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Abstract   
Background: By 2035, nearly half of U.S. adults will have some 
form of heart disease. COVID-19 altered the delivery of care for 
cardiac rehabilitation patients who experienced a cardiac event.
Objective: To cross-validate the Post Event-Cardiovascular Risk 
Perception Survey (PE-CRPS).
Methods: A cross-sectional and descriptive study was conducted 
to validate CVD risk perception survey. Explorative factor analysis 
(EFA) was utilized to explore the factors, validate the scale, and 
measure variance in the data. 
Results: Of the 261 individuals, majority were males (71%, mean 
age: 65.77 years), Caucasian-Non-Hispanic origin (94%) with co-
morbidities (hypertension, hyper-lipidemia and diabetes). EFA 
identified 16 latent (eigenvalues >1) with 45 observed variables to 
measure CVD risk perception. Factors explained 68% of the variance. 
Bartlett’s test of sphericity was significant (p=.001), indicating 
variances not significant and the factors correlated.
Conclusions: PE-CRPS was valid and can be used to assess cardiac 
risk perceptions among cardiac rehabilitation individuals.
Key Words: Cardiac Rehabilitation, Psychometric Testing, Cardiac 
risk Perception
Introduction
   By 2035, nearly half of U.S. adults will have some form of 
cardiovascular disease (CVD), coronary heart disease (CHD) and/or 
coronary artery disease (CAD) which include modifiable risk factors 
such as smoking, obesity, high blood pressure, high cholesterol, 
diabetes, lack of physical activity and an unhealthy diet [1-7]. 
Although, adhering to national exercise guidelines and a healthy diet

can lower rates of morbidity and mortality, [1-2] we know that 
patients with heart disease fall short of reducing cardiac risk factors 
or even estimating their risk for further cardiac events [8-13]. Everett 
and colleagues (2016) indicated that those patients who perceive 
themselves to be at high risk for heart disease will more likely 
engage in behaviors to lower this risk [9]. Robinson and colleagues 
(2018) indicate significant discrepancy in African American women 
when it comes to the association between CVD risk factors and risk 
estimation [14]. Others indicate there is a difference in perception 
of symptoms for myocardial infarction; [15] recognizing a heart 
attack;[16] and how family members perceive risk during an out-of-
hospital cardiac arrest and general health [17-18]. Education about 
how to decrease cardiac risk factors is often the priority for staying 
heart healthy [1-3,19-21]. However, estimating risk perception as it 
relates to modifiable cardiac risk factors is limited in the literature; 
particularly when it comes to addressing cardiac risk factors among 
individuals with known heart disease.   
   Mortality rates for heart disease have declined but there is still 
concern for patients who perceive themselves at risk and will 
adhere to healthy behaviors and exercise even after participating 
in a formal cardiac rehabilitation program [14,22-25]. Cardiac 
risk perception can have a role in cardiac rehabilitation programs, 
particularly among patients with a known history of heart disease. 
Sadeghi and colleagues (2018) demonstrated the value of assessing 
patient’s perception of illness to reduce particularly stress when 
helping patient’s adherence to cardiac rehabilitation. Stress is one 
component of cardiac risk factors [26]. Therefore, risk perception 
must not be limited to individuals before a cardiac event occurs, it 
must be addressed throughout the spectrum of health. Prue-Owens 
and colleagues (2023) examined the psychometric properties for an 
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Participants were a convenience sample of n = 261 with diagnosis of 
known heart disease and/or cardiac event. The PE-CRPS reliability 
(Cronbach’s alpha .81) and validity was determined in the prior study 
conducted by Prue-Owens and colleagues (2023) [27].
Measure: PE-CRPS   
   In addition to demographic information, participants’ perception 
of developing CVD using the 10-item PE-CRPS were collected. 
Cardiac risk perception measurement is often identified in the 
literature using the Framingham 10-year risk score [43] but in this 
study, a modified psychometric instrument first derived from the 
original Cardiovascular Risk Perception (CRPS) by authors, Prue-
Owens, Graham & Ramesh which was first examined in active-duty 
service members without diagnosis of heart disease [44]. In other 
words, the CRPS was tested in healthy active young men and women. 
The CRPS was then modified from its original version to the PE-
CRPS using the construct “What do you think your chance is of …” 
as it relates to cardiac risk factors (Figure 1) [27].
Demographic Information
   Of the 261 participants who completed the PE-CRPS, majority 
were males (71%) with mean age of 65.77 years (Std dev = 
11.13), Caucasian (90.4%) and non-Hispanic origin (94%) with 
co-morbidities (hypertension, hyper-lipidemia and diabetes). 
Approximately 48.7% were nonsmokers while 51.4% were either 
previous or current smokers. Approximately 66% were physically 
active and 54% either exercised every day or every other day. Most 
of the participants (56.7%) walk as a primary method of exercise. 
Participants mean cholesterol, A1c and glucose was 156.90, 6.12 and 
115.48 respectively.
Statistical Analysis
   Data was analyzed using Exploratory Factor Analysis (EFA) with 
direct oblimin rotation and principal component axis [45]. Items such 
as cardiac risk factors form a scale by having a common underlying 
construct (cardiac risk perception). EFA helps disentangle the 
relationship between the items (cardiac risk factors) and determines 
if these items fit together as a unified concept. Upon analysis or this 
disentanglement, the underlying dimensionality of a set of items such 
as cardiac risk factors and perception now become called “factors.” 
These factors are a weighted combination of items which helps 
to determine the validity of the overall scale or tool (PE-CRPS).
Statistical significance was determined to be a p-value of <.05. 
Descriptive statistics and exploratory factor analysis were used 
to analyze data. Data analyses were performed using IBM SPSS 
Statistics (Version 27) [46]. The reliability was examined using 
Cronbach’s Alpha coefficients and component relationships similar 
to the study conducted by Prue-Owens and colleague [27].
Results
   To explore the factorial structure of PE-CRPS, all 45 items of 
the instrument were subjected to an exploratory factor analysis with 
direct oblimin rotation and principal component axis. The Bartlett’s 
test of sphericity χ2 (990) = 4580.377, p = .001, indicating that 
correlation structure is adequate for factor analysis. Kaiser-Meyer 
Olkin measure of sampling adequacy suggested that our sample 
was adequate (KMO = .612). The Kaiser’s criterion of eigenvalues 
greater than 1 yielded a sixteen-factor solution as the best fit for the 
data, accounting for 68% of the variance. Scree plot had an ideal 
pattern. Factor loadings of >.30 were included in the final model 
such as Diabetes, health history, current Medications, exercise, BMI, 
demographics, cholesterol, blood pressure, stress and diabetes. The 
results of this exploratory factor analysis are represented in Table 1.
   Upon review of the table, there are 45 items that were loaded onto 
16 factors. In order to under the results, the authors suggest reviewing 
each factor in relationship to the respective item or variable. Begin 
with reviewing the 45-items are on the left side of the table. These 
items make up the construct of cardiac risk factors. Next, review the 
16 factors or what SPSS calls “components” are on the top of the 
table, 1 through 16. These are based on the Principal Component 
Analysis and EFA.

instrument called Post Event-Cardiovascular Risk Perception Survey 
(PE-CRPS) among hospitalized inpatient and outpatient cardiac 
rehabilitation patients who had a known history of heart disease. 
Although individual patient demographic information was not 
collected, the study found the PE-CRPS reliable and valid but more 
importantly, participants did not indicate a risk for developing further 
CVD [27].
   COVID-19 had a major impact on the delivery of healthcare; 
particularly programs where groups of patients met in person. 
The pandemic has in some sense delayed cardiac rehabilitation 
standard of care for patients who have experienced post cardiac 
events such as open-heart surgery, myocardial infarction, stroke 
and other events [28-29]. The challenge between underestimation 
of perceived risk for heart disease and delayed care for patients 
with known heart disease is important because engaging patients 
with already known heart disease can promote healthy behaviors 
and lifestyle modifications even after having a post cardiac event 
[14,25,30-34]. Cardiac rehabilitation has demonstrated value in 
engaging patients in a formal exercise program, health promotion 
education and improving quality of life [20,35-38]. However, there 
is limited research particularly in the United States related to cardiac 
risk perception among patients with a known history of a cardiac 
event (as defined by a known history of heart disease) and those 
who participate in a formal cardiac rehabilitation program. Cardiac 
rehabilitation programs provide cardiac health education, but risk 
perception is not a common concept addressed; possibly due to the 
idea that if a risk of heart disease is already present then there is 
no need to change behaviors. Perception of cardiac risk should be 
determined when participating in a cardiac rehabilitation program in 
order to inform patients about continued risk for heart disease and 
ensure appropriate management is implemented [26,39-40]. The 
Health Belief Model by Becker (1974) was used as the framework 
for how patients perceive their risk perception even for those patients 
with known heart disease [41-42]. This study was unique in that it 
examined cardiac risk perception in patients who had a post cardiac 
event (known history of heart disease) and who participated in a 
formal cardiac rehabilitation program. 
Methods
   This was a cross-sectional descriptive study. The purpose of this 
study was to test the validity of the revised Post Event-Cardiovascular 
Risk Perception Survey (PE-CRPS) among patients who had a post 
cardiac event defined as a positive history of heart disease.
Participants and Data Collection
   All patients referred to the local healthcare system cardiac 
rehabilitation program due to coronary artery disease, myocardial 
infarction, coronary artery bypass surgery, stable or unstable angina 
and stent/percutaneous transluminal coronary angioplasty (PTCA) 
were eligible to participate in the study. These diagnoses reflect 
heart disease and/or a post cardiac event. The inclusion criteria for 
participants in this study were men and women over the age of 18 
with a diagnosis of known heart disease (post cardiac event) and were 
enrolled in the cardiac rehabilitation program. Those not included 
in the study were patients with takotsubo, heart failure without 
coronary heart disease, cardiomyopathy, left ventricular assistance 
device, mentally incompetent. Informed consent was obtained by a 
member of the research team. After informed consent, the following 
demographic data was collected: age, gender, race/ethnicity, height/
weight, BMI, systolic/diastolic blood pressure, smoking history, 
exercise level, cholesterol level, glucose level, current medications, 
individual/family health history. Patients then completed the PE-
CRPS survey. Institutional Review Board (IRB) ethics approval 
was obtained by the organization’s committee. Due to COVID 
restrictions, recruitment of subjects was paused with completion of 
data collection in May 2022.
Sampling
   To test the psychometric validity of the PE-CRPS, the participants
were recruited from a local major healthcare system cardiac 
rehabilitation clinic that serves central and southern Colorado. 
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• Factor 13: Examine Table 1, look at column 13 (Factor 13) 
which has three items that loaded onto Factor 13. The factor 
loadings were individual health history, family health history 
and chance of physical activity. Thirteenth factor has three items 
with high factor loadings of >.3. A high factor loading indicates 
health history influenced chance of physical activity. This factor 
was labeled “health history-chance of physical activity.” 

• Factor 14: Examine Table 1, look at column 14 (Factor 14) 
which has three items that loaded onto Factor 14. The factor 
loadings were chance of using nicotine product, smoking 
history, chance of physical activity.  Chance of physical activity 
item has a comparatively lower item loading so this factor was 
labeled “smoking history.”

• Factor 15: Examine Table 1, look at column 15 (Factor 15) which 
has three items that loaded onto Factor 15. The factor loadings 
were family health history 1, medications 3 and medications 4 
(indicating at least four cardiac medications were taken by the 
participants). This factor was labeled “family health history-
medications.” 

• Factor 16: Examine Table 1, look at column 16 (Factor 16) which 
as three items that loaded onto Factor 16. The factor loadings 
were medication 4 (indicating at least four cardiac medications 
were taken by the participants, individual health history and 
family health history. This factor was labeled “health history-
medications.”

Based on the EFA, the items (cardiac risk factors) fit together as a 
unified concept and loaded onto 16 in a dimensionality fashion 
indicating that the PE-CRPS is a valid scale measuring cardiac risk 
perception. Another approach to validate the PE-CRPS is to examine 
the eigenvalues in a scree plot. The eigenvalues are equal to the sum 
of the squared item weights for the factor with an established cutoff 
point of 1.0 or greater. Based on Table 1 and Figure 2, the 45 items 
and 16 factors indicate eigenvalues > 1. This number tells the reader 
how much variance there is in the data and to retain those factors with 
a eigenvalues greater than 1.0 (Figure 2). Therefore, 16 factors were 
worthy of keeping indicating the construct of cardiac risk perception.
Discussion
   Testing the PE-CRPS in a larger population with demographic data 
such as age, gender, health history, family history are important to 
the validity of a scale particular when engaging patients in cardiac 
rehabilitation. Similar to authors, Amini et al. and Percy et al., 
there is value in using the PE-CRPS to patients who already have a 
history of heart disease [28-29]. Those with a history of heart disease 
should not be ignored when it comes to estimating their added risk 
and should be encouraged to change behaviors in order to prevent 
further development of CVD [25,32]. The PE-CRPS is a validated 
tool that can be adopted to influence and promote healthy education 
and quality of life among patients with known heart disease or those 
who experienced a cardiac event.
Conclusion
   Utilizing such a tool as the PE-CRPs could identify areas in 
which to focus the education to have a positive health outcome.  
The interdisciplinary team at the Cardiopulmonary Rehabilitation 
are in a position to identify early in the process of rehabilitation and 
incorporate it into the Individualized Treatment Plan for each person 
enrolled in the program. Referrals can also be made to specialty 
areas, such as diabetes education, behavioral medicine counseling, 
and tobacco cessation specialist to strategically intervene in assisting 
with co-morbidities and/or complications.
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Here are how the 16 factors can be explained:
• Factor 1: Examine Table 1, look at column 1 (Factor 1) which 

had seven items loaded onto Factor 1. The factor loadings 
reported are the level of age, FM, stress level, ethnic background, 
cholesterol, high blood pressure and overweight. These seven 
items relate to each other and are labeled as “chance of cardiac 
risk factors with age, ethnic background.”

• Factor 2: Examine Table 1, look at column 2 (Factor 2) which 
had three items loaded onto Factor 2. The factor loadings 
were all related to physical activity. This factor measured if 
the participants exercised or not, how many days a week they 
exercised and which exercise was their primary method to be 
physically active. This factor was labeled as “physical activity.”

• Factor 3: Examine Table 1, look at column 3 (Factor 3) which 
had seven items loaded onto Factor 3. The factor loadings 
were measuring diabetes, history of diabetes, fasting glucose 
levels, A1C levels, individual health history 1, medication 
4 (indicating at least four cardiac medications were taken by 
the participants). and family health history 1. This factor was 
labeled as “diabetes risk.”

• Factor 4: Examine Table 1, look at column 4 (Factor 4) which 
had six items loaded onto Factor 4. The factor loadings were 
diabetes, body mass index (BMI), weight in pounds, chance of 
being overweight, HDL level and physical inactivity. HDL and 
physical inactivity variables are usually associated with high 
BMI. This factor was labeled as “body weight influences DM 
and physical inactivity.”

• Factor 5: Examine Table 1, look at column 5 (Factor 5) which 
had four items loaded onto Factor 5. The factor loadings were 
cholesterol level, LDL level, HDL level and triglycerides. This 
factor was labeled as “lipid profile.”

• Factor 6: Examine Table 1, look at column 6 (Factor 6) which 
had three items loaded onto Factor 6. The factor loadings 
were height, weight and gender. This item was labeled as 
“unmodifiable risk factors.”

• Factor 7: Examine Table 1, look at column 7 (Factor 7) which 
had three items loaded onto Factor 7.  The factor loadings were 
physical inactivity, family health history 3 and 4 (indicating at 
least four health histories that are cardiac in nature). This item 
was labeled “modifiable and nonmodifiable risk factors.”

• Factor 8: Examine Table 1, look at column 8 (Factor 8) which 
has two items loaded onto Factor 8.  The factor loadings were 
race and ethnicity of our participants, based on the definitions 
by National Institute of Health (NIH).  This factor was labeled 
as “racial identity.”

• Factor 9: Examine Table 1, look at column 9 (Factor 9) which 
had three items that measured blood pressure. The factor 
loadings were chance blood pressure, diastolic blood pressure 
and systolic blood pressure. This factor was labeled as “blood 
pressure.”

• Factor 10: Examine Table 1, look at column 10 (Factor 10) 
which had three items loaded onto Factor 10. The factor 
loadings were triglycerides level and individual health 
history 3 and 4 (indicating at least four health histories that 
are cardiac in nature).  This factor was labeled “history of 
hypercholesterolemia.”

• Factor 11: Examine Table 1, look at column 11 (Factor 11) 
which has two items that loaded onto Factor 11. The factor 
loadings were individual health history 5 and family history 
5 (indicating at least five health histories that are cardiac in 
nature). This factor was labeled “individual-family history.”

• Factor 12: Examine Table 1, look at column 12 (Factor 12) 
which has four items that loaded onto Factor 12. The factor 
loadings were medications 0, medications 1, medications 2 
(indicating at least two cardiac medications were taken by the 
participants) and family health history 2 (indicating at least 
two health histories that are cardiac in nature). This factor was 
labeled “medications-family history.”
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FACTORS/
COMPONENTS

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

ITEMS

Chance Gender_Age .797

Chance_FM .758

Chance_Stress Level .681

Chance_Ethnic 
Background

.680

Chance_ High Cholesterol .627

Chance_HBP .600 -.325

Exercise .965

What primary exercise do 
you do

.947

How much exercise .941

Glucose Level -.832

A1C level -.821

Individual Health history .740 .400

Chance_DM -.609 .337

Body Mass Index based 
on NIH

.891

Weight in pounds .813 -.547

Chance_overwt .368 .772

Cholesterol level .932

LDL level .813

HDL level -.312 .551

Triglyceride level -.368 .521 .362

Height in inches -.907

Gender .876

Family Health history .733

Family Health history .644

Ethnicity based on NIH .888

Race based on NIH -.875

Systolic blood pressure -.835

Diastolic blood pressure -.820

Individual Health history .656

Individual Health history .635

Family health history -.746

Individual Health history -.642

SMEAN(MEDS2) .708

SMEAN(MEDS1) .620

SMEAN(MEDS0) .475

Family health history .657

Individual Health history .527

Chance_ Physical 
Inactivity

.305 -.340 -.363 .340

Chance_Nicotine Product .822

Smoking history -.814

Family Health history .694

SMEAN (MEDS3) -.572

SMEAM(MEDS4) -.360 -.429 .338

Individual Health History .651

Family Health History .311 -.310 -.322
Table 1: Exploratory Factor Analysis Results
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Post-Event Cardiovascular Risk Perception Survey

DIRECTIONS: The following survey ask your thoughts on risk perception related to your current heart event.  Please 
indicate how small or big you think your risk is for each statement below by circling ONE of the responses. There are no 
right or wrong answers as the statements measure what you think about your chance of having another heart event.  Pease 
answer according to what you think and not how you think you should answer or how you think others want you to answer.

1. What do you think your chance is of having high blood pressure since your heart event?
                none           very small   small  big   very big

2. Based on family history, what do you think your chance is of having another heart event?
                very big                 big     small               very small                 none

3. What do you think your chance is of being/staying overweight since your heart event?
                very big                very small   small  big    none

4. Based on your ethnic background, what do you think your chance is of having another heart event? 
                very small  very big    small  none      big

5. What do you think your chance is of starting/continuing to use a nicotine product/smoking since your heart 
event?
                small  very small       big  none   very big

6. What do you think your chance is of getting/controlling diabetes since your heart event?
                very big                      big                        small  very small           none

7. Based on your gender and age, what do you think your chance is of having another heart event?
                big  very small   small  none       very big

8. What do you think your chance is of having a high cholesterol level since your heart event?
                very big                    big                      small  very small           none

9. What do you think your chance is of being physically inactive since your heart event?
                none  very big   small  big   very small

10.          Based on your current stress level, what do you think your chance is of having another heart event?
              small  very small  none  big   very big

Thank you so much for your input on this Post-Event Cardiovascular Risk Perception Survey!
Figure-1- Post-Event Cardiovascular Risk Perception Survey
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Figure-2-Eigenvalues


