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CHAPTER 1

BACKGROUND AND SIGNIFICANCE



1.1 THE IMPORTANCE OF CARDIAC REHABILITATION AND GAPS IN KNOWLEDGE

Cardiac Rehabilitation (CR) is a multidisciplinary and comprehensive outpatient secondary
prevention program. Its substantial secondary prevention benefits grant it a strong
recommendation for multiple indications (Balady et al., 2011; Smith et al., 2011; Piepoli et al.,
2016). Well-conducted clinical trials and meta-analyses have demonstrated that CR participation
is associated with a 13% reduction in all-cause mortality, 26% reduction in cardiovascular
mortality, and a 31% reduction in re-hospitalizations (Anderson et al., 2016). Currently, CR is
covered by Medicare for the following seven indications: Within 12 months of acute myocardial
infarction (AMI), post coronary artery bypass surgery, current stable angina that is resistant to
conventional therapy, post heart valve surgery, post percutaneous coronary intervention (PCl),
symptomatic heart failure with reduced ejection fraction (EF <35%) and post-heart
transplantation.

Although the concept of cardiac rehabilitation dates from the 1950s, there remain many gaps in
our knowledge (Levine et al. 1952). Most current papers address the CR benefits, for example, its
role in improving the total mortality, CV death, hospitalization, or specific medical conditions like
diabetes or obesity. There is a scanty amount of paper that addresses the CR in improving overall
health. Moreover, underutilization is a significant challenge that has limited the CR benefits for
decades (Ades et al., 2017). Most current research in this domain focuses on referral rate,
participation rate, and adherence with limited reporting on completion rate.

In this dissertation, we report our scientific investigations: first, predictors for cardiac

rehabilitation completion; second, changes in the Life Simple 7 score among CR completers.
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2.2 ABSTRACT

STRUCTURED ABSTRACT

Purpose: Among the low proportion of patients with heart disease referred to cardiac
rehabilitation (CR), completion rates remain suboptimal. CR benefit is dose-dependent, where
the higher the completion rate, the better outcomes. We investigated the association between
CR completion and different potential factors to identify the lower CR completion rate,
predictors.

Methods: We used a prospectively collected registry of patients enrolled in CR at Brigham and
Women's Hospital. We included patients who attended at least one CR session between January
2015 and December 2019. Baseline characteristics and the number of sessions attended were
recorded. We defined CR completion as graduation after 36 sessions or earlier based on a
satisfactory clinical, comprehensive evaluation. Finally, we used multivariable logistic regression
modeling to identify predictors of CR completion.

Results: 78% of the 778 participants were designated as CR completers. The mean age was 64,
and 25% were female. Compared to non-completers, CR completers had no statistically
significant difference in age, sex, or enrollment diagnosis but were less likely to have diabetes or
be smokers. CR completers had lower anxiety (GAD-7) and depression (PHQ-9) scores and shorter
duration between index diagnoses and starting CR. In a multivariable logistic regression model,
active smoking, diabetes, higher depression score, and longer time between diagnosis and

enrollment were all associated with a lower likelihood of completing the CR program. Among 175



non-completers, 56% attended 12 sessions or less. Personal or medical reasons were the leading

causes for premature termination.

Conclusion: In our large contemporary cohort from a tertiary center, completion rates were
higher than the current national average, with 22% of our CR participants not completing the
program. Our reported predictors are similar to risk factors for low CR utilization. Those
predictors of non-completion may help identify participants who require more resources to help

them derive all CR benefits.

CONDENSED ABSTRACT

Cardiac rehabilitation (CR) completion rate is independently associated with favorable
cardiovascular outcomes. In this single-center study, patients who are smokers, diabetic,
depressed or anxious, and had delayed enrollment in the CR program were less likely to complete

CR.



2.3 INTRODUCTION

Cardiac Rehabilitation (CR) is a multidisciplinary and comprehensive outpatient secondary
prevention program that has garnered strong recommendations for multiple indications®3. Well-
conducted clinical trials and meta-analyses have demonstrated that CR participation is associated
with a 13% reduction in all-cause mortality, 26% reduction in cardiovascular mortality, and a 31%
reduction in re-hospitalizations. #

Despite CR's proven benefits, it remains vastly underutilized. Most recent data suggest that about
24% of all eligible patients participate in CR, and only 27% of participants complete the entire
program.> Moreover, there is evidence to support a dose-related response between CR
attendance and completion and CR benefits.®’

On the other hand, CR completion is independently associated with improved survival and
decreased hospitalization.®1° Determining predictors of CR completion may help identify
modifiable factors to allocate resources better to increase CR completion rates.

We aimed to describe CR completion rates in a large single-center contemporary cohort and

identify predictors of CR completion.



2.4 METHODS

STUDY DESIGN AND PARTICIPANTS

We extracted data from a prospectively collected clinical database of patients enrolled in
Brigham and Women's Hospital (BWH) cardiac rehabilitation program. In this observational
cohort study, we analyzed data from all patients who attended at least one CR session between
January 1, 2015, to December 31, 2019. The Internal Review Board approved the study protocol

at Brigham and Women's Hospital.

CARDIAC REHABILITATION PROGRAM AND DEFINITION OF COMPLETION

The BWH outpatient CR program is an on-site supervised exercise-based program. It is 12 weeks
long in which patients undergo two exercise sessions and one educational session per week. We
defined CR completion as graduation after attending 36 sessions or earlier based on a satisfactory

clinical, comprehensive evaluation.

DATA COLLECTION AND ANALYSIS

We collected patient demographics and baseline characteristics (age, sex, body mass index (BMl),
cardiovascular risk factors, enrollment diagnosis) and their mental health status upon CR
enrollment. For depression assessment, we collected the Patient Health Questionnaire (PHQ-9),
where a score of 5 or more is considered positive. Regarding anxiety assessment, we used the

Generalized Anxiety Disorder (GAD-7) score and set the score of 5 or more to be positive.'12



We also collected the following dates: date of diagnosis, and enrollment date, which we used to
calculate the time between diagnosis and CR enroliment. Finally, we collected the number of
sessions attended by non-completers and the causes of withdrawal from the program. We used
the number of sessions to determine the level of adherence which we categorized into three
groups at 12 sessions increment (low, intermediate, or high). Withdrawal causes were classified
into medical, personal, loss of follow-up, insurance, and others. Data collection was done using

the Research Electronic Data Capture (REDCap) system.!3

STATISTICAL ANALYSIS

For the primary analysis, we grouped subjects into completers and non-completers. Descriptive
statistics were used to describe baseline demographics and patient characteristics in each group.
To screen variables for inclusion in multivariable models, Student's two-independent samples t-
tests, Wilcoxon rank-sum tests, and chi-squared tests were used to compare these characteristics
between groups as appropriate. The missing data required for this analysis was less than 10%;
hence we used a complete case analysis approach. We used multivariable binary logistic
regression to assess the association between independent factors and CR completion. The final
model was evaluated for discriminative ability using a ROC curve and the area under the ROC

curve (AUC) and tested for appropriate calibration using a Hosmer-Lemeshow test.

Univariable logistic regression analysis
We started by reviewing the literature to ensure that all available variables with evidence

indicating their association with a change in the CR utilization are included in our baseline

10



characteristics list. >10141> Based on that, we confirmed the presence of the following variables:
age, sex, diabetes, smoking, BMI > 25, anxiety (defined as GAD-7 score >5), depression (defined
as PHQ-9 score >5), 6-minutes-walk test (6MWT) distance, enrollment diagnosis, and the
duration between index diagnosis and enrollment in the CR program. To simplify the clinical
meaning of the variables, we divided 6MWT distance by 100 to investigate the effect of each 100
feet change in the value. We also divided the time between index diagnosis and CR enrollment
by 90 to examine the impact of each 90 days of delay in the enrollment. We also created a
dichotomous variable to group enrollment diagnosis into surgical vs. non-surgical diagnoses. We
subsequently performed a univariable analysis between each variable in the baseline
characteristics and CR completion status. We selected the variables with a statistically significant
association as a candidate for the first tentative multivariable model. We evaluated the

significance using the 0.1 alpha level (Supplementary Table Al).

Multivariable logistic regression model development

After constructing the first tentative multivariable logistic regression model, the analysis revealed
that diabetes, smoking, depression (PHQ-9 >5), 6-minutes-walk distance, and the duration
between index diagnosis and enrollment in the CR program were all significantly associated with
CR completion (P-value < 0.1) (Supplementary Table A2).

We subsequently added the age, sex, and BMI variables to the first tentative model to form the
second tentative multivariable model. We noted a change in the odds ratios (OR) of the anxiety
and depression variables between the univariable analysis and the second multivariable model

(from 0.59 and 0.54 to 0.75 and 0.68, respectively) (Supplementary Table A2). Given the clinical

11



relationship between those two variables, we tested the collinearity between them, and it found
it to be significant. We subsequently constructed the third and fourth tentative multivariable
models where each model included either depression or anxiety variables. To choose between
them, we compared the performance of the two models by calculating the c-statistics for
discrimination assessment and the Hosmer-Lemeshow test for calibration. Performance testing
revealed that the fourth model had a slightly higher AUC (0.6543 .vs 0.6502) and lower chi-
squared value (3.7. vs. 5.8) with a higher P-value (0.88 vs. 0.67), suggesting better performance
in the fourth model (Supplementary Table A2). based on that, we chose the fourth model to move
to the next step.

Due to the potential clinical relationship between all the variables in the fourth model, we tested
all possible interactions between the variables. We did not find any statistically significant
interactions; therefore, we kept the fourth model as the final multivariable logistic regression
model. We subsequently proceeded with the final step and retested the goodness of fit by testing
the calibration using the Hosmer-Lemeshow test and the discrimination by calculating the AUC
(Supplementary Figure A1l). Regression analysis results reported as odds ratios (OR) with 95%
confidence intervals (Cl). All tests were 2-tailed, and a value of p < 0.05 was considered

statistically significant. We conducted all analyses using STATA version 16.1

12



2.5 RESULTS

COHORT CHARACTERISTICS

During the study period, a total of 778 patients who attended at least one CR session were
included in the analysis. Of those, 603 (77.5%) completed the program (Figure 2.1). There was
no statistically significant difference in age and sex between completers and non-completers.
Overall, the mean age was 64.1 years, and the majority was male (75%). Dyslipidemia and
hypertension were very common (83.9% and 82.9%, respectively). The most common indication
for CR was coronary revascularization (66.9%). Heart transplantation was the least common
(0.8%) (Table 2.1). We analyzed the cause of withdrawal from CR and adherence level in 172
(98%) of the non-completers (Table 2.2). Most non-completer relate their drop out to personal
reasons (40.7%) followed by medical reasons (31.4%). Insurance disapproval led to only 7% of
the withdrawal (figure 2.2). The majority of non-completers (56%) had a low adherence rate, and

only 12% of non-completer attended more than 24 sessions (figure 2.3).

PREDICTORS OF CR COMPLETION

Univariable analysis revealed a statistically significant association between CR completion and
diabetes (OR=0.61, 95% Cl 0.42 to 0.88) , smoking (OR=0.43, 95% CI 0.28 to 0.66), GAD-7 >5
(OR=0.59, 95% CI 0.40 to 0.86), PHQ-9 score >5 (OR=0.54, 95% Cl 0.37 to 0.78), every 100 ft
increase in 6 MWT (OR=1.05, 95% CI 1.00 to 1.10), and every 90 days delay in CR Enrollment (OR
0.90, 95% Cl 0.82 to 0.97) (table 2.3). Final Multivariable discrimination assessment revealed an

AUC (c-statistic) = 0.654. The calibration assessment revealed that Hosmer-Lemeshow test chi

13



squared = 3.7 with a P-value of 0.88 (Supplementary Table A2) (Supplementary Figure Al). The
final model also showed significant association between CR completion and diabetes (OR= 0.55,
95% Cl 0.36 to 0.85), smoking (OR 0.49, 95% Cl 0.29 to 0.81), PHQ-9 > 5 (OR= 0.59, Cl 0.39 to
0.88), and every 90 days delay in CR Enrollment (OR= 0.9, 95% CI 0.8 to 0.98) (figure 2.4) (Table:

2.3).

2.6 DISCUSSION

In this large contemporary cohort, we showed that our observed completion rate is higher than
the recently reported national and local rates. In a recent paper by Ritchey et al. 2020, the current
reported completion rate ranges between 16.8% to 29% across the states and 26.5% in New
England.’ This difference could be explained in part by the hospital characteristics. Our hospital
is a large, tertiary, academically affiliated center, and all those characteristics were associated
with a higher participation rate in Beatty et al., 2018 paper.'®

Smoking had the most significant association with CR non-completion. Comparing that to current
literature, summarized by Gaalema et al., 2015, we find that smoking is associated with a higher
referral rate. Yet, it is also associated with low participation and adherence rates.!* This
association could be explained by the lower educational and socioeconomic status of smokers,
reported by Garret et al., 2013.%

The multivariable model also showed that diabetes and depression were associated with a lower
probability of completing the CR program. Regarding depression, the systematic review by

Edwards et al., 2019, collected data from 17 different studies and concluded an association

14



between depression and lower CR completion rate.? This association could be explained by the
lack of motivation and low energy level. With regards to diabetes, Armstrong et al. investigated
the CR in the diabetic population and reported a lower completion rate compared to non-
diabetics. This could be related to diabetes risk factors like weight and patient preference of
sedentary lifestyle or could be related to the diabetes complications that limit the patients'
physical activity like peripheral neuropathy or vasculopathy.®

On the other hand, our study did not find a significant association between CR completion and
sex. Sunamura et al., 2017 reported a low participation rate among female patients. In addition,
Ritchey et al., 2020 reported lower participation, adherence, and completion rates among female
patients. This difference could be related to the relatively lower proportion of female patients in
our study (24%) than Ritchey (44%), which limits the power of our analysis.> Moreover, female
participants in Sunamura et al. were older and with more co-morbidities, and that was the
suggested explanation for the relatively high drop-out rate.®

Looking at the non-completer group, we note that the majority dropped out with low adherence.
In addition, in our study, only 12% of the non-completer attended 25 sessions or more. That put
our cumulative rate of attending 25 sessions or more at 80%. While our rate is still higher than
the current national rate 57% reported in Ritchey et al. 2020., Yet, it still concerningly low. Given
the CR dose-benefit relation, low adherence substantially limits its secondary prevention

benefits.%’

15



STUDY STRENGTH AND LIMITATIONS

The main strength of this study is its focus on the CR completion rate in a large contemporary
cohort from a tertiary center. This cohort represents patients with all the current CR indications.
Most papers in recent literature focused on CR utilization among patients with specific diagnoses
(mainly coronary artery disease) or focused on predictors of other CR utilization metrics like
participation or adherence rate with limited data on completion rate.

On the other hand, our study has several potential limitations to be considered. First, our
database is derived from a single CR program in a tertiary center. This could limit the
generalizability of our results given the documented geographic variability in CR utilization across
the states.!” However, the agreement between a part of our study results and current literature
assures allows the generalizability of that part. Secondly, our dataset is missing some predictors
of CR utilization, for example, socioeconomic status, race, and ethnicity.!’° These unmeasured
confounders could introduce a risk of bias in exposure effect estimates. Moreover, missing the
race and ethnicity data prevent us, unfortunately, from evaluating the potential racial disparity
in CR utilization among our studied cohort.

Our database depends on patient enrollment visits at which we collect patients' baseline
characteristics. This led to missing most of the data for patients that have been referred but never
attended the CR program. This type of missing data caused by a self-exclusion of those
participants and introduce the risk of selection bias. Finally, our database was missing details in
patient marital status and occupation, which limits our ability to analyze the potential

explanations for the high rate of drop-out due to personal reasons (family, work, travel)

16



FUTURE DIRECTIONS

Future efforts should be directed toward investigating potential interventions that could increase
CR utilization among patients with document low utilization risk factors—for example, a follow-
up call after one week of the discharge day. We should also consider investigating other CR
utilization metrics using data from our tertiary center, for example, exploring the CR referral rate

in BWH hospital.

2.7 CONCLUSIONS

In this large contemporary cohort from a single tertiary center, the proportion of patients
completing CR was higher than other studies and national rate. Smoking, diabetes, depression,
and long waiting time between diagnosis and CR enroliment were predictors of CR non-
completion. Patients with one or more of these predictors may require additional efforts and
resources to follow them more closely to help them successfully completing CR and derive all CR-

associated benefits.
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Table2.1: Baseline Characteristics of Patients Attended BWH CR

Completion Status

All
(n=778) Completer Non-
(n=603) completer p-value
(n=175)
DEMOGRAPHICS
Age, mean (SD) 64.1(11.7) | 64.3(11.6) | 63.2(12.2) 0.25
Male, n (%) 580 (74.6) | 445 (73.8) 135 (77.1) 0.37
CARDIOVASCULAR RISK FACTORS
Smoking (Current or Ex), n (%) 108 (13.9) 68 (11.3) 40 (22.9) <0.001
Diabetes, n (%) 190 (24.4) | 134(22.2) 56 (32.0) 0.008
Hypertension, n (%) 645 (82.9) | 496 (82.3) 149 (85.1) 0.37
Dyslipidemia, n (%) 653 (83.9) | 505 (83.7) 148 (84.6) 0.79
Family History, n (%) 568 (73.1) | 445 (73.8) 123 (70.7) 0.42
PAST CARDIOVASCULAR HISTORY
AMI, n (%) 201(25.8) | 154(25.) 47 (26.9) 0.73
PCI, n (%) 302 (38.8) | 239(39.6) 63 (36.0) 0.38
CABG, n (%) 219 (28.1) | 168 (27.9) 51 (29.1) 0.74
Angina, n (%) 51 (6.6) 38 (6.3) 13 (7.4) 0.6
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Valve Disease, n (%) 170 (21.9) | 131(21.7) 39 (22.3) 0.87
Heart Failure (EF<35), n (%) 68 (8.7) 48 (8.0) 20 (11.4) 0.15
Heart Transplant, n (%) 6 (0.8) 5(0.8) 1(0.6) 0.73
ENROLLMENT DIAGNOSIS 0.52
Angina, n (%) 33 (4.3) 26 (4.4) 7 (4.0)
AMI within 12 months, n (%) 26 (3.4) 17 (2.8) 9 (5.2)
Heart Failure (NYHA 1I-IV & EF <
55 (7.1) 38 (6.4) 17 (9.8)
35%), n (%)
PCI, n (%) 300(38.9) | 237(39.7) 63 (36.2)
CABG, n (%) 181 (23.5) | 143 (24.0) 38 (21.8)
Heart valve repair or replacement,
170 (22.0) | 131(21.9) 39 (22.4)
n (%)
Heart transplant, n (%) 6 (0.8) 5(0.8) 1 (0.6)
BASELINE HEALTH STATUS
Depression (PHQ-9), median (IQR) 3(1-6) 2 (1-5) 4 (2-7) <0.001
Anxiety (GAD-7), median (IQR) 2 (0-5) 2 (0-5) 3(1-7) 0.01
1490 1505 1435
6-min walk distance, median (IQR) 0.06

[1239-1730]

[1265 -1745]

[1172 -1695]
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AACVPR RISK CLASSIFICATION

0.25

Low, n (%) 246 (31.9) 199 (33.2) 47 (27.6)
Intermediate, n (%) 245 (31.8) 192 (32.0) 53 (31.)
High, n (%) 279(36.2) | 209 (34.8) 70 (41.2)
TIME BETWEEN (DAYS)
DIAGNOSIS AND ENROLLMENT 68 [48 -96] 65 [47 -91] 72 [56 -117] 0.001
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Table 2.2: Causes of Withdrawal from CR Program

Low Intermediate High
adherence adherence adherence
Reason for withdrawal Total
12 sessions or 13 to 24 25 or more
less sessions sessions
Medical, n (%) 32 (59.3) 18 (33.3) 4(7.4) 54 (31.4)
Personal, n (%) 37 (52.9) 25 (35.7) 8 (11.4) 70 (40.7)
Loss of follow up, n (%) 11 (47.8) 6 (26.1) 6 (26.1) 23 (13.4)
Insurance, n (%) 8 (66.7) 2 (16.7) 2 (16.7) 12 (7.0)
Other, n (%) 8 (61.5) 5 (38.5) 0 (00) 13 (7.6)
Total, n (%) 96 (55.8) 56 (32.6) 20 (11.6) 172 (100) *

*Data were available in 172 patients of the 175 non-completers
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Table:2.3 Univariable Analysis and Final Multivariable Analysis

Univariable analysis

Multivariable analysis

(N=701)
OR OR
N P-Value P-Value

95% ClI 95% ClI
1.01 1.00

Age 778 0.25 0.92
0.99-1.02 0.98-1.02
0.83 0.97

Male 778 0.37 0.89
0.56-1.24 0.61-1.54
0.61 0.55

Diabetes 778 0.01 0.007
0.42-0.88 0.36-0.85
0.43 0.49

Smoking 778 <0.001 0.005
0.28-0.66 0.29-0.81
0.94 1.02

BMI> 25 760 0.80 0.93
0.61-1.47 0.61-1.73
0.59

GAD-7 score =5 733 0.01
0.40-0.86
0.54 0.59

PHQ-9 score =5 734 <0.001 0.01
0.37-0.78 0.39-0.88
1.05 1.04

6 MWT (Every 100 ft) 758 0.04 0.23
1.00-1.10 0.98-1.11
0.99

Surgical diagnosis 778 0.98
0.71-1.40

Every 90 days delay in 0.90 0.90

enrollment 778 0.01 0.02
0.82 -0.97 0.83-0.98
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CV history

0.93

AMI 778 0.73
0.64 - 1.37
1.17

PCI 778 0.39
0.82-1.66
0.94 0.74

CABG 778
0.65-1.36
0.84

Angina 778 0.60
0.44-1.61
0.97

Valve Disease 778 0.87
0.64-1.45
0.67

HFrEF (EF<35) 778 0.16
0.38-3.0
1.45

Heart Transplant 778 0.73
0.17-12.5

ENROLLMENT DIAGNOSIS 771

Angina Ref. Ref.
0.51

AMI (12 months) 0.25
0.2-1.6
0.60

Symptomatic HFrEF 0.33
0.2-1.7
1.01

PCI 0.98
04-24
1.01

CABG 0.98
0.4-25
0.90

Heart valve surgery 0.83
0.4-2.2

Heart transplant 1.4 0.80
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0.13-13.47

0.99

Surgical diagnosis 778 0.98
0.7-1.4

AACVPR RISK 270

CLASSIFICATION

Low Ref. Ref.
0.86

Intermediate 0.5
0.55-1.33
0.71

High 1.1
0.46 - 1.07
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Figure 2.1: Study Flow Chart
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Figure 2.2: Proportion of Non-completers in each Category of the Causes for CR drop-out

Causes of CR drop-out

B Medical
M Personal
m follow up
“ Insurance
© Other

*Data available in 172 patients of the 175 non-completers
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Figure 2.3: Proportion of Patients in Each Category of Adherence Level

Adherence Level Among
Non-Completers (%)

Low (12 sessions or Intermediate (13- High (25 sessions
less) 24 Sessions) or more)

*Data available in 172 patients of the 175 non-completers
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Figure2.4: Forest plot of Odds Ratios for Each Potential Predictor In The Final Model

OR [95%CI]  P-Value

Age ® 1.00 0.98- 1.02 0.92

Male N 097 0.61- 154 0.89

Diabetes —_— 0.55 0.36- 0.85 0.007

Smoking — 0.49 0.29- 0.81 0.005

BMI >25 I 1.02 0.61- 1.73 0.93

PHQ-9 score > 5 —— 059 0.39- 0.88 0.01

6 MWT (Every 100 ft) 1o- 1.04 098 111 0.23

Every 90-day delay* - 09 0.83- 098 0.02
*Time between diagnosis and 6 '5 Odd; Ratio 1:5 é
enrollment in CR € less likely to complete CR  more likely >
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3.2 ABSTRACTS

STRUCTURED ABSTRACT

Background: The American Heart Association's Life's Simple 7 (LS7) comprises four behavioral
metrics (physical activity, diet, body mass index (BMI), and smoking status) and three medical
metrics (blood pressure, serum glucose, and cholesterol levels) that collectively indicate ideal
cardiovascular (CV) health and correlates with better prognosis the more measures are
controlled. We sought to describe LS7 in patients enrolled in cardiac rehabilitation (CR) and the

extent of potential LS7 improvement after completing CR.

Methods: We used a prospectively collected registry of patients who attended the CR program
at the Brigham and Women's Hospital. Based on guidelines and recommendations thresholds,
each LS7 component was categorized at the beginning and end of the program and combined
into pre-CR and post-CR LS7 scores. Due to a large proportion of missing data in patients' diet,
we also calculated a modified LS6 score with the remaining components. Patients were classified
based on their score into three categories (poor <3, intermediate 3-4, and ideal >4). Pre- and

post-CR categories and progression are reported.

Results: Between 01/2015 and 12/2019, 603 patients (mean age 64 + 12, 26% female) completed
the CR program. LS7 and LS6 scores were available in 414 (69%) and 518 (86%) participants,
respectively. At CR entry, LS7 and LS6 were poor in 9% and 14%, intermediate in 58% and 71%

and ideal in 33% and 15% of the patients, respectively. Whereas at completion, it was poor in 2%
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and 3%, intermediate in 26% and 51%, and ideal in 72% and 46% of the patients, respectively.
Comparing the LS7 score before and after the CR program, 295 patients (73%) successfully
improved their score by an average of 1.1 points, and 140 patients (34%) improved at least in 2

components of LS7.

Conclusion: In this large contemporary cohort from a tertiary center, LS7 (or a modified LS6) had

been increased by the time of CR completion

CONDENSED ABSTRACT

Life Simple 7 (LS7) is an evidence-based score that measures ideal cardiovascular health status.

In this study, with a large contemporary cohort of cardiac rehabilitation (CR) participants, the LS7

score substantially improved upon completing the CR program.
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3.3 INTRODUCTION

The American Heart Association (AHA) introduced the concept of ideal cardiovascular health in
2010 as part of the AHA 2020 impact goal for cardiovascular diseases (CVD) and stroke mortality
reduction.! The AHA defined a total of 7 health metrics to reflect upon a person's ideal
cardiovascular health status. Those metrics are dependent on the lifestyle, where four metrics
considered health behaviors (physical activity, diet, body mass index (BMI), and smoking status),
and three metrics considered as health factors (blood pressure, serum glucose, and cholesterol
levels). To help the public modify their lifestyle and keep their ideal cardiovascular health, the

AHA combined the seven metrics in a single simple, reproducible score called Life Simple 7 (LS7).

Current literature demonstrates an inverse relationship between the LS7 score and all-cause
mortality and cardiovascular-related mortality and morbidity. 2% People with at least four ideal
LS7 metrics have a 71% risk reduction for CVD events compared to people with no or one ideal
LS7 metric.2 Moreover, people with five or more ideal LS7 metrics have a 78% reduction in all-
cause mortality compared to people with no ideal metrics.? It was also estimated that with each
unit of increase in LS7, there is a 14%, 17%, and 10% reduction in all-cause mortality,

cardiovascular mortality, and MACE risks, respectively.*

On the other hand, current CVD secondary prevention guidelines address the same seven risk
factors but individually.®> To the best of our knowledge, there is no single score to combine those
risk factors in a single metric for patients with established CVD. This study aims to describe the
LS7 score among patients enrolled in the cardiac rehabilitation (CR) program and to investigate

the changes in LS7 among CR
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3.4 METHODS

STUDY DESIGN AND PARTICIPANTS

We extracted data from a prospectively collected clinical database of patients enrolled in
Brigham and Women's Hospital (BWH) cardiac rehabilitation program. In this observational
cohort study, we analyzed data from all patients who attended at least one CR session between
January 1, 2015, to December 31, 2019. The Internal Review Board approved the study protocol

at Brigham and Women's Hospital.

CARDIAC REHABILITATION PROGRAM

The BWH outpatient CR program is an on-site supervised exercise-based program. It is 12 weeks
long at which patients undergo two exercise sessions in addition to one educational session each
week. The goal is a total number of 36 sessions which includes the initial intake and exit visits.
Each exercise session is one hour long, during which the patient will undergo supervised physical
training at titrated intensity based on peak heart rate (HR) achieved during an initial exercise
stress test. Each educational session is 60-minute long, covering different prevention-related

topics, such as nutrition, physical exercise, stress reduction, and medication adherence.

SCORES CALCULATION AND CV HEALTH CATEGORIZATION
For each component in the LS7 score, we assigned a single point if the patient meets the target
recommended by the current guidelines, which is highlighted in Table 3.1.58, The final score

ranges between 0 to 7. Due to the large proportion of missing data in the diet defined by the
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Rate-your-plate (RYP) score, we calculated a modified score with the remaining six components
and called it a Modified Life's Simple 6 (LS6) score.

Using the LS7 and LS6, we classified patients into three CV health categories: poor (if the patient
score two or less points), intermediate (if the patient score 3 or 4), and ideal (if the patient score

five points or higher).

DATA COLLECTION

We collected patient baseline characteristics and demographics (age, sex, cardiovascular risk
factors, enrollment diagnosis). We also collected data for each component of the LS7 score
(systolic blood pressure, Hemoglobin A1C, low-density lipoprotein (LDL-C), weekly activity level,
BMI, RYP score, smoking status) twice; first at the CR enrollment and second at upon completion.
However, Post-CR data was only available in subjects who completed the CR program. Data

collection was done using the Research Electronic Data Capture (REDCap) system.?

STATISTICAL ANALYSIS

For the primary analysis, we grouped subjects based on their CV health categories twice, using
the LS7 score and the LS6 score. We used descriptive statistics to summarize baseline
demographics and patient characteristics in each of the three initial CV health groups. We
compare these characteristics between the CV health groups using the one-way ANOVA test and
chi-squared of independence tests as appropriate. We subsequently calculated the post-CR LS7

and LS6 and regrouped the patients into their post-CR CV health category

41



We compared the pre-and post-CR scores at four different levels. First, we calculated the
difference between LS7 and LS6 scores (pre and post-CR) and used the paired t-test to test the
statistical significance of the change. Second, we compared the proportion of patients in each CV
health category pre and post-CR; we also conducted this comparison twice, using the LS7 and
LS6. We tested the statistical significance of the change in the proportion of each CV health group
using the Fisher's Exact Test. Third, we compared the proportion of patients on target for each
component of the LS7 scores Pre and Post-CR using McNemar's test. Finally, we calculated the
change in the scores at an individual level and grouped the patients into four categories
(decrease, no change, improve by 1 point, improved by two or more points).

We also compared the initial scores between the completers and non-completers at three levels.
First, we compared the initial LS7 and LS6 using two independent samples t-test. Secondly, we
compared the CV health categories using the LS7 and LS6 using Pearson's chi-squared test.
Finally, we compared the individual components of the LS7 by comparing the proportions of
patients on target upon CR enrollment using Pearson's chi-squared test.

We used a complete case analysis approach; all tests were 2-tailed, and a value of p < 0.05 was

considered statistically significant. We conducted all analyses using STATA version 16.1

3.5 RESULTS

During the study period, a total of 778 subjects attended at least one CR session and were
included in our analysis. Regarding the analysis of the changes in the scores, we had 603 (78%)

completers with post CR data available. We had sufficient data to calculate LS7 (pre, post, and
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both) in 474 (79%), 457 (76%), and 414 (69%) participants, respectively. We also were able to
calculate LS6 (pre, post, and both) in 559 (93%), 543 (90%), and 518 (86%) participants,
respectively. Among the 175 (22%) non-completers, we were able to calculate pre-CR LS7 and
LS6 in 94 (54%) and 120 (69%) participants, respectively (Figure 3.1).

Baseline characteristics of 474 patients with LS7 score and 559 patients with LS6 revealed that
the average age of participants was 64.2 years and 64.3 years, respectively. Most participants
were male (73% and 74.4%, respectively). There was no statistically significant difference
between the three CV health groups in age or sex. Dyslipidemia was the most prevalent CV risk
factor (85.4% and 85.2%, respectively), followed by hypertension (81.6% and 82.8%,
respectively). Percutaneous coronary intervention (PCl) was the most common enrollment
diagnosis (41.8% and 41.3%, respectively).

In contrast to table 1 using the LS7, table 1 using the LS6 (bigger sample size) showed a
statistically significant difference between the three CV health categories in the prevalence of
PCl and valve disease. While PCl was more common among the poor CV health category group,
valvular heart diseases were more prevalent among the ideal CV health category. There was no
statistically significant difference between the CV health groups in the American Association of
Cardiovascular and Pulmonary Rehabilitation (AACVPR) Risk classification (Table 3.2) (Table 3.3).
At the time of CR graduation, there was a statistically significant improvement in the LS7 and LS6
scores. The group average scores increased by 1.1 and 0.7 points, respectively (Table 3.4) (Table
3.5). In addition, 72.5% and 62.3% of the participants successfully improved their individual
scores, of which 34.4% and 18.9%, respectively, improved their scores by 2 points or more (figure

3.2). There was also a statistically significant improvement in the CV health categories. Upon CR
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enrollment, most participants were in the intermediate CV health category (58% and 71%,
respectively), which substantially shifted to the ideal CV health category upon CR completion
(72% and 46%, respectively). Moreover, the proportion of patients in the poor CV health category
dropped from 9% and 14% to 1% and 3%, respectively) (Table 3.4) (Table 3.5) (figure 3.3).

There was a noticeable variation in the rate of improvement in the individual component of the
score. The physical activity followed by a healthy diet had the highest rate of improvement
(48.8% and 31.8%, respectively). In comparison, BMI had the least rate of improvement (0.1%).
There were also 0.4% of patients that got diabetes worse (figure 3.4).

Finally, compared to completers, non-complete had no statistically significant difference in the

initial LS7, LS6, nor the CV health categories (table 3.6) (figure 3.3)

3.6 DISCUSSION

Our study demonstrated substantial overall improvement in the cardiovascular health scores
among CR program graduates. This improvement could potentially translate into favorable long-
term outcomes. Future validation of the score is needed before introducing it to the clinical
practice.

On the other hand, most patients were in the intermediate cardiovascular health category upon
enrollment, and about 10% of the cohort were in the poor score category. These results are
consistent with the results reported from the Heart SCORE Study by Nguyen et al.* In addition, it

highlights the need for more efforts to improve the public CV health by modifying their lifestyle.
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With regards to cardiovascular risk factors, we noted that dyslipidemia and hypertension were
the most prevalent risk factors (83.9% and 82.9%, respectively). That is also consistent with the
most recent national data reported by Fryar et al.!% Our results, however, suggested that a
significant percentage of patients with dyslipidemia and hypertension were not reaching the
recommended target (37.8% and 30.6%, respectively). It highlights the potential needs for
improvement and could explain in part the high prevalence of CAD among our cohort.

The analysis of the individual health metrics of the LS7 score suggests that ideal BMI and physical
activity were the least prevalent ideal metrics upon enrollment, both of which were noted in only
19% of the participants. This finding is not consistent with the findings reported in 2012 by Ford
et al., where healthy diet score was the least prevalent ideal health metric.? This difference could
be related to the influence of the geographic variation in the dietary quality of food.!!

There was a significant discrepancy in the rate of improvement between different components
of the LS7 score. While almost 50% of the participants successfully improved their physical
activity and reached the recommended level, only 1% of the participants improved their weight
and reached the recommended BMI. This could be explained by the duration of the CR program
(12 weeks) and the physiological nature of the metric, which requires prolonged time to change.
For example, hemoglobin Alc and BMI require more time to change compared to the time
needed to adopt a healthy diet and increase physical activity. Moreover, the physical activity's
substantial improvement was facilitated by the CR exercise sessions, which adds 120 minutes to
each participant's weekly activity. That leaves the patient with an easy target of exercising for 30

more minutes/week.

45



STUDY STRENGTH AND LIMITATIONS

Our study's main strength is its focus on a contemporary cohort of patients with established CV
diseases. It is, to the best of our knowledge, the first paper to describe the cardiovascular health
scores (using the secondary prevention targets) among this group. Nevertheless, it has several
potential limitations. First, our database is derived from a single CR program in a tertiary center.
This could limit the generalizability of our results.? Secondly, our dataset is missing a notable
amount of data which reduced the sample size available for LS7 score analysis and introduced
the risk of selection bias which is inherited from the self-exclusion of the non-completer
subgroup. The use of modified LS6 score had been used by several previous papers.t34 |t
increased our analyzed cohort sample size and allowed us to highlight some significant
differences between CV health groups. Yet, it could introduce the risk of selection bias.
Moreover, using the LS6 score, omit the status of diet control which was on target in the 43%
and 75% of participants on enrollment and graduation from CR, respectively. As we did not
recalibrate levels to define the CV health category, removing the diet score could downgrade
their CV health category, making the LS6 less accurate in assessing the CV health status. Finally,
our data is missing important confounders and effect modifiers like medication adherence, race,
ethnicity, and socioeconomic status, which could alter the observed changes in the scores and

CV health category.
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3.7 CONCLUSION

In this large contemporary cohort from a tertiary center, a comprehensive metric of
cardiovascular health LS7(or a modified LS6) had a substantial increase by CR completion. Future
studies are required to establish the association between the CR and the observed changes in
the scores as well as monitor the sustainability of the scores changes and finally, assess the

clinical impact of those changes on long-term secondary prevention
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Table 3.1: Calculation of LS7 Score

LS7 COMPONENT TARGET point
SMOKING NOT SMOKER 1
HYPERTENSION SBP <131 mmHg (SPRINT) 1
DIABETES HgA1C <7 1

LDL <71 mmol/L
OR

Dyslipidemia TC<200 if no CAD 1
Healthy Diet Rate your plate score >57 1
Obesity BMI <25 1
Physical activity Moderate intensity >149 min/week 1
Total 7
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Table 3.2: Baseline Characteristics of Patients Attended BWH CR Grouped By CV Health

Category Using LS7 Score

(SD)

ALL CV Health Category using LS7 score
(N=474) -
Poor Intermediate | Ideal p-
(N=43) (N=275) (N=156) value
DEMOGRAPHICS
Age, mean (SD) 64.2 (11.6) 64.6 (9.7) 64.2 (11.5) | 63.9(12.3) | 0.93
Male 346 (73.0%) | 30(69.8%) 204 (74.2%) | 112 (71.8%) | 0.76
CARDIOVASCULAR RISK
FACTORS
Diabetes 106 (22.4%) 19 (44.2%) 63 (22.9%) 24 (15.4%) | <0.001
Hypertension 387 (81.6%) | 43 (100.0%) 221 (80.4%) | 123 (78.8%) | 0.005
Hyperlipidemia 405 (85.4%) | 41 (95.3%) 237 (86.2%) | 127 (81.4%) | 0.062
Family History 361 (76.2%) 31 (72.1%) 215 (78.2%) | 115(73.7%) | 0.47
BMI, mean (SD) 29.8 (5.5) 31.8(5.2) 30.9 (5.6) 27.4 (4.4) | <0.001
Smoking (Current or Ex) 53 (11.2%) 12 (27.9%) 35 (12.7%) 6 (3.8%) <0.001
PAST CARDIOVASCULAR
HISTORY
AMI 131 (27.6%) 12 (27.9%) 81 (29.5%) 38 (24.4%) 0.52
PCl 198 (41.8%) | 20(46.5%) | 125(45.5%) | 53(34.0%) | 0.054
CABG 130 (27.4%) 14 (32.6%) 72 (26.2%) 44 (28.2%) 0.66
Angina 32 (6.8%) 3 (7.0%) 15 (5.5%) 14 (9.0%) 0.37
Valve Disease 93 (19.6%) 4(9.3%) 55 (20.0%) 34 (21.8%) 0.18
Heart Failure (EF<35) 39 (8.2%) 2 (4.7%) 24 (8.7%) 13 (8.3%) 0.66
Heart Transplant 4 (0.8%) 0 (0.0%) 1(0.4%) 3(1.9%) 0.19
AACVPR RISK CLASSIFICATION 0.45
Low 164 (34.8%) 10 (23.8%) 97 (35.5%) 57 (36.5%)
Intermediate 145 (30.8%) 17 (40.5%) 85 (31.1%) 43 (27.6%)
High 162 (34.4%) 15 (35.7%) 91 (33.3%) 56 (35.9%)
Life Simple 7 Score, mean 4.0(1.2) 1.8(0.4) 3.5(0.5) 5.3(0.5) <0.001
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Table 3.3: Baseline Characteristics of Patients Attended BWH CR Grouped By CV Health
Category Using LS6 Score

ALL CV health category using LS6 score
N=559 Poor Intermediate Ideal p-value
N=75 N=399 N=85

DEMOGRAPHICS
Age, mean (SD) 64.3 (11.5) | 64.7 (10.1) | 64.5(11.5) | 63.0(12.9) | 0.53
Male 416 (74.4%) | 55 (73.3%) | 302 (75.7%) | 59 (69.4%) | 0.47
CARDIOVASCULAR RISK FACTORS
Diabetes 120 (21.5%) | 35 (46.7%) | 77 (19.3%) 8(9.4%) | <0.001
Hypertension 463 (82.8%) | 73 (97.3%) | 333(83.5%) | 57 (67.1%) | <0.001
Hyperlipidemia 476 (85.2%) | 72 (96.0%) | 342 (85.7%) | 62 (72.9%) | <0.001
Family History 421 (75.3%) | 53 (70.7%) | 314 (78.7%) | 54 (63.5%) | 0.008
BMI, mean (SD) 29.7(5.5) | 31.5(5.0) | 30.3(5.3) | 25.2(4.4) | <0.001
Smoking (Current or Ex) 63 (11.3%) | 19(25.3%) | 41(10.3%) 3 (3.5%) <0.001
PAST CARDIOVASCULAR HISTORY
AMI 149 (26.7%) | 15 (20.0%) | 116 (29.1%) | 18 (21.2%) | 0.12
PCI 231 (41.3%) | 38 (50.7%) | 171(42.9%) | 22(25.9%) | 0.003
CABG 161 (28.8%) | 26 (34.7%) | 108 (27.1%) | 27 (31.8%) | 0.33
Angina 38 (6.8%) 4 (5.3%) 30 (7.5%) 4(4.7%) 0.56
Valve Disease 107 (19.1%) | 6 (8.0%) 76 (19.0%) | 25(29.4%) | 0.003
Heart Failure (EF<35) 44 (7.9%) 5(6.7%) 33 (8.3%) 6 (7.1%) 0.85
Heart Transplant 5(0.9%) 0 (0.0%) 3(0.8%) 2 (2.4%) 0.25
AACVPR RISK CLASSIFICATION 0.56
Low 188 (33.8%) | 21 (28.8%) | 132(33.2%) | 35 (41.2%)
Intermediate 181 (32.6%) | 26 (35.6%) | 131(32.9%) | 24 (28.2%)
High 187 (33.6%) | 26 (35.6%) | 135 (33.9%) | 26 (30.6%)
Modified LS6 score, mean (SD) 3.6 (1.0) 1.9(0.4) 3.5(0.5) 5.1(0.3) | <0.001
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Table 3.4: Comparison of LS7 score and CV Health Categories Before and After CR

LS7

Pre-CR Post-CR
P-value

(N=474) (N=457)
Life Simple 7 Score, mean (SD) 4.0(1.2) 5.1(1.1) <0.001

Life Simple 7 Score by Sex
Male, N, mean (SD) 346,4.0 (1.4) | 339,5.1(1.0) <0.001
Female, N, mean (SD) 128,4.0(1.2) 118,5.0(1.2) <0.001
Life Simple 7 Score by Age group
Less than 65 219,4.0(1.2) | 217,5.2(1.0) <0.001
More than or equal 65 255, 4.0(1.1) 240,5.0(1.1) <0.001
CV health Category using LS7 <0.001
Poor CV health, n (%) 34 (8.35) 5(1.23)
Intermediate CV health 239 (58.72) 103 (25.3)
Ideal CV health 134 (32.92) 299 (73.5)
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Table 3.5: Comparison of LS6 score and CV Health Categories Before and After CR

LS6
Pre-CR Post-CR P-value
N=559 N=543
LS6 Score (N=509) 3.56 4.33 <0.001
LS6 Score by Sex
Male, N, mean (SD) 416, 3.6(1.0) 405, 4.3(0.9) <0.001
Female, N, mean (SD) 143, 3.6(1.0) 138, 4.3(1.0) <0.001
LS6 Score By Age group
Less than 65 260, 3.6(1.0) 256, 4.4(0.9) | <0.001
More than or equal 65 299, 3.5 (1.0) 287, 4.3(1.0) <0.001
CV health Category using LS6 <0.001
Poor CV health, n (%) 67 (13.16) 17 (3.34)
Intermediate CV health 366 (71.91) 257 (50.49)
Ideal CV health 76 (14.93) 235 (46.17)
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Table 3.6: Proportion of Patients Meeting the Guideline Targets Before and After CR

LS7 components Pre-CR Post-CR P-value
Smoking (N=778) 716 (92.0) 723 (92.9) <0.016
Hypertension (N=600) 417 (69.5) 512 (85.3) <0.001
Diabetes (N=702) 654 (93.2) 652 (92.9) 0.84
Dyslipidemia (N=704) 407 (57.8) 398 (56.5) 0.59
Diet (N=478) 207 (43.3) 359 (75.1) <0.001
BMI (N=620) 120 (19.4) 133 (21.5 0.04
Physical Activity (N=574) 111 (19.3) 390 (67.9) <0.001
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Table 3.7: Comparison between the Scores and Initial CV health Status Between Completer and

non-completer

based on LS6 Score

Non-completers Completers
Factor (LS7 N=94) (LS7 N=474) p-value
(LS6 N=120) (LS6 N=559)
Initial Life's Simple 7 Score, mean (SD) 3.8(1.3) 4.0(1.2) 0.32
Initial Life's Simple 6 Score, mean (SD) 3.5(1.1) 3.6 (1.0) 0.46
Initial Cardiovascular Health Category
0.59
based on LS7 Score
Poor, N (%) 10 (10.6%) 43 (9.1%)
Intermediate, N (%) 58 (61.7%) 275 (58.0%)
Ideal, N (%) 26 (27.7%) 156 (32.9%)
Initial Cardiovascular Health Category
0.8

Poor, N (%)

18 (15.0%)

75 (13.4%)

Intermediate, N (%)

82 (68.3%)

399 (71.4%)

Ideal, N (%)

20 (16.7%)

85 (15.2%)
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Table 3.8: Comparison Between the Proportion of Patients Meeting the Guidelines Targets for

Each LS7 Component Upon CR enroliment In the Completer and Non-completers Groups

Non-completers Completers P-Value
N=175 N=603
LS7 COMPONENT (On Target)
SMOKING, N (%) 151 (86.3%) 565 (93.7%) 0.001
HYPERTENSION, N (%) 115 (74.2%) 414 (69.2%) 0.23
DIABETES, N (%) 139 (88.5%) 540 (91.1%) 0.34
Dyslipidemia, N (%) 84 (51.9%) 360 (62.2%) 0.018
Healthy Diet, N (%) 41 (35.0%) 219 (43.2%) 0.11
Obesity, N (%) 30 (18.5%) 116 (19.4%) 0.8
Physical activity, N (%) 31 (18.2%) 115 (19.1%) 0.79
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Figure 3.1. Study 2 Flow Chart
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Figure 3.2: Proportions of Patients in Each Category of Score Change
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Figure 3.3: Proportions of Patients in Each Cardiovascular Health Category before and after
Cardiac Rehabilitation.
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Figure 3.4: Proportion of Patients Meeting the Guidelines Target for Each LS7 Component
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CHAPTER 4

SUMMARY OF PAPERS CONCLUSIONS
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4.1 SUMMARY OF CONCLUSIONS

In summary, in the first paper, we focused on an essential metric of CR utilization which is facing
the significant challenge of underutilization. We reported the completion rate using a large
contemporary registry from a tertiary center to reach that goal. While our study reported a
higher rate of completion than the current average national rate, yet there is an area for
improvement. We also noted that smoking, diabetes, depression, and long duration between
index diagnosis and CR enrollments predict a lower likelihood of completing the CR program in
addition to their documented association with low CR participation and adherence. Moreover,
we reported that most non-completers had a low adherence rate. Patients with those risk factors

need more attention and effort to increase their CR utilization to help them derive all CR benefits.

In the second paper, we explored another potential benefit for CR completion. We reported that
CR completers had a substantial increase in their LS7 score and significant improvement in their
CV health status. The LS7 score is a single metric that combines major CV risk factors and reflects
upon their level of optimization. Most CR participants were in the intermediate CV health status
initially, and upon completion, they improved and progressed to ideal CV health status. Such a
score could help the patients, and their health care provider monitors their CV health status and
potentially promote secondary prevention by leveraging the benefits of controlling all major CV

risk factors together.
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CHAPTER 5

DISCUSSION AND PROSPECTIVES

66



The reported results in this dissertation added valuable and unique information to the current
literature. The use of the contemporary BWH dataset, a world-leading large tertiary center, adds
substantial novelty to the results. The geographic location also provides perfect matching as most
of the residents of the new England area are highly educated and motivated patients. the
discrepancy in the CR completion rate between our study and the nationally reported rate
highlights this uniqueness. Based on that, our results demonstrate the persistent risk factor for
low CR utilization even in semi-optimal circumstances. On the other hand, this uniqueness could
affect our results' generalizability, but the agreement between our results and the current

literature allows us to bypass this limitation.

Our results from the first paper highlight the most challenging risk factors for low CR utilization.
These results open the door for further research investigating the mechanism by which each risk
factor affects CR utilization and subsequently find the proper interventions that would improve

those patients' CR utilization and maximize the CR secondary prevention role.

In the second paper, we demonstrated the changes in the LS7 among CR completers. This
potential expands the list of benefits that are independently associated with CR completion.
While our paper was pure descriptive in nature, it introduces the concept of combining the level
of controlling CV risk factors in one single score. We should follow up this work with a validation
of the score on a large dataset with long-term outcomes. After validating the score, it would be
a useful clinical tool to help care providers and their patients monitor their lifestyle and promote

their CV health and promote our secondary prevention.
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APPENDIX

Supplementary Table Al: Univariable analysis of baseline characteristics

Univariable analysis

N OR
P-Value
95% Cl
778 1.01
Age 0.25
0.99-1.02
778 0.83
Male 0.37
0.56-1.24
778 0.61
Diabetes 0.01
0.42-0.88
778 0.43
Smoking <0.001
0.28 - 0.66
760 0.94
BMI> 25 0.80
0.61-1.47
GAD-7 733 0.59
0.01
score =5 0.40-0.86
PHQ-9 734 0.54
<0.001
score =5 0.37-0.78
6 MWT 758 1.05
0.04
(Every 100 ft) 1.00-1.10
778 0.99
Surgical diagnosis 0.98
0.71-1.40
Every 90 days delay in 778
0.90
enrollment 0.01
0.82-0.97
CV history
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778 0.93
AMI 0.73
0.64-1.37
778 1.17
PCI 0.39
0.82-1.66
778 0.94 0.74
CABG
0.65-1.36
778 0.84
Angina 0.60
0.44-1.61
778 0.97
Valve Disease 0.87
0.64-1.45
778 0.67
HFrEF (EF<35) 0.16
0.38-3.0
778 1.45
Heart Transplant 0.73
0.17-12.5
ENROLLMENT DIAGNOSIS | 771
Angina Ref. Ref.
0.51
AMI (12 months) 0.25
0.2-1.6
0.60
Symptomatic HFrEF 0.33
0.2-1.7
1.01
PCI 0.98
04-24
1.01
CABG 0.98
0.4-2.5
0.90
Heart valve surgery 0.83
0.4-2.2
1.4
Heart transplant 0.80
0.13-13.47

80




778 0.99

Surgical diagnosis 0.98
07-1.4

AACVPR RISK 770

CLASSIFICATION

Low Ref. Ref.
.86

Intermediate 0.5
0.55-1.33
0.71

High 1.1
0.46-1.07
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Supplementary Table A2: Tentative and final multivariable model

Multivariable

Multivariable

Multivariable

Multivariable

model 1 model 2 model 3 model 4 (Final)
(N=714) (N=700) (N=700) (N=701)
OR P- OR P- OR P- OR P-
A Value A Value A Value A Value
Age 1.001 0.96 1.002 0.87 1.00 0.92
0.98-1.02 0.98-1.02 0.98-1.02
Male 0.9 0.77 0.92 0.72 0.97 0.89
0.58-1.49 0.57-1.47 0.61-1.54
Diabetes 0.62 0.03 0.55 0.007 | 0.55 0.007 | 0.55 0.007
0.41-0.94 0.36-0.85 0.36-0.85 0.36-0.85
Smoking 0.48 <0.001 | 0.49 0.005 | 0.47 0.003 | 0.49 0.005
0.29-0.78 0.29-0.81 0.28-0.77 0.29-0.81
BMI> 25 1.04 0.87 1.05 0.85 1.02 0.93
0.62-1.77 0.62-1.78 0.61-1.73
GAD-7 0.78 0.30 0.75 0.26 0.61 0.02
score =5 0.48-1.25 0.46-1.23 0.40-0.92
PHQ-9 0.67 0.09 0.68 0.11 0.59 0.01
score =5 042-1.1 0.42-1.09 0.39-0.88
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6 MWT 1.05 0.06 1.04 0.198 | 1.05 0.14 1.04 0.23
(Every 100 ft) 0.83-0.98 0.98-1.1 0.98-1.11 0.98-1.11
Surgical diagnosis
Every 90 days 0.90 0.02 0.90 0.02 0.90 0.018 | 0.90 0.02
delay in

0.83-0.98 0.83-0.98 0.83-0.98 0.83-0.98
enrollment
AUC 0.656 0.6502 0.6543

9

Hosmer- 8.37 7.61 5.8 3.7
Lemeshow chiz (0.398) (0.47) (0.67) (0.88)

(P-value)
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Supplementary Figure Al: Fitness of Goodness of the final model
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