute to a lower 

rate of CR completion (Graversen et al., 2017). In addition to education level, 

employment status was another factor related to CR completion. Those with full-time 

jobs were less likely than the retired to complete CR (Graverson et al., 2017; Shultz et 

al., 2018). 

 Another sociodemographic factor that is associated with poor CR completion 

rates is the lack of health insurance (Wadhera & Joynt, 2017). The lack of health 

insurance is associated with poor outcomes and reduced QoL among sufferers of 

cardiac disease (Wadhera & Joynt, 2017). Unfortunately, uninsured patients with limited 

financial resources have fewer medical visits and experience greater difficulty in 

completing CR (Graversen et al., 2017). Despite the results of these reports, recent 

Centers for Disease Control statistics show there is no significant association between 
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health insurance coverage and CR completion rates (Fang et al., 2017). While 

sociodemographic factors are important, the most common biophysical factors affecting 

CR completion in the literature are age, physical function status, number of medications, 

number of comorbidities, and cognitive impairment (Koirala et al., 2018). 

 HbA1C is a biophysical factor that is associated with and increase risk for cardiac 

disease. This is found in patients with diabetes and in those without diabetes (Pai et al., 

2013). In the study of 10,980 men and 18,079 women with diabetes, Goto et al. (2015) 

found an increased risk of cardiac disease in those with elevated HbA1C levels. 

Similarly, Kim et al. (2015) found that patients with diabetes have lowered physical 

functioning before and after CR as measured by their exercise capacity. This was 

pronounced in elderly patients with diabetes. Eser et al. (2020) reported that in 1633 

patients with cardiac disease over the age of 65, while they did show some 

improvements in physical functioning after CR completion, their improvements were 

vastly lower than those without diabetes. Furthermore, HbA1C was not significantly 

impacted by interventions provided in CR (Eser et al., 2020). 

 Cardiac ejection fraction is a biophysical indicator of cardiac disease. The cardiac 

ejection fraction has been shown to improve after completion of exercise-based CR 

(Peters, 2019). Furthermore, the literature suggests that those with poorer ejection 

fraction experience greater improvements in physical function as measured by the 

cardiac ejection fraction after CR than those with a normal ejection fraction (Vilela et al., 

2019). Thus, CR has the potential to improve physical functioning as measured by the 

cardiac ejection fraction. 

Summary 

 The current state of the science regarding the effect of CR on improved health as 

evidenced by self-care behaviors and physical functioning and modification of risk 

factors for coronary disease was reviewed. Further, literature related to the influence of 
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perception, support system, and sociodemographic/ bio-physical factors on self-care 

behaviors and CR completion was discussed. Gaps in the literature were identified 

regarding the unknown influence of general health on CR completion in preparation for 

further research on the topic. 
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Chapter 3 

Methods 

 In this chapter, research methods, including the study design and setting, are 

described. The sampling plan, inclusion and exclusion criteria, sampling technique, and 

sample size determination are presented. Data collection and management and data 

analysis are explained. Finally, methodological rigor related to validity and reliability is 

discussed. 

Research Design 

 This was a retrospective, observational cohort study using existing data collected 

from medical records (Worster & Haines, 2004). The study examined the relationships 

between the key concepts in the CF, including health beliefs, general health, CR 

completion, physical functioning, and self-care behavior. The data were collected from 

the electronic medical record (EMR) at a large medical center in the southeastern United 

States. This study was approved by the Institutional Review Board (IRB). 

Setting 

 The study was performed at a large medical center located in the southeastern 

United States. This is a large not-for-profit academic medical center. The outpatient CR 

center is part of this medical center and provides rehabilitation care to patients with 

cardiovascular disease starting at the age of 17 years. The CR addresses the physical, 

psychosocial, and educational needs of patients with heart disease. With a focus on 

lifestyle modification, the CR assists patients as they recover from a heart attack, other 

forms of heart disease, or heart surgery. Patients are referred by their physician and 

receive a medical evaluation, physical activity training, and lifestyle education and 

support (Simon et al., 2018). 
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Sample 

 The data source for the study was the electronic medical record (EMR) from a 

large medical center in the southeastern United States. The study subjects were 

obtained from a list of attendees from January 2012 through July 2019 of the outpatient 

CR center that was provided by the EMR system administrator.. The EMR data 

abstracted for the study were from patient data created and maintained during the 

regular course of patient care in the outpatient CR center. The data were collected from 

the Individual Cardiac Treatment Plan (ICTP) records. The ICTP is a patient care record 

that is filled out by hand during the patient visit, reviewed, and signed by the physician, 

nurse, and physical therapist. After the patient’s visit, the ICTP medical records are 

scanned into the EMR. 

Inclusion and Exclusion Criteria 

 The criteria for study eligibility were the same for all study participants. 

Participants included in the study had the ICTP scanned medical record in the 

PowerChart system. Included participants have completed and graduated from CR as 

assessed by the presence of the last visit date and a check mark on the record 

indicating that the patient had a follow-up/discharge visit. If the checkmark is not visible, 

then a cross-check was completed with the number of sessions completed. The 

participants without this checkmark were included if there were 36 sessions completed. 

All participants were over the age of 17 years. 

Sample Size Determination 

 Based on an a priori power analysis using the G*Power software at an alpha 

level of .05, two-tailed, with a power level of .80 and Cohen’s d of .2, the estimated 

sample size needed for the study was 327 medical records (Faul et al., 2007). This 

calculation method requires the pre-selection of values for the effect size, the 

significance level, and the required power. The average rate of missing data in medical 
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records reviews is 30% as reported in the literature (Madden et al., 2016). Thus, a larger 

sample size was needed for the study to account for the expected larger amount of 

missing data (Voorhis & Morgan, 2007). To address this issue, a higher number of 

records were screened to identify the number of participants needed for the study 

because the margin of error is 30%, without missing data 

Study Procedure 

No participants were contacted, recruited, or required to physically participate in 

the study. To gain access to the EMR, the institutional process for access to the EMR 

was utilized. Access to the EMR is vetted and validated through the institution’s 

information technology security procedures. Required training on protected health 

information and the Health Insurance Portability and Accountability Act, as well as other 

required training classes was completed. IRB approval was obtained for the study. 

Remote access to the EMR was confirmed, and face-to-face training was completed in 

the use of these applications. The research data were kept on the secure electronic 

location area identified for study data. 

Human Subjects Protections 

 Before the beginning of the study, approval was obtained from the IRB for review 

of the existing medical records. The IRB process assessed factors such as the level of 

risk and benefits for human participants and whether the population under study was 

selected fairly. Potential risks to participants that were associated with this study include, 

but are not limited to, the unintentional disclosure of confidential data to persons not 

associated with the investigation. Participants’ confidential participation in the study was 

addressed in the IRB process, including that the data were kept in the secure and 

institution-approved storage area for human research data. A secure storage system 

with multiple safety and security features was used for the storage of the study data. 

Participants were assigned a unique study identification number to ensure that names 
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and/or medical record numbers of participants did not appear in the final data set. 

Standard precautions were taken when accessing the EMR such as not leaving the EMR 

open or available for others to see and locking the computer screen when stepping away 

from the computer. All patient information was saved to the secure electronic folder and 

no patient information was saved to the desktop or other location. 

Data Collection Procedures 

 A list of patients completing the CR program was obtained from the EMR 

administrator. The ICTP was selected from the EMR using the study inclusion 

parameters and the patient list provided by the EMR administrator. The study variables 

were collected from the ICTP and entered directly into the data collection tool on the 

secure research folder. The ICTP is the handwritten tool used by the clinicians to 

document the patient care visits to the CR center. 

Training Manual, Data Collection Tool, and Codebook 

 A training manual was used to increase the validity and reliability and to train the 

abstractors. This manual was individually distributed to each abstractor. The manual 

included the study overview, information on procedures for abstraction, quality control, 

the data collection tool, and the codebook (Zozus et al., 2019). The training manual is 

shown in Appendix A. 

 A data collection tool to obtain information from the medical records of the 

sampled patients was created in Microsoft Excel to allow for ease of viewing the 

variables and to facilitate review and revisions of the tool (Banks, 1998). The data 

collection tool was based on the variables related to the key concepts in the CF. 

Variables included in the data collection tool were modified and customized based on 

the available data in the medical record and IRB approval was obtained for these 

modifications. Each participant was assigned a study identification number so that 

checks on the accuracy of the data collected could be performed. No patient names, 
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social security numbers, or medical record numbers were included in the database 

containing the abstracted data. Patients’ dates of birth were included as approved for 

inclusion in the data set by the IRB. Pre-testing of the data collection tool was conducted 

and final modifications to the tool were approved by the IRB before data collection 

began. There were 113 variables on the data collection tool. The data collection tool is 

shown in Appendix B. 

 To provide guidelines for the data abstractors and increase the quality of the data 

collected for the study, a codebook outlining the variables’ names, definitions, and 

locations within the EMR were used. The codebook was developed by the principal 

investigator. The codebook contains a definition of all the study variables, an example of 

how to document the variables, and where the variables may be found. The codebook is 

shown in Appendix C. 

Abstractor Training 

 The principal investigator had extensive EMR abstraction experience of greater 

than ten years and was well-versed in medical terminology. The researcher interviewed 

and initiated training for six abstractors. Two abstractors met the accuracy standards 

and were retained. Before beginning abstraction, all abstractors were approved by the 

IRB as study team members. The data abstractors were selected from among 

undergraduate honor students and were recommended by their major advisors to 

participate in the study. None of the abstractors were expected to have medical training. 

Abstractors completed CITI training and submitted resumes for review. The abstractors 

were trained using training materials created for the study. During the abstractor training, 

the study objectives, the data collection tool, and instructions for each variable were 

discussed, and individual copies of the training materials were given to the abstractors. 

Initially, the abstraction team was given the same participants to review for interrater 

reliability, and this was verified by the principal investigator. The data abstractors’ 
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performance was checked against the gold standard, which were the findings from the 

principal investigator. Any discrepancies that were found were discussed between the 

principal investigator, the faculty mentor, and the abstractor to ensure consistency 

across all abstractors. Feedback from the abstractors to the principal investigator was 

used to make any minor revisions or clarifications to the abstraction tool, the training 

manual, and the codebook. The abstractors began abstracting data from the ICTP when 

they had achieved a 95% accuracy level agreement with the gold standard for all data 

elements. Abstractors not meeting the 95% accuracy level were re-trained; any records 

not meeting this level were re-abstracted to ensure the highest accuracy. 

Operational and Conceptual Definitions of Key Variables 

 The dependent variables for the study were CR completion, self-care behaviors, 

physical functioning, and general health. The independent variables for the study were 

age, gender, race, insurance, BMI, cardiac ejection fraction, HbA1C, depression, 

anxiety, general health, sitting time, sleeping duration, overall quality of sleep, perception 

of complex illness, heart disease burden, number of chronic conditions, fatigue, stress, 

self-care behavior, self-efficacy, perception of support, rating of support, benefit and 

barrier, health threat, and sociodemographic variables. The study variables, measures, 

and data sources, as well as the data collection time points are presented in Table 2. 

 

Table 2 

Study Variables, Measures and Data Sources, and Data Collection Time Points 

Variables Measures and data sources Data 
collection 

time points 

Outcome variables 
 

Physical functioning DASI: 12-item questionnaire estimating 
functional capacity by assessing activities 
of daily living. Each item is specifically 

Baseline 
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Variables Measures and data sources Data 
collection 

time points 
weighted based on metabolic cost with 
participants identifying each activity they 
are able to do. A high score indicates 
better physical function. 

 
6MWT: Measures the distance walked in 6 

minutes. 
 

 
 
 
 
 

Baseline and 
90-days 

 
Self-Care behavior 

Self-Care Behavior questionnaire. 12-item 
questionnaire measuring self-care on a 5-
point scale. High score indicates very hard 
to do self-care. 

 

 
90-days 

CR completion The number of sessions completed by the 
participant divided by 36 sessions. 

90-days 

Health belief variables 
 

Health benefit and 
barrier 

Benefit: 12-item Benefit questionnaire 
measuring perception of benefit of CR 
completion on 5-point scale. High scores 
indicate better perception. 

 
Barrier: 6-item Barrier questionnaire 

measuring barrier to CR completion on 5-
point scale. Higher scores indicate greater 
barrier. 

 

Baseline 

Health threat Stress: Stress questionnaire measuring 
stress perception on 5-point scale. Higher 
scores indicating increased perception of 
stress. 

 

Baseline 

Self-Efficacy One item measuring confidence in taking 
care of health problems on a 5-point scale. 
Higher score indicates higher confidence 
to take care of health problems. 

 

Baseline 

Support Support Quantity questionnaire: 4-items 
measuring perceived support “yes” = 
excellent support and “no”, = no support. 
Higher scores = increased perception of 
support. 

 
Support Quality questionnaire: one-item 

ranking support system on a 5-point scale. 
A higher score = a higher support system 
rating. 

Baseline 
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Variables Measures and data sources Data 
collection 

time points 
 

General health 

 
General health 

perceptions 
The Single-Item questionnaire is a self-rated 

health questionnaire measuring general 
heath perception on a 5-point scale. A 
higher score = better perceived health. 

 
SF-36GH: questionnaire measuring 

perception of general health on a scale 
from 0-100. Higher scores = favorable 
perceptions of general health. 

 

Baseline 

Perceived balance 
between energy 
consumption and 
expenditure 

Daily sitting time: a one item question that 
asks participants “How many hours do you 
spend sitting?”. Higher scores = increased 
time spent sitting. 

 
Fatigue questionnaire: 4-items measuring 

fatigue on a 5-point scale. Higher scores = 
greater fatigue. 

 
Daily sleep time: one item question 

assessing participants for the number of 
hours sleeping. Time waking minus the 
time going to bed and was the number of 
hours sleeping. 

 
Sleep Quality questionnaire: a one item 

question measuring overall sleep quality 
on a 5-point scale. Higher scores = 
excellent quality of sleep. 

 
Diet quality: a one item question measuring 

overall perception of diet quality on a 5-
point scale. Higher scores = excellent diet 
quality. 

 

Baseline 

Perceived physical 
wellbeing 

The number of chronic conditions, number of 
medications, healthcare use collected from 
hospital records 

 

Baseline 

Perceived mental 
wellbeing (anxiety 
and depression) 

HADS is a 14-item tool which include both 
depression and anxiety subscales and is 
based on a 4-point scale. Scores for levels 
of severity of depression and anxiety are 

Baseline 
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Variables Measures and data sources Data 
collection 

time points 
(mild) 1 - 8, (moderate) 11 - 15, and 
(severe) 16 - 21 (Bjelland et al., 2002). 

 
Perceived self-care 

capacity 
MLHFQ is a 21-item questionnaire assessing 

adverse effects of cardiac disease on a 6-
point scale. Higher scores = poor 
perception of disease burden. 

Complexity questionnaire: A one-item 
question assessing perception of complex 
illness, “Do you have a complex illness?”. 
Participants respond “yes” or “no.” An 
affirmative answer = a perception of 
complex illness.  

 

Baseline 

Sociodemographic and 
bio-physiological 
variables 

 

Variables collected from the ICTP. Age, 
gender, race, ejection fraction, diagnosis, 
medical history, risk stratification, sleep 
study, diagnosis of sleep apnea and 
compliance to treatment, exercise 
limitations, cholesterol, cholesterol- HDL, 
cholesterol- LDL, cholesterol- triglycerides, 
diagnosis of hypertension, diagnosis of 
diabetes, fasting blood glucose, HbA1C, 
insulin therapy, weight, height BMI, % fat, 
referrals to diabetes education, dietitian 
consult, nutrition class referral, nurse 
patient discussions, knowledge tests and 
education goals, family support history, 
tobacco history, cardiac risk factors.  

Baseline and 
90 days 

Note. CR = cardiac rehabilitation; DASI = Duke Activity Status Index; 6MWT = Six-

Minute Walk Test; SF-36GH = Short Form Health Survey of General Health 

questionnaire; HADS = Hospital Anxiety and Depression Scale; MLHFQ = Minnesota 

Living with Heart Failure Questionnaire; ICTP = individual cardiac treatment plan. 

 

Dependent Variables 

Cardiac Rehabilitation Completion  

 This continuous variable was conceptually defined as the completion of a 

medically supervised intervention to improve cardiovascular health that included 

exercise, education, and counseling. The concept of CR completion may involve both 
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attendance and adherence (Pedersen et al., 2018; Thompson, 2007). This variable was 

selected for inclusion in the data analysis because the literature shows that completion 

of CR, while low, is consistent across setting, age, and gender (Ruano-Ravina et al., 

2016). The operational definition of this variable was the percentage of persons that 

graduated from a CR program, measured by the number of sessions completed versus 

the number of sessions ordered. Completion is recorded as graduated or completed on 

the ICTP by the nurse (Pack et al., 2013; Rengo et al., 2017). 

Self-Care Behavior 

 Self-care behaviors are those behaviors that prevent, improve, and manage 

cardiac health (Riegel et al., 2009). These behaviors are focused on maintaining, 

managing, and monitoring cardiac health. The total self-care behavior is measured as 

the total score of a Self-Care Behavior questionnaire on a five point scale (1 = easy to 

do the behavior to 5 = very hard to do the behavior). Higher scores indicate that the 

behaviors were harder to do. 

Physical Functioning 

 Physical functioning is the activity level that affects the ability to perform basic 

activities of daily living (Gardiner, 2017). Physical functioning is a strong predictor of 

disability, and CR is shown to improve physical functioning (Hanson et al., 2012; Rengo 

et al., 2017; Reybrouck, 2003).Physical functioning was measured by the DASI scores, 

the 6MWT distance pre- and post-CR, and SF-36PF pre- and post-CR scores. The 

6MWT is the gold standard for assessment of physical functioning and is correlated with 

the ability to perform the basic activities of daily living encompassing mobility, strength, 

endurance, and the ability to maintain physical independence (Enright, 2003; Olper et 

al., 2011; Rengo et al., 2017; Uszko-Lencer et al., 2017). 

General Health  
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 General health was measured by the scores of several items. These were 

perception of general health, perceived balance between energy consumption and 

expenditure (daily sitting time, fatigue scale, sleep, and eating quality), perceived 

physical wellbeing (number of chronic conditions, number of medications, healthcare 

use), perceived mental wellbeing (anxiety and depression), and perceived self-care 

capacity (burden and complexity of self-care). 

 The perception of general health was conceptually defined as the individual’s 

opinions or rating of their individual general health, and perception of worse general 

health is associated with poor outcomes in cardiac patients (Ware, 1976). The general 

health perception was assessed by a single-item self-rated health measure and the SF-

36GH questionnaire. The scores on this questionnaire were reported on the ICTP before 

the start of CR and at completion of CR. 

 The self-rated health measure is one item “how would you rate your general 

health status?”. Participants were assessed after CR completion for perception of 

general health. The response format used a five-point scale (1 = poor to 5 = excellent) to 

rate perceived general health. A higher score indicates better perceptions of general 

health. The general health single-item is the mostly widely used self-rated health item 

(Meng et al., 2014). 

 The SF-36GH is a questionnaire which includes the perception of the health 

concepts of general health. Items 3-12 are used to score physical functioning 

perceptions, while items 1 and 33-36 are used to score general health perception. Other 

items on the SF-36GH and the SF-36PF are related to such concepts as bodily pain, 

social functioning, and emotional well-being and were not included. Each of the items in 

each category of either physical functioning or general health were averaged together to 

create scaled scores in a range from 0-100. The highest scores indicated favorable 

perceptions of physical functioning and general health. The SF-36PFand SF-36GH were 
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validated in a previous study of 50 participants in CR with a reliability of .94 as 

determined by the Cronbach’s alpha and the instrument was correlated with the MLHFQ 

(Supino et al., 2009). 

 The total fatigue scale was measured as the sum of scores on the four-item 

Fatigue questionnaire. The Fatigue questionnaire measures self-reported fatigue from 

mild to symptoms to those that are likely to decrease the patient’s ability to execute daily 

activities. The items were scored on a five-point scale (1 = not at all fatigued to 5 = very 

much fatigued). The lowest possible score on the four-item Fatigue questionnaire was 

four and the highest possible was 20. The mean score of the fatigue items was 11.72 

(SD = 4.37). This indicates the higher perceptions of fatigue experienced by the sub-

cohort of participants. The Fatigue questionnaire is similar to the Patient Reported 

Outcomes Measurement Information System study on fatigue that was constructed for 

use with patients with severe fatigue symptoms (Lai et al., 2011). It is based on a subset 

of items from the Fatigue-Short Form 4a. Items which demonstrated excellent reliability 

of .9 or higher for 95% of participants in the general population (Lai et al., 2011). 

Likewise, a similar but longer version for fatigue assessment is called the Fatigue-Short 

Form, and it was validated in a mixed methods study of heart failure patients (Ahmad et 

al., 2019). 

 The HADS score was used to assess anxiety and depression. Anxiety and 

depression are included in an assessment of general health. The HADS was 

administered to participants at baseline and after completion of CR. The HADS is a 14-

item tool which includes both depression and anxiety subscales and is based on a 4-

point scale. The normative scores for levels of severity of depression and anxiety are 

mild (1-8), moderate (11-15), and (16-21) for severe (Bjelland et al., 2002). The HADS 

tool was validated as an instrument to assess both anxiety and depression in the 

hospital and in the outpatient setting. The Cronbach’s alpha for the HADS-A varied from 
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.68 to .93 (M = .83) and for the HADS-D varied from .67 to .90 (M = .82), indicating good 

internal consistency in the literature (Bjelland et al., 2002). 

 To assess number of hours spent sleeping, participants were asked the usual 

time that they went to bed and the usual time that they awoke in the mornings. From this 

information, the number of sleeping hours was calculated as the time they got up in the 

mornings minus the time they went to bed to arrive at the total number of hours slept 

each night. 

 To assess sleep quality, participants were asked the following single-item 

question: “How would you rate your overall sleep quality?”. Scores were based on a five-

point scale (1 = very poor sleep to 5 = excellent sleep). A higher score indicates a better 

perceived quality of sleep. This question has not been validated in the CR population. 

 Daily sitting time was assessed as the self-reported number of hours spent sitting 

and were measured as the actual number of hours reported sitting. The number of 

medications were the self-reported medications and were measured as the actual 

number of medications reported by the participants. 

 Heart disease burden was measured using the MLHFQ, which is a 21-item 

questionnaire assessing the adverse effect of cardiac disease on patients’ lives (Bilbao 

et al., 2016). The questionnaire gives a single score that is the measure of the overall 

impact of cardiac disease on the patient’s life in terms of physical symptoms, physical 

functioning, social functioning, psychosocial functioning, and impact on QoL. Participants 

were asked to respond to items related to disease burden and the items were scored on 

a six-point scale representing different impacts of cardiac disease (0 = no impact to 5 = 

very much impact). Lower scores indicated a lower perception of disease burden while 

higher scores indicated worse perception of burden of disease. The lowest possible 

score on the 21-item questionnaire was zero and the highest possible score was 105. 

The psychometric and statistical properties of the questionnaire are heavily supported by 
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the literature. The items included in the MLHFQ are supported by expert clinical opinion 

in symptomatic heart failure studies (Rector et al., 1987). For decades, the content 

validity of the instrument was reported in studies assessing patient experiences to 

disease burden and treatment (Guyatt et al., 1989; Witham et al., 2007; Yu et al., 2008; 

Zambroski et al., 2005). 

 Complexity of self-care was measured as the self-reported perception of complex 

illness on the Complexity questionnaire. Participants answered the question “do you 

have a complex illness,” and answers were categorized as (1 = I have a complex illness 

or 0 = I do not have a complex illness). Higher scores indicated a perception of more 

complex illness. This question has not been validated in the CR population.  

Independent Variables 

Benefit and Barrier 

 Likewise, benefit and barrier to CR completion are those perceptions of receiving 

benefit from participation that are balanced with the individual perceptions of barriers to 

participation (Dunlay et al., 2009; Horwood et al., 2015). Benefit to CR were the 

individual responses to perceptions on the Benefit questionnaire. This is measured by 

calculating the score of the 12-item questionnaire. The scores were on a five-point scale 

(1 = lower perception of the benefit of CR completion to 5 = higher perception of the 

benefit of CR completion). Thus, higher scores indicated better perceptions of the benefit 

of CR completion. Barrier are the individual responses on the six-item Barrier 

questionnaire. The scores were measured on a five-point scale (1 = few barriers to 5 = 

many barriers). Higher scores indicated that there is greater perceived barrier to CR. 

Health Threat 

 Health threat is the perception of the challenges to health and combines both 

perceptions of susceptibility to illness and perception of illness. Perception of illness as 

measured by stress perceptions can have an impact on personal perception of 
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susceptibility to illness (Champion et al., 2009). Health threat was defined as the 

responses to stress perception on the Stress questionnaire. Stress perception was 

measured on a five-point scale (1 = no stress to 5 = high stress). Higher scores indicated 

perception of greater health threat. 

Self-Efficacy 

 Self-efficacy is a perception of individual capabilities to influence health and is 

measured by the scores on the Self-Efficacy questionnaire. The scores were based on 

responses to this questionnaire. Responses to this question were on a five-point scale 

(1= low confidence to take care of health problems to 5 = great confidence to take care 

of one’s health). Higher scores indicated a better perception of self-efficacy. 

Support 

 Support is perceptions of being cared for and with the assistance of a network of 

personal support (Smith & Baucom, 2017). The concept of support was measured by 

using two questionnaires. The first Support Quantity questionnaire included four items 

and asked participants if they perceived support. These items were yes/no responses, 

where an answer of no indicated the participant did not perceive support and an answer 

of yes indicated the participant did perceive support. Thus, higher scores indicated a 

better perception of support. The second Support Quality questionnaire asked 

participants to rate their support system on a five-point scale (1 = very poorly rated 

support system to 5 = excellently rated support system). That is, higher scores indicated 

participants with a higher rating of their individual support system 

Sociodemographic and Bio-physiological Variables 

 The definition of sociodemographic and biophysical characteristics is the 

combined economic, sociological, and physical variables that influence CR completion 

(Castellanos et al., 2016). The operational definition of this concept included age, 

gender, race, insurance status, obesity as measured by the BMI, glycemic control as 
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measured by the HbA1C, and cardiac disease severity as measured by the ejection 

fraction. 

Data Analysis 

 All statistical analyses were calculated using SAS 9.4 and SPSS version 25 in 

consultation with the statistician on the advisory committee. Descriptive statistics 

(means, standard deviations, percentages, and frequencies) were calculated for all 

variables. The significance level was set at .05. Descriptive statistics were calculated for 

all variables. Pearson’s correlation coefficients were calculated to determine the 

relationships between key concepts in the CF. Multiple linear regression models were 

calculated for each dependent variable, including CR completion rate, physical 

functioning defined as 6MWT distance change score (6MWT post distance – 6MWT pre 

distance) and DASI total score respectively, and self-care behavior. Due to the large 

number of variables and small sample size, stepwise selection was used to build the 

models with an entry level of .1 and the removal alpha level of .2. The t-values were 

used to compare the continuous variables, and chi-squares were used to compare the 

categorical variables. Internal consistency for each of four instruments used was 

assessed using Cronbach’s alphas. 

 Research Question 1 was “Do health beliefs and general health predict CR 

completion in patients who were participants of a CR program?” First, Pearson 

correlation coefficients were performed to assess the relationships of interest with CR 

completion, which was normally distributed. Second, multiple linear regression was 

calculated using stepwise selection to determine which explanatory variables were the 

best predictors of the CR completion. Explanatory variables considered were general 

health items, health belief variables (benefit and barrier, health threat, self-efficacy, 

support), and socio-demographic/bio-physiological factors.  
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Research Question 2 was “Do health beliefs and general health predict physical 

functioning in patients who were participants of a CR program?” First, Pearson 

correlation coefficients were performed to assess the relationship of the explanatory 

variables of interest with physical functioning, which was normally distributed. Second, 

multiple linear regression was performed using stepwise selection to determine which 

explanatory variables were the best predictors of the physical functioning. Explanatory 

variables considered were general health items and health belief variables (benefit and 

barrier, health threat, self-efficacy, support), as well as socio-demographic/bio-

physiological characteristics.  

Research Question 3 was “Do health beliefs and general health predict self-care 

behavior in patients who were participants of a CR program?” First, Pearson correlation 

coefficients were performed to assess the relationships of the explanatory variables of 

interest with self-care behavior that was normally distributed. Second, multiple linear 

regression was performed using stepwise selection to determine which explanatory 

variables were the best predictors of self-care behavior. Explanatory variables 

considered were general health items and health belief variables (benefit and barrier, 

health threat, self-efficacy, support), as well as socio-demographic/bio-physiological 

factors. 

Methodological Rigor 

 In this section, the reliability, validity, and quality of the data are described as well 

as the data quality checks that were completed. Reliability or precision is the degree to 

which a study can be repeated under similar circumstances (Chan et al., 2010). Validity 

or accuracy describes whether the study is measuring what it is supposed to measure 

(Gearing et al., 2006). 
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Reliability and Precision 

 Internal consistency of each of the four instruments used in the study was 

assessed using the Cronbach’s alpha coefficient. Thus, internal consistency was 

assessed for self-care behavior, self-care barrier, beliefs in the benefit of self-care, and 

the perception of support. Data quality and reliability in this study may have been 

impacted because the patients in CR were not selected for the study before they 

received CR services. First, the participants that were eligible for the study were mixed 

in with participants that did not meet the eligibility requirements for the study. Second, 

the data were not collected for the purpose of this research study and may have been 

lacking in quantity and quality. In other study designs, the participants are selected for 

the study as they enter the treatment area. In this study, however, eligible participants 

were sorted from the non-eligible participants after they had already received treatment. 

This may be a limitation to the precision of the study results, as it may be possible that 

eligibility criteria were not documented or were potentially incorrectly documented by the 

providers, and eligible participants may have been missed (Chan et al., 2010; Van Melle 

et al., 2018). Precision was addressed by soliciting the power trials administrator for 

assistance in identifying patients with a discharge diagnosis of cardiac disease and a 

referral to CR, and then this was cross-referenced with enrollment in CR. 

 Reliability of the data are also threatened because they may be collected 

inaccurately and in a disorganized manner (Carlson & Morrison, 2009; Worster & 

Haines, 2004). The retrospective study used data that were collected before the study 

variables were defined and before any data collection procedures were initiated. The 

EMR may contain data that were interpreted by team members not trained in the study 

protocols, and this may have led to missing data or misinterpreted data. The EMR may 

have also contained data that were handwritten on paper-based medical records 

scanned into the EMR, and with multiple areas that allow for a free text format. The data 
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could have been affected by the possibility of clerical errors associated with transcribing 

the paper-based medical records to the database (Gearing et al., 2006). These issues 

were addressed through the use of formal data collection procedures and extensive 

quality monitoring of the data abstraction process. Data quality assurance measures 

included a plan for how the data were abstracted, when the data were abstracted, and 

by whom the data were abstracted. The plan also included a coded list of the charts 

abstracted. The abstractors used a formal data collection tool created specifically for the 

study. Data abstracted was crossed checked (Gregory & Radovinsky, 2012). 

 To ensure ongoing reliability, the data underwent extensive quality checks of all 

data abstracted (Cowie et al., 2017). Inter-rater agreement was maintained at the 95% 

level as compared to the gold standard. When the interrater agreement dropped below 

this level, the ICTP was held back from the pool of participants and the data were re-

abstracted. In addition, ongoing quality controls were included in weekly meetings with 

the abstractors. When the abstractors had any questions or concerns regarding how to 

abstract a variable, the principal investigator was consulted. Questions that could not be 

answered by the principal investigator were discussed with the major advisor during a 

weekly call or by email, and abstractors had responses within one to three days. During 

the abstraction process, the abstractors consulted the principal investigator if there were 

any decisions necessary regarding a variable so that abstractors were not required to 

make any judgments regarding the abstracted variables (Chan et al., 2010). 

Validity and Accuracy 

 Validity of a retrospective chart review involves decreasing bias (Carlson & 

Morrison, 2009; Chan et al., 2010; Gearing et al., 2006). The strategies used to increase 

validity of the study were the definition of the inclusion and exclusion criteria, the 

definition of the study variables, blinding of abstractors, the use of an abstraction form, 

and abstractor training. 
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 The first strategy to decrease bias in the study was the definition of specific 

inclusion and exclusion criteria (Chan et al., 2010). This was completed before the 

charts were selected for abstraction. Further details of these criteria are outlined in the 

inclusion and exclusion criteria section. 

 To increase validity, the data availability pertaining to the studied variables was 

assessed before the beginning of the study (Gearing et al., 2006). This was 

accomplished by conducting a small pilot study of approximately 90 participants 

completing a CR program between 2/7/2018 and 10/11/2018 to identify feasibility as well 

as to ascertain the availability and location of the desired variables within the medical 

record. The pilot study resulted in an abstractor training manual, a data collection 

instrument, the variable codebook with definitions, and basic descriptive analysis. This 

work was completed to further refine the research techniques used in this study (Gearing 

et al., 2006). 

 To increase accuracy, abstractor training sessions were devised that included a 

review of the variables, definitions, and locations of the variables in the medical record 

(Gearing et al., 2006). The training sessions included practice in abstracting variables 

from practice charts with monitoring of the practice. All questions regarding the 

abstraction process as well as feedback were included in the training. Typical training 

session length was between 30 and 90 minutes, with most training sessions 60 minutes 

in length. 

 Another strategy to increase the validity of the study was to decrease subjective 

bias through the use of blinding (Carlson & Morrison, 2009). The study questions were 

blinded. That is, they were not provided to the abstractors and were not a part of the 

abstractor training. Additional blinding measures were that the data collectors for the 

study were not involved in the study design and were not medically trained. This 
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increased the validity of the study such that the outcomes were concealed to the 

abstractors, and no abstractors knew beforehand the study outcomes. 

Summary 

 This section described the methodology of the study, which was a retrospective 

cohort study conducted to examine the factors influencing CR completion and health 

outcomes such as physical functioning. Data for the study were collected from the EMR 

of patients completing CR at a large medical center in the southeastern United States. 

The purpose of the study was to examine the relationships between health beliefs, 

general health, CR completion, self-care behavior and physical functioning. The study 

sample emerged from a list of patients completing CR. The dependent variables were 

CR completion, self-care behavior, and physical functioning. The independent variables 

for the study were health beliefs, several general health items, and sociodemographic 

variables: age, gender, race, insurance, BMI, cardiac ejection fraction, HbA1C, 

depression, anxiety, general health, sitting time, sleeping duration, overall quality of 

sleep, perception of complex illness, heart disease burden, number of chronic 

conditions, fatigue, stress, self-care behavior, self-efficacy, perception of support, rating 

of support, benefit, barrier, and health threat. Statistical analysis included descriptive 

statistics, Pearson’s correlation coefficient, and multiple linear regression models using 

stepwise selection. 
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Chapter 4 

Results 

 In this chapter, the data analysis used to evaluate the specific aims and 

hypothesis are presented. There is a discussion of the demographics of the participants 

and descriptive statistics of the variables used in this study. Pearson’s correlations 

between the relationships of the concepts in the CF are given, and a presentation of the 

internal consistency for four instruments used in the study using Cronbach’s alpha is 

shown. The chapter concludes with a presentation of the multiple regression models 

showing the predictors of CR completion, physical function, and self-care behavior. 

Description of Data Analysis 

 The sample consisted of 394 total participants from a cohort of graduates from 

CR at a large medical center in the southeastern United States. Demographic 

characteristics of the study population were calculated as means and standard 

deviations for continuous variables and as frequencies and percentages for categorical 

variables. A table showing the demographic and clinical characteristics of the population 

and the differences between BMI and gender is presented in Appendix D. 

 Data screening was conducted prior to statistical analysis to examine coding 

errors, outliers, and data skewness to determine if any data cleaning procedures were 

needed. Coding errors related to the questionnaires were found. The statistician on the 

study committee was consulted, and statistical procedures were used to recode the 

study questionnaires. Additionally, missing data were found at the item level, indicating 

that some data may have been omitted by the healthcare team during patient visits to 

the CR center. Missing data at the item level were reviewed for patterns that would 

introduce bias in the study and then reviewed to enter any data that were missed by the 

abstractors. However, some data items remained missing and these issues were 

resolved in consultation with the statistician member of the study committee. Variables 
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with much missing data were excluded from the analysis because in multiple linear 

regression, if an individual is missing an item on any response or outcome variables, 

they are excluded from the analysis. Only 35 out of 90 individuals responded to the 

items on anxiety post and depression post, so these variables were excluded from the 

analysis in order to keep the sample from substantially decreasing. 

 The data were analyzed using descriptive statistics and frequency distributions to 

understand the baseline characteristics of the population. Descriptive statistics, including 

frequencies, percentages, means, and standard deviations, were performed. The 

variables were checked for normality, and the mean and standard deviation were used 

as a measure of central tendency because the data were normally distributed. To 

compare the continuous variables, analysis of the number of observations and the 

number of missing variables were conducted. The center of the data was found by 

means and medians. The spread of the data was analyzed through standard deviations 

and variance. The extremes of the data, including minimums, maximums, and outliers, 

were observed. Additionally, the shape of the distribution of the data was analyzed for 

symmetry and clustering about the mean. The data were also analyzed for the values in 

the tails of the distributions, including skewness and kurtosis. 

 The categorical variables were analyzed for number in each category, proportion 

in each category, percentile, valid percent, and cumulative percent. The most frequently 

occurring categories were identified. T-test statistics were used to compare the 

continuous variables, and chi-square statistics were used to compare the categorical 

variables. To examine differences between males and females and between lean and 

obese participants, a two sample t-test was calculated. Again, these tests were chosen 

because the data were normally distributed. 
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Characteristics of Participants 

Overall Description  

The study sample was described with means and standard deviations for the 

continuous variables (e.g., age, BMI) and percentages for the categorical variables (e.g., 

gender, race). The areas of focus were sociodemographic, clinical, laboratory, bio-

physiological, lifestyle, mental health, and educational interventions provided in CR. 

 The mean age of the sample was 62 years (SD = 12.15; range 18-91 years). 

Participants were 58.63% male and 41.37% female. The racial demographics of the 

participants included 59% White, 34% Black, and 3% other races. The percentage of 

participants completing all 36 sessions of CR was 65%. 

 Almost 50% of the participants reported a family history of heart disease (n = 

166, 42.24%). The average ejection fraction in CR participants at baseline was 50% (SD 

= 14.21%). All participants were in moderate-to-high risk stratification for an acute 

cardiovascular event while performing the CR interventions (n = 231, 56.60% for 

moderate risk; n = 162, 42.97% for high risk, respectively). The participants had an 

average of five chronic conditions (SD = 2.98). The types of chronic conditions most 

prevalent in the population were hypertension (n = 195, 49.52%), hypercholesterolemia 

(n = 109, 27.95%), diabetes (n = 67, 17.14%), cerebral vascular accident (n = 27, 

6.85%), and obstructive sleep apnea (n = 37, 9.44%). The mean BMI at baseline was 

30.43(SD = 32.72). The mean body fat percentage of the participants did not change. It 

was 34.24% (SD = 6.93%) at baseline, and it was 34.00% (SD = 9.04%) after CR 

completion t(198) = -1.05, p = .29. 

 The performance measures for CR included the 6MWT battery (6MWT distance, 

MET, Rating of Perceived Exertion [RPE], max heart rate, blood pressure before and 

after), cardio resilience (resting and peak heart rate, blood pressure), and extremity 

strength and flexibility (arm strength and limb flexibility before and after). The MET 
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increase is an especially important measure for national certification (Du et al., 2017). In 

this study, physical functioning of participants significantly improved after completion. 

The 6MWT distance increased from an average of 1320.95 feet (SD = 389.14) at 

baseline to an average of 1524.68 feet (SD = 383.04) after CR completion. The mean 

increase in distance walked was 213 feet (SD = 212.41), and this was statistically 

significant t(272) = 16.58, p = < .001.  

MET is a measure of the oxygen uptake and measures the energy used by the 

body. The mean MET increased from 3.41 (SD = 6.99) at baseline to 13.84 (SD = 

181.03) after CR completion, t(274) = 1.02, p = .30. Mean right arm strength increase 

was 4.20 pounds (SD = 10.48), and the increase was statistically significant t(290), 6.87, 

p < .001. The mean left arm strength increase was 4.42 pounds (SD = 11.5), and the 

increase was statistically significant t(285) = 6.45, p < .001. Mean flexibility increased 

1.56 inches (SD = 6.84), and this was statistically significant t(239), = 3.54, p < .001. 

 The CR assessed the mental health of participants before and after with the 

HADS questionnaires for anxiety and depression. The mean score on the HADS-D 

improved from 5.25 (SD = 4.09) before to 4.17 (SD = 3.97) after CR completion. The 

mean change in depression was -.95 (SD = 2.80), and this was statistically significant 

t(254) = -5.42, p < .001. The mean score on the HADS-A improved from 5.96 (SD = 

4.39) before to 5.27 (SD = 4.42) after CR completion. The mean anxiety change was -

.64 (SD = 2.71), and this was statistically significant t(254) = -3.80, p < .001. The results 

shown in these scores indicated statistically significant reductions in both anxiety and 

depression after CR completion. Among the entire study cohort, 18% reported a history 

of stress on the Stress questionnaire. Participants (n = 358, 96.76%) affirmed that they 

had support of family.  

 The mean change in general health perceptions as measured on the SF-36GH 

was 1.79 (SD = 8.02), and this was statistically significant t(239) = 3.46, p < .001. The 



CARDIAC REHABILITATION 

75 

mean change in perception of physical function as measured by the SF-36PF was 3.63 

(SD = 8.82), and this was statistically significant t(237) = 6.35, p < .001. 

 Laboratory measurements included several cardiovascular disease risk factors, 

such as lipid profile and HbA1C. The total cholesterol level before CR was (M = 166.94, 

SD = 45.69) and after CR completion was (M = 164.89, SD = 71.42), and this was not 

statistically significant t(243) = .434, p = .66. The HbA1C before CR was (M = 6.97, SD = 

6.51) and after CR completion was (M = 6.89, SD = 5.96). The mean change in HbA1C 

was -.03 (SD = .51), and this was not statistically significant, t(197) = -1.06, p = .28. The 

mean decrease in fasting blood glucose was 2.13 (SD = 14.26), and this was statistically 

significant, t(184) = -2.03, p = .04. The results showed that participants had small 

changes in mean cholesterol level, HBA1C and fasting blood glucose after CR 

completion. 

 The mean knowledge level of participants regarding cardiac health increased 

from 5 (SD = 1.41) before CR completion to 5.45 (SD = 1.31) after CR completion. The 

mean change in knowledge level was .53 (SD = 1.34), and this was statistically 

significant t(214) = 5.79, p < .001. At the end of CR, 98% of the participants met their 

education goals. There were few patients with learning barriers (n = 38, 10.58%). The 

majority of CR participants were provided one-on-one or focus group discussion 

sessions conducted by nursing staff (99.23%), and 65% were given a referral to nutrition 

classes. However, few participants were referred for bariatric and weight care (n = 1, 

0.6%), diabetes education (n = 7, 1.8%), and dietitian consultant (n = 4, 1.65%). 

 Tobacco use intervention and relapse prevention is another key measurement of 

CR. Thirty-six percent (n = 132) of the participants were current tobacco users. The 

average number of years of tobacco use in the participants was 25 years (SD = 14.03), 

and the mean number of daily cigarettes used was seven (SD = 13.37). About 39% of 
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participants received tobacco cessation interventions during the CR (tobacco cessation 

counseling and referral for tobacco treatment). 

Group Comparisons by Gender and BMI 

 Subgroup comparisons by sex and BMI were performed using the student t-test 

for continuous variables and the chi-square test for categorical variables (see Appendix 

D). Male and female defined the gender groups and obese participants were defined as 

having a BMI > 30, while lean participants had a BMI < 30. A comparison between the 

group with complete data (n = 90) and the group with incomplete data (n = 394) was 

conducted. There were no significant differences in all selected variables between 

groups with and without complete data. 

 Comparisons were first made by gender. A significant gender difference was 

observed in physical functioning in the post CR 6MWT, resting heart rate, before and 

after CR extremity strength, and before and after CR as assessed by the SF-36PF 

questionnaire. Women had lower overall physical functioning performance scores than 

men. However, as compared to men, women had greater improvements in arm strength. 

For women, the right arm, t(33) = -1.2. p = .13; left arm t(32) = -1.5, p = .13 before and 

right arm t(30) = .78, p = .43, left arm t(30) = .44, p = .65 after CR participation was 

statistically significant. A history of obstructive sleep apnea was statistically significant 

for men x2 (1, N = 31) = 5.38, p = .02 as compared to women. There was a statistically 

significant difference (x2 (2, N = 94) = 1.71, p = .42) in smoking for men vs. women. 

Overall, scores on the HADS decreased after CR completion among all groups, but 

there was a greater decrease in anxiety scores for women after CR completion. For 

example, anxiety scores for women before completion were M = 5.96, SD = 4.39, and 

completion were M = 5.27, SD = 4.42. Depression scores on the HADS before CR 

completion were M = 5.25, SD = 4.09, and after CR completion were M = 4.17, SD = 

3.97. Women had greater anxiety before completion of CR (M = 7.04, SD = 4.54) than 
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men (M = 5.39, SD = 4.22), but this equalized after CR completion. Anxiety scores for 

women after CR completion were M = 5.9, SD = 4.33, and for men, anxiety scores after 

CR were M = 4.97, SD = 4.45; this was not statistically significant (t(277) = 1.65, p = 

.09).There was not a statistically significant gender difference in the other variables 

collected (see Appendix D). 

 Comparisons were then made between lean and obese participants. Obese 

participants’ mean ejection fraction was lower (M = 48.01, SD = 14.38) than for lean 

participants (M = 52.12, SD = 13.74); this difference was statistically significant (t(28) = 

2.48, p = .01). Obese participants’ physical functioning (M = 1480 feet, SD = 360.41) 

was lower than for lean participants (M = 1360 feet, SD = 402.91), and this was 

statistically significant (t(28) = 1.89, p = .05). There were a statistically significant number 

of obese participants (n =27, 14.06%) with obstructive sleep apnea as compared to lean 

participants (n = 10, 5%), x2 (1, N = 27) = 9.41, p = .002.  

 The HDL were significantly higher in the lean group (M = 47.11, SD = 15.59) than 

in the obese group (M = 41.69, SD = 14.98; t(331) = 3.23, p < .001). The triglyceride 

levels were also significantly significant in obese (M = 161.61, SD = 130.82) than in lean 

(M = 123.65, SD = 75.5; t(334) = -3.24, p < .001), which indicates much greater 

cardiovascular disease risks in obese patients. Poor cardiac health was further 

supported by the results of the risk stratification. A significant number of lean participants 

(n = 121, 63%) were classified in the moderate risk group as compared to the obese 

group, where more were classified as high risk (n = 92, 49%), x2 (2, N = 92) = 8.87, p = 

.01. Furthermore, the obese group had a higher number of risk factors for cardiac 

disease than the lean group (M = 3.3, SD = 1.12 vs. M = 2.98, SD =1.14). Less than a 

quarter (n = 87, 22%) of participants reported a sedentary lifestyle, but in those with 

obesity (n = 54, 28.13%), this was statistically significant x2 (1, N = 54) =7.80, p = .005. 

Additionally, fasting blood glucose levels after CR completion in obese patients were M = 
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140, SD = 128.04, and in lean participants were M = 136, SD = 110.77; this was 

statistically significant (t(274) = -2.97, p = .003). 

 Anxiety and depression scores were measured on the HADS-A and the HADS-D 

both before and after CR completion in lean and obese participants. Anxiety scores 

before CR in the lean group were M = 5.85, SD = 4.29, and in the obese group, they 

were M = 6.07, SD = 4.52; this was not statistically significant (t(326) = -4.62, p = .645). 

Anxiety scores after CR completion in the obese group were M = 5.48, SD = 4.70, and in 

the lean group were M = 5.08, SD = 4.18. This was also not statistically significant 

(t(276) = -757, p = .450). Depression scores for the obese group before CR were M = 

5.08, SD = 4.09, and after CR, they were M = 4.06, SD = 3.95; this was not statistically 

significant (t(327) = -8.09, p = .40). Depression scores after CR completion in the obese 

group were M = 4.06, SD = 3.95, and in the lean group were M = 4.27, SD = 4.01; this 

also was not statistically significant (t(275) = .439, p = .66). 

Sub-Cohort Analysis 

 A sub-cohort of CR patients (n = 90) with documented and filled questionnaires 

were included in the analyses aimed to address the proposed research questions. There 

were no significant differences in selected variables between patients with filled and not 

filled questionnaires in their charts. The sociodemographic, cardiac conditions and risks, 

physical functioning, self-care behavior, and general health items are described in Table 

3. 
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Table 3  

Participant Characteristics of the Sub-Cohort 

Variables M or n SD or % 
   

Sociodemographic 
   

Age (years) 62.85 11.71 
Race (number Black) 40 44.4% 
Sex (number male) 50 55.6% 
Medicare 29 32.2% 
Retired 47 52.2% 
Marital status 46 51.1% 
Not living alone 66 73.3% 
Family visits 69 76.7% 

   

Physical assessment 
   

Baseline diastolic blood pressure 77.91 14.64 
Baseline systolic blood pressure 129.82 19.57 
Baseline w/c (centimeter) 112.50 18.40 
BMI 32.28 8.94 
Weight before (pounds) 209.40 55.53 
Weight after (pounds) 212.13 56.74 
Percent body fat after 33.84 6.61 
Sleeping time (hours) 7.70 1.63 
Hemoglobin A1C before 6.80 2.05 
Hemoglobin A1C after 6.77 1.88 
Total cholesterol before 163.49 43.21 
Total cholesterol after 152.74 41.58 
Ejection fraction  46.32 12.09 
Risk stratification moderate(number) 42 36.7% 
Risk stratification high risk (number) 30 33.3% 
Mean cardiac risk factors (number) 3.09 .612 

   

CR completion 
   

Completion rate 82.28 24.10 
   

Physical functioning 
   

DASI total score 23.34 13.57 
6MWT distance in feet before 1165.27 297.75 
6MWT distance in feet after 1460.58 356.89 

   

 

 



CARDIAC REHABILITATION 

80 

Variables M or n SD or % 

Self-Care behavior 
   

Perception self-care behavior score 41.21 8.830 
   

 

Health beliefs 

 
Perception of benefit of self-care score 18.31 6.43 
Perception of barrier score 10.48 5.14 
Perception of stress score 3.03 1.175 
Perception of self-efficacy score 4.03 .90 
Support system 2.29 1.22 
Perceived support 3.03 1.5 

   

General health  
 

General health perception 2.9 .917 
SF-36GH before  43.34 10.31 
SF-36GH after 44.83 10.19 
Sitting time 8.5 3.49 
Perception of fatigue score 11.72 4.37 
Number prescription meds 12.03 5.44 
Number of chronic conditions 11.77 5.66 
Hospitalization 62 68.9% 
ED visits  57 63.3% 
Baseline anxiety score 6.23 4.84 
Baseline depression score 5.58 4.42 
Self-care complexity (yes or no) 31 34.4% 
Heart disease burden  61.91 20.91 

Note. Values are mean (standard deviation) for continuous variables and n (%) for 

categorical variables. w/c = waist circumference; CR = cardiac rehabilitation; DASI = 

Duke Activity Status Index; 6MWT = Six-Minute Walk Test; SF-36GH = Short Form 

Health Survey of General Health. 

 

 The average age of the sub-cohort of 90 patients was 62.85 (SD = 11.71; range 

24-89). Less than half (n = 40, 44.4%) were Black, and the majority were men (n = 50; 

55.6%). About 52% patients were retired (n = 47, 52.2%). Although 51% were married, 

greater than half the patients lived with someone (n = 66, 73.3%), and 77% saw their 

family members weekly (n = 69, 76.7%). 
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 The average systolic blood pressure was M = 129.82, SD = 19.57, and the 

average diastolic blood pressure was M = 77.91, SD = 14.64, which is not different from 

normal blood pressure guidelines (Ades et al., 2017). The average waist circumference 

was 112.82 centimeters (SD = 19.57), which was larger than the threshold of 80 

centimeters, at which increases may indicate increased risk for heart problems (Peters 

et al., 2018). 

 The patients in the sub-cohort were, on average, overweight or obese at baseline 

(M = 33.52, SD = 8.40), and on average, they weighed less before (M = 209.40 pounds, 

SD = 55.53) than after CR completion (M = 212.13 pounds, SD = 56.74). The average 

body fat percentage of the group was 33.84 (SD = 6.61); this was similar to body fat 

amounts in the general population indicating obesity (St. Onge, 2013). 

 The cardiovascular health of the patients was poor. This was assessed by the 

average number of risk factors for cardiac disease, the risk stratification for a cardiac 

event, and the average cardiac ejection fraction. For example, the average number of 

risk factors for cardiac disease is 3.09 (SD = 1.24). The number of patients with a 

moderate risk stratification was n = 42 (46.7%), and the number of those with a high-risk 

stratification was n = 30 (33.3%). The ejection fraction is the measurement of the amount 

of blood the left ventricle pumps out with each cardiac contraction (Abohammar et al., 

2017). The patients have poor cardiac health as evidenced by a mean ejection fraction 

of M = 47.72, SD = 15.09. The literature states that in the healthy population, the normal 

ejection fraction is about 70 percent (Abohammar et al., 2017).  

CR Completion 

 The total prescribed number of CR sessions is 36. The average completed 

sessions was 29 (SD = 8.69). Seventy-two (82%) of the participants completed CR 

within five months. 
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Physical Function 

 Overall, the physical functioning of the patients improved after participating in 

CR. The average increase of 6MWT distance was 295 feet (M = 1165.27, SD = 297.75 

to M = 1460, SD = 356.89). The functional capacity as measured by MET increased 0.45 

(M = 2.6, SD = 0.44 to M = 3.13, SD = 0.52) and the RPE increased 1.13 (M = 11.2, SD 

= 2.58 to M =12.4, SD = 2.61). Patients also improved their upper extremity flexibility by -

.26 inches (M = -3.26, SD = 3.52 to M = -2.04, SD = 3.38) and their strength in their right 

arms by 11.81 pounds (M = 65.24, SD = 25.21 to M = 77.05, SD = 23.33). Physical 

function capacity was also assessed with the 12-item DASI. The DASI asks participants 

to identify each daily activity that they were able to do. The final score ranged between 

zero and 58.2 points. The higher the total score, the better the functional capacity (Fan 

et al., 2015; Failde & Ramos, 2000). The patients had a mean score of 23.34 (SD = 

13.57) on the DASI, indicating poor functional capacity. 

Self-Care Behavior 

 Self-care behavior of the patients was assessed using the 12-item Self-Care 

Behavior questionnaire. The questionnaire asked them to rate their ability to do self-care 

on a five-point scale from (1= not at all hard to 5 = very hard to do). Higher scores 

indicated self-care activities are harder to accomplish. The lowest score on the 

questionnaire was 12 and indicated that self-care is not hard for the patients. A score of 

60 represented the highest level of difficulty in performing self-care. Patients had a mean 

score of 41.21 (SD = 8.83) on the Self-Care Behavior questionnaire, indicating that self-

care was hard or moderately hard to do after CR participation. The internal consistency 

of the questionnaire was acceptable as evidenced by a Cronbach’s alpha of .8. 

Health Beliefs 

 Self-care benefit was measured on a 12-item Benefit questionnaire about the 

participant’s beliefs regarding the benefit of lifestyle modification. The internal 
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consistency was excellent as evidenced by a Cronbach’s alpha of .9. The mean score of 

perceived self-care benefit was 18.31 (SD = 6.43). Overall, the participants reported a 

high belief in the benefit of lifestyle modification. 

 Self-care barrier was measured by a 12-item Barrier questionnaire assessing 

perceived barriers to CR completion. The reliability of this scale was assessed and the 

internal consistency was good (Cronbach’s alpha = .80). The perceived self-care barrier 

mean score was 10.48 (SD = 5.14); higher scores showed greater barrier to CR 

participation.   

Health threat was assessed by the one-item Stress questionnaire “How much 

stress have you been experiencing in the past month?” Participants rated their stress 

perception on a five-point scale (1 = almost none to 5 = extremely high) stress. Higher 

scores indicated greater stress. The mean stress score for the participants was 3.03 (SD 

= 1.17). 

 Self-efficacy was assessed by the single item Self-Efficacy questionnaire. Self-

confidence was assessed on a five-point scale (1 = very much confident to 5 = not 

confident at all). The mean self-efficacy score was 4.03 (SD = 0.90); higher scores 

showed greater confidence to take care of their health problems. 

 Support perception was assessed by a four-item Support Quantity questionnaire. 

Patients responded to perceptions of support by answering “yes” or “no”. The mean 

perception of support was 3.03 (SD = 1.22); higher scores indicated excellent support, 

and low scores indicated very poor support. In addition, participants rated their support 

system with one item Support Quality questionnaire, “How would you rate your support 

system?” This item was assessed on a five-point scale (1 = very poor to 5 = excellent). A 

higher score indicated excellent perceived rating of their support system, while a lower 

score indicated a very poor rating of their support system. Overall, the patients had lower 

ratings of their support system, with an average of 2.29 (SD = 1.22). 
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General Health  

 The concept of general health was assessed with the use of several items. 

General health perception was assessed by the one-item general health perception and 

the items on the SF-36GH. The mean general health perception measured by a single 

item was 2.9 (SD = .917). The mean score measured by the SF-36GH before CR was 

45.34 (SD = 10.31), and after CR, the mean was 44.83 (SD = 10.19), which was lower 

than the average perceived by adult patients in general. Overall, CR participants 

reported a lower perception of general health than the general population. 

 The participants’ time spent sitting was assessed by the question, “How many 

hours do you spend sitting?” The mean score for the number of hours spent sitting per 

day in the sub-cohort was 8.5 (SD = 3.49). The results suggest that CR participants sit a 

higher number of hours than the general population, who sit on average 7.7 hours (SD = 

0.04). 

 Fatigue is a symptom indicating the general health of participants. The 

perception of fatigue was assessed using a four-item Fatigue questionnaire. The items 

were scored on a five-point scale (1 = not at all fatigued to 5 = very much fatigued). 

Higher scores show increased fatigue The lowest possible score on the four-item 

Fatigue questionnaire was four, while the highest possible was 20. The internal 

consistency was excellent as evidenced by a Cronbach’s alpha of .96. The mean fatigue 

score was 11.72 (SD = 4.37). This indicated higher perceptions of fatigue experienced 

by the sub-cohort of participants. 

 Sleeping time and overall sleep quality of participants was assessed. The mean 

number of sleeping hours in the sub-cohort was 7.7 (SD = 1.635). The participants were 

assessed for general perception of sleep quality with the question, “How would you rate 

your overall sleep quality?” This item was assessed on a five-point scale (1 = very poor 

sleep quality to 5 = excellent sleep quality). Higher scores indicated better overall sleep 
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quality. Participants’ mean sleep quality score was 3.02 (SD = 1.049), indicating a good 

to fair perception of sleep quality. 

 Perception of diet quality of participants was assessed with the question “How 

would you rate your overall diet quality?” This item was assessed on a five-point scale (1 

= poor diet quality and 5 = excellent diet quality). Higher scores indicated a better 

perception of overall diet quality. Participants in the sub-cohort rated their mean diet 

quality as 2.92 (SD = 0.864), indicating a fair to poor diet quality. 

 Overall physical wellbeing was measured by the numbers of chronic conditions, 

the numbers of medications prescribed, and healthcare use (hospitalization and ED 

visits in past 12 months). The number of participants with a hospitalization after CR 

completion was 62 (68.9%), and the number of participants with an ED visit was 57 

(63.3%) in the sub-cohort of CR participants. The average number of chronic conditions 

was 11.77 (SD = 5.66), and the average number of prescription medications was 12.03 

(SD = 5.44). 

 Perception of mental wellbeing was assessed by measuring anxiety and 

depression using the HADS. In this study, participant scores for anxiety on the HADS-A 

were M = 6.14, SD = 3.76 and for depression on the HADS-D were M = 3.68, SD = 3.07. 

 Perception of self-care capacity was assessed by the Complexity questionnaire 

and the MLHFQ. Complexity of self-care was the sign of general health that was 

measured by a simple one-item Complexity questionnaire and the MLHFQ. The 

Complexity questionnaire asked participants to respond to “Do you have a complex 

illness?” Participants answered “yes” or “no”. A higher number of participants answered 

that they perceived a complex illness (n = 59, 65%). Heart disease burden was 

measured using the 21-item MLHFQ, assessing the adverse effect of cardiac disease on 

patients’ lives (Bilbao et al., 2016). The internal consistency was excellent as evidenced 

by a Cronbach’s alpha of .926. The average MLHFQ score was 61.91 (SD = 20.91). 
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Correlations of Key Concepts in the CF  

 Pearson correlations coefficients were calculated to determine the relationship 

between the key concepts in the CF with CR participation, physical functioning, and self-

care behaviors. The correlations between explanatory and dependent variables are 

presented in Table 4. 

 

Table 4 

Pearson Correlation Coefficients (r) Among Explanatory and Dependent Variables 

 
CR completion 

rate 
DASI total 

score 
Self-Care 
behavior 

Age .327** -.185 .455*** 

BMI baseline -.270 -.262** -.444*** 

Hemoglobin A1C  -.250* -.121 -.170 

Sitting time -.001 -.383*** -.609*** 

Fatigue .083 -.350*** -.250*** 

Number chronic conditions .071 -.428*** .161 

Anxiety baseline -.006** -.030 -.177 

Depression baseline .006** -.235 -.147 

Heart disease burden  -.071 -.555*** -.241* 

Health threat  -.048 -.239* -.332*** 

Self-care barrier .059 -.429*** -.275** 

Self-care benefit -.004 -.033 .502*** 

Self-efficacy .063 .310*** .406*** 

Support .498 .025 .388** 

Note. CR = cardiac rehabilitation; DASI = Duke Activity Status Index. 

*p < .05, ** p < .01, ***p < .001. 

 

Age 

 There was a significantly positive correlation between age and CR completion 

rate (r = .327, p =.005). That is, older patients had an increased likelihood of completing 
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CR. In addition, age was significantly associated with self-care behavior (r = .455, p < 

.001), meaning that the older participants tended to have a greater number self-care 

behaviors. Age was not associated with DASI score. 

BMI 

 BMI was significantly negatively correlated with self-care behavior (r = -.444, p < 

.001) and DASI score (r = -.262, p = .012); that is, the higher the BMI, the fewer self-care 

behaviors and lower the activity status assessed by the DASI score. BMI was not 

associated with CR completion rate. 

Hemoglobin A1C 

 HbA1C was negatively correlated with CR completion rate (r = -.250, p = .042), 

meaning that as the diabetes control decreased, the HbA1C increased and the less 

likely the person was to complete CR. HbA1C was not significantly correlated with DASI 

score. 

Sitting Time 

 Sitting time was negatively correlated with DASI (r = -.383, p < .001) and also 

negatively associated with self-care behaviors (r = -.609, p < .001). That is, as the 

number of hours sitting increased, the poorer the activity status and the worse the self-

care behavior. Time spent sitting was not associated with CR completion rate. 

Fatigue 

 Fatigue was not associated with CR completion rate. However, there was a 

significant negative correlation between fatigue and DASI (r = .350, p < .001) and fatigue 

and self-care behavior (r = -.250, p = .017). 

Chronic Conditions 

 The number of chronic conditions was significantly negatively associated with the 

DASI score (r = -.428, p < .001); that is, the greater the number of chronic conditions, the 
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poorer the activity status. However, the number of chronic conditions was not associated 

with either CR completion rate or self-care behaviors. 

Anxiety and Depression 

 Anxiety (r = -.006, p = .96) and depression (r = .006, p = .958) were not 

significantly correlated with CR completion rate. Anxiety (r = -.030, p < .814) and 

depression (r = -.235, p = .063) were not significantly correlated with physical function on 

the DASI. Likewise, anxiety (r = -.204, p = .182) and depression (r = -.192, p = .211) 

were not significantly correlated with physical function on the 6MWT. Finally, anxiety (r = 

-.177, p = .163) and depression (r = -.147, p = .249) were not significantly correlated with 

self-care behavior.  

Disease Burden 

 Burden of heart disease was significantly negatively correlated with DASI (r = -

.555, p < .001) and self-care behavior (r = -.241, p = .021); that is, the higher the burden 

of heart disease, the poorer the activity status and the fewer self-care behaviors. 

Health Threats 

 Health threat was significantly negatively correlated with self-care behaviors (r = -

.332, p < .001) and negatively correlated with DASI score (r = -.239, p = .022). That is, 

as the threat of health increases, measured by stress level, the lower the self-care 

behaviors and the lower the activity status. 

Barriers and Beliefs 

 Significant negative correlations were found between the perception of barriers to 

CR completion and DASI score (r = -.429, p < .001) and self-care behaviors (r = -.275, p 

< .001); specifically, as the perceptions of barriers to CR completion increased, the 

activity decreased and self-care behaviors decreased. Perception of barriers was not 

correlated with CR completion rate. Belief in the benefit of self-care was significantly 

positively correlated with self-care behaviors (r = .502, p < .001); that is, participants with 
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increased beliefs in the benefit of self-care also had increased self- care behaviors. 

Belief in the benefit of self-care was not correlated with either CR completion rate or the 

DASI total score. Self-efficacy was not correlated with CR completion rate but was 

significantly correlated with both DASI score (r = .310, p < .001) and self-care behavior (r 

= .406, p < .001). Specifically, as individual beliefs in personal abilities increased, the 

activity status and self-care behaviors increased. Self-efficacy was not significantly 

correlated with CR completion rate. Likewise, individual perceptions of support were not 

correlated with CR completion rate or activity status. However, support was significantly 

correlated with self-care behaviors (r = .388, p < .001); that is, as support increased, so 

did self-care. 

Data Analysis for Research Questions 

Multiple linear regression was calculated using forward selection to determine 

which factors were the best predictors of each of the three dependent variables in this 

study separately. The main dependent variable was CR completion, measured as the 

completion rate, and defined as the percentage of patients completing CR by the 

number of sessions attended. The second dependent variable was physical functioning, 

measured by DASI score. The third dependent variable was self-care behavior, 

measured by the scores on the Self-Care Behavior questionnaire. Due to the large 

number of variables and small sample size, the entry level for stepping method criteria 

was set at .1 and the removal alpha was set at .2. The explanatory variables considered 

for the model were sociodemographic variables (age, gender, race, insurance, baseline 

BMI, baseline ejection fraction, baseline HbA1C), general health items (self-rated 

general health, fatigue, sitting time, sleeping time, self-rated sleep quality, number of 

chronic conditions, heart diseases burden, anxiety and depression), and health belief 

measures (self-care benefit and barrier, health threat, self-efficacy, and support). To 

control the confounding effect, the sociodemographic, clinical, and bio-physiological 



CARDIAC REHABILITATION 

90 

variables specific to each dependent variable were entered in the final regression model, 

respectively. Due to the type of analysis completed, variables of interest with a lot of 

missing data were excluded. In multiple linear regression, if an individual is missing an 

item on any response (or outcome) variable, they are excluded from the analysis. For 

example, only 35 individuals responded to the items of post-CR depression and anxiety, 

so these variables were excluded from the analysis to keep the sample size from 

substantially decreasing. Table 5 includes the results of the multiple linear regression 

models for each dependent variable. 
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Table 5 

Final Multiple Linear Regression Models 

Variable Slope SE of 
slope 

p-value Regression equation 

Research Question 1. Dependent variable: CR completion (n = 63) 
 
Intercept 1.032 0.106 < .0001 Completion rate = 1.03 

-.03*HbA1C before HbA1C before -0.031 0.015 .042 
 

Research Question 2. Dependent variable: physical functioning DASI score (n = 57) 
 
Intercept 51.055 4.600 < .0001 DASI = 51.06 - 7.45*gender 

- .84*sitting time = 
1.69*anxiety before -

1.35*depression before - 
1.27*total fatigue 

Gender -7.454 2.473 .0040 
Sitting time -.843 .352 .0203 
Anxiety  1.690 .401 < .0001 
Depression -1.349 .414 .0020 
Fatigue -1.274 .280 < .0001 

 

Research Question 3. Dependent variable: self-care behavior (n = 83) 
 
Intercept  40.112 4.798 < .0001 SCBH = 40.11 + .23*age -

1.15*sitting time + 4.41*self-
care complexity - .08*heart 

disease burden 

Age .227 .060 .0003 
Sitting time -1.145 .222 < .0001 
Complexity 4.410 1.630 .0084 
Burden -.084 .040 .0375 

Note. CR = cardiac rehabilitation; DASI = Duke Activity Status Index; SCBH = self-care 

behavior. 

*p < .01.  

 
Research Question 1 

Research Question 1: Do health beliefs and general health predict CR completion in 

patients who were participants of a CR program? 

 CR completion was defined as the rate of completion, which was the number of 

participants completing CR divided by the total number of sessions. Pearson correlation 

showed significant relationships between CR completion, age, and HbA1C. There was 

no significant association between health belief measures (benefit and barrier, health 

threat, self-efficacy, support) and CR completion. Other sociodemographic, clinical, and 
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bio-physiological factors (e.g., gender, race, insurance, BMI) were not correlated with 

CR completion. The general health items (sitting time, fatigue, number of chronic 

conditions, anxiety and depression, heart disease burden) had no significant 

associations with CR completion. The final regression model showed HbA1C at baseline 

predicted CR completion. Higher levels of HbA1C at baseline predicted lower CR 

completion rate in this cohort of CR participants. The analysis did not support the 

relationships between health beliefs, general health, and CR completion rate, as shown 

in Table 5. 

Research Question 2 

Research Question 2: Do health beliefs and general health predict physical functioning 

in patients who were participants of a CR program? 

 The physical functioning was assessed by DASI score. Pearson correlation 

showed significant relationships between DASI and baseline BMI, sitting time, fatigue, 

number of chronic conditions, heart disease burden, health threat, self-care barriers, and 

self-efficacy. There was no significant association between self-care benefit, support and 

DASI score. Other sociodemographic, clinical, and bio-physiological factors (e.g., age 

race, insurance) were not correlated with DASI score. The general health items (anxiety 

and depression) had no significant associations with DASI score. The final regression 

model showed gender, sitting time, baseline anxiety and depression, and baseline 

fatigue predicted physical functioning measured by DASI. The less sitting time, less 

perceived fatigue, and lower depression predicted better physical functioning, while 

increased anxiety predicted better physical functioning in this cohort. The DASI score 

was higher for males than females, indicating higher physical functioning in male CR 

participants (see Figure 2). 
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Figure 2  

Research Question 2: Predictors of Physical Functioning 

 

 
 
   
 

 

 

 

 

 

Research Question 3 

Research Question 3: Do health beliefs and general health predict self-care behavior in 

patients who were participants of a CR program? 

 Self-care behavior was assessed by the Self-Care Behavior questionnaire. 

Pearson correlation showed significant relationships between self-care behavior and 

age, baseline BMI, sitting time, fatigue, heart disease burden, health threat, self-care 

benefit and barrier, self-efficacy, and support. Other sociodemographic, clinical, and bio-

physiological factors (e.g., gender, race, insurance) were not correlated with self-care 

behavior score. The general health indicators (anxiety and depression) had no 

significant associations with the self-care behavior score. The final regression model 

showed that age, sitting time, self-care complexity, and heart disease burden predicted 

self-care behavior. The older age predicted better self-care behavior, while fewer hours 

sitting and less heart disease burden predicted better self-care behavior in this cohort. 

The self-care behavior total score was higher in CR participants with complex self-care, 

Gender 

General Health 

Sitting hours, baseline, 
anxiety and depression, 

fatigue 

Physical Functioning 
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indicating that greater self-care complexity demands a greater number of self-care 

activities (see Figure 3). 

Figure 3 

Research Question 3: Predictors of Self-Care Behavior 

 

 

 

 

 

 

 

 

Summary 

 This chapter was focused on the results of the data analysis. Descriptive 

statistics, as well as demographic and clinical variables, were discussed. In addition, 

descriptive statistics of the dependent and independent variables as well as the analysis 

of each research questions, were presented. In the next chapter, a discussion of the 

results and conclusions is presented. 

  

Age 

General Health 

Sitting time, self-care 
complexity, heart disease 

burden 
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Chapter 5 
Discussion 

 This retrospective cohort study examined the relationships among health beliefs, 

general health, physical functioning, and self-care behaviors in patients completing a CR 

program at a large medical center in the southeastern United States. The current study 

drew from the CF to examine the relationships between CR completion, self-care 

behavior, and physical functioning. The study also expanded the current literature on the 

predictors of CR completion, self-care behavior, and physical function.  

Research Questions 

Overview 

 CR improves health outcomes among patients with heart disease. Despite the 

recommendation for CR by the American Heart Association and the American College of 

Cardiology, CR is substantially underutilized, and CR completion rates remain low 

(Ritchey et al., 2020). The current CR completion rate in the literature review was less 

than 30% (Ritchey et al., 2020). The reported factors contributing to low CR completion 

rate are increased age, female, non-white ethnic groups, poor general health, poor 

physical functioning, increased anxiety, and depression (Ritchey et al., 2020; Ruano-

Ravina et al., 2016). CR completion in this study was defined as the rate of completion, 

which was the number of participants completing CR divided by the total number of 

sessions. The CR completion rate was 65%, with most participants completing CR within 

5 months. The average number of sessions completed was 29 sessions (SD = 8.69). 

The CR completion rate was higher in our study that in other studies (e.g., Ritchey et al., 

2020). The variation in gender, ethnicity, age, makeup, better overall general health, and 

the methods other studies used to calculate completion rates may explain the results 

seen in this study. 
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 Several socio-demographic characteristics impacted CR completion in our study. 

These were gender, ethnicity, and age. There was a higher percentage of participants in 

our study who were male. Hence, it is possible that the increase in male participants in 

this study may be the reason for higher CR completion rates than previously seen in the 

literature. Other studies reported a higher percentage of female participants, and these 

studies reported lower CR completion rates for women (Regitz-Zagrosek et al., 2015; 

Supervía et al., 2017; Yang et al., 2017). It is suggested that poor information, 

household demands, and caregiver responsibilities act to decrease CR participation in 

women. More participants in our study were White and as observed in other studies, CR 

completion rates can vary by ethnicity (Castellanos et al., 2019). Racial and ethnic 

differences in participation have been reported, with Richey et al. (2020) showing that 

African American participants were 37% less likely than White participants to complete a 

CR program. These findings were similar to those reported by Fang et al. (2017), who 

stated that African American and Latino participants were less likely to receive CR than 

non-Hispanic whites. Age is also a factor that may have affected the results in our study 

for CR completion rates because our study population was younger with an average age 

of 62 years. Many studies over the last decade suggest that older aged persons are less 

likely to complete CR (Ritchey et al., 2020; Suaya et al., 2007). However, these studies 

were conducted on the Medicare population and those aged over 65 years. However, 

there is conflicting evidence regarding age and CR completion. This study and other 

studies show that older persons have an increased likelihood of completing CR. For 

example, in a study by Listerman et al. (2011), older participants completed CR because 

they had fewer time constraints like family responsibilities and work commitments. A lack 

of these duties made completing CR easier for older participants (Listerman et al., 

2011). This same phenomenon was reported in other studies that discussed a greater 

number of barriers to CR completion in younger participants with full-time jobs 
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(Graverson et al., 2017; Shultz et al., 2018). The results of these studies are confirmed 

in data reported by the Centers for Disease Control and Prevention showing that 

younger persons are less likely to receive CR than older persons (Fang et al., 2017). 

 In our study the completion rate was higher than the completion rates typically 

reported in the literature. This may be because the method of calculating the CR 

completion rate varies between studies. In this study, the CR completion rate was the 

number of completed sessions divided by the total number of sessions. Other studies 

reported CR completion rates by different computation methods. For example, Rengo et 

al. (2018) defined CR completion as attending at least one session divided by the total 

number of referrals. Thus, the way CR completion was calculated may have led to the 

variations in CR completion rates reported in our study. 

 Additionally we may have had better CR completion rates because CR 

completion is related to overall health and physical function. For example, the literature 

indicates that poor physical function is a barrier to CR completion (Grace et al., 2015; 

Resurreccion et al., 2017). In addition to physical health, mental health also impacts CR 

completion. Higher levels of anxiety and depression have been shown in the literature to 

lead to poor CR completion (McGrady et al., 2009); In fact, the normative score on the 

HADS for anxiety and depression show that scores of greater than eight are considered 

a high level of depression and a score below eight is a low level of depression (Sever et 

al., 2019). In our study, the average score on the HADS-D was 5.25 (SD = 4.09) and the 

average score for HADS-A was 5.96 (SD = 4.39), indicating mild levels of both anxiety 

and depression in the participants as compared to the normative scores in the general 

population (Bjelland et al., 2002). In addition, the CR participants reported a higher 

general health perception at baseline compared to other similar studies (Meng et al., 

2014). Therefore, the study sample might be relatively healthier both physically and 

mentally than participants in other studies that reported lower CR completion rates. 



CARDIAC REHABILITATION 

98 

 In our study, we also explored physical functioning. This was assessed as 

important because physical functioning is a key performance measure in a CR program 

and is utilized to assess the effectiveness of CR initiatives (Andersen et al., 2018). We 

assessed physical functioning with both the 6MWT and the DASI, and we saw 

improvements in both measures. Our sample of participants had poorer physical 

functioning than the general population of persons over age 60 years. Mean walking 

distance before CR participation on the 6MWT mean was 1320.95 feet (SD = 389.14), 

and after CR participation the mean was 1524.28 (SD = 383.04). In the study by Zou et 

al. (2020), the mean reference length for the 6MWT in the general population of persons 

aged over 60 years was 1,646.98 feet (SD = 239.5). While our study participants did 

have lower physical functioning than the general population, they improved their physical 

functioning after completing CR. The finding of improved physical function was 

consistent with other studies of cardiac patients (Bellet et al., 2012; Hamilton & Haennel, 

2000; Narotzki et al., 2013), which showed that the walking distance significantly 

improved following a CR program, irrespective of gender or BMI. Along with 

improvements in walking distance and oxygen uptake, participants in the study had 

statistically significant improvements in strength. Women and those with obesity had the 

most improvement in strength. These results were similar to the literature reporting that 

women and those with obesity have lower physical functioning at baseline than men 

(Barth et al., 2009). In other studies, participants with lower physical function 

experienced greater improvements after CR completion (Rengo et al., 2017). Reasons 

for this difference in physical function improvement are that those with lower physical 

function may have a greater sensitivity to an exercise-based CR program (Rengo et al., 

2017). Likewise, a DASI score below 34 indicates poor physical functioning 

(Wijeysundera et al., 2020). The participants in this study had a mean score on the DASI 

of 23.34 (SD = 13.57) after CR completion suggesting that our participants had poor 
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physical functioning. Grodin et al. (2015), in a study of 1,700 patients with stable heart 

failure, reported similar findings where the median DASI scores in their study sample 

were 26.2 (IQR 15.5 - 42.7). This was also seen in the study of 97 subjects completing a 

CR program by Coutinho-Myrrah et al. (2014) reporting a mean DASI score of 42.7.  

 In our study, we examined the engagement in self-care behavior and found our 

population to have low engagement levels. CR improves self-care and lifestyle change 

through self-care counseling (Ades et al., 2013). In this study, self-care behavior was 

assessed using the 12-item Self-Care Behavior questionnaire. Upon CR completion, the 

average self-care behavior score was about 40, showing the low engagement of self-

care activities in our population. These findings support the findings from previous 

studies showing that CR participants engaged in less self-care activities than the general 

population (Carlson et al., 2001; Sedlar et al., 2017). For example, Riegel et al. (2009) 

reported that barriers to engaging in self-care behaviors included multiple chronic 

conditions and poor general health. Self-care behaviors are an important influence on 

QoL through general health (Lee et al., 2015; Van der Wal et al., 2010; Vellone et al., 

2017). Despite the benefits of self-care behaviors on improvements of general health 

and cardiac health outcomes, the adherence rate to recommended self-care guidelines 

remains low and may be due to the greater complexity of illness in CR participants 

(Jonkman et al., 2016). 

Sociodemographic and biophysical characteristics of our study population were 

not significantly different from CR participants in other studies (Fang et al., 2017; Regitz-

Zagrosek et al., 2015). Like CR participants nationwide, the participants were primarily 

White and male. While the average age of our population was younger, most other 

studies have CR participants that are older adults, and studies are showing that older 

persons are at increased likelihood to participate and complete CR than younger 

persons, because of work commitments (Listerman et al., 2011; Sun et al., 2017). As 
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discussed, men participate in a CR program at a higher rate than women (Fang et al., 

2017; Regitz-Zagrosek et al., 2015). Likewise, CR completion rates in African American 

participants tend to be lower than in White participants (Castellanos et al., 2019; Li et al., 

2018). We reported poor cardiovascular health in our study with a high prevalence of 

chronic conditions, hypertension, hyperlipidemia, diabetes and obesity, and this was 

similar to that reported with other studies (Babu & Grace, 2015; Lopez-Jimenez et al., 

2012; Servey & Stephens, 2016), While the benefits of weight loss have been reported 

extensively in the literature, in this study’s sample, there was no statistically significant 

weight loss measured before and after CR completion. In fact, weight increased slightly 

and body fat percentage did not change significantly after CR participation. This finding 

is similar to national studies showing that in most CR programs, there is no weight loss 

or body fat percentage change after CR participation, suggesting that the benefits of CR 

completion are in cardiorespiratory fitness rather than in weight loss (Lavie et al., 2014). 

Like other studies, our study participants with obesity had an increased number of risk 

factors of cardiac disease. Compared to lean participants, obese CR participants in our 

study had lower ejection fractions and higher risk for cardiac events during participation 

in the CR initiatives (Chen et al., 2013). Despite the high prevalence of complex, multiple 

chronic conditions in our study sample, the referral rate to secondary prevention such as 

diabetes education, weight loss, and dietitian services was low, ranging from 0.6% to 

1.8%. The literature revealed several reasons for low referral rate, including lack of 

capacity, lack of systematic referral processes within healthcare systems, limited 

standardized treatment protocols, as well as lack of perceived need for referrals to 

additional services (Gurewich et al., 2008; Li et al., 2018; Pack et al., 2014). 

 The percentage of patients listing diabetes in their medical history was 67 (17%). 

This is similar to the recent study by Laddu et al. (2020) of a large database of greater 

than 3,900 patients over 20 years, reporting that 17% of CR participants had a history of 
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diabetes. The percentage of patients with diabetes is variable in the literature, and other 

single-center studies have reported greater numbers of patients with diabetes. For 

example, Khadanga et al. (2016) reported that 23% of their participants had a history of 

type 2 diabetes at baseline. In our study, none of the participants had an abnormal 

HbA1C as defined by the America Diabetes Association (Lopez-Jimenez et al., 2012). 

The mean HbA1C was 6.97 (SD = 6.51) at baseline and 6.89 (SD = 5.96) after CR 

completion. This is similar to the HbA1C reported in the literature, with an average 

HbA1C of 6.4 (SD = 1.4) on entry into a CR program (Khadanga et al., 2016). The 

normal HbA1C that is seen in our study and others may be because 76% of all the 

patients diagnosed with diabetes in the United States are on medication therapy to 

control their diabetes, and because 54% of persons with type 2 diabetes are considered 

well controlled on their medication regimens (Lipska et al., 2017). 

 We also looked at personal health beliefs and how these may affect health 

practices (i.e., complete CR, engage in self-care behavior). Several aspects of health 

beliefs measured in this study included: (a) benefit and barrier to self-care, (b) health 

threat, which is stress, (c) self-efficacy and (d) support. Our participants reported higher 

beliefs in the benefits of lifestyle modification, and they also perceived few barriers to 

completion. The literature shows that CR participants perceiving great benefits and 

fewer barriers were at a greater likelihood of completing CR (McKee, Biddle et al., 

2013a; Scheideler et al., 2017). Likewise, participants holding negative beliefs failed to 

complete the CR program (Blair et al., 2014; Dullaghen et al., 2014; Resurreccion et al., 

2017). There are a wide variety of perceived barriers to attending and completing CR, 

including both system and personal factors such as transportation, inadequate follow-up 

care, poor planning skills, lack of health navigation skills, advancing age, and lack of 

support (Anderson & Emery, 2014; Grace et al., 2015; Resurreccion et al., 2017). 

Therefore, nurses need to identify barriers to completion of CR at the initiation stage and 
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work to develop strategies to decrease these potential barriers while also increasing CR 

completion. 

 Our study population perceived a higher health threat as measured by increased 

stress levels. Much focus is placed on the benefit of CR completion in stress reduction 

(Menezes, Lavie, Milani, et al., 2014; Milani & Lavie, 2007; Yusuf et al., 2004). One 

study, for example, indicated that perceptions of health threat affected both CR 

participation and completion, as exercise can be perceived as being harmful, painful, or 

intolerable (Scheideler et al., 2017). Moreover, several studies show that the perception 

of illness threat significantly affects overall general health (Menezes et al., 2014; Milani & 

Lavie, 2007; Yusu, et al., 2004). As such, assessment of health threat which is stress, 

along with targeted strategies to decrease stress at the start of CR, may help reduce 

patients’ dropout rate (Menezes et al., 2014). 

 Our study participants reported high self-efficacy scores, indicating increased 

confidence in managing their health problems. This is similar to other studies reporting 

high self-efficacy as positively related to engagement in self-care activities (Rosenstock, 

1988; Zulkosky, 2009;). High self-efficacy has likewise been linked with CR completion 

in the literature (Slovenic-D’Angelo et al., 2014; Sol et al., 2011).  

 Support perception and support rating were other key health beliefs that we 

assessed in our study. Greater than 50% of study participants were married, and the 

majority were living with someone (n = 66, 73.3%). Most of them reported that they were 

visited by family members or friends at least weekly (n = 69, 76.7%). The total scores on 

the support network averaged 3.03 (SD = 1.22), indicating that the participants 

perceived a good support network. However, their overall perceptions of support were 

low, with a mean of 2.29 (SD = 1.2). There may be many reasons why the participants 

had a low support rating even though they reported a good support network. For 

instance, this sub-cohort had mild anxiety and depression scores on the HADS as well 
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as fair perceptions of general health on the SF-36GH. The literature supports the idea 

that patients with depression and anxiety tend to rate their support system lower than 

those without depression and anxiety (Chung et al., 2013; Pederson et al., 2018). 

Additionally, the literature supports the suggestion that lower ratings of social support 

occurred frequently in those with poor general health (Bucholz et al., 2014). The 

implications of these findings for nursing practice indicate that when assessing support 

systems, nurses also need to assess for anxiety, depression, and general health. Nurses 

need to provide targeted interventions for those in poor general health including those 

with anxiety and depression. 

 The concept of general health indicators is introduced in this study through the 

use of regularly captured signs, symptoms, and perceptions of persons in CR. General 

health indicators are a group of biophysical and perception measures that taken together 

can be used to show the overall general health of a person. General health indicators 

can be used as a type of index to detect the presence of good health or poor health. 

Thus, through the general health indicators, the general health state may be shown and 

quickly assessed. These indicators may be a better way to show the state of 

participants’ general health when they enter a CR program. That is, by using general 

health indicators, insight may be gained as to the overall state of health of the patients 

entering CR so that interventions can be tailored to facilitate CR completion, physical 

function, and self-care behavior. These general health indicators may help make the 

complex concept of general health understandable through using key measures of 

general health. There are two types of general health indicators. These are the formative 

type and the reflective type of indicators. The reflective type indicators were perceptions 

of general health, sitting time, fatigue, sleeping quality, sleep duration, and diet quality. 

The formative type indicators were number of chronic conditions, number of medications 

prescribed, and healthcare utilization. 
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 Perception of general health in our study participants was poor as measured by 

the single-item health question, which showed a mean score of 3.01. This is similar to 

the scores reported in the literature. The single-item general health question was 

administered in a national sample of cardiac participants. Based on the findings from 

21,133 participants, a score of 2.9 indicates poor self-rated health, while a score of 6.2 

indicated excellent self-rated health (Hays et al., 2015). Likewise, the participants in our 

study had poor perceptions of their general health on the SF-36GH. The average 

perception of general health measured by SF-36GH in our study was 43.34. This is very 

similar to what has been reported in the literature for perceptions of general health. 

Normative scores for the instruments indicated that a score of 84 is excellent general 

health perception, a score of 60 indicated good general health perception, and a score 

below 25 indicated fair health perception (Hays et al., 2015). Likewise, the literature 

reports that normative scores for cardiac patients are typically in the range of 40 to 60 on 

the SF-36GH instrument (Huber et al., 2016). Huber et al. (2016) reported the mean 

score for general health perception assessed by SF-36GH in an international study 

sample of 5,508 adult patients with cardiac disease was M = 47.7 (SD = 10.6). The 

results suggest that cardiac patients may have a decreased general health perception as 

measured by the SF-36GH. 

 Time spent sitting is one of the indicators of general health status. The mean 

score of sitting time in this study’s sample was 8.5 hours (SD = 3.49). CR participants 

spent a higher number hours sitting as compared to the average general population, 

who spend on average 7.7 hours (SD = 0.04) per day sitting (Ussery et al., 2018). 

Similarly, 15-47% of the American adult population reported being physically inactive 

(Gonzalez et al., 2017). Physical inactivity is associated with an increased risk of 

obesity, heart disease, higher rates of anxiety, depression, and an overall increased 

fatigue level (Gonzalez et al., 2017). Physical inactivity and increased sitting time is 
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prevalent in CR participants (Ramadi & Haennel, 2019). The factors contributing to 

physical inactivity are multi-factorial (Ter Hoeve et al., 2017). Most studies are focused 

on the behavioral aspects of physical inactivity (Freene et al., 2018). Therefore, the 

mainstay of interventions developed to promote physical activity aims to change 

sedentary lifestyle (Peeters et al., 2013; Seguin et al., 2012; Semanik et al., 2015). In 

addition to lifestyle choice, the stage and severity of health condition (i.e., general and 

cardiac health status) can affect cardiac patients’ activity tolerance (Reid et al., 2017). 

Increased sitting time is an independent indicator of overall and cardiac health, leading 

to higher BMI, diabetes, poorer QoL, and worse heart failure (Reddy et al., 2020). 

Furthermore, sitting time is a reliable measure of both general health status and lifestyle 

preference, which should be assessed routinely in CR participants. 

 Fatigue, another general health indicator, is common in cardiac patients (Van 

Geffen et al., 2015). The mean fatigue score in this study’s sample was 11.72 (SD = 

4.37). This indicates higher perceptions of fatigue experienced by the sub-cohort of 

participants. A study conducted with 121 CR participants showed substantial levels of 

fatigue before and after CR completion (Van Geffen et al., 2015). The level of fatigue 

was significantly reduced following CR (Van Geffen et al., 2015). The study suggested 

that it is critical to screen and identify patients with fatigue to provide targeted strategies 

to minimize the impact of fatigue on exercise in CR participants (Van Geffen et al., 

2015). The significant correlation between level of fatigue and sitting time in the current 

study suggested that both fatigue and sitting time may be indicators of poor general 

health and activity intolerance rather than a personal choice of sedentary lifestyle. 

 Sleep duration and overall sleep quality of participants were assessed as general 

health. The mean amount of sleep was 7.7 hours (SD = 1.63), and the mean sleep 

quality was 3.02 (SD = 1.04), indicating a fair perception of sleep quality. It was reported 

that poor sleep quality was associated with the increased 10-year mortality rate from 
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cardiovascular disease (Chair et al., 2017). Additionally, fewer hours of sleep and poor 

sleep quality contributed to greater cardiovascular disease risk and progression (Chair et 

al., 2017, Sharma et al., 2014). However, these are both modifiable risk factors. The 

findings indicate the need for assessing sleep quality in cardiovascular patients in CR 

and tailoring nursing interventions to improve sleep duration and quality. 

 The mean diet quality score in our study sample was 2.92 (SD = 0.864), 

indicating a fair to poor diet quality. The overall diet quality is related to general health 

status and cardiovascular disease risk (Alkerwi, Vernier, et al., 2015). Unfortunately, the 

adherence to a heart healthy diet is low in CR participants, which is not correlated to 

their dietary knowledge levels (Diez Roux & Mair, 2010). Since dietary adherence is not 

correlated with a knowledge of a healthy diet, these findings suggested that the factors 

contributing to a poor quality diet in CR participants could be multi-factorial. Most of the 

literature is focused on the impact of lifestyle choice on adherence to a heart healthy diet 

and diet quality (Ma et al., 2010; Rowland et al., 2018). As a result, most interventions to 

promote diet quality in CR patients have been targeting the change of unhealthy eating 

behaviors (Ghisi et al., 2014). In addition to lifestyle choice, the stage and severity of 

health condition (i.e., general and cardiac health status) can affect cardiac patients’ diet 

quality (Andreae et al., 2016). Decreased appetite and poor diet quality are prevalent in 

cardiac patients, which is affected by age, depression, insomnia, cognitive function, and 

pharmacological treatment. These factors explained 27% of the total variance (Andreae 

et al., 2016). This study suggested that the quality of diet is an indicator of general health 

status, indicating the need for screening risk of malnutrition due to poor appetite and diet 

quality in CR participants. Furthermore, the assessment of poor sleep quality, 

depression, and impaired cognition level is needed because these commonly co-existing 

conditions significantly affect overall quality diet. 
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 Consistent with other studies (Page & Lindenfeld, 2012; Raghupathi & 

Raghupathi, 2018), most subjects in this study’s sample had multiple chronic conditions. 

These comorbidities are likely to cause increased utilization of health care, including an 

increased number of prescription medications (Wong et al., 2011). Similar to the results 

of our study, Page and Lindenfeld (2012) reported that the average cardiac patient takes 

6.8 prescription medications and has a greater number of hospital admissions. In fact, 

the one-year mean probability of hospitalization of cardiac patients is 72% to 94%. 

Higher rates of hospitalization were seen in patients with a higher number of chronic 

conditions (Page & Lindenfeld, 2012). Participants in the study had a greater number of 

chronic conditions than the general population of adults. Thus, findings from this study 

support the evidence that comorbid conditions decrease general health in cardiac 

patients. The reasons for this may be in the severity of cardiac disease. When cardiac 

disease is severe, other comorbid conditions may not receive the time and treatment 

needed to keep them well controlled. This then leads to worsening of overall illness and 

leading to poorer general health. Therefore, identification of patients with a high 

complexity of disease process with multiple chronic conditions in CR patients is needed. 

Additionally, nurses can encourage self-management in cardiac patients with multiple 

comorbid conditions as a way to modify perceptions of better general health (Frich, 

2003). As a strong indicator of general health, there is little evidence for the number of 

chronic conditions as a predictor of CR completion, physical functioning, and self-care 

behaviors. 

 Anxiety and depression are two general health signs routinely assessed in CR 

centers by means of the HADS. Patients with cardiovascular disease tend to have a 

higher prevalence of anxiety than the general population (Remes et al., 2016). High 

levels of anxiety and depression have been reported in patients undergoing CR 

(Bunevicius et al., 2012). Patients undergoing CR experience anxiety and depression at 
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greater levels than the general population (Bunivicius et al., 2012). In the current study, 

women had higher levels of anxiety at baseline as compared to men. A systematic 

review of 48 studies showed women were twice as likely to have anxiety as men. 

Anxiety and depression are associated with reduced CR completion rate and adherence 

to CR guidelines (Edwards & Sydeman, 2019; Rao et al., 2019). Furthermore, anxiety 

and depression can decrease the ability and interest in performing self-care (Jaarsma et 

al., 2017). In this study, the participants had similar scores for depression and anxiety as 

the general population aged 65-80 years (Djukanovic et al., 2017). The explanation may 

be that anxiety and depression are already a growing issue among people in this age 

group and the participants in our study are similar (Djukanovic et al., 2017). Monitoring 

depression and anxiety symptoms on entry and during CR can assist in improving 

adherence and may help identify the need for additional psychological health support. 

Exploring the relevance and use of adjunct psychological support strategies within CR is 

warranted. 

 Perceived self-care complexity is also a sign of general heath. Greater than 50% 

of the study participants perceived their self-care as complex. Higher perceptions of 

illness complexity were significantly (p = .42) associated with poor CR completion (Blair 

et al., 2014). Screening patients for self-care complexity prior to CR may help identify 

those at risk, and to aid in developing tailored strategies to support and improve CR 

completion rates (Blair et al., 2014). The impact of perceived self-care complexity on 

physical functioning and self-care behaviors is not well studied or understood in CR 

participants. 

 Heart disease burden was assessed using the 21-item MLFHQ. The average 

heart disease burden score in this study’s sample was 62. A score of 12 to 30 indicated 

low disease burden, while a score of 58 and above showed high disease burden (Hsu et 

al., 2018). Consistent with other studies (Bilbao et al., 2016), this study’s participants 
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perceived high disease burden of their disease. A greater disease burden is associated 

with poorer QoL in CR participants (Mohammed & Shabana, 2018). Furthermore, CR 

helps to reduce disease burden. There is a dose-response relationship between CR 

participation and perceived heart disease burden (Azad et al., 2012). Therefore, CR can 

improve QoL though reducing patients’ disease burden (Ades et al., 2016; Fridlund, 

2002). On the other hand, the influence of heart disease burden on physical functioning 

and self-care behaviors in CR participants is yet to be examined. 

 General health perception was also measured by the SF-36GH. The mean 

scores of SF-36GH in this study’s sample were 43 at baseline and 45 after CR 

completion. The mean score of SF-36GH is 50 in the general population. Results of this 

study confirmed previous researchers’ reporting of poorer general health perception in 

CR participants (Huber et al., 2016). In this study, participants demonstrated improved 

scores after CR completion like previous studies (Menezes, Lavie, Milani, et al., 2014; 

Ritchey et al., 2014; Widmer et al., 2015). The literature suggests that CR completion 

improves individual perceptions of general health. However, the effect of general health 

perception on CR completion, physical functioning, and self-care behaviors in CR 

participants is not well understood. Without knowing the mechanism through which 

general health perceptions affects those outcomes, it would be difficult to develop 

effective interventions to promote CR completion, physical functioning, and self-care 

behaviors (Walton-Moss et al., 2014). 

Research Question 1 

 The final regression model showed baseline HbA1C level predicted CR 

completion. Higher levels of HbA1C at baseline predicted lower CR completion rate in 

this cohort of CR participants. Health beliefs and general health did not predict CR 

completion in this study. The association between poor glycemic control and reduced 

CR completion is reported in CR participants (Forhan & Gill, 2013). Poor glycemic 
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control accounted for 59% of poor CR participation and completion, undermining the 

effectiveness of CR. High HbA1C level is associated with long-term poorly managed 

diabetes mellitus (Lopez-Jimenez, 2012). HbA1C is also an independent indicator of 

cardiovascular disease risk and poor prognosis (Goto et al., 2015; Matsushita et al., 

2010; Pai et al., 2013; Su et al., 2011). Poor glycemic control is associated with an 

increased number of episodes of both hypoglycemia and hyperglycemia (Jin et al., 2016; 

Su et al., 2018). Exercise causes profound and frequent changes in glucose 

homeostasis. Aerobic exercise is associated with hypoglycemia, while anaerobic 

exercise may result in hyperglycemia. Thereby, it makes glycemic control challenging in 

patients with poor glycemic control (Riddell & Perkins, 2009). Frequent episodes of 

hypoglycemia and hyperglycemia during exercise in the CR could raise concerns in both 

patients and CR staff, leading to voluntary or involuntary withdrawal (Lopez-Jimenez et 

al., 2012). Therefore, patients with a higher HbA1C are less likely to complete CR or 

recommended to withdraw from the CR due to safety concerns (Armstrong et al., 2014; 

Lopez-Jimenez et al., 2012). 

 Higher HbA1C is associated with longer duration of diabetes, increased age, and 

poorer self-management can lead to complications that affect physical function such as 

neuropathy (Callaghan et al., 2012). Furthermore, poorly controlled diabetes is 

associated with increased symptoms of polyneuropathy, which can lead to increased 

pain, muscle weakness and atrophy, and poor sensation in the extremities (Anderson et 

al., 1997; Su et al., 2016). For example, Anderson et al. (1997) reported that muscle 

strength in the lower extremities is reduced by up to 41% in those with neuropathy. 

Poorer sensation and muscular weakness due to neuropathy in the lower extremities is a 

risk factor for balance issues and falls during exercise (Manor et al., 2012). Additionally, 

neuropathy leads to overall poorer physical functioning, decreased exercise endurance, 

and fatigue (Allen et al., 2015; Kanade et al., 2006; Kim et al., 2015). Also, collectively, 
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poor glycemic control-related symptoms increase exercise intolerance, exercise-induced 

injuries, and discount the benefits, leading to reduced CR attendance and completion 

(Harrison et al., 2018; Turk-Adawi et al., 2014). The current study asserts that poorly 

managed diabetes with high HbA1C is an independent predictor of CR completion. 

 The literature regarding CR completion often attributes patient non-attendance to 

onsite CR to health beliefs and behavioral issues (Harrison et al., 2018; Turk-Adawi, 

2014). Health beliefs include beliefs regarding the benefits, barriers, threats, support, 

and self-efficacy. A person’s health beliefs may influence self-care behaviors such as 

CR completion. Health beliefs may influence individual choices as patients weigh the 

benefits and barriers to participate in CR (Rosenstock, 1988). Self-efficacy is associated 

with the adoption of self-care behaviors and maintaining physical functioning (Williams & 

Bond, 2002). Self-efficacy for exercise is often low in patients with poor glycemic control 

(Kirk et al., 2010); therefore, they are less likely to complete CR (Guicciardi et al., 2014). 

However, the current study did not find an association between self-efficacy and CR 

completion. Other health belief measures, such as perceived benefit and barriers and 

health threat were not associated with CR completion in this study’s sample. The cause 

of undetected relationships between health belief and CR completion could be the 

accuracy of the instruments. Most subjects responded with high scores on the various 

questionnaires used to assess health belief concepts (i.e., benefits, barriers, threats, and 

self-efficacy), which resulted in the celling effect. A ceiling effect limits variability between 

observations, reducing the power of statistics on correlations between variables and 

generating negative findings (Fries et al., 2011). 

 Another key aspect of health belief is perceived support. There is inconsistent 

evidence regarding the relationship between support and CR completion. Some studies 

reported social support positively influenced CR completion (Arena et al., 2012; Cene et 

al., 2013; Fry et al., 2016; Pourafkari et al., 2016; Salyer et al., 2012), while other 
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studies, including the current one, did not confirm a positive link between social support 

and CR completion (Bucholz et al., 2014). CR participants perceived excellent to good 

support system, but results in this study did not indicate that the participants’ ratings of 

their support affected CR completion. It was suggested that family support could be a 

barrier to CR completion when there are competing demands between CR completion 

and family commitments (Bucholz et al., 2014). Ford (1998) further concluded it is not 

the quantity, but the quality that matters. The quality of social support is of greater 

importance than quantity for optimal self-care of mental and physical health (Van der 

Voort, 1999). The third reason could be related to measurement issues. The Support 

Quantity questionnaire used in the current study to assess support system was able to 

quantify the size of support but not the quality of support needed for CR, which could 

explain the negative finding. 

 In this study, general health indicators did not predict CR completion. This is 

different than the literature, which reports that general health affects CR completion, 

where those with poor general health are less likely to complete CR than those in better 

general health (Abohammar et al., 2017; Gaalema et al., 2019). General health was 

assessed by the Single-Item questionnaire and the SF-36GH. Most participants in the 

current study responded with high scores in these two questionnaires, which led to the 

ceiling effect. A ceiling effect limits variability between observations, reducing the power 

of statistics on correlations between variables and generating negative findings (Fries et 

al., 2011). Therefore, the association between general health and CR completion might 

have gone undetected with sample size. A future study with a larger sample size and 

increased accuracy of measures is needed to determine the relationship between 

general health and CR completion. 

 Age was not a predictor of CR completion in the current study. While the reasons 

for this are unclear, neither is the literature consistent on this subject. For example, in 
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some studies, advancing age was a factor that decreased the rate of CR completion, 

where older participants were at an increased likelihood of not completing CR 

(Krishnamurthi et al., 2019; Ritchey et al., 2020). In the study by Richey et al. (2020), 

only 20% of older people completed CR and this percentage decreased (< 10%) as 

people aged. However, in other studies, older participants had much better rates of 

completion than younger participants (Listerman et al., 2011; Peters & Keeley, 2017). 

Both of these studies cited family and work commitments as barriers to younger 

participants completing CR. The limited sample size in this study may have also affected 

the results so that an association between age and CR completion could not be 

detected. Further research is needed with a much larger sample. 

Research Question 2 

 The final regression model showed that gender, sitting time, baseline anxiety and 

depression, and baseline fatigue predicted physical functioning. Less sitting time and 

less perceived fatigue and depression predicted better physical functioning, while 

increased anxiety predicted better physical functioning in this cohort. There were gender 

differences in physical functioning in the study’s participants. Sitting time, anxiety, 

depression, and fatigue are all indicators of general health, indicating general health as a 

predictor of improved physical functioning at the completion of CR. 

 Results of the current study suggest that there are gender differences in physical 

functioning in CR patients. It is widely supported in the literature that both men and 

women have increased physical functioning after completion of CR. Those with lower 

baseline physical functioning are associated with greater improvement (Rengo et al., 

2018). In the study by Ades et al. (2013) of 218 patient completing CR, women had 

statistically significant lower baseline values for physical function (M = 57.4 SD = 24.9) 

as compared to men (M = 68.6, SD = 21.4, p = .008). 
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 In the current study, sitting time was associated with physical function. Strong 

evidence in the literature supports a relationship between sitting time and physical 

function. For example, three cross sectional studies reported that higher amounts of time 

spent sitting were associated with poor physical function (Peeters et al., 2013; Seguin et 

al., 2012; Semanik et al., 2015). This is very pronounced in women; each hour women 

sit is associated with declines in physical function (Gardiner, Reid et al., 2018). Sitting 

time is associated with low muscular strength and exercise capacity especially in the 

older population (Reid et al., 2017), resulting in poor exercise tolerance and high CR 

dropout rate. 

 The current study revealed an association between anxiety, depression and 

physical functioning. Egger et al. (2008), in a study of 114 patients, also reported the 

impact of anxiety and depression on the change in physical functioning after CR 

completion. Participants exhibiting symptoms of anxiety and depression did not improve 

in physical functioning as much as those without anxiety and depression (Egger et al., 

2008). They concluded that anxiety and depression diminish the benefit of CR on 

physical functioning improvement (Eggar et al., 2008). The literature is conflicting as to 

the impact of anxiety on CR completion. Anxiety has been shown to have positive effects 

on CR attendance. Personal anxiety that is focused on the heart condition may increase 

CR completion because it may act as a motivator to participate in CR (Zvolensky et al., 

2008). Likewise, our study showed that increasing anxiety predicted better physical 

functioning. The cause of increased anxiety predicting better physical functioning could 

be the accuracy of the instruments. The screening instrument for anxiety was used to 

collect data by self-report during the CR visit and thus only included data on anxiety 

before CR completion. This was because of the large amounts of missing data post-CR 

completion. This may have resulted in variability between observations, reducing the 

power of statistics on correlations between variables and generating these findings. 
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 The prevalence of persons with fatigue in CR is high. Fatigue symptom in cardiac 

patients is caused by low cardiac output (Nelesen et al., 2008; Puetz et al., 2006). 

Fatigue is significantly related to other general health indictors, such as the number of 

chronic conditions, physical functioning, sitting duration, sleep quality, anxiety, and 

depression (Buenevicius et al., 2011; Egerton et al., 2016). There is a positive 

relationship between fatigue and sitting duration. The greater the fatigue a person 

experiences, the longer an individual may spend sitting. Fatigued individuals take 1,150 

fewer steps per day than those not reporting fatigue (Egerton et al., 2016). Persons 

suffering with fatigue have decreased physical activity. Fatigue is a common symptom in 

persons with poor sleep quality (Fredriksson-Larson, 2016). Almamari et al. (2019) 

described that 61.1% of patients experiencing fatigue reported poor sleep quality and 

shortened sleep duration. Cardiac patients with poor sleep quality also experienced 

increased periods of wakefulness at night, which was shown to contribute to increased 

fatigue and decreased physical function during the day (Almamari et al., 2019). Norra et 

al. (2012) reported that poor sleep quality was a predictor of poor physical function and 

depression in patients with cardiac disease. The literature regarding the relationship 

between fatigue and mood disorders (anxiety and depression) is well established 

(Bunevicius et al., 2011; Freidman et al., 2001; Kazukauskiene et al., 2018). These 

combined effects reduce the benefits of CR on the improvement of physical functioning. 

 Although age is commonly reported as an independent predictor of physical 

function (Kong et al., 2017; Lavie & Milani, 1995; Metti et al., 2018), this finding was not 

supported by the study’s findings. The non-linear relationship between age and physical 

functioning could be attributed to the negative finding. Unlike traditionally held beliefs, 

the relationship between age and physical function is nonlinear (Peeters et al., 2013). 

The physical functioning decline accelerates with age (Peeters et al., 2013). The decline 

occurs rapidly after 81 years of age or older (Peeters et al., 2014). The average age in 
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the current study’s sample was 63, with small variation. The relationship between age 

and physical functioning may not be detected with a small sample size. In this study, 

physical functioning was predicted by the general health indicators, sitting time, baseline 

anxiety and depression, and baseline fatigue. These general health indictors are 

significantly related to age. 

 Likewise, disease burden was not a predictor of physical function in our study 

even though the literature supports otherwise. In several studies, patients with a higher 

heart disease burden reported significantly lower physical function (Ades et al., 1999; 

Bilbao et al., 2016; Hsu et al., 2018; Stefanick et al., 2016). The reason why this study 

did not show that disease burden is a predictor of physical functioning could be due to 

the measurement accuracy. Most items in the MLHFQ questionnaire used to assess 

disease burden are related to the number of symptoms, which may not be able to 

assess the degree and severity of disease burden. It is reported that the severity of 

disease burden, not the number of symptoms, contributes to physical function 

impairment (Wei et al., 2016). 

Research Question 3  

 Consistent with previous studies, the final regression model in the current study 

showed that age, sitting time, self-care complexity, and heart disease burden predicted 

self-care behavior. Older age predicted better self-care behavior, less sitting time, less 

heart disease burden, and better self-care behavior in this cohort. 

 The ability to engage in self-care behavior plays a vital role to improve the QoL, 

prevent and control disease progression, and reduce medical costs for elderly people 

(Tabrizi et al., 2018). However, the ability to engage in self-care behavior is substantially 

decreased with increased age (Tabrizi et al., 2018). With aging, older adults are more 

likely to have multiple chronic conditions and require increased medical and social 

services (Rich et al., 2012). The average number of chronic conditions in this study’s 
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cohort was 12, requiring an average of 12 prescription medications to manage daily. 

About 34% of study participants rated their self-care as complex and difficult to manage. 

 Time spent sitting is used to assess physical inactivity (Dempsey et al., 2018). A 

recent study by Ng and Popkin (2012) shows that the average sitting time in the United 

States is 38 hours per week. A systematic review showed a high prevalence of physical 

inactivity in older adults (Harvey et al., 2013). Physical inactivity or prolonged sitting lead 

to frailty, muscle weakness, and falls (Afilalo, 2019), reducing the ability to engage in 

self-care behavior. There is a strong relationship between physical functioning and self-

care behavior, both of which were affected by the number of hours spent on sitting in this 

study’s sample. 

 In older adults with multi-morbidity, self-care tasks can become overwhelming 

and unmanageable due to the demanding and conflicting self-care instructions between 

different conditions. Researchers have reported significant declines in self-care 

adherence with increased self-care complexity and numbers of chronic conditions (Baird 

et al., 1984; Brown et al., 1997). Consistent with the findings from other studies (Bayliss 

et al., 2003), the heart disease burden interfered with effective self-care. 

 Although different general health indicators predicted physical functioning and 

self-care behavior, it is interesting to note that both predictive models include sitting time. 

Results in the current study suggested that sitting time is an indicator of general health, 

and may be a powerful and independent predictor of both physical functioning and self-

care behavior upon CR completion. Daily sitting hours are often used to assess an 

individual’s lifestyle choice of being sedentary. However, this study showed prolonged 

sitting time as an indicator of poor general health. It is strongly associated with fatigue, 

physical limitations, and self-care incapacity. 

 On the other hand, the data analysis in this study did not support the impact of 

gender, anxiety, depression, and fatigue on self-care behavior. The evidence on gender 
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differences in self-care behavior in inconsistent (Heo et al., 2008; Son et al., 2019). 

Anxiety and depression have been shown to be negatively correlated with self-care 

behaviors in cardiac disease (Auld et al., 2018; Conn et al., 2009; Muller-Tasch et al., 

2018). A possible explanation could be the levels of anxiety and depression in the 

present study’s cohort. Unlike other CR participants in general, HADS scores showed 

this cohort had levels of anxiety and depression similar to the general population. 

Therefore, the effect of anxiety and depression on self-care behavior might have gone 

undetected due to small sample size. 

 Fatigue is a debilitating and frequent symptom impacting the QoL in cardiac 

patients by impairing daily activities. In the literature, fatigue is a predictor of self-care 

behaviors including taking medications, monitoring symptoms, seeking health care when 

required, eating healthy, and obtaining treatment for depression (Asadi et al., 2019). 

Studies have shown that higher levels of fatigue are associated with a decrease in these 

self-care behaviors and can significantly worsen cardiac disease (Kessing et al., 2016). 

The level of fatigue was low in this study’s cohort. Based on the average MET, the 

majority of the CR participants in this study were capable of performing self-care tasks, 

which could lead to negative findings in the relationship between fatigue level and self-

care behavior. 

Strengths and Limitations 

Strengths  

 This study is important in filling the gap of knowledge regarding the assessment 

of the concept of general health, which helps study its association with CR utilization and 

outcomes. To improve the measurement of the concept of general health, we identified a 

set of general health indicators used to examine the association of  general health and 

CR outcomes (CR completion, physical function improvement and self-care behavior). 

This is different than most studies that used self-reported questionnaires to assess 
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general health in terms of perception (Lerdal et al., 2019). The reliability and validity of 

the questionnaires used to assess general health perception (i.e. SF-36GH) varied 

across studies. The predictive ability of general health measured by these instruments is 

inconsistently reported (Crossley & Kennedy, 2000; Kennedy et al., 2015; Lins & 

Carvalho 2016; Reed & Moore, 2000). It was concluded that individuals’ interpretations 

of these items and their personal experiences in coping with health conditions 

substantially affected their responses, leading to the variability of the accuracy (Crossley 

& Kennedy, 2000).  

 General health is a broad multidimensional concept that includes both subjective 

and objective components. In addition, general health includes multiple domains related 

to physical, mental, emotional, and social functioning. Instead of relying on self-report 

questionnaires in this study, we utilized multiple indicators to assess general health. The 

multiple indicators assessed multi-dimensional, multi-level, subjective and objective 

attributes of general health, offering a comprehensive in-depth assessment. Using 

multiple indicators may provide increased consistency and less distortion of the results 

from bias, enabling the random error of other measurement tools to be cancelled out. 

The combination of the physical symptoms of sitting time, anxiety, depression as well as 

age, complexity, and burden of disease give health providers the confidence to know the 

true general health of participants by considering every domain of the general health 

construct. Consequently, using multiple general health indicators may result in a 

comprehensive and accurate assessment, and better representation of the concept of 

general health.  

Limitations 

 There were several limitations of this study. The first limitation was that this was 

a retrospective study and as such, relied on data that were collected in the course of 

care in CR and were not collected for the purposes of this study. This affects the 
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reproducibility of the study. The second limitation of the study was the small sample size. 

This was a convenience sample of data from a single-center EMR and as such, there 

was a limitation to the external validity. The results of this study might not be 

generalizable to a broader population of patients in outpatient CR. A third limitation of 

this study was the observational design. Causal relationships between any of the 

explanatory variables and the dependent variables were not determined.  

 A fourth limitation of this study was that the specific research questions were not 

able to be addressed clearly, and specific information to answer the research questions 

using existing data was unavailable. For example, no data on health literacy were 

available. Health literacy has been shown to be a potential confounder of health 

outcomes. Health literacy as a confounder is associated with socioeconomic and health 

related factors, and as such, low health literacy is correlated with poor health outcomes 

(Rüegg & Abel, 2019). The data already collected during patient care and not for 

research purposes were used in this study.  

 A fifth limitation of the study was that there was a great amount of missing data 

and missing variables within the data. The chart review process was hampered by the 

presence of paper medical records that included illegible handwritten records. This led to 

increased missing data, suboptimal data quality, and an increase in data entry errors in 

the actual medical record. Some of these errors might have included misclassification of 

the study cohort. For example, the researcher relied on the information previously 

documented to classify patients about completing CR. There were different definitions 

and categorization rules used in the medical record. For example, age was provided as 

a categorical variable and not a continuous variable, and race may have been defined as 

white and other without any further details.  

 A sixth limitation of the study was that it was hampered by a low response rate 

for some of the questionnaires. These low response rates were difficult to gather 
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because they were often documented as handwritten notes in the margins of the medical 

record. Measures were taken to increase the reliability, such as the use of standardized 

data collection tools, extensive abstractor training, and oversight of the data collection, 

as well as blinding of the data collectors. A seventh limitation of the study was that we 

used instruments that have not been validated in the CR population with cardiac 

disease. This may have limited the accuracy of the results we obtained.  

Implications 

Nursing Practice 

 The results from the current study suggest that using multiple general health 

indicators may be a better way to assess general health of patients in CR as compared 

to self-reported questionnaires. This study has important implications specifically with 

respect to high-risk populations with diabetes. Persons with diabetes may require 

greater engagement techniques and better strategies to improve CR completion, self-

care behaviors, and physical function. Implications for nursing practice include that 

nurses must develop a comprehensive assessment to detect poor diabetes self-

management in patients referred to CR, be able to identify these patients early, and 

intervene with patients who are at risk. Since sitting time predicted both physical 

functioning and self-care behavior, it needs to be assessed at the beginning and during 

CR; therefore, strategies can be implemented to decrease sitting time in CR participants. 

Continuous monitoring of diabetic management during participation may help prevent 

exercise-induced complications, provide proper intervention and referral to promote CR 

completion, and minimize dropouts. In addition, regular assessment of general health 

indicators allows nurses to target individuals at increased risk for not completing CR. 

Interventions to improve general health can then be applied that will increase CR 

completion. Increasing CR completion may positively influence self-care behaviors and 

improve physical functioning for patients with diabetes. 
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Nursing Education 

 The implication of this study for nursing education is to incorporate into the pre-

licensure nursing curriculum information about implementation of different CR care 

models and interdisciplinary team care. Multi-disciplinary teams can better support 

patients by addressing self-care behaviors that impact CR completion. Multidisciplinary 

teams can partner together to provide better counseling delivered by nursing and 

medical staff, peer support groups, diabetes education, weight loss support, and dietitian 

services (Lopez-Jimenez et al., 2012). We defined depression as one of the general 

health indicators important for the outcomes of physical functioning. Our study results 

show that as depression increased, physical functioning decreased. The implication for 

the association of depressive symptoms and poor physical function indicates an 

important area that should be addressed not only at CR starts but also during the CR 

intervention. Protocols for follow-up of depression symptoms need to be developed. 

When depression is assessed, nurses need to activate follow-up protocols and referrals 

to services aimed at treating depression. Facilitating the referral of CR patients to 

services using automatic referral processes within the health system may improve 

overall general health and increase the likelihood of better CR completion rates.  

Nursing Research 

 Future research is needed to develop individualized interventions to improve 

diabetes self-management before CR initiation and then to monitor and support patients’ 

self-management during the CR intervention. Additional studies are needed to define the 

best indicators of general health. We need to test the accuracy of using multiple general 

health indicators to predict CR outcomes and utilizations. Additionally, further theoretical 

conceptualization of the manifestations of general health indicators and their impact on 

CR completion, physical function and self-care behavior is needed. Further theoretical 

consideration into the exact combination of general health indicators that should be 
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included in a model of the impact of general health on CR completion, physical function, 

and self-care behavior is warranted. Our study did not show that general health 

predicted CR completion. Therefore, further research is needed to develop sensitive 

general health indicators, or perhaps the combination of these and bio-physiological 

factors to predict CR completion. In our study, glycemic control had more influence on 

CR completion than did any general health indicators even though there was a 

correlation between general health and CR completion. More research is needed into 

the influence of glycemic control on general health and CR completion to verify these 

results. 

Conclusions 

 This research study utilized a retrospective design to examine the factors related 

to CR completion and the effect of general health on CR completion, physical function 

and self-care behaviors. The participants in this study were from a cohort of 394 cardiac 

patients who completed CR at a large academic medical center in the southeastern 

United States. There were three research questions for this study. 

 For the first research question, Pearson correlation revealed a significant 

relationship between CR completion with age and HbA1C. There was no significant 

association between health beliefs (i.e., benefits and barriers, health threat, self-efficacy, 

and support) and CR completion. Sociodemographic factors and bio-physiological 

factors had no significant correlation with CR completion. General health indicators also 

had no significant correlation with CR completion. The final regression model did show 

that HbA1C predicted CR completion. That is, higher levels of HbA1C were predictive of 

lower rates of CR completion. Our study did not support the relationship between health 

beliefs, general health, and CR completion. Measurement issues with the instruments 

used may have affected these results. Most of our subjects responded with high scores, 

which may have led to the ceiling effect. The ceiling effect limits the variability between 
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observations, reducing the power of statistics to detect an association between 

variables. Additionally, a possible association between general health, health beliefs, 

and CR completion may have gone undetected because of the small sample size.  

 For the second research question, Pearson correlation revealed a significant 

correlation between physical functioning, BMI, sitting time, fatigue, number of chronic 

conditions, heart disease burden, health threat, self-care barrier, and self-efficacy. There 

were no significant associations between self-care benefit, support, and physical 

function. The sociodemographic and bio-physiological factors such as age, gender, race, 

and insurance status were also not correlated with physical function. Additionally, 

anxiety and depression had no significant association with physical functioning. The final 

regression model indicated that gender, sitting time, anxiety, depression and fatigue 

predicted physical functioning. Less sitting time, lower perceived fatigue and lower 

depression scores predicted better physical functioning. Increased levels of anxiety and 

male gender also predicted physical function in this cohort. Instruments used to screen 

for items related to perceptions during the CR visit involved self-report data collection.  

Self-report measures have a lower reliability and validity, which could explain the 

unobserved relationships between self-care beliefs and physical function. Moreover, the 

heart disease burden questionnaire, which was designed to assess the perceived 

burden, failed to identify the overall burden of multiple chronic conditions. The average 

number of chronic conditions in our study participants was 12. The insignificant 

relationship between disease burden and physical functioning might be attributed to the 

failure to assess the overall burden of living with multiple chronic conditions.  

 For the third research question, Pearson correlation revealed a significant 

correlation between self-care behaviors, age, BMI, sitting time, fatigue, heart disease 

burden, health threat, self-care benefit and barriers, self-efficacy, and support. The 

sociodemographic and bio-physiological factors we studied were not correlated with self-
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care behaviors. The general health indicators of anxiety and depression were also not 

significantly associated with self-care behaviors. The final regression model showed that 

age, sitting time, self-care capacity and heart disease burden predicted self-care 

behavior. That is, older age, fewer hours sitting, less burden of heart disease and 

greater complexity of self-care predicted better self-care behaviors. Anxiety and 

depression were present in our cohort, but the levels of anxiety and depression were not 

different from the general population, which may have contributed to our results. 

Additionally, the sample size was small for this study, which may have affected the 

ability to detect the effects of sociodemographic and bio-physiological factors as well as 

anxiety and depression on self-care behaviors. Our cohort also had low levels of fatigue, 

which may have led to the negative findings between fatigue and self-care behavior. We 

used instruments that have not been previously validated in the CR population. This may 

have affected the results by decreasing the validity and accuracy of our results.  

 The findings of this study have implications for nursing practice and future 

research. All nurses need to recognize that glycemic control as well as general health 

are significant problems in the population of patients completing CR. Nurses need to find 

ways to encourage better glycemic control in patients with diabetes, assess for poor 

glycemic control, and provide follow-up with multidisciplinary interventions such as 

referral to diabetes education, weight loss, and consultation with dietitians. Additionally, 

CR non-completion is a significant issue in the population with cardiac disease. This 

study is the first to identify a group of general health indicators that may influence CR 

completion. Nurses need to assess for several general health indicators for their cardiac 

patients enrolled in CR and provide targeted interventions to increased CR completion. 

The present study serves as a preliminary investigation into general health indicators as 

a predictor of CR completion in cardiac patients. Future nursing research should include 

experimental studies with a larger sample size of CR participants in other CR settings. 
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Lastly, exploring various indicators of general health and combinations of indicators for 

validity and precision is warranted. We conclude that the manifestations of general 

health indictors as well as the effects of these indicators need further theoretical 

consideration and development. 

 In this study, factors related to CR completion and the association between 

general health and CR completion, physical function, and self-care behaviors were 

evaluated. Glycemic control significantly predicted CR completion. Several general 

health indicators such as sitting time, anxiety, depression, and fatigue predicted CR 

outcomes of physical function. Likewise, the general health indicators of sitting time, 

complex illness, and cardiovascular disease burden predicted self-care behaviors. 

Further research with a larger and representative sample is needed to validate the 

associations between the identified general health indicators and CR completion and 

outcomes.  
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Appendix A: Training Manual  

 

Training Manual 

RobertsK1295531CRDiabetes 

Roles and Responsibilities for Data Collection 

 Sharp attention to detail 

 Accuracy is more important than Quantity 

 Follow the ICPT Reference Sheet.doc as to what data to enter in the 

excel file 

 You will enter data on the excel data collection form CR Data collection 

pilot ICTP revised 01.09.19 and save in the study folder 

For example save as: 

o CR Data collection pilot ICTP revised_StudentName.xls 

 Attend the weekly study team meeting to ask questions and receive 

feedback on your work 

General Rules   

 Do not modify other students data collection forms or Excel files 

 All student work is reviewed weekly 

 Work completed 24 hours in advance of the meeting will receive feedback 

at the weekly meeting (otherwise it will be reviewed the next meeting) 

 Do not guess what to enter. Follow the ICTP reference sheet.  

 Make a comment in the study ID column and highlight the cell in yellow if 

there are questions regarding what to enter. All questions will be 

addressed at the weekly meeting so you can go back and fix your work. 

 999 = a missing value/no value/ no data 

 Enter text  “Not readable” if the physician notes are not legible or cannot 

decide what it says  

 psychological consult = behavioral health consult enter “yes or no” 

 No rounding on numbers, enter the numbers as they are charted  
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Appendix B: Data Collection Tool 

Data Collection Tool: Variable Number and Variable Name 

No. Variable 

1 study ID 
2 age 
3 DOB 
4 enrollment date 
5 ejection fraction 
6 diagnosis 
7 medical history 
8 risk stratification 
9 cardiologist 
10 sleep study  
11 sleep apnea 
12 sleep apnea treatment 
13 compliant to treatment 
14 6MWT pre distance 
15 6MWT pre MET  
16 6MWT pre RPE  
17 6MWT pre maximum heart rate 
18 6MWT pre systolic blood pressure 
19 6MWT pre diastolic blood pressure 
20 6MWT post distance 
21 6MWT post metabolic equivalent MET 
22 6MWT post RPE 
23 6MWT post maximum heart rate 
24 6MWT post systolic blood pressure 
25 6MWT post diastolic blood pressure 
26 physical activity minutes per day 
27 physical activity days per week 
28 resting heart rate 
29 peak exercise heart rate 
30 systolic blood pressure 
31 diastolic blood pressure 
32 peak exercise systolic blood pressure 
33 peak exercise diastolic blood pressure 
34 current metabolic equivalent MET 
35 target MET  
36 flexibility pre 
37 flexibility post 
38 strength pre left arm 
39 strength pre right arm 
40 strength post left arm 
41 strength post right arm 
42 exercise prescription mode 
43 exercise prescription frequency 
44 exercise prescription duration 
45 exercise prescription intensity 
46 exercise progression 
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No. Variable 
47 exercise limitations 
48 home exercise prescription 
49 Initial total cholesterol 
50 Current total cholesterol 
51 HDL 
52 date lipid 
53 triglyceride 
54 LDL 
55 hypertension 
56 diabetes  
57 initial FBS 
58 current FBS 
59 initial HbA1C 
60 current HbA1C 
61 FBS normal 
62 insulin Rx 
63 weight starting 
64 weight current  
65 height 
66 BMI 
67 initial % fat 
68 current % fat 
69 weight loss referral 
70 diabetes education referral 
71 nurse patient discussion 
72 nutrition class 
73 date nutrition class 
74 dietician consult 
75 date dietician consult 
76 other dietary goals and interventions 
77 learning barriers 
78 list learning barriers 
79 knowledge test score pre 
80 knowledge post test score 
81 family support  
82 tobacco use 
83 tobacco quit 
84 date tobacco quit  
85 years using tobacco 
86 number of cigarettes per day 
87 smokeless 
88 individual counseling 
89 smoking cessation referral 
90 tobacco triggers education 
91 other referrals and education 
92 education goals met 
93 cardiac risk factors 
94 psychiatric pre HADS anxiety 
95 psychiatric post HADS anxiety 
96 psychiatric pre HADS depression 
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No. Variable 
97 psychiatric post HADS depression 
98 psychiatric pre SF-36 general health 
99 psychiatric post SF-36 general health 
100 psychiatric pre SF-36 physical function 
101 psychiatric post SF-36 physical function 
102 behavioral health consult including psychiatric consult 
103 MD referral 
104 other 
105 prescribed number of sessions 
106 current session number 
107 completion date 
108 comments 
109 collector 
110 cate entered 
111 physician signature 
112 comments from MD 
113 race (White, Black or African American, American Indian or Alaska Native, 

Asian, Native Hawaiian or Other Pacific Islander) 
114 gender 

Note. 6MWT = Six-Minute Walk Test; MET = metabolic equivalent of task; RPE = rated 

perceived exertion; FBS = fasting blood glucose; HADS = Hospital Anxiety and 

Depression Scale; SF-36 = Short Form Health Survey. 

 

 

 

  



CARDIAC REHABILITATION 

183 

Appendix C: Codebook for Data Collection 

Variable (as it may appear in the 
EMR) 

Definition Description 

Study ID Unique identifier assigned by PI An assigned number 

Age In number of years Number: two digits 

DOB Date when born Month/date/year: xx/xx/xxxx 

enrollment date Date enrolled in CR Month/date/year: xx/xx/xxxx 

ejection fraction Ejection fraction Number: xx% 

Diagnosis 
Record the diagnosis that is listed on 

the ICTP example: CABG x2 
Text 

Medical History 
Record the medical history as listed 

on the ICTP; example: s/p CABG 
x2, CHF, CKD etc. 

Text 

Risk Stratification 
Risk Stratification: category Risk 

Stratification: category low, 
moderate, High 

Low, moderate, and high 

Cardiologist The name of the cardiologist Text: name 

Sleep study Yes/NO Have sleep study or not Text: Yes or no 

Sleep apnea Have sleep apnea or not Text: Yes or no 

Sleep apnea treatment Have sleep apnea treatment Free text 

Compliant to treatment 
compliance with sleep apnea 

treatment or not 
Text: yes or no 

6 minute walk test pre distance 
Distance walked at start on the initial 

ICTP 
Number: whole number unit in ft 

Pre MET 
MET calculated by 6MWT at start of 

cardiac rehab on the initial ICTP 
Number: typically will see two digits 

after point e.g 2.61 
Pre RPE 
 
 

Rated Perceived Exertion (RPE) 
Scale before cardiac rehab on the 
initial ICTP 

Whole number, the initial or first ICTP 

6MWT Pre maxHR 
Maximal heart rate before cardiac 

rehab on the initial ICTP 
Whole number 

6MWT Pre SBP 
Systolic Blood Pressure (SBP) before 

cardiac rehab on the initial ICTP 
Whole number 

6MWT Pre DBP 
Diastolic BP before cardiac rehab on 

the initial ICTP 
Whole number 

6MWT Post 6MWT dist 
Distance in feet for 6 minutes walking 

test after Cardiac rehab located 
on final ICTP 

Number in feet 

6 MWT Post MET 
MET calculated by 6MWT after 

cardiac rehab located on final 
ICTP 

Number 

6MWT Post RPE 
Rated Perceived Exertion (RPE) 

Scale after cardiac rehab located 
on initial ICTP 

Whole number 

6MWT Post max HR 
Maximum Heart rate after cardiac 

rehab located on initial ICTP 
Whole number 

6MWT Post SBP 
Systolic BP after cardiac rehab 

located on final ICTP 
Whole number 

6MWT Post DBP 
Diastolic BP after cardiac rehab 

located on final ICTP 
Whole number 

PA min day 
Current physical activity level: daily 

minutes spent on physical activity 
Whole number 

PA Days a week 
Current physical activity level: how 

many days doing exercise per 
week 

Whole number 

Resting HR Heart rate at rest Whole number 

Peak exercise HR Heart rate during peak exercise time Whole number 

Resting SBP 
Systolic blood pressure at resting: 

the top number 
Whole number 
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Variable (as it may appear in the 
EMR) 

Definition Description 

Resting DBP 
Diastolic blood pressure at resting: 

the bottom number 
Whole number 

Peak exercise SBP 
Diastolic blood pressure at peak 

exercise: the top number 
Whole number 

Peak exercise DBP 
Diastolic blood pressure during peak 

exercise: the bottom number 
Whole number 

current MET level Metabolic equivalents Number 

Target MET level Goal for MET at end Range of number 

Flexibility Pre Bodily flexibility before start  Whole number with + and sign 

Flexibility Post Bodily flexibility after completion  Whole number with + and sign 

Strength Pre Left Muscular strength of left arm at start  Number 

Strength Pre right Muscular strength of right arm at start  Number 

Strength Post left 
Muscular strength of left arm after 

completion 
Number 

Strength Post right 
Muscular strength of right arm after 

completion 
Number 

Exercise prescription mode 
Modes of exercise prescription 

including treadmill, bike, etc. 
Text 

Exercise prescription frequency Frequency of exercise prescription Text 

Exercise prescription duration Duration of exercise prescription Text 

Exercise prescription intensity Intensity of exercise prescription Text 

Exercise progression Progress of exercise prescription Text 

exercise limitations Exercise limitations Text 

Home exercise Rx Exercise intervention at home Text 

Initial total cholesterol 
Amount of cholesterol found in blood 

recorded on the initial ICTP 
Whole number 

Current total cholesterol 
Amount of cholesterol found in blood 

recorded on current ICTP 
Whole number 

HDL High density lipo-protein, a lipid test Whole number 

Testing date lipid Date to have lipid test Month/date/year: xx/xx/xxxx 

Triglyceride Type of fat in the blood, a lipid test Whole number 

LDL Low density lipo-protein, a lipid test Whole number 

Hypertension Have hypertension yes or not Text: yes or no 

Diabetes Have diabetes yes or not Text: yes or no 

Initial FBS 
Fasting blood sugar recorded on 

initial ICTP 
Whole number 

Current FBS 
Fasting blood sugar recorded on 

current ICTP 
Whole number 

Initial HbA1C 
Average blood sugar recorded on 

initial ICTP 
Whole number on initial ICTP 

Current HbA1C 
Average blood glucose recorded on 

current ICTP 
Whole number on current ICTP 

FBS in normal range 
Is fasting blood sugar in normal 

range or not 
Text: yes or no 

Insulin Rx Insulin prescription Text: yes or no 

Weight starting Starting weight in pounds Number 

Weight current Current weight in pounds Number 

Height Inches Whole number in inch 

BMI Body mass index Number 

Initial % Fat body fat composition on initial ICTP Percentage on initial or first ICTP 

Current % fat 
Body fat composition on discharge or 

last session ICTP 
Percentage at discharge or last 

session ICTP 

WT loss referral Have referral for weight loss or not Text: yes or no 
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Variable (as it may appear in the 
EMR) 

Definition Description 

Diabetes education referral 
Have referral for diabetes education 

class or not 
Text: yes or no 

Nurse patient discussion Nurse patient discussion or not Text: yes or no 

Nutrition class Have nutrition class or not Text: yes or no 

Date nutrition class Date of nutrition class Month/date/year: xx/xx/xxxx 

Dietician consult Have dietician consult or not Text: yes or no 

Date dietician consult Date of dietician consult Month/date/year: xx/xx/xxxx 

Other dietary goals and interventions List other goals and interventions Text: eating healthy, understand BP 

Learning barriers Learning barriers or not Text: yes or no 

List learning barriers What learning barriers text 

Knowledge test score pre Knowledge test score before CR 

Use top number. The knowledge test 
has seven questions. We need 
the top number or the number 
answered correctly out of seven 
total questions 

Knowledge test post score 
Knowledge test score after CR 

completed or last session 
Use top number only 

Family Support Have family support or not Text: yes or no 

Tobacco use Use tobacco or not Yes or never 

Tobacco quit 
When quit using tobacco less than 6 

months or more than 6 months 
< 6 moths or > 6 months 

Date tobacco quit Date stop using tobacco Month/date/year: xx/xx/xxxx 

Years using tobacco How many years used tobacco? Whole number 

# cigarettes per day 
How many cigarettes smoked per 

day 
Whole number 

smokeless Used smokeless tobacco or not Text: yes or no 

Individual counseling Received individual counseling or not Text: yes or no 

Smoking cessation referral 
Received smoking cessation referral 

or not 
Text: yes or no 

Tobacco triggers education 
Received tobacco triggers education 

or not 
Text: yes or no 

Other risk factor edu Other CAD risk factors 
Text: CAD risk factors, cardiac 

anatomy and physiology, angina 
S/S, medication compliance 

Education goals Met Met education goals or not Text: yes or no 

Cardiac RF Cardiac risk factors 
Text: obesity, family Hx, stress, High 

BP Hx, sed. lifestyles 

Psych pre HADS anx 
HADS anxiety score before cardiac 

rehab 
Whole number 

Psych post HADS anx 
HADS anxiety score after cardiac 

rehab 
Whole number 

Psych pre HADS dep 
HADS depression score before 

cardiac rehab 
Whole number 

Psych post HADS dep 
HADS depression score after cardiac 

rehab 
Whole number 

Psych pre SF-36GH 
SF-36 general health before cardiac 

rehab 
Number: two digits after point 

Psych post SF-36GH 
SF-36 general health after cardiac 

rehab 
Number: two digits after point 

Psych pre SF-36PF 
SF-36 physical functioning before 

cardiac rehab 
Number: two digits after point 

Psych post SF-36PF 
SF-36 physical functioning after 

cardiac rehab 
Number: two digits after point 

BHC including psych consult Behavioral health consult 
Text: yes or no. including psych 

consult 

MD referral Physician referral Text: yes or no 

Other Provide pamphlet or others text 

Prescribe # sessions Prescribed number of sessions Whole number 
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Variable (as it may appear in the 
EMR) 

Definition Description 

Current session Current session completed Whole number 

Comp date Date last attended class Month/date/year: xx/xx/xxxx 

Comments 
Type in what is written under 

comment section 
Text: 

Collector Who fill out the form 
Nurse or exercise physiologist or 

both 

Date entered Date the form was filled Month/date/year: xx/xx/xxxx 

Physician signature ICTP signed or not Text: yes or no 

Comments from Doctor 
Type what is written in the Dr. 

comments section 
Test or if unable to read Please add 

Dr. comments if cannot read 

Gender ICTP Male or Female 

Note. CR = cardiac rehabilitation; ICTP = individual cardiac treatment plan; MET = metabolic equivalent of task; CKD = 

chronic kidney disease; 6MWT = Six-Minute Walk Test; CAD = coronary artery disease; HADS = Hospital Anxiety and 

Depression Scale; SF-36 = Short Form Health Survey. 
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Appendix D: Participant Characteristics: Overall, by Sex and BMI, N = 394 

Variable names 
 

Overall 
M ± SD or 

N(%) 
 

Sex  
M ± SD or N(%) 

Male Female 
 

BMI 
 M ± SD or N(%) 

BMI < 30 BMI ≥ 30 
 

Sociodemographic 
 

Age 
 

62.44 ±  12.15 63.06 ± 11.77 61.18 ± 12.85 64.82 ± 12.6 59.95 ± 11.21 
Race Black 132(33.67) 71(54.20) 54(41.22) 62(31.00) 70(36.46) 
 White 231(58.93) 160(61.07) 71(54.20) 118(59.00) 113(58.85) 

Physical assessment 
 

Weight pre in 
pounds 

 200.23 ±  
52.43 

210.57 ± 52.9 179.54 ± 
44.99 

167.44 ± 28.05 234.3 ± 
50.27*** 

Weight post in 
pounds 

 200.82 ± 
52.25 

211.24 ± 53.26 179.48 ± 
42.99 

168.15 ± 27.22 235.49 ± 
50.23*** 

BMI in kg/m2   30.43 + 6.72 30.28 ± 6.44 30.74 ± 7.27 25.55 ± 2.88 35.54 ± 
5.72*** 

Height in inches   69.38 ± 32.7 72.07 ± 39.74 64 ± 3.1 70.93 ± 45.64 67.77 ± 4.34 
Percent body fat 

pre 
 34.24 ± 6.93 31.65 ± 6.04 39.42 ± 5.57 31.56 ± 6.52 36.77 ± 6.35 

Percent body fat 
post 

 34 ± 9.04 31.24 ± 7.65 39.92 ± 8.98 30.67 ± 8.57 37.75 ± 8.06 

6MWT pre 
distance in feet 

 1320.95 ± 
389.14 

1364.96 ± 
400.31 

1233.63 ± 
351.43 

1360.89 ± 
402.91 

1279.71 ± 
371.71 

6MWT pre MET 
kcal/kg/hour  

 3.41 ± 6.99 3.72 ± 8.56 2.79 ± 0.51 5.22 ± 2.8 5.56 ± 3.15 

6MWT pre RPE 
rating 

 11.29 ± 4.59 10.96 ± 2.23 11.95 ± 7.2 3.42 ± 6.52 3.4 ± 7.48 

6MWT pre max HR 
in min 

 101.69 ± 
20.54 

101.2 ± 20.41 102.67 ± 
20.85 

11.23 ± 6.09 11.36 ± 2.14 

6MWT pre SBP in 
mm/Hg 

 141.42 ± 
23.81 

140.59 ± 22.23 143.04 ± 
26.64 

100.18 ± 20.49 103.21 ± 
20.58 

6MWT pre DBP in 
mm/Hg 

 76.86 ± 29.22 78.46 ± 34.76 73.77 ± 12.44 139.11 ± 21.53 144.07 ± 25.7 

6MWT post 
distance in feet 

 1524.68 ± 
383.04 

1558.29 ± 
401.32* 

1442.65 ± 
321.96 

1565.34 ± 
399.7* 

1480.19 ± 
360.41 

6MWT post MET 
kcal/kg/hour 

 13.84 ± 
181.03 

18.23 ± 214.79 3.09 ± 0.48 77.42 ± 39.27 76.26 ± 11.82 

6MWT post RPE 
rating 

 11.88 ± 6.47 11.95 ± 7.52 11.69 ± 2.21 3.27 ± 0.58 25.98 ± 
265.33 

6MWT post max 
HR in min 

 108.9 ± 20.56 108 ± 19.23 111.15 ± 
23.58 

11.81 ± 8.66 11.94 ± 2.23 

6MWT post SBP 
mm/Hg 

 145.38 ± 
22.64 

145.16 ± 21.61 145.9 ± 25.08 107.92 ± 21.41 109.95 ± 
19.61 

6MWT post DBP 
mm/Hg 

 74.09 ± 11.92 74.6 ± 11.47 72.84 ± 12.92 142.97 ± 22.43 148.34 ± 
22.65 

Resting heart rate  73.19 ± 13.28 73.15 ± 14.3 73.27 ± 
10.99** 

73.08 ± 11.9 75.19 ± 11.92 

Peak exercise 
heart rate 

 112.33 ± 
19.44 

112.68 ± 20.17 111.61 ± 
17.93 

72.02 ± 13.51 74.4 ± 12.99* 

       
Resting SBP 

mm/Hg 
 124.38 ± 

16.28 
124.27 ± 15.58 124.59 ± 

17.67 
111.66 ± 21.21 112.94 ± 17.41 

Resting DBP 
mm/Hg 

 72.82 ± 30.18 74.46 ± 35.87 69.49 ± 11.57 123.86 ± 16.43 125.1 ± 16 

Peak exercise SBP 
mm/Hg 

 141.49 ± 
20.62 

141.77 ± 20.14 140.91 ± 
21.62 

73.16 ± 40.72 72.52 ± 11.33 

Peak exercise DBP 
mm/Hg 

 73.55 ± 11.89 73.66 ± 11.39 73.34 ± 12.89 139.42 ± 20.03 143.75 ± 
21.07 

Current MET 
kcal/kg/hour 

 4.61 ± 3.62 4.77 ± 1.82 4.3 ± 5.77 73.01 ± 11.75 74.09 ± 12.06 

Limb flexibility pre 
in inches 

 -3.62 ± 4.32 -4.03 ± 4.34 -2.77 ± 4.17 4.94 ± 4.74 4.25 ± 1.66 

Limb flexibility post 
in inches 

 -2.44 ± 7.56 -2.71 ± 8.68 -1.82 ± 4.01 -3.59 ± 4.49 -3.66 ± 4.15 

LA STR pre (lbs)  66.59 ± 24.5 74.76 ± 23.84 49.08 ± 
14.86*** 

-2.5 ± 4.45 -2.35 ± 10.14 
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Variable names 
 

Overall 
M ± SD or 

N(%) 
 

Sex  
M ± SD or N(%) 

Male Female 
 

BMI 
 M ± SD or N(%) 

BMI < 30 BMI ≥ 30 
 

Physical assessment 
 
RA STR pre (lbs)  69.06 ± 24.28 77.61 ± 22.82 50.53 ± 

15.46*** 
64.32 ± 23.84 68.98 ± 25.11* 

LA STR post (lbs)  70.84 ± 26.19 80.37 ± 24.82 49.43 ± 
13.49*** 

66.51 ± 22.82 71.79 ± 25.63 

RA STR post (lbs)  73.72 ± 25.08 82.25 ± 24.23 54.08 ± 
13.18*** 

69.06 ± 24.42 73.07 ± 
28.19** 

Laboratory assessment 
 

Total Cholesterol 
pre 

 166.94 ± 
45.69 

163.8 ± 44.31 172.58 ± 
47.79 

170.16 ± 49.88 164.45 ± 
42.03 

Total Cholesterol 
post 

 164.89 ± 
71.42 

160.8 ± 78.66 173.51 ± 
52.31 

159.69 ± 49.73 169.95 ± 
87.12 

HDL pre  44.4 ± 15.49 42.31 ± 13.86 48.42 ± 17.6 47.12 ± 15.59** 41.69 ± 14.99 
Triglycerides pre  142.67 ± 

108.53 
146.73 ± 119.38 134.73 ± 

83.25 
123.65 ± 75.5 161.61 ± 

130.82** 
LDL  95.75 ± 80.4 88.46 ± 40.88 109.89 ± 

124.7 
100.4 ± 108.12 91.33 ± 37.37 

Fasting Glucose 
pre 

 121.24 ± 
45.86 

122.23 ± 44.95 119.24 ± 
47.93 

108.2 ± 33.93 131.61 ± 
51.34*** 

Fasting Glucose 
post 

 119.53 ± 
48.86 

119.58 ± 48.58 119.45 ± 49.7 110.77 ± 45.37 128.04 ± 
50.76** 

HbA1C pre  6.97 ± 6.51 7.23 ± 8.06 6.52 ± 1.74 7.26 ± 9.81 6.76 ± 1.71 
HbA1C post  6.89 ± 5.96 7.13 ± 7.32 6.46 ± 1.46 7.07 ± 8.73 6.75 ± 1.61 

Cardiac measures 
 

Ejection fraction   50.07 ± 14.21 49.47 ± 14.24 51.31 ± 14.14 52.12 ± 13.74 48.01 ± 14.38 
Risk stratification  Mod 213 (56.50) 138 (54.33) 75 (60.48) 121(63.35)* 92 (49.46) 
 High 162 (42.97) 114 (44.88) 48 (39.52) 70 (36.65) 92 (49.46)* 
No. cardiac risk 

factors  
 2.8 ± 1.15 2.72 ± 1.15 2.98 ± 1.14 2.32 ± 0.96 3.3 ± 1.12* 

Medical history 
 

No. chronic 
conditions 

 5.38 ± 2.98 5.5 ± 3.04 5.11 ± 2.85 5.22 ± 2.8 5.56 ± 3.15 

Family history 
(yes) 

 166 (42.24) 113 (42.97) 53 (40.46) 79 (39.30) 87 (45.31) 

Hypertension (yes)  195 (49.62) 137 (52.09) 58 (44.27) 97 (48.26) 98 (51.04) 
Hyperlipidemia 

(yes) 
 109 (27.95) 74 (28.46) 35 (26.72) 57 (28.64) 52 (27.23) 

Diabetes (yes)  67 (17.14) 45 (17.56) 22 (16.15) 26 (12.94) 41 (21.58)* 
OSA apnea (yes)  37 (9.44) 31 (11.83)** 6 (4.58) 10 (5.00) 27 (14.06)*** 
CVA (yes)  27 (6.85) 18 (6.84) 9 (6.87) 15 (7.46) 12 (6.25) 

Lifestyle 
Tobacco use (yes)  132 (36) 94 (38.68) 38 (31.71) 67 (35.83) 65 (36.52) 
Years of tobacco 

use  
 25.42 ± 14.03 26.23 ± 14.67 23.36 ± 12.25 24.86 ± 15.2 25.97 ± 12.87 

No. cigarettes per 
day 

 6.93 ± 13.37 8.23 ± 15.4*** 4.41 ± 7.75 6.39 ± 11.97 7.6 ± 14.8 

Sedentary (yes)   87 (22.14) 59 (22.43) 28 (21.37) 33 (16.42) 54 (28.13) ** 

Mental health 
 

Stress (yes)  72 (18.32) 47 (17.87) 25 (19.08) 34 (16.92) 38 (19.79) 
Anxiety pre  5.96 ± 4.39 5.39 ± 4.22 7.04 ± 4.54 5.85 ± 4.29 6.07 ± 4.53 
Anxiety post  5.27 ± 4.42 4.97 ± 4.45 5.9 ± 4.33 5.08 ± 4.19 5.48 ± 4.7 
Depression pre  5.25 ± 4.09 5.19 ± 4.16 5.37 ± 3.97 5.08 ± 4.09 5.45 ± 4.1 
Depression post  4.17 ± 3.97 4.21 ± 4.08 4.08 ± 3.75 4.27 ± 4.02 4.06 ± 3.95 
General Health pre  43.68 ± 10.87 43.09 ± 10.54 44.81 ± 11.44 45.34 ± 11.64 41.88 ± 9.67 
General Health 

post 
 45.44 ± 10.5 45.19 ± 10.48 45.94 ± 10.58 46.72 ± 10.62 44 ± 10.22 

Physical Function 
pre 

 38.74 ± 10.43 39.96 ± 10.92* 36.41 ± 9.04 39.51 ± 10.27 37.89 ± 10.62 

Physical Function 
post 

 42.05 ± 10.86 43.29 ± 11.21* 39.56 ± 9.7 42.9 ± 10.51 41.08 ± 11.25 
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Variable names 
 

Overall 
M ± SD or 

N(%) 
 

Sex  
M ± SD or N(%) 

Male Female 
 

BMI 
 M ± SD or N(%) 

BMI < 30 BMI ≥ 30 
 

Educational intervention 
 

knowledge test pre  5 ± 1.41 5.03 ± 1.36 4.93 ± 1.51 5.15 ± 1.41 4.84 ± 1.39 
knowledge test 

post 
 5.45 ± 1.31 5.58 ± 1.2* 5.18 ± 1.47 5.54 ± 1.39 5.35 ± 1.2 

Wt loss referral 
(yes)  

 1 (0.60) 1 (0.81) 0 (0.00) 0 (0) 1 (1.28) 

DSME referral 
(yes) 

 7 (1.80) 7 (2.68) 0 (0.00) 4 (2.02) 3 (1.58) 

Nrs pt. discussion 
(yes) 

 387 (99.23) 259 (98.85) 128 (100.00) 195 (98.48) 192 (100.00) 

Nutrition class 
(yes) 

 193 (64.98) 122 (62.24) 71 (70.30) 98 (62.03) 95 (68.35) 

Dietician consult 
(yes) 

 4 (1.65) 4 (2.98) 0 (0.00) 3 (2.38) 1 (0.86) 

Indiv. counseling 
(yes) 

 387 (98.72) 260 (98.86) 128 (98.46) 198 (98.51) 189 (98.95) 

Tobacco trig edu 
(yes) 

 153 (39.13) 111 (42.37) 42 (32.31) 73 (36.50) 80 (41.88) 

Edu goals met 
(yes) 

 203 (97.60) 149 (97.39) 54 (98.21) 102 (99.03) 101 (96.19) 

Learning barrier 
(yes) 

 38 (10.58) 30 (12.70) 8 (6.90) 22 (11.76) 16 (9.30) 

Family support 
(yes) 

 358 (96.76) 240 (96.77) 119 (96.75) 183 (96.83) 175 (96.69) 

Note. Values are mean ± SD for continuous variables and n (%) for categorical variables. 6MWT = Six-Minute Walk Test; 

MET = metabolic equivalent of task; RPE = rated perceived exertion; HR = heart rate; RA STR = right arm strength; LA = 

left arm strength; Mod = moderate risk stratification; High = high risk stratification; OSA = obstructive sleep apnea; CVA = 

cerebrovascular accident; DSME = diabetes self-management referral; Nrs pt.= nurse and patient; trig edu = tobacco 

trigger education. 

*p < .05; **p < .01; ***p < .005 

 


