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Summary

Background

Cardiac rehabilitation (CR) is an essential part of recovery for patients with cardiovascular disease
(CVD). One of the main components of CR is exercise training which aims at improving VOzpeax.
Unfortunately, not all patients benefit equally from CR, and especially socioeconomic and
psychological factors affect participation and adherence to CR. Socioeconomic status and
psychological distress, especially depression, are associated with worse health outcomes in cardiac
patients. Another important psychological factor in CR is level of motivation, and it is unclear how
motivation influences the effects of CR.

Participation in a CR programme is associated with a better prognosis, but whether long-term
cardiac outcomes can also be predicted by the short-term effects of CR among participants in a CR
programme is uncertain.

Objectives

The main objectives of this thesis are:

1. To assess if socioeconomic factors and psychological distress are predictive factors of
VO2peak before CR and whether they affect the change in VOzpeax after CR;

2. To investigate whether motivation, measured with the Behavioral Regulation in Exercise
Questionnaire (BREQ-2), predicts VOzpeak and change in VOzpeak after CR in elderly patients
with CVD or valvular heart disease;

3. To assess whether VOzpeak before CR and change in VOzpeax after CR predicts future
readmissions for CVD and all-cause mortality.

Methods

The 1% objective was addressed with two retrospective studies using a local clinical database from
the CR unit in Copenhagen between 1/1/2011 to 30/12/2015. The 3" objective was answered using
the same database from 1/1/2011 to 30/12/2017. The 2" objective was answered using data from
the Danish part of the prospective EU-CaRE multi-center cohort study (1) on elderly cardiac
patients in Europe.

Patients participated in an 8-week exercise-based CR program in Copenhagen with two weekly
exercise sessions and weekly group-based patient educations.

Socioeconomic status was measured according to educational attainment and working status.
Ethnicity was assessed as Western or non-Western European. Depression was measured with
patients’ self-reported use of antidepressants (pre-existing) and positive depression score in the
beginning of CR (newly developed). Motivation was measured with the BREQ-2 which measures
five constructs of motivation from external to internal motivation, complemented with a summed
score of the five constructs.

VO2peak Was measured with a cardiopulmonary exercise test before and after CR. Risk of CVD
readmissions was assessed using the Danish National Patient Register and all-cause mortality was
assessed using the Danish Civil registration system.

Multiple adjusted linear regression analyses were applied to evaluate the impact of primary
exposures on VOzpeak.

The risk of suffering a new cardiovascular readmission or all-cause mortality were assessed using
Cox-proportional hazards and multi-state models.

Results
Paper I. During 1/1/2011 and 30/12/2015, 1217 and 861 patients had full data from baseline and
follow-up analyses, respectively. Mean age was 61.3 years, VO2peax before CR was 21.8 (SD+6.8)



ml/kg/min, and mean improvement following CR was 2.4 (SD+4.3) ml/kg/min. Educational
attainment, working status and ethnicity were highly predictive for both VO2peax before CR and
change in VO2peak after CR, even after adjustment for age, sex, comorbidities and baseline VO2peax.
However, depression did not affect either VOzpeak before CR or change in VOzpeak.

Paper I1. 203 patients were included in the study, and 182 patients completed CR. Mean age was
72 years, VO2peak before CR was 18 ml/kg/min (SD+5.1) and improvement from CR was 2.3
ml/kg/min (SD+4.3). VOzpeak increased significantly with a higher summed motivation score of
1.02 (.41 - 1.62) ml/kg/min pr. SD, even after adjustment for age, sex, depression, and
comorbidities. Improvement in VOzpeak Was also associated with increased motivation, .74 (.31 -
1.17) pr. SD.

Paper I11. During 1/1/2011 and 30/12/2017, 1561 patients completed CR with full data. In Cox
regression, higher baseline VOzpeak, as well as change in VOapeak Were highly associated with a
decreased risk of MACE and all-cause mortality. Applying a multistate model, both VO2peak before
CR and change in VO2peak Were associated in a non-linear trend with the risk of readmissions for
CVD and all-cause mortality. However, if suffering a new readmission for CVD, VO2peak Was no
longer a predictor for risk of mortality.

Conclusions

Socioeconomic status and ethnicity predict how cardiac patients benefit from CR in terms of
improvement in VOapeak. Motivation also predicts VO2peak and the BREQ-2 questionnaire can be
applied to detect patients with a lower VOgzpeak and those who increase less in VO2peak after CR.

The unequal improvement in VOzpeak affects the patients’ risks of future MACE, cardiovascular
readmissions and all-cause mortality. The protective factor of VO2peak Seems to last until the time of
a new CVD readmission. This could indicate the need for a new CR intervention.

Our results identify groups of patients that need special attention when attending CR. CR programs
should consider the socioeconomic, ethnic and psychological barriers to exercise when including
patients in a program.

Dansk resume (Danish summary)

Baggrund

Hjerterehabilitering er en essentiel del af genoptraeningen hos patienter med hjerte-kar-sygdomme.
Treening med formal at forbedre iltoptagelsen er en af hovedkomponenterne i hjerterehabiliteringen.
Det er kendt, at ikke alle hjertepatienter profiterer lige godt af rehabilitering, og at iseer
sociogkonomiske og psykologiske faktorer pavirker bade deltagelse og gennemfarelse af et
rehabiliteringsforlab.

Hjertepatienter med lav sociogkonomisk status og psykiske lidelser, herunder iser depression, er
forbundet med forveerring af fremtidigt helbred sammenlignet med hjertepatienter uden psykiske
lidelser og med hgjere sociogkonomisk status.

Motivation er en anden vigtig psykologisk faktor i rehabilitering. Det vides ikke, hvorvidt
motivationsfaktoren pavirker effekten af hjerterehabilitering.

Flere studier har vist, at patienter, der deltager i rehabilitering, har sveert ved at vedligeholde
effekten heraf, og det er endnu uvist, hvorvidt der er en sammenhang mellem &ndringer i
iltoptagelse efter rehabilitering og fremtidig hjerte-kar-sygdom samt dgdelighed.

Formal
Formalet med denne afhandling er:



1. Atundersgge, om der er en sammenhang mellem sociogkonomisk status, etnicitet og
depression ift. iltoptagelse far rehabilitering, samt hvorvidt disse kan pavirke endring i
iltoptagelse efter rehabilitering.

2. Atundersgge om motivation, malt med et validereret motivationsspgrgeskema (BREQ-2),
kan forudsige iltoptagelse far rehabilitering samt &ndring i iltoptagelse efter rehabilitering
hos e&ldre patienter med hjerte-kar-sygdom eller hjerteklapsygdom.

3. Atundersgge om iltoptagelsen far hjerterehabilitering og aendring i iltoptagelse efter
rehabilitering kan preediktere fremtidige genindlaeggelser grundet hjerte-kar-sygdom samt
preediktere dedelighed.

Metode

Det farste og tredje formal blev besvaret ved to retrospektive studier, hvor data blev ekstraheret i
perioden ar 2011-2018 fra en klinisk database fra hjerterehabiliteringsenheden pa
Bispebjerg/Frederiksberg Hospital.

Det andet formal blev besvaret gennem en prospektiv kohorteundersggelse, den danske kohorte i
EU-CaRE- et multi-center studie om aldre hjertepatienter i Europa. | den danske kohorte deltog alle
patienter i et otte ugers hjerterehabiliteringsprogram pa Bispebjerg/Frederiksberg hospital med to
ugentlige treeningssessioner og ugentlige gruppebaserede patientuddannelsessessioner.

I denne afhandling er betegnelsen sociogkonomisk status anvendt som surrogat for
uddannelsesniveau og arbejdsstatus. Etnicitet er defineret som vesteuropaisk etnicitet eller ikke
vesteuropzisk etnicitet. Forudgaende depression samt nyudviklet depression blev hhv. malt ved
data over brug af antidepressiv medicin (forudgaende depression) samt ved en positiv score pa et
modificeret spargeskema til vurdering af depression (nyudviklet depression). Motivation blev malt
med et motivationsspargeskema (BREQ-2), der maler fem typer af motivation fra ekstern til intern
motivation, komplimenteret med en samlet score af de fem motivationstyper.

IItoptagelsen blev malt, jf. gold standard, med en maksimal iltoptagelsestest far og efter
rehabilitering. Oplysninger om indleeggelse med hjerte-kar-sygdom samt dgd efter rehabilitering
blev indhentet fra nationale registre.

Resultater

Artikel 1. Frad. 1/1/2011 til d. 30/12/2015 gennemfarte henholdsvis 1217 og 861 patienter opstart
og afslutningen af deres rehabiliteringsprogram. Den gennemsnitlige alder var 61,3 ar, iltoptagelsen
for rehabilitering var 21,8 (SD % 6,8) ml/kg/min, og patienterne forbedrede sig 2,4 (SD % 4,3)
ml/kg/min i gennemsnit. Uddannelsesniveau, arbejdsstatus og etnicitet havde en signifikant
sammenhang med iltoptagelsen for og efter rehabilitering, ogsa efter der var justeret for alder, kan,
komorbiditet og iltoptagelsen far rehabilitering. Depression var imidlertid ikke associeret med
iltoptagelsen, hverken far eller efter hjerterehabiliteringsprogrammet.

Artikel 11. 203 patienter blev inkluderet i undersggelsen og 182 patienter gennemfarte
rehabiliteringsprogrammet. Den gennemsnitlige alder var 72 ar, iltoptagelsen far rehabilitering var
18 ml/kg/min (SD % 5,1), og forbedringen efter rehabilitering var 2,3 ml/kg/min (SD % 4,3). Der var
en positiv sammenhang mellem iltoptagelse og motivationsscore, 1,02 (.41-1,62) ml/kg/min pr. SD,
selv efter justering for alder, kan, depression og komorbiditeter. Der var ogsa en positiv
sammenhang mellem iltoptagelse og hgjere motivationsscore, .74 (.31 - 1.17) pr. SD.

Artikel 111. I perioden fra 1/1/2011 til 30/12/2017 var der 1561 patienter, der gennemfarte
hjerterehabilitering. Hajere iltoptagelse, bade far og efter rehabilitering, var associeret med lavere
risiko for MACE og risiko for ded. Ved anvendelse af en multi-state-model var iltoptagelsen, bade
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far og efter rehabilitering, forbundet med en ikke-lineser sammenhang med risiko for
genindlaeggelser med hjertekarsygdom og risiko for dgd. Hvis patienter blev genindlagt med
hjertekarsygdom, var iltoptagelsen ikke laengere en praediktor for risiko for ded.

Konklusioner

Sociogkonomisk status og etnicitet preedikterer, hvordan hjertepatienter formar at forbedre
iltoptagelsen i et rehabiliteringsforlgb. Motivation kan ligeledes preediktere &ndring i iltoptagelse,
0g BREQ-2 spgrgeskemaet kan anvendes som et redskab til at detektere patienter med lavere
iltoptagelse, bade far og efter rehabilitering.

Forskelle, bade i iltoptagelsen for opstart i rehabilitering samt @ndring i iltoptagelse efter
rehabilitering, pavirker patienternes risici for fremtidig kardiovaskular genindleeggelse og risiko for
ded. lltoptagelsens beskyttende faktor synes at vare indtil tidspunktet for en ny kardiovaskuleer
genindlaggelse, hvorefter det ikke leengere praedikterer risiko for dgd. Dette kunne indikere et
fornyet behov for rehabilitering.

Vi har identificeret patientgrupper, der har et serlig behov for opmaerksomhed, nar de henvender
sig i hjerterehabilitering. De sociogkonomiske, etniske og psykologiske barrierer for fysisk aktivitet
og rehabilitering bar blive identificeret og behandlet, nar patienterne mader til rehabilitering.
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BMI
CAD
CHF
CPET
CR
CvD
CABG
PCI
SES
VOZpeak

Abbreviations

Body mass index

Coronary artery disease

Chronic heart failure

Cardiopulmonary exercise test

Cardiac rehabilitation

Cardiovascular disease

Coronary artery bypass grafting

Percutaneous coronary intervention

Socioeconomic status

Peak oxygen uptake per kilogram per minute (ml/kg/min)

12



Background

Cardiovascular disease

Cardiovascular disease (CVD) is accountable for nearly 4 million deaths in Europe each year,
equivalent to approximately 45% of all deaths (2). More people die from CVD than any other
disease. Ischemic heart disease is the most common CVD and is the single leading cause of
mortality, as it is responsible for 19% of all deaths (3).

The risk of developing CVD stems from an interplay between genetics and lifestyle factors (4), and
lifestyle factors are estimated to account for approximately 50% of the total risk (5).

Age-adjusted CVD mortality rates have been decreasing recent decades. The decrease in mortality
rates can be attributed to a combination of preventive interventions to avoid diseases, early
treatment to prevent death during acute events (heart attacks and strokes), and treatment to prevent
recurring events and prolong the lives of people with prior CVD. Reductions in modifiable CVD
risk factors are estimated to contribute as much as 50% to an observed decrease in mortality from
CVDs, reflecting a combined impact of population interventions to reduce risk factors and clinical
treatments (3, 6). This shift also means that the prevalence of patients living with CVDs is
increasing (7).

Secondary CVD prevention is an organized process, where cardiac rehabilitation (CR) is included,
which aims to minimize the impact of CVD and related impairments (8, 9). Secondary prevention
should begin when patients are still admitted to the hospital; however, most patients are not referred
and do not participate in secondary prevention (10, 11).

One major component of secondary prevention is CR. Most studies show that participating in a CR
program decreases the risk of future cardiovascular events, cardiovascular mortality and all-cause
mortality in patients with CVD. A Cochrane review from 2016 investigating the effects of CR was
able to include 63 studies and 14,486 patients with CVD (12). During 12 months of follow-up, the
risk of cardiovascular mortality decreased by 0.74 (95% CI: 0.64 - 0.86) and hospital readmission
for CVD of 0.82 (95% CI: 0.70 - 0.96) in patients participating in CR (12). No effect was seen on
all-cause mortality. The majority of the included patients were low-risk and younger males.
Therefore, the decreased risks observed may not be generalizable to all patients with CVD. It
should also be stressed that a follow-up time of 12 months depicts a rather short-term effect on the
future risk of mortality and morbidity.

Patients with CHF also seem to benefit from CR. A recent systematic review and meta-analysis of
33 studies and 4740 patients with CHF found that patients that participated in improved
significantly on clinical outcomes. At 12 months of follow-up, there was a reduction in heart
failure-related readmissions in patients who participated in CR, and health-related quality of life
was significantly better (13). Despite the effects in clinical outcomes, CHF patients participating in
CR did not have a decreased risk of mortality.

In patients with valvular heart disease, CR has been shown to improve VOazpeak. However, further
studies on clinical outcomes and quality of life need to be performed (14).

Cardiac rehabilitation (CR)

CR falls into three phases: Phase I: during hospitalization, Phase II: outpatient CR in the hospital
and local management, and Phase I11: follow-up and maintenance in the primary sector (15). In this
thesis, the focus is on Phase 11 CR.

CR is a multidisciplinary and multifaceted intervention for patients with heart disease. CR aims to
improve physical fitness, recovery and psychological health (16) and is recommended by the
European Society of Cardiology and the American Association of Cardiology as a Class 1 level of
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evidence A recommendation in treatment and as secondary prevention of CVDs (17, 18).
Rehabilitation of cardiac patients aims to improve the patient's functional level, remove or reduce
activity-related symptoms, minimize the degree of disability and allow the heart patient to return to
a personally satisfactory role in society (19, 20).

A CR program should include the following (21-23):
e Patient assessment
e Counselling on physical activity
e Exercise training
e Strength training
Nutritional counselling
Risk factor assessment
Education
Management of psychological distress

VO2peak and health prognosis

A key component of CR is exercise training with the purpose of increasing exercise capacity.
Maximum exercise capacity is defined as the maximum amount of physical effort a person can
perform, and is measured as VO2peak, Which indicates physical cardiorespiratory fitness (24).

The association between VOazpeak and health outcomes was studied for decades. In 1989, in a study
performed by Blair et al. on healthy individuals, they discovered a strong association between the
level of VOazpeak and all-cause mortality (25) (see figure 1). VOzpeak has since been shown to be one
the leading risk factors for CVD and a significant prognostic marker (26-28).

The inverse association between VOzpeak and risk of mortality appears in populations with and
without CVD (29), and is supported by a recent meta-analysis that compiled more than 30
randomized trials (30).

Age adjusted death rate / 10,000 person years

CRF

Figure 1: All-cause death rates across categories of cardio-respiratory fitness (CRF) in 3120
women and 10 224 men. Blair et al (1989)

14



Assessing VOzpeak in CR

The “gold standard” of measuring VOzpeak IS @ Symptom-limited cardiopulmonary exercise test
(CPET), and this test is recommended both for safety and to measure the effect of CR (15, 31-33). It
IS appropriate to measure VOzpeak With @ CPET because of its precision, and because VOzpeak IS @
reliable individual predictor of future health outcomes such as CVD and mortality (30, 34-36).

Due to the precision and high predictive value of the CPET, it is frequently applied to assess the
individual level of VO2peak before CR and change in VO2peax after CR as a parameter of the
effectiveness of a CR program. The precision of the test also makes it a recommendable test for
clinical research on exercise capacity.

Little research has investigated the long-term prognosis of patients participating in and completing a
CR program in relation to how they benefit during CR in, terms of improvement in VO2peak.
Persistence of exercise training has been shown to decrease significantly following CR, and up to
80% of cardiac patients fail to maintain their physical activity level after CR (37, 38). The
variability of sustained improvement in VOzpeak makes it unclear whether a stronger effect of
exercise training during CR affects the long-term health prognosis.

Socioeconomic status, CVD and CR

Lower socioeconomic status (SES) is associated with a higher risk of CVD and premature mortality
(39-41).

SES is often defined according to levels of income, educational attainment, or employment status
(42). There are advantages and disadvantages to using any of these parameters. In cardiac patients,
income may not the optimal parameter, as many cardiac patients are retired, which likely changes
income significantly. It can also be problematic to determine causality between income and disease;
low income can cause a disease, and low income can be caused by a disease (43). Employment
status also carries important information in terms of being a part of the labour market, on sick leave
or unemployed. However, it carries the same causality paradox. In contrast, educational attainment
is only marginally influenced by reverse causality. Education is furthermore likely to influence the
type of employment and thereby the level of income, augmenting the reason for applying
educational attainment (42) (see figure 2).

Parental social position

Education >
\ | -
Occupation < e Health
» Income =
Causal relation e REVErSE Causality

Figure 2 Social position and health and relevant causal mechanisms (from Yngve et al, 2005 (43))
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Diderichsen et al. (2001) proposed a model describing how socially deprived populations are at an
increased risk of disease (see figure 3). The model defines five causal mechanisms between social
positions and skewed health outcomes (44). The arrows in this figure indicate causal pathways.
Elements such as heritage, ethnicity and education affect social positions, leading to adverse health
behaviors and a skewed risk of disease.
Educational attainment is the predominant indicator of SES in cardiovascular research (45), and
there is extensive evidence linking lower levels of education with higher CVD risk and mortality
(46-48).

SOCIETY INDIVIDUAL

Heritage, early development,
education, ethnicity

PO — i

Social position

A
N ,l I

Social context

C L
------------------- 1‘ 1]
v Iliness / injury
Policy ____Q _____ | ol
\Y)
o Vv Consequences of illness

Figure 3: The social basis of disparities in health. Diderichsen et al (2001)

The EUROpean Action on Secondary Prevention by Intervention to Reduce Events recently
confirmed that cardiac patients with lower educational attainment are at greater risk of unhealthy
behavior (EUROASPIRE IV study) (49, 50). This socioeconomic gradient in cardiac risk factors
(and VO2peak) indicates a greater need for secondary prevention including CR among the
socioeconomically deprived. Despite the greater need for secondary prevention, several studies
have found that patients with lower SES tend to participate less in CR (51-53).

In the face of the well-known socioeconomic disparities that exist up until CR, it is unknown
whether these influences how patients benefit from a CR intervention in terms of the ability to
increase their VOzpeak.

Depression in cardiac patients

The importance of psychological health for both primary and secondary risk of CVD has gained
attention in recent decades, primarily due to emerging evidence of the association between
psychological distress and risk of cardiovascular disease (54, 55). Depression is an important
psychological parameter that has been shown to alter the risk of incident and secondary risk of CVD
(54, 55). Approximately 20% of patients with CVD have symptoms of depression, and in cardiac
patients, depression is associated with progression of CVD (54, 56). Moreover, depression
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developed due to CVD is associated with poor health-related quality of life and recurrent cardiac
events and mortality, independent of other medical and demographic characteristics (56).

The evidence is conflicting regarding how depression affects participation in CR (57-59). It is of
concern that patients with depression who do participate in CR have a lower adherence and are
more likely to drop out of the CR program (59, 60).

The higher risk of recurrent events and lower quality of life provides evidence that cardiac patients
with symptoms of depression are in particular need of CR. CR has indeed been shown to have a
positive effect on symptoms of depression, and a reduction in depression has been shown to be
associated with improvement in VOzpeak (61). As it is a demonstrated inequality for depressive
cardiac patients attending CR, there is a need to address whether depression has an influence on
how cardiac patients benefit from CR in terms of improving VOzpeax.

Motivation to do exercise in cardiac patients

Motivation to be physically active is a key concept in several theories and models that explain
healthy behaviors (62-65). One of these theories is the Self Determination Theory. The Self
Determination Theory concerns levels of motivation and applies an appropriate framework when
studying exercise behaviour (66). According to the Self Determination Theory, there are two major
psychological forces that motivate a person to do exercise: intrinsic and extrinsic motivation (66).
Intrinsic motivation means engaging in an activity due to the inherent pleasure and satisfaction that
it provides. In contrast, extrinsic motivation concerns activities that are performed to receive an
award, avoid punishment, or to please somebody else. The type of motivation a patient is guided by
prior to a CR program may have an influence on how successful the rehabilitation will be, both in
the short and long term.

Motivation in cardiac patients is a relevant and sparsely studied psychological aspect in relation to
CR, and it is plausible that lack of motivation partly explains poor compliance and adherence in
some cardiac patients.

It is yet to be examined whether level of motivation to do exercise prior to CR has an impact on
cardiac patients’ physical capacity following rehabilitation.

If a screening of level of motivation to exercise can predict the outcome of CR, it will be possible to
detect patients that have a lack of motivation, allowing for differentiation of treatment for these
patients.

Rationale for conducting this thesis

As mentioned in the introduction, CR is an important part of secondary prevention in cardiac
patients. CR improves health prognosis and increases quality of life for patients living with CVD.
However, there are socioeconomic and psychological factors that influence cardiac patients’ health
behaviour and thus their future health. Most outpatient CR programs are group-based interventions
where patients are offered approximately the same intervention. It is plausible that patients who
have different points of departure in terms of SES, different ethnicities and different levels of
motivation will experience an unequal benefit of participating in CR. Since exercise training is a
main component of CR, it is relevant to examine whether there is an unequal effect of CR in terms
of VO2peak between the aforementioned patient groups.

The prognostic value of VOopeak in terms of future risk of mortality and morbidity is well
documented; however, it is still unclear whether the ability to change VOzpeak during CR is only an
immediate effect, or whether this change also affects future risk of mortality and morbidity, in
which case inequalities in the effects of CR are even more important to address.
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Aims

Paper |
- Toinvestigate if depression, socioeconomic factors and ethnicity influenced VO2peax before
CR
- To investigate if depression, socioeconomic factors and ethnicity influenced change in
VOZpeak fO”OWing CR
Paper 11
- To investigate the association between level and type of motivation and level of VOzpeax
before and after CR
Paper 111
- To examine the predictive value of VO2peak measured before CR in terms of risk of future
cardiovascular readmissions and all-cause mortality
- To examine whether a successful CR, measured as change in VO2peak, Was a predictor of
future cardiovascular readmissions and all-cause mortality

Methods and design

Study setting

The CR intervention about which the studies were performed was located at the CR unit at
Bispebjerg/Frederiksberg Hospital in Copenhagen.

Cardiac rehabilitation program at Bispebjerg/Frederiksberg Hospital

Cardiac patients were examined by a rehabilitation cardiologist when they attended the CR unit and
the cardiologist evaluated whether the patient could participate in rehabilitation. The patients were
also consulted by a nurse, a dietitian and a physiotherapist before rehabilitation was initiated.

The patients then participated in a group-based 8-week outpatient intervention consisting of two
weekly exercise sessions of 1.5 hours and one weekly group-based education session. The exercise
training consisted of high intensity interval training and strength training.

Cardiopulmonary exercise test

Cardiorespiratory fitness was assessed using a cardiopulmonary exercise test (CPET) with
measurement of VOzpeak Using a maximal symptom limited bicycle ergometer test (Via Sprint 150P,
Ergoline, Germany). Breathing gases were collected and analysed (Jaeger, Master Screen CPX
vers.5.21, Cardinal Health, Germany).

The CPET is the “gold standard” within physical capacity testing, and it is a valid and reliable
exercise test to measure physical capacity (67). The CPETs were performed with a ramp protocol
and patients were tested with the same ramp before and after CR. The patients were encouraged to
continue until exhaustion and all tests aimed for a respiratory exchange ratio of > 1.1 and BORG
scale of (6-20) > 17 to ensure the validity of the tests (33).

EU-CaRE study

My colleague Annette Holdgaard and I conducted the Danish part of the EU-CaRE study. EU-
CaRE was a multicentre cohort study and a multicentre tele-monitored RCT study (1). We included
239 cardiac patients in the cohort study and tested them pre- and post-rehabilitation. We then
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performed monthly telephone calls to collect data on care consumption and adverse events. Lastly,
we performed a one-year follow-up test. In the RCT study, we included 43 patients who were
randomized to controls with no intervention or a six-month tele-monitored intervention consisting
of exercise training of their own choice where the training data was uploaded to us. This was
supplemented by telephone-based motivational calls. The RCT is not included in this thesis.

Study populations

Paper | and Il

Data on the patients who were offered CR at the rehabilitation center at Bispebjerg/Frederiksberg
hospital in the period 2011-2018 was entered in a clinical data registry. The registry includes
patients diagnosed with STEMI, NSTEMI, unstable or stable angina pectoris, as well as patients
who have been revascularized (PCI or CABG), and who have chronic heart failure or intervention
for valvular heart disease (TAVI or open surgery).

Data was collected consecutively during visitations and consultations by cardiologists, nurses and
physiotherapists. The registry contains clinical and demographic data, including: cardiac diagnosis,
VO2peak, demographic information, ethnicity, working status at time of cardiac event, educational
attainment, living situation (alone or with a spouse), psychological status, co-morbidities, medicine,
and blood samples.

Table 1: Cardiac patients that accepted and completed CR from 2011-2018

Cardiac diagnosis Accepted CR Completed CR

STEMI 571 (24%) 381 (24%)

N-STEMI 554 (23%) 376 (24%)

Unstable angina pectoris 201 (8%) 166 (10%)

Stable angina pectoris 557 (23%) 381 (25%)
CHF 156 (8%) 91 (6%)

Valvular heart disease 341 (14%) 166 (10%)

Total 2380 1561

Abbreviations: STEMI: ST-segment elevation. N-STEMI: Non-segment elevation. CHF: Chronic
heart failure.

Paper I

Paper 11 was a sub-study on the Danish population that participated in the EU-CaRE project (1).
The patients included were aged 65 years or older, had accepted CR and met one of the following
criteria within 3 months prior to the start of CR program: 1) acute coronary syndrome (ACS),
including myocardial infarction (MI) and/or revascularization, 2) underwent PCI, 3) received
CABG, or 4) had undergone an intervention for valvular heart disease.

Exclusion criteria were: patients with a contraindication to CR, mental impairment leading to
inability to cooperate, severely impaired ability to exercise, signs of severe cardiac ischemia and/or
a positive exercise testing on severe cardiac ischemia, insufficient knowledge of the native
language, and an implanted cardiac device (CRT-P, ICD).
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Study designs

Paper |

Paper | was a retrospective cohort study.

Primary outcome: The primary outcome was VOzpeak before CR and change in VOzpeak after CR
and was measured before and after CR using CPET.

Primary exposures: Primary exposures were depression, socioeconomic status and ethnicity, and
were assessed initially at CR. Depression was described as: no depression, depression before
cardiac event (self-reported prescription of antidepressants), or newly developed depression
measured using a modified depression scale of three questions (PRIME-MD questionnaire) during
patient interviews with the rehabilitation nurse. Socioeconomic factors were defined as educational
attainment (no education, short term-, medium- or higher education) and working status (employed,
unemployed, retired, disability pension). Ethnicity was defined as Western European origin or non-
Western origin.

Explanatory variables: Explanatory variables included age, sex, cardiac diagnosis (STEMI, N-
STEMI, unstable angina pectoris, stable angina, chronic heart failure and valvular heart disease),
medication (beta-blockers and statins), and ejection fraction (as a percentage). Comorbidities
included diabetes, kidney disease, cancer, chronic obstructive pulmonary disease, and peripheral
artery disease. Smoking status was measured as smoker, former smoker, or never smoker.

Paper Il

The study in paper Il was performed on the Danish cohort from the EU-CaRE study, which was a
prospective multicentre cohort study (1). This study investigated whether level of motivation
measured with the Behavioural Regulation in Exercise Questionnaire (BREQ-2) was a predictor of
both baseline VO2peak and change in VOzpeax following CR.

Primary outcome: The primary outcomes were VO2peak before CR and change in VOzpeak after CR.
Primary exposure: Motivation: the level and type of motivation was measured using BREQ-2 (see
appendix in paper I1).

Explanatory variables: The same explanatory variables were used as in paper I. Cardiac diagnosis
was defined as acute coronary syndrome, stable coronary artery disease, and valvular heart disease.
Questionnaires on depression (PHQ-9), anxiety (GAD-7) and vital exhaustion were gathered along
with the BREQ-2.

Data was collected three times: at baseline, at the end of CR, and at a one-year follow-up. This
paper does not include data from the one-year follow-up.

Paper Il

Paper 111 was a retrospective cohort study investigating the prognostic value of baseline VO2peak as
well as change in VOzpeak following CR.

Primary outcomes: Primary outcome variables were all-cause mortality and new readmissions for
CVD, which was a composite of myocardial infarction, unstable angina pectoris, heart failure, and
cerebral infarction. Major Adverse Cardiovascular Events (MACE) was also an outcome and was
defined as a composite of all-cause mortality and new readmissions for CVD.

Information on all-cause mortality was extracted from the Danish Civil Registration System (68),
which, among other things, contains information on name, sex, date of birth, and individuals’ vital
status and emigration. Information on readmissions for CVD were extracted from the National
Patient Register, which holds patient information on all hospital activities (69), and any contact a
patient has with the hospital is documented under their social security number (CPR-number). The
registry records patient information on admissions and discharge dates, and diagnoses that are
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classified according to the International Classification of Diseases (ICD-10). All hospitals are
obliged to report to the National Patient Register.

Primary exposure: The exposures were VOazpeak before CR and change in VOzpeak after CR.
Explanatory variables were the same as for the previous papers.

Exposure and explanatory variables were extracted from the local clinical database at the CR unit at
Bispebjerg/Frederiksberg Hospital. The primary explanatory variable was VOapeak before CR and
change in VOzpeak after CR.

Statistical analyses

Continuous variables are presented as mean £SD and categorical variables as numbers and
percentages. Level of significance was set at <0.05. Normally distributed variables were compared
across groups using the students’ t-test or a one-way analysis of variance. Non-normally distributed
variables were tested using Mann-Whitney and Kruskal-Wallis tests, and categorical variables were
tested with a Chi-2 test. Inferential statistics for each paper will be addressed in the following
section.

Paper |

Inferential statistics for predictions of VOzpeak Were completed using multivariable linear regression
analyses.

Potential confounding factors were identified according to previous literature, and whether these
factors were associated with VO2peak and the socioeconomic status, depression or ethnicity.

A loss to follow-up analysis was performed using multivariable logistic regression (attending
second VOqzpeak test or not attending). See paper I, figure 1. All statistical analyses were carried out
using STATAIC 13.1

Paper Il

Paper Il applied BREQ-2, which measures five different constructs of motivation, as well as a
summed score of motivation derived from the five subscales which together are called the Relative
Autonomy Index (RAI). Correlation analyses were performed between VO2peak and the six different
measures of motivation (see paper I, figure 2). The motivation construct with the highest
correlation was used to predict VO2peax in multivariable linear regression analyses. We also adjusted
for depressive symptoms, measured using a different continuous scale. To compare the different
continuous scales (motivation, depression, age, etc.), we performed a standardized adjusted
regression analysis. All statistical analyses were carried out using STATA IC 13.1.

Paper Il

In paper 111, baseline VO2zpeak and change in VOzpeak Were the primary exposure variables and future
readmissions for CVD and all-cause mortality were the primary outcomes.

Cox-regression analyses were used to analyse the risk of all-cause mortality and the combined
endpoint of readmissions for CVD and all-cause mortality.

Multi-state models were also applied, using the risk of future readmissions for CVD and all-cause
mortality as a semi-competing risk scenario (see figure 4). In this multi-state model, the patients
who complete CR are at risk of being readmitted for CVD (transition 1). If suffering a new
readmission, the patients were still at risk of dying from all-cause mortality (transition 2). The
patients who did not suffer an intermediate readmission were also at risk of dying from all-cause
mortality (transition 3).

All statistical analyses for paper I11 were performed during an exchange visit in Santiago De
Compostela in collaboration with the Department of Biostatistics at the University of Santiago De
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Compostela. We used R (package mgcv) to complete Cox proportional hazards models, and Bayes
X to perform the multi-state models.

Transition 1
End of Cardiovascular

rehabilitation readmission

Transition 3 Transition 2

All-cause
mortality

Figure 4: Multistate model illustrating the three possible transitions after rehabilitation. Transition
1: risk of suffering a new cardiovascular readmission. Transition 2: Risk of dying from all-cause
mortality after suffering a new cardiovascular readmission. Transition 3: Risk of dying without
suffering an intermediate cardiovascular event.

Approval and ethics

Paper I and I11 were registry-based studies which were approved by the Danish Data Protection
Agency. The registry number for paper | is BFH-2017-071; 05678; and for paper 111 BFH-2017-
117; 06028.According to Danish legislation, no ethical approval was needed for paper I and IlI.
Paper Il was approved by Regional Scientific Ethical Committee for Copenhagen, Denmark. The
registry number for paper Il is H-15011913. The study was conducted in accordance with the
Declaration of Helsinki and written informed consent was obtained.

Results

Paper |

Patient characteristics

From 2011 to 2016, a total 1217 patients with a mean age of 61.3 £10 years performed a baseline
CPET and were included in the baseline analyses. 78% were males and more than 90% were
patients with IHD. 861 completed both the baseline and the second CPET after CR and were
included in the follow-up.

Women, having chronic heart failure, low ejection fraction, living alone, current smokers, and being
off the labour market were associated with pre-existing depression (see table 2). New onset
depression was associated with being younger, a woman, a current smoker, having non-Western
European ethnicity, and living with a partner.
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Lower educational attainment was associated with the female sex, being a current smoker, having a

lower VOazpeak, and having non-Western European ethnicity. See baseline characteristics by
educational attainment (table 3) and ethnicity (table 4).

Table 2

Characteristics of the study population by depression

N

Age

Sex

BMI

Living status
Ethnicity
Smoking status

Index event

Educational
attainment

Working status
before index event

Hypertension
Hypercholesterolemia
Ejection fraction
Baseline VOzpeak
Medicine

Charlson Comorbidity
Index

Level

Mean (SD), years

Male

Mean (SD)

Not alone

Non- Western European
Never smoked (>1year)
Former smoker (<lyear)
Smoker

STEMI

N-STEMI

Unstable angina pectoris
Stable angina

CHF

Valvular heart disease
No education

Short term education
Medium education
Higher education
Working

Unemployed
Retirement

Disability pension

Yes

Yes

Percentage
VO2/kg/min (SD)

Beta blockers

Statins

0-9 comorbidities

No

1034 (85%)
61.7+11
830 (80%)
27.8 (4.6)
641 (63%)
149 (14%)
650 (63%)
229 (22%)
153 (15%)
274 (27%)
267(26%)
125(12%)
267(26%)
6 (1%)

94 (9%)
164 (16%)
255 (25%)
145 (14%)
229 (22%)
400 (39%)
69 (7%)
497 (48%)
56 (5%)
551 (53%)
643 (62%)
52%

22.0 (6.8)
802 (78%)
920 (89%)
2.3 (1.4)

Depression
New onset
depression
89 (7%)
56.6+9
60 (67%)
28.3 (4.7)
59 (70%)
31 (35%)
37 (42%)
21 (34%)
20 (23%)
34 (29%)
30 (25%)
18 (17%)
29 (26%)
0

0

20 (22%)
33 (37%)
5 (6%)
19 (21%)
36(40%)
15(17%)
23(26%)
12(13%)
50 (56%)
66 (68%)
52%

22.0 (6.9)
75 (84%)
85 (96%)
1.7 (1.3)

P-value
Pre-existing
depression
94 (8%)
61.4+9 <0.001
60 (64%) <0.001
27.9 (4.8) 0.566
46 (50%) 0.013
10 (11%) <0.001
47 (50%) <0.001
18 (19%)
28 30%)
17 (18%) <0.001
21 (22%)
11 (12%)
27 (29%
10 (11%)
8 (9%)
21 (22%) 0.006
20 (21%)
19 (20%)
20 (21%)
19 (20%) <0.001
15 (16%)
46 (49%)
14 (15%)
55 (59%) 0.491
66 (70%) 0.163
48% 0.005
20.1 (5.5) 0.038
65 (69%) 0.012
81 (86%) 0.015
2.5(1.5) 0.002

Abbreviations: STEMI: ST-segment elevation. N-STEMI: Non-segment elevation. CHF: Chronic heart
failure. SD: Standard deviation

23



Table 3
Characteristics of the study population by educational attainment

Educational attainment P-value
No Short term Medium Higher
education education education education
N 205 (18%) 481 (43%) 169 (15%) 268 (24%)
Age (years) 58%10 62.3£10 60.6+£11 61.2+11 0.528
Sex (male) = 82% 75% 75% 86% <0.001
Body mass index (kg/m?) = 28.9 (4.7) 27.9 (4.6) 27.2 (5.2) 27.3 (4.2) 0.032
Living status (not alone) | 56% 60% 63% 74% <0.001
Ethnicity (Non-Western European) = 34% 11% 10% 12%
Smoking status
Never smoked (>1year) | 46% 57% 67% 73% <0.001
Former smoker (<1year) | 25% 26% 21% 18%
Smoker = 29% 18% 12% 9%
Index event 0.240
STEMI | 30% 25% 28% 26%
N-STEMI @ 25% 25% 24% 27%
Unstable angina pectoris = 13% 12% 19% 14%
Stable angina | 25% 29% 25% 22%
Chronic heart failure | 2% 1% 2% 2%
Valvular heart disease = 5% 5% 12% 10%
Working status before index
event
Working @ 36% 33% 48% 47% <0.001
Unemployed | 18% 8% 5% 4%
Retirement = 37% 51% 44% 44%
Disability pension = 9% 8% 4% 5%
Hypertension (Yes) = 55% 56% 49% 51% 0.419
Hypercholesterolemia (Yes) 67% 66% 62% 59% 0.263
Ejection fraction (%) 51% 52% 52% 53% 0.528
VO2zpeak (mL/kg/min) | 21.0 (5.6) 20.8 (6.2) 23.4 (8) 24.0 (7.4) <0.001
Beta blockers (Yes) 82% 79% 74% 78% 0.247
Statins (Yes) 95% 91% 87% 88% 0.019
Charlson Comorbidity Index (0-9 @ 2.1 (1.5) 2.4 (1.5) 2.1(1.4) 2.1(1.3) 0.009
comorbidities)
Abbreviations: N-STEMI, Non-segment elevation; STEMI; ST-segment elevation. Data are reported as mean *
SD or number (%)

24



Table 4
Characteristics of the study population by ethnicity

Ethnicity
Western European Non-Western European P-value
N 1027 (84%) 190 (16%)
Age (years) 62.3%£10 55.5+11 <0.001
Sex (male) = 76% 88% <0.001
Body mass index (kg/m?) 28.8 (4.7) 28.9 (4.0) 0.887
Living status (not alone) = 61% 74% 0.001
Smoking status
Never smoked (>1year) | 62% 54% 0.008
Former smoker (<1year) | 22% 25%
Smoker @ 16% 21%
Index event
STEMI = 26% 26% 0.323
N-STEMI | 260 (25%) 26%
Unstable angina pectoris | 12% 13%
Stable angina | 25% 29%
CHF 1% 1%
Valvular heart disease | 9% 5%
Educational attainment
No education | 14% 40% <0.001
Short term education | 45% 31%
Medium education | 16% 10%
Higher education | 25% 19%
Working status before index
event
Working | 38% 39% <0.001
Unemployed | 6% 18%
Retirement | 50% 28%
Disability pension | 5% 15%
Hypertension (Yes) @ 56% 45% 0.005
Hypercholesterolemia (Yes) @ 63% 66% 0.480
Ejection fraction (%) @ 52% 52% 0.616
VO2zpeak (mL/kg/min) | 21.9 (6.8) 21.5(6.3) 0.589
Beta blockers (Yes) | 78% 82% 0.195
Statins (Yes) = 90% 93% 0.285
Charlson Comorbidity Index | 2.3 (1.4) 1.84 (1.5) <0.001

(0-9 comorhbidities)
Abbreviations: N-STEMI, Non-segment elevation; STEMI; ST-segment elevation. Data are
reported as mean + SD or number (%)
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Impact of depression, socioeconomic factors and ethnicity on baseline VOzpeak.

Mean VOzpeak before CR was 21.8 (6.7) ml/kg/min and higher VO2peak Was associated with the male
sex, younger age, higher ejection fraction, less comorbidity and not using beta-blockers. VOzpeak
was not associated with cardiac diagnosis or cardiovascular risk factors.

Educational attainment, working status and ethnicity remained associated with VVO2peax after full
adjustment, while the effect of pre-existing depression was not (see figure 5).

(mifkg/min)

Depression status | %4
MNewly developed depression 5
re-existing depression {‘

1
Age (per year) {u
Sex (Male) ?b4
Employment status 19
Llnem'glcryed 31 k
etired =, 10
Disability pension ;
Educational level 0.5

Short term education

Medium education ‘?DD 7
Higher education 2‘

Non-Western EE:Q&%? 'L4 9
Beta blockers (Yes) Q 11
Ejection fraction (10%) L
Charlson comerbidity index _31

-5.0 -3.0 -1.0 1.0 3.0 5.0
Figure 5: Forest plot: beta coefficients from multivariable adjust regression analyses before cardiac
rehabilitation. Results are shown as difference in VOzpeak pr. mi/kg/min

Improvement of cardiorespiratory fitness following CR

Mean improvement in VOazpeak after CR was 2.4 (4.3) ml/kg/min equivalent to an 11% increase.
Working status, educational attainment, ethnicity and less comorbidity was associated with
improvement in VOapeak, €ven after a full multivariable adjustment (see figure 6). Patients who had
valvular heart disease had a 2.2 ml/kg/min (CI 1.4 - 3.3) higher improvement of VOzpeax than
STEMI patients. Unadjusted values are given in paper I, table 2.
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Figure 6: Forest plot: beta coefficients from multivariable adjust regression analyses after cardiac
rehabilitation. Results are shown as difference in VOzpeak pr. ml/kg/min

Paper Il

The baseline analyses comprised 203 patient who both completed the baseline CPET and the
BREQ-2 questionnaire. 182 patients finished the CR program and a second CPET. These comprised
the follow-up analyses (see paper Il, figure 1).

Patient characteristics

Characteristics of the study population are presented in paper I, table 2 with a categorized RAI
score (low, medium and high).

The patients had a mean age of 72 (£5) years and 73% were males. Most of the patients were
Western European and living with a partner. Nearly half the population had higher educational
attainment. Only 9% were current smokers. VOzpeak before CR was 18.2 (+5.0) and the mean RAI
motivation score was 5 (£7) with a range from -14 to 19.

Patients with a low level of motivation had a higher prevalence of risk factors: higher BMI, higher
prevalence of both diabetes and hypertension, and a lower ejection fraction. Having a low level of
motivation was also associated with living alone and scoring higher on vital exhaustion compared to
patients with both medium and high levels of motivation.

There were only slight differences between patients with high and medium level of motivation.
Having a high level of motivation was associated with a lower prevalence of hypercholesteremia
and hypertension, as well as a lower vital exhaustion score.

There was a positive linear association between VO2peak and motivation (p<0.001).

Five constructs of motivation and a composite score (RAI)

Pairwise correlations between VOzpeak and all the constructs of motivation were performed with
scatterplots and linear prediction. Scatterplots and Spearman correlations are given in paper Il,
figure 2. The highest correlation was found between VO2peak and RAI (r= 0.30, p< 0.01), and to
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avoid multicollinearity between the constructs of motivation, the RAI was used as the primary
exposure variable for the baseline predictor analyses.

VOgpeak @nd motivation before CR

In unadjusted analyses, VOzpeak Was associated with sex, daily physical activity level (0-7 days),
revascularization procedure, comorbidities and vital exhaustion. However, VOzpeak Was not
associated with age, ejection fraction or beta-blockers. The positive association between higher
motivation and higher VVO2peak remained significant after full, multiple adjustments for age, sex,
index diagnosis, physical activity level, kidney disease, COPD, diabetes, ejection fraction and
depression (see figure 7). Unadjusted and adjusted results are given in paper I, table 2A.
Motivation, depression, age, and ejection fraction were standardized in the multiple adjusted model.
This was done to compare the individual continuous covariates on a comparable scale. After
standardization, motivation had a slightly higher association with VO2peax than depression.

1.1

RAI
Standardized values

i Age
Standardized values

Sex 3.2

Men

Diagnosis at index -0.9

Stable CAD -1.8

{eart valve replacement
Physical activity 1.0

2-4 days 2.6

5-7 days

Kidney disease -3.2

Yes

COPD 2.1

Yes

Diabetes -2.2

Yes

Ejection fraction 1.1

Standardized values

PHQ-
Standardized values

T I I m min I T
5.0 3.0 1.0™ " 1.0 3.0
Figure 7: Forest plot: beta coefficients from standardized multivariable adjust regression analyses
before cardiac rehabilitation. Results are shown as difference in VVO2peax pr. ml/kg/min

Change in VOgzpeak after CR

A mean improvement of 2.27 ml/kg/min (SD+4.3) after participating in CR, which was equivalent
to a 12% increase, was observed.

After multivariable adjustment, motivation remained statistically associated with change in VOzpeak,
whereas depression did not (see figure 8). There was an inverse association between higher baseline
VO2peak and change in VOzpeak after CR. There was less improvement with older age and there were
no gender differences. Smokers improved less than former smokers and non-smokers. Having
diabetes or kidney disease had a negative association with change in VO2peak. Unadjusted and
adjusted results are given in paper I, table 2B.
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Figure 8: Forest plot: beta coefficients from standardized multivariable adjust regression analyses
after cardiac rehabilitation. Results are shown as difference in VOzpeak pr. mi/kg/min

Paper Il

Patient characteristics

1561 patients participated in CR and performed both the first and second CPET. The mean age of
the population was 63.6 (£11), 74% were male, 84% had coronary artery disease, 6% had chronic
heart failure, and 10% had valvular heart disease.

During a median follow-up time of 2.3 years (IQR 1.3 — 4.1 years), there were 77 deaths and 167
readmissions for CVD. 25 deaths occurred after the patients had suffered a hospital readmission.
The patients who died were older, more likely to be retired, living alone, had lower educational
attainment, suffered from more comorbidity and had lower baseline VO2peak. Demographics for the
population are given in paper I11, table 1.

Influence of VO2peak on MACE

There was a linear association between VO2peak before CR and risk of MACE, even after full
adjustment. See paper Ill, table 2A and figure 1. The hazard rate for MACE was 0.94 (0.91-0.97)
for each ml/kg/min in baseline VOzpeak. Change in VOapeak after CR had a significant curvi-linear
association with risk of MACE. Males had a higher risk of suffering a MACE than females (HR
1.98, p=0.003). Having chronic heart failure before CR, having been revascularized with PCI, and
suffering from peripheral artery disease were also associated with risk of MACE.

Influence of VOgzpeak ON all-cause mortality

VO2peak before CR had a linear association with risk of all-cause mortality of HR 0.89 (0.83 - 0.95)
per ml/kg/min. See paper 111, table 2A and figure 2. Change in VOzpeak after CR was also associated
with risk of all-cause mortality after full adjustment, HR 0.87 (0.80 - 0.96). Having chronic heart
failure or peripheral artery disease was also associated with higher mortality.

Influence of VOzpeak 0N New readmissions for CVD and all-cause mortality applying a Multi-state
model:

Transition 1: Risk of being readmitted for CVD
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167 patients were readmitted for CVD. There was a significant non-linear association between
baseline VOazpeak and readmission, whereas there was a linear association (from -2ml/kg/min to
2ml/kg/min) between change in VOgzpeak and readmission.

Transition 2: Risk of dying after a readmission for CVD

25 patients died after a hospital readmission for CVD. The risk of dying after being readmitted for
CVD was not associated with either baseline VOzpeak N0Or change in VOzpeak. Chronic heart failure at
baseline was the single significant predictor of mortality in transition 2.

Transition 3: Risk of dying without an intermediate readmission for CVD

52 patients died without an intermittent hospital readmission. Both baseline and change in VO2peak
had linear associations with risk of all-cause mortality, even after a full adjustment. Males had a
higher risk of dying (HR 3.85, P=0.031).

Results from the multi-state model are given in paper Ill, table 3 and figure 4.
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Discussion

Principal findings

This thesis consists of three explorative cohort studies investigating socioeconomic and
psychological disparities in relation to VOzpeak before CR and change in VOzpeak after CR.

In paper I, we found that patients with lower SES and another ethnicity than Western European had
a lower VOgzpeak before CR and a decreased change in VOzpeak after CR. Surprisingly, depression did
not affect VOqpeax either before or after CR.

In paper 1, we identified that a lower degree of motivation for physical activity among older
patients with IHD was negatively associated with VO2zpeak before CR and change in VOzpeax after
CR. Motivation was the strongest psychological predictor of change in VOapeak after CR, stronger
than signs of depression, anxiety and vital exhaustion.

VO2peak Was also significantly associated with age, sex, cardiac diagnosis and comorbidities, both in
paper | and II.

In paper I11, we found that risk of MACE, readmissions for CVD, and all-cause mortality were
inversely associated with VOzpeak before CR and change in VOqpeak after CR, confirming that
improvement in VOapeak IS @ protective factor for cardiac patients participating in CR. Once
readmitted for CVD, VO2peak Was no longer associated with risk of mortality indicating that it was
no longer a protective factor for future risk of mortality.

Effect of CR — what to expect

This thesis discusses the effect of CR in terms of change in VO2peak measured before and after
rehabilitation. We found a relative increase in VOazpeak 0f 11% and 12% in paper I and 11,
respectively. This improvement in VOzpea IS similar to recent CR programs with comparable
patient populations (70, 71). The heterogeneity between CR programs makes it difficult to locate
exact CR program comparisons.

Parameters that affect the extent to which a patient improves in VO2peax during CR are
multifactorial and include patient characteristics, CR structure, and genetics (72-74).

In line with other CR research, we found that age, sex and comorbidities were predictive of change
in VOZpeak after CR (75-78)

Sandercock et al. (2013) performed a meta-analysis on parameters that affect changes in VO2peax
following CR (72). With 31 cohorts and RCT studies on CR, they compared patient and program
characteristics that affected how patients improved in VOzpeak. First, they investigated the patients’
starting point before CR, in terms of baseline VO2peak, as this is often mentioned as a parameter that
determines the extent to which a patient can improve their VOzpeak. Sandercock dichotomized
baseline VOazpeak to >/<23 ml/kg/min and surprisingly found no influence on change in VOzpeak (72).
However, this cut-off value was clinically arbitrary, as it was determined statistically based on the
median value and not on clinical relevance. The meta-analysis also found that younger patients and
males improved more than their counterparts. In paper I, we also found an inverse association
between age and change in VOzpeak, but no effect of sex. This discrepancy between gender effect
may be explained by a difference in the time when CR was performed. The meta-analyses included
studies from 1970, when most patients included were middle-aged males, and when gender
differences were not an issue that was addressed in CR programs.

Approximately 30% of the population in our study (paper I11) did not improve in VO2peax after
rehabilitation. This result has been found in several studies (70, 79), and most recently by Willams
etal. (2019) in a study on 677 patients comparing change in VOzpeak in different training modalities
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(80). Between 35-52% of the patients were classified as likely non-responders, meaning that,
independent of training intensity and/or volume, they did not improve in VOzpeak from baseline.
They found that age, sex, the individual study, program duration, the number of sessions each week,
the patient group, and the average between pre- and post-test scores predicted 17.3% of the variance
in training response, suggesting that there were other uncontrolled factors that affected the patients’
ability to increase in VOzpeak. In paper | and I, the predictors of CR effect were highly related to
patient characteristics, SES and psychological factors, suggesting that the effect of CR really is
multifactorial and dependent on much more than CR program characteristics. This also strongly
suggests that these predictors should be accounted for on an individual level when patients attend
rehabilitation.

Socioeconomic differences

SES was assessed using educational attainment and working status in all three papers. The
application of these factors is consistent with previous cardiovascular research (39, 81, 82). SES
was an important factor when assessing the effect of CR, which confirms Diderichsen’s model
(2001) on socioeconomic inequality (figure 3), and adds to the evidence on skewed health outcomes
in CVD research, even among selected patients participating in CR. In paper I, we found that
patients on disability pension was almost twice as likely to drop out of CR compared with patients
still working. Previous literature is inconsistent regarding risk of dropout and employment status,
both being on the labour market (83) and being unemployed (84) has been associated with risk of
dropout indicating predictions on working status and risk of dropout not being generalizable to all
CR programs.

The issue of health inequality in relation to SES is also observed in terms of participation in CR
(85), which in general is very low. In a comprehensive survey from 2010 including 28 European
countries, all but one site had a participation rate lower than 50% (86). A Danish study on 5455
cardiac patients admitted due to myocardial infarction showed that patients with lower education
received less information and were less willing to participate in CR (87).

There can be several reasons for both unequal participation and unequal benefit. Patients with lower
SES have been shown to have more risk factors when entering the program, including smoking
status and depression (88). They are more likely to have high blood pressure and diabetes and to be
obese, all variables of clinical relevance (89, 90). Same characteristics as we found in paper I.
Taking the patients’ perspective, a qualitative study on socioeconomically deprived cardiac patients
found that these patients felt excluded from CR during the program: “they did not feel like they fit
in”" in the standard CR. The patients argued there was a need for an individualized tailor-based
approach to CR that paid attention to individual needs and preferences (91).

It is necessary to understand how these personal and clinical parameters differ within subgroups of
cardiac patients in order to be able to tailor each CR program in the best way to suit the specific
needs of patients with lower SES.

Impact of depression

In paper I, depression was not associated with either lower VO2peak at baseline nor less improvement
after CR. In paper Il, however, depression was associated with lower baseline VOzpeak. Paper 11
included a group of selected elderly patients (>64years) who participated in the EU-CaRE study and
can therefore not be compared directly with patients from paper I.

One important difference between paper | and 11 was the assessment of depression. Paper | used
patient-reported use of antidepressants and/or a modified depression questionnaire (PRIME-MD),
whereas paper Il assessed symptoms of depression using the validated Patient Health Questionnaire

32



(PHQ-9). PHQ-9 seems to a better screening tool for prediction of VO2peax before CR, but it also
could not predict change in VOqpeak after CR. Neither paper | or 11 found any association between
depression and change in VOzpeak, Which is in line with previous studies (92). One explanation
could be that psychological distress in cardiac patient is a recognized concern in CR and is thus
successfully addressed in the program.

Motivation in cardiac patients

We assessed motivation before the patients began CR using a quantitative questionnaire that
measured constructs of motivation for physical activity as well as a summed score.

The positive association between higher motivation for physical activity and VOzpeak before and
after CR relates to previous studies. One Canadian study (93) measured motivation with BREQ-2
and RAI in partients participating in CR and found a positive association between motivation and
exercise behaviour three and six weeks post CR. Slovinec et al (2014) on 801 patients also found
that higher intrinsic motivation was positively related with both short- (six months) and long-term
(twelve months) exercise behaviour after CR (94).

The association between constructs of motivation and physical activity outcomes was also
investigated in a recent review, supporting the influence of intrinsic regulations regarding adherence
to physical activity (95). However, there seems to be a discrepancy between the intention to be
physically active and being physically active. Almost half of the people who intend to be physically
active according to the guideline recommendation are not (96). In accordance with this, less than
50% of cardiac patients maintain their physical activity levels 3 to 6 months after CR, and even
fewer at 12 months (97). Based on this evidence, it is relevant to investigate whether BREQ-2 can
predict a long-term positive association between motivation and improvement in VOzpea.

Degree of motivation is dynamic and is likely to change when a person is exposed to a shift in the
environment, such as entering into a CR program. Extrinsic motivation for physical activity, e.g.
increased physical fitness, having better health, or losing weight can, over time, lead to an intrinsic
interest in exercise and thereby increase patients’ adherence in the longer term (98, 99). One of the
purposes of CR is patient education and behavior change, and it is likely that some patients will
experience a shift from extrinsic to intrinsic motivation during a CR intervention. It is relevant to
measure change in patient motivation from pre- to post-CR, as this would make it possible to assess
if there are individual patient or CR program differences in how CR increases motivation.
Important motivational factors for physical activity include advice from health professionals, family
pressure, improvement in physical fitness, general health benefits, and social reasons such as
enjoying group interaction and meeting with friends (100). An approach aiming to increase intrinsic
motivation and self-efficacy for physical activity is to individualize CR based on specific needs
instead of exclusively offering standard outpatient programs (101). An alternative to outpatient CR
is to offer parallel programs at home and, for some patients, include tele-medicine. Offering
alternative programs may remove barriers that many patients experience with regard to
rehabilitation and physical activity (102), as patients have different preferences for CR delivery.
Some prefer a program that fits into their daily life, while others prefer to participate in a social and
supervised context, like the traditional outpatient program (103, 104). Alternative CR programs
have shown to perform equally to supervised outpatient CR in terms of improvement in
cardiovascular risk factors, increase in physical capacity, cardiac events, mortality, or quality of life
(105, 106).
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Prognosis after CR

In paper 111, we found that change in VOzpeak Was strongly related to both MACE, all-cause
mortality and readmission for CVD.

A recent study from 2018, published by Schutter et al. (107), followed 1171 patients with CVD
after CR for a median follow-up time of 6.4 years and found that change in VOazpeak Was inversely
associated with risk of all-cause mortality, in agreement with paper I11. This result confirms that the
predictive value of change in VOzpeak lies in its bearing on health prognosis, even in a longer period
than the 2.3 years we investigated. Like paper 111, Shutter et al. found that higher age, male sex and
lower baseline VOapeak Were associated with a higher risk of mortality. Some important differences
between our study and Schutter et al.’s were that we included patients with valvular heart disease
and patients with CHF who had more than five-fold risk of mortality. Furthermore, Schutter et al.
did not have information on comorbidities (except for diabetes), which was an important limitation.
We had information on several relevant comorbidities, and peripheral artery disease was
significantly predictive both for future risk of MACE and mortality.

A study by Martin et al. (2013) found an inverse association between improvement in VO2peak and
risk of mortality in 5641 patients with CVD. They also investigated the prognostic value of change
in VOgzpeak after one year and found that a 3.5ml/kg/min improvement was associated with a 25%
risk reduction in all-cause mortality.

As far as we are aware, paper Il is the first study to apply a multi-state model to predict outcomes
after CR. We found that change in VOzpeax after CR was associated both with readmissions for CVD
and all-cause mortality. Once being readmitted for CVD, VO2peak Was no longer predictive for
mortality, reflecting the extent to which it can be applied as a predictor. Being readmitted for CVD
will likely change a patients’ VO2peak, and it could thus be argued that, following this, the patient is
in need of a new CR intervention.

Multi-state models are applied in cardiology to predict hospital readmissions in heart failure
patients (108-110). One of the strengths of applying this model is the possibility of investigating
multiple non-fatal events, such as readmissions, without censoring the patients. It may thus have
great potential for investigating future health after CR.

Defining a successful CR

In our studies, we defined successful CR according to the patients’ ability to improve in VO2zpeak.
We found that all-cause mortality decreased approximately 20% for each 1 ml/kg/min improvement
in VOgzpeak. The risk of being readmitted for CVD had a corresponding decrease with a non-linear
trend, which provides support for the use of VOzpeak as a parameter to assess the effectiveness of
CR.

However, the multifactorial and multidisciplinary approach in CR means that there are several
relevant outcomes that must be considered when discussing the effectiveness of rehabilitation.
Other important factors are: risk factor control, behavior change, and psychosocial management.
CR has been shown to successfully handle important risk factors. Several studies have shown that a
decrease especially in smoking, hypertension, and hypercholesteremia led to decreased risk of
mortality after CR (111, 112). These factors were highly related to patient education and behavior
change. SES has proven to be an important predictor for success in risk factor management. The
EUROASPIRE I11 (113) that was conducted in 22 European countries found that achieving
secondary prevention targets was associated with increasing levels of education. Compared to
patients with university education, those with primary education were 44% less likely to achieve
their targets. In contrast, depression and anxiety did not affect whether risk factor targets were
achieved or not.
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From the patients’ point of view, it is important to investigate whether CR affects psychological
status. There is evidence that quality of life increases both for patients living with CVD and for
heart failure patients when participating in CR (13, 114). A review from 2019 of CR in patients
with CVD showed that patient education and psychological interventions did not consistently
improve quality of life, whereas exercise-based CR did in 7 out of 10 studies (114).

A review of 13 RCTs in CR for patients with heart failure found a significant and clinically relevant
improvement in quality of life, measured using the validated Minnesota Living with Heart Failure
questionnaire (mean difference 5.8 points (Cl 2.4 to 9.2) (13).

Limitations

A limitation of the retrospective design of paper | and Il was variable selection. The variables in
the database were not chosen for these research questions. In paper I, the consequence of this was
especially seen in the measurement of depression. The database had data from an abbreviated
depression questionnaire. This resulted in a loss of precision that potentially led to misclassification
of patients. Information on the number of training sessions was missing at large, making it
unfeasible to adjust for adherence to the CR program. Paper I is likely prone to selection bias, since
600 patients were excluded at baseline because of missing data on the CPET (n = 289) and
depression (n = 319). There was also a higher number of drop-outs among patients with depression
and patients receiving disability.

In Paper 111, we only included patients who completed CR, introducing the risk of selection bias and
decreasing the generalizability of the findings to patients not attending CR.

Another limitation of paper 11 is that we did not have enough data to investigate the risk of
cardiovascular mortality. This is due to a delay in the data release of at least one year on cause-
specific mortality in the Cause of Death Register. An analysis among the same population on
VO2peak and risk of cardiovascular mortality will be possible in two years.

A limitation for all three papers was the low number of patients of non-Western origin. This
selection occurred because the patients who did not understand Danish or English were offered
rehabilitation in a local setting. For study Il, where the number of participants with non-European
ethnicity was lowest, the patients had to be able to speak and read Danish to answer the
questionnaires.

Additionally, some patients who participated in CR declined to enroll in the study in paper II.

As paper | and I11 were retrospective studies, it was not possible to determine the causal factors for
participation and completion of the rehabilitation program.

Conclusions

The aim of this thesis was to identify socioeconomic and psychological parameters that altered the
effect of CR, and whether this effect influenced the future risk of mortality and readmissions for
CVD.

We found that lower socioeconomic status and non-Western ethnicity, but not depression, predicted
both lower VO2peax before CR and less benefit from CR in terms of improvement in VO2peak.
Motivation was positively associated, both with VOzpeak before CR and improvement in VOzpeak
after CR, even after adjusting for other important psychological parameters, and BREQ-2 is a useful
questionnaire to detect these differences.

Both the different levels of VO2peak before CR and the difference in improvement of VOzpeak affects
the patients’ risks of future MACE, cardiovascular readmissions and all-cause mortality. However,
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the protective factor of VOzpeak Seems to last only until the time of a new CVD readmission. This
could indicate the need for a new CR intervention.

Our results identify vulnerable subgroups of patients that need special attention when attending CR.
There is a need to act on these results and identify barriers and potential solutions to counteract
these skewed health outcomes, and CR programs should consider the socioeconomic, ethnic, and
psychological barriers to exercise when including patients in a program.

Perspective and future research

The identification of socioeconomically and motivationally vulnerable patient groups in CR has
given rise to several additional research questions that should be addressed.

Initiatives to counteract inequality could be based on patient opinions, meaning that performing
structured interviews on this subgroup of patients could identify whether the patients prefer
alternative interventions or delivery models. This may lead to new interventional studies that
counteract inequalities.

Motivation in cardiac patients predicted the effectives of CR in terms of change in VOzpeak in our
population. This makes it relevant to investigate whether and how CR can effect a positive change
in motivation, as this may increase long-term adherence to physical activity after CR. Motivation
could likewise be applied to investigate whether different deliveries of CR can cause changes in
motivation. For example, is home-based or tele-monitored CR more likely to affect motivation than
center-based CR?

It would be similarly interesting to capture patients while they are still admitted in the hospital. This
would make it possible to locate patients who lack motivation and, based on patient responses,
address possible motivational barriers to participating in CR.

In general, there should also be a focus on the high percentage of non-participation. Reasons for
non-participation should be mapped out and act as the basis for interventions to increase
participation.

36



Reference list

1. Prescott E, Meindersma EP, van der Velde AE, Gonzalez-Juanatey JR, lliou MC,
Ardissino D, et al. A EUropean study on effectiveness and sustainability of current Cardiac
Rehabilitation programmes in the Elderly: Design of the EU-CaRE randomised controlled trial. Eur
J Prev Cardiol. 2016;23(2 suppl):27-40.

2. Timmis A, Townsend N, Gale C, Grobbee R, Maniadakis N, Flather M, et al.
European Society of Cardiology: Cardiovascular Disease Statistics 2017. Eur Heart J.
2018;39(7):508-79.

3. Townsend N, Wilson L, Bhatnagar P, Wickramasinghe K, Rayner M, Nichols M.
Cardiovascular disease in Europe: epidemiological update 2016. Eur Heart J. 2016;37(42):3232-45.
4, Khera AV, Kathiresan S. Genetics of coronary artery disease: discovery, biology and
clinical translation. Nat Rev Genet. 2017;18(6):331-44.

5. Marenberg ME, Risch N, Berkman LF, Floderus B, de Faire U. Genetic susceptibility
to death from coronary heart disease in a study of twins. N Engl J Med. 1994;330(15):1041-6.

6. Ezzati M, Obermeyer Z, Tzoulaki I, Mayosi BM, Elliott P, Leon DA. Contributions of

risk factors and medical care to cardiovascular mortality trends. Nat Rev Cardiol. 2015;12(9):508-
30.

7. Heidenreich PA, Trogdon JG, Khavjou OA, Butler J, Dracup K, Ezekowitz MD, et al.
Forecasting the future of cardiovascular disease in the United States: a policy statement from the
American Heart Association. Circulation. 2011;123(8):933-44.

8. Boateng S, Sanborn T. Acute myocardial infarction. Dis Mon. 2013;59(3):83-96.

9. Ibanez B, James S, Agewall S, Antunes MJ, Bucciarelli-Ducci C, Bueno H, et al.
[2017 ESC Guidelines for the management of acute myocardial infarction in patients presenting
with ST-segment elevation.]. Kardiol Pol. 2018;76(2):229-313.

10. Kotseva K, Wood D, De Bacquer D, investigators E. Determinants of participation
and risk factor control according to attendance in cardiac rehabilitation programmes in coronary
patients in Europe: EUROASPIRE IV survey. Eur J Prev Cardiol. 2018;25(12):1242-51.

11. Piepoli MF, Corra U, Dendale P, Frederix I, Prescott E, Schmid JP, et al. Challenges
in secondary prevention after acute myocardial infarction: A call for action. Eur Heart J Acute
Cardiovasc Care. 2017;6(4):299-310.

12. Anderson LJ, Taylor RS. Cardiac rehabilitation for people with heart disease: an
overview of Cochrane systematic reviews. Int J Cardiol. 2014;177(2):348-61.
13. Sagar VA, Davies EJ, Briscoe S, Coats AJ, Dalal HM, Lough F, et al. Exercise-based

rehabilitation for heart failure: systematic review and meta-analysis. Open Heart.
2015;2(1):e000163.

14. Sibilitz KL, Berg SK, Tang LH, Risom SS, Gluud C, Lindschou J, et al. Exercise-
based cardiac rehabilitation for adults after heart valve surgery. Cochrane Database Syst Rev.
2016;3:CD010876.

15. Authority TDNH. NATIONAL CLINICAL GUIDELINE ON CARDIAC
REHABILITATION: The Danish Health Authority; 2015 [Available from:
https://www.sst.dk/da/udgivelser/2015/nkr-hjerterehabilitering.

16. Dalal HM, Doherty P, Taylor RS. Cardiac rehabilitation. BMJ. 2015;351:h5000.

17. Piepoli MF, Corra U, Adamopoulos S, Benzer W, Bjarnason-Wehrens B, Cupples M,
et al. Secondary prevention in the clinical management of patients with cardiovascular diseases.
Core components, standards and outcome measures for referral and delivery: a policy statement
from the cardiac rehabilitation section of the European Association for Cardiovascular Prevention &

37


https://www.sst.dk/da/udgivelser/2015/nkr-hjerterehabilitering

Rehabilitation. Endorsed by the Committee for Practice Guidelines of the European Society of
Cardiology. Eur J Prev Cardiol. 2014;21(6):664-81.

18. Smith SC, Jr., Benjamin EJ, Bonow RO, Braun LT, Creager MA, Franklin BA, et al.
AHA/ACCEF Secondary Prevention and Risk Reduction Therapy for Patients with Coronary and
other Atherosclerotic Vascular Disease: 2011 update: a guideline from the American Heart
Association and American College of Cardiology Foundation. Circulation. 2011;124(22):2458-73.
19. Authority TDH. Vejledning om hjerterehabilitering pa sygehuse 2004 [Available
from: http://www.sst.dk/publ/Publ2004/Vejl_hjerterehab.pdf

20. McMahon SR, Ades PA, Thompson PD. The role of cardiac rehabilitation in patients
with heart disease. Trends Cardiovasc Med. 2017;27(6):420-5.

21, Task Force on the management of STseamiotESoC, Steg PG, James SK, Atar D,
Badano LP, Blomstrom-Lundgvist C, et al. ESC Guidelines for the management of acute
myocardial infarction in patients presenting with ST-segment elevation. Eur Heart J.
2012;33(20):2569-619.

22. Task Force M, Montalescot G, Sechtem U, Achenbach S, Andreotti F, Arden C, et al.
2013 ESC guidelines on the management of stable coronary artery disease: the Task Force on the
management of stable coronary artery disease of the European Society of Cardiology. Eur Heart J.
2013;34(38):2949-3003.

23. European Association of Cardiovascular P, Rehabilitation Committee for Science G,
Eacpr, Corra U, Piepoli MF, Carre F, et al. Secondary prevention through cardiac rehabilitation:
physical activity counselling and exercise training: key components of the position paper from the
Cardiac Rehabilitation Section of the European Association of Cardiovascular Prevention and
Rehabilitation. Eur Heart J. 2010;31(16):1967-74.

24, Evans HJ, Ferrar KE, Smith AE, Parfitt G, Eston RG. A systematic review of methods
to predict maximal oxygen uptake from submaximal, open circuit spirometry in healthy adults. J Sci
Med Sport. 2015;18(2):183-8.

25. Blair SN, Kohl HW, 3rd, Paffenbarger RS, Jr., Clark DG, Cooper KH, Gibbons LW.
Physical fitness and all-cause mortality. A prospective study of healthy men and women. JAMA.
1989;262(17):2395-401.

26. Fletcher GF, Balady G, Blair SN, Blumenthal J, Caspersen C, Chaitman B, et al.
Statement on exercise: benefits and recommendations for physical activity programs for all
Americans. A statement for health professionals by the Committee on Exercise and Cardiac
Rehabilitation of the Council on Clinical Cardiology, American Heart Association. Circulation.
1996;94(4):857-62.

27. Ross R, Blair SN, Arena R, Church TS, Despres JP, Franklin BA, et al. Importance of
Assessing Cardiorespiratory Fitness in Clinical Practice: A Case for Fitness as a Clinical Vital Sign:
A Scientific Statement From the American Heart Association. Circulation. 2016;134(24):e653-99.
28. Fletcher GF, Ades PA, Kligfield P, Arena R, Balady GJ, Bittner VA, et al. Exercise
standards for testing and training: a scientific statement from the American Heart Association.
Circulation. 2013;128(8):873-934.

29. Myers J, Prakash M, Froelicher V, Do D, Partington S, Atwood JE. Exercise capacity
and mortality among men referred for exercise testing. N Engl J Med. 2002;346(11):793-801.
30. Kodama S, Saito K, Tanaka S, Maki M, Yachi Y, Asumi M, et al. Cardiorespiratory

fitness as a quantitative predictor of all-cause mortality and cardiovascular events in healthy men
and women: a meta-analysis. JAMA. 2009;301(19):2024-35.

31. Chaudhry S, Arena R, Bhatt DL, Verma S, Kumar N. A practical clinical approach to
utilize cardiopulmonary exercise testing in the evaluation and management of coronary artery
disease: a primer for cardiologists. Curr Opin Cardiol. 2018;33(2):168-77.

38


http://www.sst.dk/publ/Publ2004/Vejl_hjerterehab.pdf

32. Guazzi M, Bandera F, Ozemek C, Systrom D, Arena R. Cardiopulmonary Exercise
Testing: What Is its Value? J Am Coll Cardiol. 2017;70(13):1618-36.

33. Guazzi M, Arena R, Halle M, Piepoli MF, Myers J, Lavie CJ. 2016 Focused Update:
Clinical Recommendations for Cardiopulmonary Exercise Testing Data Assessment in Specific
Patient Populations. Circulation. 2016;133(24):e694-711.

34, Franklin BA, McCullough PA. Cardiorespiratory fitness: an independent and additive
marker of risk stratification and health outcomes. Mayo Clin Proc. 2009;84(9):776-9.
35. Kavanagh T, Mertens DJ, Hamm LF, Beyene J, Kennedy J, Corey P, et al. Prediction

of long-term prognosis in 12 169 men referred for cardiac rehabilitation. Circulation.
2002;106(6):666-71.

36. Letnes JM, Dalen H, Vesterbekkmo EK, Wisloff U, Nes BM. Peak oxygen uptake and
incident coronary heart disease in a healthy population: the HUNT Fitness Study. Eur Heart J. 2018.
7. Russell KL, Bray SR. Promoting self-determined motivation for exercise in cardiac
rehabilitation: the role of autonomy support. Rehabil Psychol. 2010;55(1):74-80.

38. Moholdt T, Aamot IL, Granoien I, Gjerde L, Myklebust G, Walderhaug L, et al.
Long-term follow-up after cardiac rehabilitation: a randomized study of usual care exercise training
versus aerobic interval training after myocardial infarction. Int J Cardiol. 2011;152(3):388-90.

39. Woodward M, Peters SA, Batty GD, Ueshima H, Woo J, Giles GG, et al.
Socioeconomic status in relation to cardiovascular disease and cause-specific mortality: a
comparison of Asian and Australasian populations in a pooled analysis. BMJ Open.
2015;5(3):e006408.

40. Houweling TA, Kunst AE, Mackenbach JP. World Health Report 2000: inequality
index and socioeconomic inequalities in mortality. Lancet. 2001;357(9269):1671-2.

41. Kaplan GA, Keil JE. Socioeconomic factors and cardiovascular disease: a review of
the literature. Circulation. 1993;88(4 Pt 1):1973-98.

42. Diderichsen F, Andersen I, Manuel C, Working Group of Danish Review on Social
Determinants of H, Andersen AM, Bach E, et al. Health inequality--determinants and policies.
Scand J Public Health. 2012;40(8 Suppl):12-105.

43. Yngwe MAb. Resources and relative deprivation, analysing mechanisms behind
income, inequality and ill-health. Stockholm: Karolinska institutet : Stockholm University; 2005.
44, Diderichsen F, Evans T, Whitehead M. The Social Basis of Disparities in Health:
Oxford University Press; 2001.

45, de Mestral C, Stringhini S. Socioeconomic Status and Cardiovascular Disease: an
Update. Curr Cardiol Rep. 2017;19(11):115.

46. Manrique-Garcia E, Sidorchuk A, Hallgvist J, Moradi T. Socioeconomic position and

incidence of acute myocardial infarction: a meta-analysis. J Epidemiol Community Health.
2011;65(4):301-9.

47. Pollitt RA, Rose KM, Kaufman JS. Evaluating the evidence for models of life course
socioeconomic factors and cardiovascular outcomes: a systematic review. BMC Public Health.
2005;5:7.

48. Marshall 1J, Wang Y, Crichton S, McKevitt C, Rudd AG, Wolfe CD. The effects of
socioeconomic status on stroke risk and outcomes. Lancet Neurol. 2015;14(12):1206-18.
49, Bruthans J, Mayer O, Jr., De Bacquer D, De Smedt D, Reiner Z, Kotseva K, et al.

Educational level and risk profile and risk control in patients with coronary heart disease. Eur J Prev
Cardiol. 2016;23(8):881-90.

50. Snaterse M, Deckers JW, Lenzen MJ, Jorstad HT, De Bacquer D, Peters RJG, et al.
Smoking cessation in European patients with coronary heart disease. Results from the

39



EUROASPIRE 1V survey: A registry from the European Society of Cardiology. Int J Cardiol.
2018;258:1-6.

51. Shanmugasegaram S, Oh P, Reid RD, McCumber T, Grace SL. Cardiac rehabilitation
barriers by rurality and socioeconomic status: a cross-sectional study. Int J Equity Health.
2013;12:72.

52. Valencia HE, Savage PD, Ades PA. Cardiac rehabilitation participation in
underserved populations. Minorities, low socioeconomic, and rural residents. J Cardiopulm Rehabil
Prev. 2011;31(4):203-10.

53. Sun EY, Jadotte YT, Halperin W. Disparities in Cardiac Rehabilitation Participation
in the United States: A SYSTEMATIC REVIEW AND META-ANALYSIS. J Cardiopulm Rehabil
Prev. 2017;37(1):2-10.

54, Khayyam-Nekouei Z, Neshatdoost H, Yousefy A, Sadeghi M, Manshaee G.
Psychological factors and coronary heart disease. ARY A Atheroscler. 2013;9(1):102-11.

55. Cohen BE, Edmondson D, Kronish IM. State of the Art Review: Depression, Stress,
Anxiety, and Cardiovascular Disease. Am J Hypertens. 2015;28(11):1295-302.

56. Huffman JC, Celano CM, Januzzi JL. The relationship between depression, anxiety,
and cardiovascular outcomes in patients with acute coronary syndromes. Neuropsychiatr Dis Treat.
2010;6:123-36.

57. Beatty AL, Doll JA, Schopfer DW, Maynard C, Plomondon ME, Shen H, et al.
Cardiac Rehabilitation Participation and Mortality After Percutaneous Coronary Intervention:
Insights From the Veterans Affairs Clinical Assessment, Reporting, and Tracking Program. J Am
Heart Assoc. 2018;7(19):e010010.

58. Zullo MD, Gathright EC, Dolansky MA, Josephson RA, Cheruvu VK, Hughes JW.
Influence of Depression on Utilization of Cardiac Rehabilitation Postmyocardial Infarction: A
STUDY OF 158 991 MEDICARE BENEFICIARIES. J Cardiopulm Rehabil Prev. 2017;37(1):22-9.
59. Resurreccion DM, Moreno-Peral P, Gomez-Herranz M, Rubio-Valera M, Pastor L,
Caldas de Almeida JM, et al. Factors associated with non-participation in and dropout from cardiac
rehabilitation programmes: a systematic review of prospective cohort studies. Eur J Cardiovasc
Nurs. 2019;18(1):38-47.

60. McGrady A, McGinnis R, Badenhop D, Bentle M, Rajput M. Effects of depression
and anxiety on adherence to cardiac rehabilitation. J Cardiopulm Rehabil Prev. 2009;29(6):358-64.
61. Milani RV, Lavie CJ. Impact of cardiac rehabilitation on depression and its associated
mortality. Am J Med. 2007;120(9):799-806.

62. Rosenstock IM. The Health Belief Model and Preventive Health Behavior. Health
Education Monographs. 1974;2(4):354-86.

63. Resnick B, Nigg C. Testing a theoretical model of exercise behavior for older adults.
Nurs Res. 2003;52(2):80-8.

64. Bandura A. Self-efficacy: Toward a unifying theory of behavioral change. Advances
in Behaviour Research and Therapy. 1978;1(4):139-61.

65. Rogers RW. A Protection Motivation Theory of Fear Appeals and Attitude Changel. J
Psychol. 1975;91(1):93-114.

66. Ryan RM, Deci EL. Intrinsic and Extrinsic Motivations: Classic Definitions and New
Directions. Contemp Educ Psychol. 2000;25(1):54-67.

67. Forman DE, Myers J, Lavie CJ, Guazzi M, Celli B, Arena R. Cardiopulmonary
exercise testing: relevant but underused. Postgrad Med. 2010;122(6):68-86.

68. Pedersen CB. The Danish Civil Registration System. Scand J Public Health.

2011;39(7 Suppl):22-5.

40



69. Schmidt M, Schmidt SA, Sandegaard JL, Ehrenstein V, Pedersen L, Sorensen HT.
The Danish National Patient Registry: a review of content, data quality, and research potential. Clin
Epidemiol. 2015;7:449-90.

70. Eduardo L, Ritt F, Rocco E, Barros PGM, Feitosa G, Galvao A, et al. LOW VO2
PEAK IS INDEPENDENTLY ASSOCIATED WITH IMPROVEMENT IN FUNCTIONAL
CAPACITY AFTER CARDIAC REHABILITATION: RESULTS FROM A NATIONAL AND
MULTICENTER STUDY. Journal of the American College of Cardiology. 2018;71(11
Supplement):A1885.

71. Mitchell BL, Lock MJ, Davison K, Parfitt G, Buckley JP, Eston RG. What is the
effect of aerobic exercise intensity on cardiorespiratory fitness in those undergoing cardiac
rehabilitation? A systematic review with meta-analysis. British Journal of Sports Medicine.
2018:bjsports-2018-099153.

72, Sandercock G, Hurtado V, Cardoso F. Changes in cardiorespiratory fitness in cardiac
rehabilitation patients: a meta-analysis. Int J Cardiol. 2013;167(3):894-902.

73. Williams CJ, Williams MG, Eynon N, Ashton KJ, Little JP, Wisloff U, et al. Genes to
predict VO2max trainability: a systematic review. BMC Genomics. 2017;18(Suppl 8):831.

74, Mann TN, Lamberts RP, Lambert MI. High responders and low responders: factors
associated with individual variation in response to standardized training. Sports Med.
2014;44(8):1113-24.

75. Listerman J, Bittner V, Sanderson BK, Brown TM. Cardiac rehabilitation outcomes:
impact of comorbidities and age. J Cardiopulm Rehabil Prev. 2011;31(6):342-8.

76. Savage PD, Antkowiak M, Ades PA. Failure to improve cardiopulmonary fitness in
cardiac rehabilitation. J Cardiopulm Rehabil Prev. 2009;29(5):284-91; quiz 92-3.

77. Al Quait A, Doherty P. Does cardiac rehabilitation favour the young over the old?
Open Heart. 2016;3(2):e000450.

78. Branco CF, Viamonte S, Matos C, Magalhaes S, Cunha I, Barreira A, et al. [Predictors

of changes in functional capacity on a cardiac rehabilitation program]. Rev Port Cardiol.
2016;35(4):215-24.

79. Anjo D, Santos M, Rodrigues P, Sousa M, Brochado B, Viamonte S, et al. Who are
the non-responder patients to cardiac rehabilitation? European Heart Journal. 2013;34(suppl_1).
80. Williams CJ, Gurd BJ, Bonafiglia JT, Voisin S, Li Z, Harvey N, et al. A Multi-Center

Comparison of O2peak Trainability Between Interval Training and Moderate Intensity Continuous
Training. Frontiers in physiology. 2019;10:19.

81. Schultz WM, Kelli HM, Lisko JC, Varghese T, Shen J, Sandesara P, et al.
Socioeconomic Status and Cardiovascular Outcomes: Challenges and Interventions. Circulation.
2018;137(20):2166-78.

82. Meneton P, Kesse-Guyot E, Mejean C, Fezeu L, Galan P, Hercberg S, et al.
Unemployment is associated with high cardiovascular event rate and increased all-cause mortality
in middle-aged socially privileged individuals. Int Arch Occup Environ Health. 2015;88(6):707-16.
83. Sanderson BK, Phillips MM, Gerald L, DiLillo V, Bittner V. Factors associated with
the failure of patients to complete cardiac rehabilitation for medical and nonmedical reasons. J
Cardiopulm Rehabil. 2003;23(4):281-9.

84. Worcester MU, Murphy BM, Mee VK, Roberts SB, Goble AJ. Cardiac rehabilitation
programmes: predictors of non-attendance and drop-out. Eur J Cardiovasc Prev Rehabil.
2004;11(4):328-35.

85. Castellanos LR, Viramontes O, Bains NK, Zepeda IA. Disparities in Cardiac
Rehabilitation Among Individuals from Racial and Ethnic Groups and Rural Communities-A
Systematic Review. Journal of racial and ethnic health disparities. 2019;6(1):1-11.

41



86. Bjarnason-Wehrens B, McGee H, Zwisler AD, Piepoli MF, Benzer W, Schmid JP, et
al. Cardiac rehabilitation in Europe: results from the European Cardiac Rehabilitation Inventory
Survey. Eur J Cardiovasc Prev Rehabil. 2010;17(4):410-8.

87. Graversen CB, Eichhorst R, Ravn L, Christiansen SSR, Johansen MB, Larsen ML.
Social inequality and barriers to cardiac rehabilitation in the rehab-North register. Scand Cardiovasc
J. 2017;51(6):316-22.

88. Govil SR, Weidner G, Merritt-Worden T, Ornish D. Socioeconomic status and
improvements in lifestyle, coronary risk factors, and quality of life: the Multisite Cardiac Lifestyle
Intervention Program. Am J Public Health. 2009;99(7):1263-70.

89. Alter DA, Chong A, Austin PC, Mustard C, Iron K, Williams JI, et al. Socioeconomic
status and mortality after acute myocardial infarction. Ann Intern Med. 2006;144(2):82-93.
90. Szalewska D, Zielinski P, Tomaszewski J, Kusiak-Kaczmarek M, Lepska L, Gierat-

Haponiuk K, et al. Effects of outpatient followed by home-based telemonitored cardiac
rehabilitation in patients with coronary artery disease. Kardiol Pol. 2015;73(11):1101-7.

91. Pedersen M, Overgaard D, Andersen |, Baastrup M, Egerod I. Experience of
exclusion: A framework analysis of socioeconomic factors affecting cardiac rehabilitation
participation among patients with acute coronary syndrome. European Journal of Cardiovascular
Nursing. 2017;16(8):715-23.

92. Caulin-Glaser T, Maciejewski PK, Snow R, LaLonde M, Mazure C. Depressive
symptoms and sex affect completion rates and clinical outcomes in cardiac rehabilitation. Prev
Cardiol. 2007;10(1):15-21.

93. Russell KL, Bray SR. Self-determined motivation predicts independent, home-based
exercise following cardiac rehabilitation. Rehabil Psychol. 2009;54(2):150-6.
94, Slovinec D'Angelo ME, Pelletier LG, Reid RD, Huta V. The roles of self-efficacy and

motivation in the prediction of short- and long-term adherence to exercise among patients with
coronary heart disease. Health Psychol. 2014;33(11):1344-53.

95. Teixeira PJ, Carraca EV, Markland D, Silva MN, Ryan RM. Exercise, physical
activity, and self-determination theory: a systematic review. Int J Behav Nutr Phys Act. 2012;9:78.
96. Rhodes RE, de Bruijn GJ. How big is the physical activity intention-behaviour gap? A
meta-analysis using the action control framework. Br J Health Psychol. 2013;18(2):296-3009.

97. Bock BC, Carmona-Barros RE, Esler JL, Tilkemeier PL. Program participation and
physical activity maintenance after cardiac rehabilitation. Behav Modif. 2003;27(1):37-53.

98. McAuley E, Wraith S, Duncan TE. Self-efficacy, perceptions of success, and intrinsic
motivation for exercise. Journal of Applied Social Psychology. 1991;21(2):139-55.

99. Patrick H, Williams GC. Self-determination theory: its application to health behavior
and complementarity with motivational interviewing. Int J Behav Nutr Phys Act. 2012;9:18.

100. Costello E, Kafchinski M, Vrazel J, Sullivan P. Motivators, barriers, and beliefs
regarding physical activity in an older adult population. Journal of geriatric physical therapy (2001).
2011;34(3):138-47.

101. Conraads VM, Deaton C, Piotrowicz E, Santaularia N, Tierney S, Piepoli MF, et al.
Adherence of heart failure patients to exercise: barriers and possible solutions: a position statement
of the Study Group on Exercise Training in Heart Failure of the Heart Failure Association of the
European Society of Cardiology. Eur J Heart Fail. 2012;14(5):451-8.

102. Bauman AE, Reis RS, Sallis JF, Wells JC, Loos RJ, Martin BW. Correlates of
physical activity: why are some people physically active and others not? Lancet.
2012;380(9838):258-71.

103. Madden M, Furze G, Lewin RJ. Complexities of patient choice in cardiac
rehabilitation: qualitative findings. J Adv Nurs. 2011;67(3):540-9.

42



104. Wingham J, Dalal HM, Sweeney KG, Evans PH. Listening to patients: choice in
cardiac rehabilitation. Eur J Cardiovasc Nurs. 2006;5(4):289-94.

105. Clark RA, Conway A, Poulsen V, Keech W, Tirimacco R, Tideman P. Alternative
models of cardiac rehabilitation: a systematic review. Eur J Prev Cardiol. 2015;22(1):35-74.

106. Anderson L, Sharp GA, Norton RJ, Dalal H, Dean SG, Jolly K, et al. Home-based
versus centre-based cardiac rehabilitation. Cochrane Database Syst Rev. 2017;6:CD007130.
107. De Schutter A, Kachur S, Lavie CJ, Menezes A, Shum KK, Bangalore S, et al.
Cardiac rehabilitation fitness changes and subsequent survival. Eur Heart J Qual Care Clin
Outcomes. 2018;4(3):173-9.

108. Gasperoni F, leva F, Barbati G, Scagnetto A, lorio A, Sinagra G, et al. Multi-state
modelling of heart failure care path: A population-based investigation from Italy. PLoS One.
2017;12(6):e0179176.

109. Upshaw JN, Konstam MA, Klaveren D, Noubary F, Huggins GS, Kent DM.
Multistate Model to Predict Heart Failure Hospitalizations and All-Cause Mortality in Outpatients
With Heart Failure With Reduced Ejection Fraction: Model Derivation and External Validation.
Circ Heart Fail. 2016;9(8).

110. leva F, Jackson CH, Sharples LD. Multi-state modelling of repeated hospitalisation
and death in patients with heart failure: The use of large administrative databases in clinical
epidemiology. Stat Methods Med Res. 2017;26(3):1350-72.

111. Taylor RS, Unal B, Critchley JA, Capewell S. Mortality reductions in patients
receiving exercise-based cardiac rehabilitation: how much can be attributed to cardiovascular risk
factor improvements? Eur J Cardiovasc Prev Rehabil. 2006;13(3):369-74.

112. A AC, Giakoumidakis K, Brokalaki H. Cardiac rehabilitation outcomes: modifiable
risk factors. Br J Nurs. 2013;22(4):200-7.
113. Cooney MT, Kotseva K, Dudina A, De Backer G, Wood D, Graham I. Determinants

of risk factor control in subjects with coronary heart disease: a report from the EUROASPIRE llII
investigators. Eur J Prev Cardiol. 2013;20(4):686-91.

114. Francis T, Kabboul N, Rac V, Mitsakakis N, Pechlivanoglou P, Bielecki J, et al. The
Effect of Cardiac Rehabilitation on Health-Related Quality of Life in Patients With Coronary
Artery Disease: A Meta-analysis. Can J Cardiol. 2019;35(3):352-64.

43



44



Appendices
- Paper |
- Paper Il

- Paper Il

45



46



woyy.

M|

MYZAXGZOMZWIBANLHIPAIEABNY L NI9INYZAGBXINAE QHIDI/GD AUMY L XOMADUOINX POHISABZIU M1 +BYNJOI L WNOTZ | ABYHJBSINAUE Aq

8102/¥0/Z) uo

IOriginaI Investigation

Depression, Socioeconomic Factors, and Ethnicity as
Predictors of Cardiorespiratory Fitness Before and After

Cardiac Rehabilitation

Nicolai Mikkelsen, PT, MSc; Christian Have Dall, PT, PhD; Marianne Frederiksen, MD, DMSc;
Annette Holdgaard, BSN, MS; Hanne Rasmusen, MD, PhD; Eva Prescott, MD, DMSc

Purpose: To determine whether cardiac patients with psy-
chosocial or socioeconomic problems have lower peak oxygen
uptake (VOy,,) and whether these factors modify the effect of
cardiac rehabilitation (CR).

Methods: A retrospective cohort study of patients with ischemic
heart disease, valvular heart disease, or heart failure referred for
CR. VO, was assessed by a maximal cardiopulmonary exer-
cise test. Pre-existing depression was defined by use of antide-
pressants and new-onset depression by a modified Primary Care
Evaluation of Mental Disorders (PRIME-MD) questionnaire at
CR intake. Socioeconomic status was defined by educational at-
tainment and working status; ethnicity as Western European or
non-Western European. Full data from baseline assessment were
available on 1217 patients and follow-up on 861 patients.
Results: Mean + SD Vo, before CR was 21.8 + 6.8 mL/
kg/min. After multivariable adjustment, lower Vo, was as-
sociated with lower educational attainment, not working, and
non-Western ethnicity but not with depression. Mean improve-
ment of VO, following CR was 2.4 *+ 4.3 mL/kg/min. After
multivariable adjustment educational attainment, employment
status and ethnicity were significant predictors of improvement
of VO, While depression was not.

Conclusion: Education, attachment to the workforce, and
ethnicity were all associated with lower VO, before CR, and
the disparity was increased following CR. Having pre-existing
depression and new-onset depression did not influence Vo, e
either before or after CR. These results point to important sub-
groups in need of specially-tailored rehabilitation programs.

Key Words: cardiac rehabilitation ® cardiorespiratory fitness ®
depression e ethnicity ® socioeconomic status

Cardiorespiratory fitness (CRF) is an individual predic-
tor of life expectancy and morbidity in both the general
population and in cardiac patients."> Cardiac rehabilitation
(CR) improves CRF and may reduce cardiovascular mortal-
ity up to 25%.>* Therefore, CR is pivotal in secondary pre-
vention of cardiovascular diseases. However, not all cardiac
patients benefit equally from CR.’ Individual characteristics
as well as characteristics of the CR program offered are im-
portant predictors of improvement in CRF following CR.%¢
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The impact of psychosocial and socioeconomic variables is
less well described.

Depression is very common in cardiac patients and is as-
sociated with an increased recurrence of disease and higher
all-cause mortality.”” Compliance and adherence to CR are
also lower in cardiac patients with depressive symptoms.””
Some studies have shown that depression may influence
CRF before and following CR.%>!'® However, these studies
are based on relatively small study populations.

Like depression, lower socioeconomic status is associat-
ed with increased risk of cardiovascular disease and worse
health outcomes for cardiac patients!''* and has been linked
to poorer participation rates in CR.!'>!¢ Differences in car-
diovascular risk factors, CR intake, and cardiovascular
prognosis have also been shown in relation to ethnicity.'”"

Data suggest, rather than one-size-fits-all, CR should
be modified to the individual needs of the patient. We in-
vestigated whether depression, socioeconomic status, and/
or ethnicity were associated with impaired CRF in a large
group of cardiac patients attending CR, and whether these
factors attenuated the effect of CR.

METHODS

STUDY POPULATION
We performed a retrospective study using a clinical regis-
try in the CR Unit at Bispebjerg/Frederiksberg Hospital in
Copenhagen, Denmark. The registry contained all cardiac
patients who participated in CR from 2011 to 2016. We in-
cluded patients with the following diagnoses: ST-elevation
myocardial infarction (STEMI), non-STEMI, unstable an-
gina pectoris, stable coronary artery disease with revascu-
larization (percutaneous coronary intervention or coronary
artery bypass grafting), chronic heart failure, or heart valve
replacement.

The study was approved by the Danish Data Protection
Agency (BFH-2017-071; 05678). According to Danish leg-
islation no ethical approval was required.

REHABILITATION PROGRAM
The CR program consisted of a supervised 8-wk outpatient
exercise intervention at the hospital, with 2 weekly sessions
of 1.5 hr with high-intensity interval (80% of peak oxy-
gen uptake [VO,,..i]) and resistance training. The program
was complemented with a weekly session of group-based
patient education for 1.5 hr on heart disease, psychological
issues, and diet counseling. In addition, patients had one or
more individual sessions with a cardiologist and a nurse,
respectively.

CRF was assessed 6 to 8 wk postsurgery using a car-
diopulmonary exercise test (CPX) with measurement of
VO, pea using a maximal symptom-limited bicycle ergometer
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test (via Sprint 150P, Ergoline). Expired gases were collect-
ed and analyzed (Jaeger, Master Screen CPX version 5.21,
Cardinal Health). Each test aimed at a respiratory exchange
ratio = 1.1 to ensure the validity of the CPX.?°

PRIMARY EXPOSURE AND OUTCOME VARIABLES
The primary exposure variables were depression, so-
cioeconomic status, and ethnicity. Depression included
pre-existing depression defined as patients receiving an-
tidepressants before their cardiac event, and new-onset
depression defined as a sign of depression at the baseline
CR visit assessed using a 3-question modified depression
questionnaire, the validated Primary Care Evaluation of
Mental Disorders (PRIME-MD) score.?! Patients fulfilling
both criteria were classified as pre-existing depression. So-
cioeconomic factors comprised educational attainment and
working status. Educational attainment was grouped in 4
categories: no education, short-term education (eg, crafts-
man), medium education (bachelor degree or equivalent),
and higher education (master degree in university). Work-
ing status was also in 4 categories: employed, unemployed,
retired, and being on disability pension. Ethnicity was cat-
egorized as Western European or non-Western European
descent. The majority of the patients of non-Western de-
scent were from the Middle East. No distinction between
first- and second-generation immigrants was made. CRF
measured at baseline and change following CR were the
primary outcomes.

CONFOUNDING VARIABLES

Age, sex, index event, use of B-blockers, use of statins, left
ventricular ejection fraction, and comorbidities were in-
cluded as potential confounding variables. Comorbidities
were assessed using the validated Charlson Comorbidity
Index?? that combines comorbidities (diabetes, kidney dis-
eases, cancer, chronic obstructive pulmonary disease, and
age) to estimate disease burden.

STATISTICAL ANALYSIS

Normally distributed variables were compared across
groups using the ¢ test or 1-way analysis of variance.
Nonnormally distributed variables were tested using
Mann-Whitney and Kruskal-Wallis tests while categorical
data were tested by the x? test. When statistically significant
differences between groups were found, post hoc pairwise
comparisons were made using the ¢ test and x> with no ad-
justment for multiple comparisons.

Predictors of Vo,,,. at baseline were tested using
multiple-adjusted linear regression analyses. Confounders
for the baseline analyses were identified according to previ-
ous literature®® and whether they were associated with CRF
and depression/socioeconomic factors/ethnicity. Follow-up
analyses were additionally adjusted for baseline VO,
Identified confounders were tested sequentially against a
simple regression model to assess the impact they had on
CRE. Confounders that influenced a change in the estimate
for the primary exposure variable of >15% were included
in the final model.?3

Loss to follow-up was defined as patients attending a
baseline VO, ., test and not attending the follow-up Vo, .,
test when completing CR. Predictors of loss to follow-up
were tested using a multiple logistic regression. Some pa-
tients chose to join a CR program in another unit and were
not a part of the loss to follow-up analysis.

A 2-tailed P value < .05 was considered as statistically
significant. All statistical analyses were carried out using
STATA IC 13.1 (StataCorp LP).

2 Journal of Cardiopulmonary Rehabilitation and Prevention 2018;00:1-6

RESULTS

A total of 1780 patients accepted CR during the period.
Several patients had missing data on the depression vari-
able and were excluded from the analysis. After excluding
patients with missing data on depression or baseline CPX
(Figure), 1217 patients comprised the sample for the base-
line analyses. For the follow-up analyses, 861 (71%) pa-
tients with CPX at baseline and follow-up comprised the
study population.

BASELINE CHARACTERISTICS

The mean age of the study population was 61.3 y, 78%
were male, and 92% had coronary heart disease as index
event. New-onset or pre-existing depression was present in
15%, 60% were not part of the workforce, and 16% were
of non-Western ethnicity.

Baseline characteristics by depression status at baseline
are given in Table 1. Patients with pre-existing depression
were more likely to be women, to have chronic heart fail-
ure and low ejection fraction, live alone, be smokers, and
be out of the workforce. Patients with new-onset depres-
sion were younger, more likely to be female, smokers, of
non-Western ethnicity, and cohabitating. Baseline charac-
teristics by educational attainment and ethnicity are given
in the supplementary material (see Supplemental Digital
Content 1, available at: http:/links.lww.com/JCRP/A86,
and Supplemental Digital Content 2, available at: http://
links.lww.com/JCRP/A87). Lower educational attainment
was associated with female sex, smoking, lower CRF, and
non-Western ethnicity.

CRF BEFORE CR

Mean * SD Vo,,., at baseline was 21.8 + 6.7 mL/kg/min,
which was higher with higher educational attainment, in
patients who were part of the workforce and in patients of
Western ethnicity. VO, was associated with sex, age, left
ventricular ejection fraction, Charlson Comorbidity Index,
and use of B-blocker, but not with index event (STEMI,
non-STEMI, unstable angina pectoris, stable coronary ar-
tery disease with revascularization [percutaneous coronary

| Cardiac patients who accepted cardiac rehabilitation between 2011-2016
N = 1780

Excluded due to not having performed first VOypeq test
N =244

Excluded due to not having a screening for depression
N =319
=

Study cohort for baseline analyses
N=1217

Excluded due to choosing other type of rehabilitation and thus
not followed up N = 115

Excluded due to not having performed second VOyea test
N=241

N =861

‘ Study cohort for follow-up analyses

Figure. Flowchart of study population with number of patients excluded
and reason for exclusion.
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Characteristics of the Study Population by Depression

Depression
No New-Onset Depression Pre-existing Depression
Characteristics? n = 1034 n=389 n=94 P Value

Age, yr 62 + 11 57 + gbe 61+ 9° <.001
Sex, male 80rd 67" 649 <.001
Body mass index, kg/m? 278+ 46 283+ 47 279+ 48 566
Ejection fraction, % 52¢ 52¢ 4800 .005
VOgpea, MLKg/min 22.0 + 6.8 22.0 = 6.9° 20.1 + 5,500 038
Smoking status

Never smoked (>1 yr) 63" 420¢ 51¢d <.001

Former smoker (<1 yr) 220 35p° 19°

Current smoker 15 23 30
Hypertension 53 56 59 491
Hypercholesterolemia 6200 68P 709 163
B-Blockers 78¢ 84¢ 694 012
Statins 89P 96° 86°° .015
Living status (not alone) 63P 7000 50° 013
Ethnicity (Non-Western European) 140 350¢ 11¢ <.001
Index event

STEMI 274 200 1804 <001

N-STEMI 26 25 22

Unstable angina pectoris 12° 17b¢ 12¢

Stable angina 26 26 29

Chronic heart failure 1bd Qbe 11dc

Heart valve replacement ol Qbe 9°
Educational attainment

No education 1700 24P 23¢ .006

Short-term education 43¢ 47° 33¢0

Medium education 1500 oo 21¢0

Higher education 24 23 22
Working status before index event

Working 39 420 2004 <.001

Unemployed 704 17° 16¢

Retirement 48P 27°¢ 49°

Disability pension 500 140 15¢
Charlson Comorbidity Index (0-9 comorbidities) 23+ 1.4P 1.7 + 1.3b¢ 25+ 15¢ .002

Abbreviations: N-STEMI, non-ST-elevation myocardial infarction; STEMI, ST-elevation myocardial infarction.

Data are reported as mean *+ SD or (%).

"No depression versus new-onset depression (P < .05).
®New-onset depression and pre-existing depression (P < .05).
9No depression and pre-existing depression (P < .05).

intervention or coronary artery bypass grafting], chronic
heart failure, or heart valve replacement) or cardiovascular
risk factors (Table 2A). In an age- and sex-adjusted anal-
ysis, education, working status, ethnicity, and pre-existing
depression were associated with V0, e,

After multivariable adjustment educational attainment,
working status and non-western ethnicity remained asso-
ciated with VO,,,i, while pre-existing depression did not.

IMPROVEMENT OF CRF FOLLOWING CR

Overall improvement of VO, following CR was
2.4 mL/kg/min * 4.3 or equivalent of 11% increase. The
age- and sex-adjusted improvement of VO,,.,c was similar
in men and women and was not related to depression sta-
tus (Table 2B). Patients with heart valve replacement had a
greater improvement in VO,,..., whereas patients who were
unemployed or with lower levels of education seemed to
benefit less.

www.jcrpjournal.com

After multivariable adjustment working status, educa-
tional attainment and ethnicity remained associated with
improvement in VO, Patients with heart valve replace-
ment had greater improvement in VO, (2.6 mL/kg/min
[1.4-3.8]) compared with STEMI patients.

LOSS TO FOLLOW-UP

A total of 241 (22%) patients were lost to follow-up. In a
multivariable-adjusted logistic regression, loss to follow-up
was associated with younger age, higher baseline V0.,
smoking, comorbidity, and being on disability pension but
not with depression, educational attainment, or ethnicity
(Table 3).

DISCUSSION

The aim of this study was to evaluate whether depression,
socioeconomic status, and ethnicity affected CRF and effect

Predictors of Cardiorespiratory Fitness 3

Copyright © 2018 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



Predictors of Vozpeak Before Cardiac Rehabilitation (A) and Change in Vozpeak Following Cardiac Rehabilitation (B) From

Linear Regression Analyses

Predictors? Regression Coefficient Adjusted for Age and Sex  Multivariable-Adjusted Regression Coefficient

A. Iioz,,,,k before CR (number of observations = 1217)

Sex, male
Age (per 10 yr)
Depression
New onset of depression
Pre-existing depression
Educational attainment
Short-term education
Medium education
Higher education
Working status
Unemployed
Retirement
Disability pension
Ethnicity
Non-Western European
3-Blockers (yes)
Charlson Comorbidity Index
Ejection fraction (per 10%)

3.1°(2.3t03.9)
—2.5°(—2.81t0 —2.3)
No depression
—0.9(—-22100.4)
—1.4°(—=2.71t0 —0.1)
No education
1.49(0.4 10 2.4)

3.4°(2.6104.2)
0.1(=0.7100.8)
No depression
0.4(—1.0t01.8)
—0.5(—1.89100.68)
No education
0.5(—0.5t01.4)

3.5° (2.4 10 4.6) 2.07(0.8103.2)
4173110 5.1) 2.3"(1.210 3.4)
Working Working

—3.8"(—5.0t0 —2.6)
—3.0°(—4.0t0 —2.0)
—4.5"(—5.71t0 —3.2)
Western European
—3.3°(—4.11t0 —2.4)
—1.4°(=2210—-0.7)
—1.7°(—2.0t0 —1.3)
1.3°(11t01.4)

B. Change in I?az,,,,ak after CR (number of observations = 861)

Baseline VOpeax
Sex, male
Age (per 10 yr)
Depression
New onset of depression
Pre-existing depression
Index event
N-STEMI
Unstable angina pectoris
Stable angina pectoris
Chronic heart failure
Heart valve replacement
Educational attainment
Short-term education
Medium education
Higher education
Working status
Unemployed
Retirement
Disability pension
Ethnicity
Non-Western European
3-Blockers (yes)
Charlson Comorbidity Index
Ejection fraction (per 10%)

—0.25 (—0.28 to —0.23)

01(=0.710.7)
—0.5"(—0.7 t0 —0.2)
No depression
—0.5(=1.6100.6)
0.15(—1.04 0 1.34)
STEMI
0.4 (-0.31t01.1)
0.4(-05101.2)
0.8°(0.2t0 1.5)
1.3°(0.2t0 2.4)
2.3"(1.2103.3)
No education
1.29(0.3 10 2.0)
1.1(0.1t02.0)
1.6°(0.7 t0 2.5)
Working
—1.49(—2.510 —0.4)
0.1(—-0.8100.9
—0.6(=1.9100.6)
Western European
—1.39(=2.0t0 —0.5)
—0.2(=0.9100.4)
—0.4°(—0.7 to —0.1)
01(-01100.2)

—1.99(—3.2t0 —0.6)
—3.1°(—4.210 —2.0)
—3.0°(—4.5t0 —1.6)
Western European
—1.49(—=2.3t0 —0.4)
—0.9°(—1.81t0 —0.6)
—1.5°(=2.0t0 —1.1)
1.1¢(0.8t0 1.5)

—-0.2(=0.3t0 —0.2)
05(-02101.3)
—-0.4(—-11100.2)
No depression
—0.4(=1510.7)
0.3(=091t0 1.5
STEMI

0.7 (=01101.5)
0.4 (—0.61t01.4)
09(-01101.7)
22(—1.2105.5)
2.6°(1.4103.8)
No education
1.6°(0.7 t0 2.5)

1.3°(—0.3102.4)
2.0°(1.1t0 3.0)
Working
—-1.99(—3.11t0 —0.8)
—0.2(=1.2100.7)
—0.9(-2.3100.5)
Western European
—-0.9°(—=1.11t0 —=0.1)
—0.3(=1.1100.5)
—-1.1°(=1.110 —0.3)
0.2°(0.1t00.4)

Abbreviations: CR, cardiac rehabilitation; N-STEMI, non-ST-segment elevation myocardial infarction; STEMI; ST-segment elevation myocardial infarction.

4/alues indicate difference in mL/kg/min.

P < .001.
°P < .05.
P < .01.

of CR following a cardiac event. The main findings are
that, after multivariable adjustment, patients with pre-ex-
isting depression and signs of new-onset depression do not
have lower CRF than cardiac patients without depression,
and both groups benefit equally from CR. However, edu-
cational attainment, working status, and ethnicity were all

4 Journal of Cardiopulmonary Rehabilitation and Prevention 2018;00:1-6

negatively associated with CRF and were also predictors of
less improvement in CRF following CR.

DEPRESSION AS A PREDICTOR OF VOZpeak

To our knowledge, depression has not been investigated as
a predictor of CRF before CR in previous studies. Studies

www.jcrpjournal.com
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Multivariable-Adjusted Logistic Regression of Loss to
Follow-up®

OR (95% CI)

Vogpeak, mL/kg/min 0.96° (0.94 to 0.98)
Sex, male —0.31 (—0.63 to 0.90)
Age 0.97°(0.95 10 0.99)
Depression status Not depressed
New onset of depression 0.89 (0.53 t0 1.48)
Pre-existing depression 1.55(0.96 10 2.37)
Smoking status Never smoked (>1y)
Former smoker (<1 yr) 1.03 (0.74 t0 1.43)

Smoker 1.68° (1,19 10 2.37)
Working status Working

Unemployed 1.19(0.73101.92)

Retirement 1.43(0.75101.75)

Disability pension
Educational attainment
No education
Short-term education
Medium education
Ethnicity (non-Western European)
Charlson Comorbidity Index (0-9 comorbidities)

1.91¢(1.50 t0 3.16)

Higher education
1.13(0.74t01.71
0.99 (0.71 t0 1.40
0.87(0.57 10 1.36
1.09(0.75t0 1.59
1.17¢(1.01 t0 1.36)

3Adjusted for B-blockers, living status, and ejection fraction. They did not confound the
results and were excluded from the analyses.

PP < .001.

°P < .05.

of associations between depression symptom severity and
CREF in healthy populations were recently summarized in a
meta-analysis.”* A modest correlation (» = —0.16, [—0.21
to —0.10]) between depression symptom severity and CRF
was found. In our study we did not find a significant asso-
ciation, but the results do not exclude a modest associa-
tion between both chronic and new-onset depression and
VOZpeak'

Depression has previously been suggested as a predictor
of lack of improvement of VO, following CR. This was
shown in a cohort study by Egger et al’ in 2008 on 114
patients with coronary artery disease. Using the Hospital
Anxiety and Depression Scale, they found that depression
was associated with lower improvement (—0.2 mL/kg/min,
P = .047) of CRF following CR.? We did not observe this
finding, which may be related to lack of statistical power.
Unlike the aforementioned study, we stratified depression
into pre-existing depression and new-onset depression.
Stratifying depression is relevant since cardiac patients with
pre-existing and new-onset depression have different char-
acteristics, as confirmed in the present and other studies*
and their psychopathology is likely to have a different time
course after myocardial infarction.

The other comparative study found was approximately
10-yr old.’ CR programs are modified, as new knowledge is
gained and the increased awareness on depression in cardi-
ac patients may explain why some patients with depression
improve as much as those without depression. Patients in
our study received a group-based exercise intervention with
a multidisciplinary approach and were closely monitored
with patient education and individual counseling with a
nurse. Psychosocial issues were also addressed during the
individual consultations. There was an increased loss to
follow-up among patients with pre-existing depression
(non-significant OR =1.51, P = .072). An unequal drop-
out rate among those with and without depression should
be expected, as those with depression usually have lower

www.jcrpjournal.com

adherence and compliance to CR programs.!'%2%2” This
could bias the results and lead us to overestimate the effects
of CR in patients with pre-existing depression.

SOCIOECONOMIC PREDICTORS OF Vozpeak

Previous research has focused on identifying physical and
exercise-related parameters as predictors of VO, ... %% In
our study, VO, ...« was dependent on several relevant param-
eters, both before and after CR. The strongest associations
were seen for socioeconomic factors.

Lower educational attainment was associated with
lower baseline V0, as well as smaller improvement fol-
lowing CR. Thus, the disparity present at baseline was
increased following CR. Combined, the estimated differ-
ence in VO, between highest and lowest education lev-
els was approximately 4.5 mL/kg/min, a relatively large
difference in a population with a mean baseline Vo, ., of
21.8 mL/kg/min. The impact of educational attainment
stands in contrast to a German cohort study by Salzwedel et
al3® from 20135, which reported that being a current smoker
and being female, but not socioeconomic status, were asso-
ciated with less effect following CR. However, the study by
Salzwedel et al was based on brief, in-house CR in a more
selected population and may not be comparable to results
from outpatient CR. '

Working status also predicted Vo, ., both before and af-
ter CR, as lower VO, before CR was strongly associated
with patients being on disability pension, pension, or be-
ing unemployed. Being unemployed also predicted less im-
provement in VO, following CR. Previous studies have
found that working status was a predictor of initiation of
CR.'%3! Our study adds to this in identifying work-related
subgroups in greater need of CR through poorer CRF. In
addition, we found that not only comorbidity but also cur-
rent working status was associated with more dropout.
This result is supported by a study on adherence to CR at
the Vermont Medical Center finding that lower socioeco-
nomic status was highly associated with lower adherence to
the CR program.??

ETHNICITY AS A PREDICTOR OF Vo0

Not having a Western European ethnicity was associated
with lower VO, both before and after CR, even after ad-
justing for socioeconomic factors. Ethnic inequalities in re-
ferral and adherence to CR programs have previously been
found in several studies, although mainly from the United
States.?3-3 It is likely that in Europe having another eth-
nicity than Western European is associated with cultural
barriers, preventing these patients from achieving the most
from CR.

STRENGTHS AND LIMITATIONS

This is one of the largest studies to examine how depres-
sion, socioeconomic factors, and ethnicity affect CRF both
before and after CR. A strength of the study was dividing
depression into pre-existing and new-onset of depression.
In addition, the high-quality clinical registry comprising
unique data on patient characteristics, comorbidities, med-
icine, and physical examinations is likely to be representa-
tive of patients participating in CR.

A limitation of our study was that the patients were
screened for depression using an abbreviated depression
questionnaire. Simplifying the questionnaire might have
led to misclassification and loss of precision. A future study
could apply a finer depression scale, which could make it
possible to detect smaller and perhaps graded differences.
Another limitation was only 16% of the patients were of
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non-Western origin. As this was a retrospective study, we
could not determine causal factors responsible for partic-
ipation and completion of the CR program. Also, it was
not possible to adjust for adherence (number of training
sessions attended) in the CR program. Results may also be
biased by the marginally higher dropout rate among pa-
tients with depression and on disability pension, although
this is likely to cause us to underestimate the effect of these
factors. Finally, 600 patients were excluded from the base-
line analysis due to missing data on the cardiopulmonary
exercise test (n = 289) and screening for depression (n =
319). Although this loss is likely to be random, it may in-
crease the risk of a selection bias.

CONCLUSION

Having pre-existing depression and new-onset depression
did not influence Vo, either before or after CR. All sub-
groups of patients improved in VO, after CR. Socioeco-
nomic parameters and non-Western ethnicity were associat-
ed with impaired VO, ., at baseline, and this difference was
reinforced by different efficacy of CR across socioeconom-
ic and ethnic subgroups. These results identify important
subgroups with particular need of attention, encompassing
measures such as supervised CR, extended programs, and
programs specifically targeting ethnic barriers to exercise
when planning an outpatient CR program.
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Abstract

Background: Exercise-based cardiac rehabilitation (CR) is an essential contributor to a successful recovery
for elderly cardiac patients. The motivation for physical activity is a psychological parameter seldom
described in secondary prevention, and it is plausible that motivation contributes to the differential effect
of CR.

Purpose: To investigate if motivation, measured using the behavioral regulation in an exercise
questionnaire (BREQ-2), predicts VOxpeak in elderly cardiac patients before and after CR.

Methods: A prospective cohort study of elderly ischemic cardiac patients and patients with valvular disease
participating in cardiac rehabilitation was used. Motivation was measured using BREQ-2, which measures
five constructs of motivation and a summed score - the relative autonomy index (RAI). VOazpeak Was
measured before and after CR using a cardiopulmonary exercise test (CPET).

Results: Two hundred and three patients performed the baseline tests and initiated CR. One hundred and
eighty-two completed CR and comprised the follow-up group. The mean VOjpeak Was 18 ml/kg/min
(SD+5.1). VO2peak increased significantly with increasing motivation, 1.02 (.41 - 1.62) ml/kg/min pr. SD.
Mean improvement from CR was 2.3 ml/kg/min (SD£4.3), the equivalent of a 12% increase. A change in
VOypeak after CR was likewise positively associated with increased motivation, .74 (.31 - 1.17) pr. SD.

Conclusion: The level of motivation predicts VO2peak before CR, and is also able to predict changes in VOapeak
following CR. Motivation measured with the BREQ-2 questionnaire can be applied as a screening tool for
elderly cardiac patients before they initiate CR to detect patients with low VO2peak.

Keywords: Cardiac rehabilitation, cardiac patients, motivation, BREQ-2, Social determination theory, cardiorespiratory
fitness, VOzpeak



Introduction

Cardiac rehabilitation (CR) is an essential contributor to a successful recovery for cardiac patients. CR
improves life expectancy, physical function, and quality of life and patients experience less relapse of the
disease compared to non-participants of CR (1-3).

Although the benefits of exercise-based rehabilitation are well studied, compliance and adherence in CR
remain low (4). This is especially the case in elderly cardiac patients. Poor compliance and adherence have
previously been linked to psychological distress, especially anxiety and depression (5-7). As psychological
distress is more prevalent in the younger segment of the cardiac population (8, 9), other psychological
factors may determine success in CR in the elderly cardiac patients.

Physical exercise is a primary component in CR. The motivation for physical activity is a parameter seldom
described in secondary prevention, and it is plausible that the lack of motivation to be physically active can
explain the difference in success rates when participating in CR.

The motivation for physical activity can be measured using the validated “behavioral regulation in exercise
questionnaire” (BREQ-2). BREQ-2 is based on the Self Determination Theory, which is used to understand
exercise and physical activity patterns (10, 11) and why people adopt and/or maintain a behavior change
(12, 13). The BREQ-2 questionnaire measures different constructs of motivation. A summed score of the
level of motivation can be derived by combining the constructs of motivation. The summed score is named
the Relative Autonomy Index (RAI).

This study aimed to investigate if the constructs of motivation and/or the RAI was associated with VOzpeak in
elderly cardiac patients before CR and whether motivation would affect a change in VOa;eak following CR.

Methods

The study population

This is a prospective cohort study of elderly cardiac patients entering a CR program at a Danish cardiac
rehabilitation unit at a hospital in Copenhagen from December 2015 to February 2018 (14). Patients were
asked to join the study if they were more than 64 years of age and met one of the following criteria within
three months of entering the CR program: 1) had acute coronary syndrome, including myocardial infarction
2) underwent percutaneous coronary intervention, 3) received coronary artery bypass grafting or 4)
received a heart valve replacement. Exclusion criteria: Patients with a contraindication to CR, mental
impairment leading to an inability to cooperate, a severly impaired ability to exercise, signs of severe
cardiac ischemia and/or a positive exercise testing on severe cardiac ischemia, insufficient knowledge of
the native language and an implanted cardiac device (CRT-P, ICD).

Ethical approval for the study was obtained from the Regional Scientific Ethical Committee for Copenhagen,
Denmark (Ref.: H-15011913) and the study was conducted in accordance with the Declaration of
Helsinki. Written informed consent was obtained.

The study cohort is part of a multi-center/national cohort study, European Cardiac Rehabilitation in the
Elderly (EU-CaRE, https://eu-care.org/).

Rehabilitation program

The CR program consisted of a supervised eight-week outpatient exercise intervention at a hospital with
two weekly sessions of 1.5 hours with a high-intensity interval (80% of VOpeak) and resistance training. The
program was complemented with a weekly session of group-based patient education for 1.5 hours on


https://eu-care.org/

cardiovascular disease, psychological issues, and diet counseling. Additionally, patients had one or more
individual sessions with a cardiologist, a dietician, a physiotherapist, and a nurse.

Primary exposure - the motivation for physical activity
The level and type of motivation were measured using BREQ-2 (see appendix). The BREQ-2 is the second

version of the questionnaire and is a validated and useful tool to measure a patient’s motivation for
exercise (15).

The BREQ-2 inventory comprises 19 items. Each item has five possible answers scored on a scale of 0-4 (0 =
Not true for me; 4 = Very true for me). The questionnaire assesses five constructs: amotivation — e.g., “I
think that exercising is a waste of time”; external reqgulation — e.g., “| exercise because other people tell me
| should”; introjected regulation — e.g., “| feel guilty when | do not exercise”; identified regulation — e.g., “I|
value the benefits/advantages of exercising”; and intrinsic motivation — e.g., “| enjoy my exercise sessions”.
BREQ-2 was measured as a multidimensional scale, measuring each of the five types of motivation.
Additionally, a summed score was derived from the five subscales, the Relative Autonomy Index (RAI). The
RAI gives an index of the degree to which respondents are motivated. The RAl is obtained by weighting
each subscale and then summing these weighted scores. Each subscale score is multiplied by its weighting,
and then the weighted scores are summed. Higher, positive scores indicate greater relative autonomy;
lower, negative scores indicate more controlled regulation.

In the descriptive analyses (Table 1) the RAI was categorized into low, medium and high degrees of
motivation.

Study outcome

The primary study outcome was VOzpeak- VO2peak Was assessed before and after CR using a cardiopulmonary
exercise test (CPET) using a maximal symptom-limited bicycle ergometer test (Via Sprint 150P, Ergoline).
Breathing gases were collected and analyzed (Jaeger, Master Screen, vers.5.21, Cardinal Health). Each test
aimed at a respiratory exchange ratio greater than 1.1 to ensure the validity of the CPET tests (16).

Confounding variables

Other variables of interest included age, sex, revascularization (PCl or CABG), educational attainment (Short
or higher education), working status (working or retired), smoking status (never a smoker, former smoker,
current smoker), physical activity level during leisure time (>30 minutes, 0-7 days per week) before cardiac
event, the use of beta blockers (yes/no), use of statins (yes/no), left ventricular ejection fraction (%),
comorbidities. Psychological distress was accounted for with three questionnaires measuring vital
exhaustion, depression, and anxiety. Vital exhaustion was assessed using a 17-item questionnaire (17).
Depression and anxiety were assessed the validated Patient Health Questionnaire (PHQ-9) (18) and
General Anxiety Disorder questionnaire (GAD-7) (19), respectively.

Follow-up analyses were also investigated for the influence of VOapeak at baseline, the premature end of
rehabilitation and compliance to the CR program (<50%, 50-75% or >75% attendance).



Statistical analysis

The summed motivation score, RAI, is a continuous variable. For the descriptive statistics, the RAl was
categorized into low (RAI<0, medium (RAI 0-9) and high (RAI>10-20) levels of motivation. For the inferential
statistics, the RAI was used as a continuous variable.

Normally distributed variables were compared across the different levels of motivation using one-way
ANOVA. Non-normally distributed variables were tested using Mann-Whitney and Kruskal-Wallis tests,
while a Chi 2 test tested categorical data. Statistically significant differences between the groups were
tested with pairwise comparisons using t test and Chi 2 tests.

Correlation between the constructs of motivation and VO2peak Were assessed by scatterplots and tested
using Pearson’s Correlation.

The influence of motivation on VOapeak Was tested using multiple adjusted linear regression analyses.
Confounders for both baseline and follow-up analyses were identified according to previous literature (20,
21) and whether they were associated with CRF and motivation. Follow-up analyses were additionally
adjusted for VOzpeak at baseline and compliance to the CR program. Identified confounders were tested
sequentially against a simple regression model, and adjusted for sex and age to assess the impact on CRF.
Confounders that influenced a change in the estimate for motivation by more than 15% were included in
the final model (22). Due to the different continuous scales of the covariates, a standardized regression
model was conducted to compare the strength of the association of different continuous predictors with
the outcome within the same model.

A 2-tailed p value <0.05 was considered to be statistically significant. All statistical analyses were carried out
using STATA IC 13.1 (StataCorp LP).

Results

Two hundred and thirty-seven patients were initially included in the study. Two hundred and three
performed the baseline CPET and completed the BREQ-2 questionnaire. These patients comprised the
baseline analyses. One hundred and eighty-two patients performed the second CPET and comprised the
follow-up analyses. For a detailed overview of patient exclusion, see Figure 1.

Baseline characteristics
Baseline characteristics, according to the categorized RAI score (low, medium and high motivation), are
presented in Table 1.

The mean age of the population was 72 (+5) years old, and 73% was male. The majority were Western
European and living with a spouse. Almost half of the population had a higher educational attainment. Only
9% were current smokers. Half of the population had a PCl, 30 % CABG, 14% heart valve replacement and
5% no revascularization. The mean VOzpeak before CR was 18.2 (£5.0). The mean motivation RAI score was 5
(£7) ranging from -14 to 19.

Twenty-three percent of the population had low levels of motivation, while 31% were highly motivated.
Patients with a low level of motivation had an overall higher burden of risk factors: higher body mass index,
higher prevalence of both diabetes and hypertension, and lower LVEF. Patients with a low level of
motivation also tend to live alone more and score higher on vital exhaustion than patients with both
medium and high levels of motivation.



Differences between high and medium motivation levels were minor: Patients with a high level of
motivation had a lower prevalence of hypercholesteremia, less hypertension, and lower vital exhaustion
score.

There was a definite increase in VOypeak With an increasing level of motivation (p<0.001).

Constructs of motivation

A correlation between the five constructs of motivation and VOypeax Was tested using pairwise correlations
and scatterplots with a linear prediction (Figure 2). Except for introjected regulation, all constructs of
motivation were significantly correlated with VOzpeak at baseline. VOzpeak correlated most with RAI (r= 0.30,
p< 0.01). RAl also correlated with the other constructs of motivation. The highest correlation was observed
between RAI and VOypeak. Amotivation and external regulation were especially right-skewed, whereas
intrinsic regulation had a bimodal distribution.

To avoid multicollinearity between the different constructs of motivation, the RAl was chosen as the
primary exposure variable for the baseline analyses.

VO2peak before CR

VO2peak Was associated with sex, activity level, revascularization procedure, comorbidity, and vital
exhaustion, but not with age, ejection fraction, or use of beta-blockers. RAl and VOypeak Were significantly
correlated (Fig. 2). When adjusting for age and sex, the RAI remained significantly associated with VOzpeak
(Table 3). After multiple adjustments, motivation continued to be associated with VOapeak, €ven after an
adjustment for depression.

Motivation, depression, age and ejection fraction were standardized in the multiple models to compare the
importance of the individual covariates on the same scale. After standardization, motivation had a just as
high association with VOapeak as depression. Comorbidity also had a high impact on VOzpeak.

Change in VO2peax following CR

A mean improvement from CR was 2.27 ml/kg/min (SD+4.3), the equivalent of a 12% increase. In age and
sex, an adjustment change in VOypeak Was positively associated with motivation score, and negatively
associated with comorbidities and having hypertension.

In the multiple-adjusted model, motivation continued to be statistically associated with VO2peak, Whereas
depression was not associated. Age remained insignificant, and males improved more than females.
Smokers improve less than previous smokers and non-smokers. Using statins, having hypertension,
hypocholesteremia, and comorbidities also had a negative association with a change in VO2peak.

In the standardized model, comorbidities had the strongest association. Motivation had a strong
association along with a baseline VOazpeak.



Discussion

We aimed to investigate whether motivation, measured using BREQ-2, was a predictor of VOapeak before
and after CR in an elderly cardiac population. This is the first study to apply BREQ-2 to cardiac patients to
predict the success of CR. Using the computed RAI score, there was a significant association between
motivation and VOxpeak, both before and after CR. This was shown in both simple and multiple-adjusted
regression analyses.

Motivation as a predictor of VO2peak before and after CR

Applying the BREQ-2 to measure motivation seems to be a valid tool to predict physical capacity in the
elderly cardiac population. Psychological distress, measured using depression, anxiety, and vital exhaustion,
does not appear to affect this relationship.

In current CR programes, it is recommended that the patients are screened for psychological distress with,
for example, the Hospital Anxiety and Depression Scale (HADS) (23). The prevalence of psychological
distress is higher in the younger part of the cardiac population (24). These results showed that depression
is equally important for VOy.eak before CR. However, the presence of depression did not affect the impact of
motivation on VOqpeak. Vital exhaustion and anxiety did not have an impact on VOypeak before CR.

Motivation was the only psychological factor that had an impact on change in VO3peak following CR. Neither
depression, anxiety, nor vital exhaustion had an impact on change in VOypeak. This could suggest that it is
more relevant to screen older cardiac patients for motivation rather than other psychological factors, at
least if the purpose is to screen for physical condition.

It should be stressed that this is a selected patient group that has accepted CR. Less than 50% of cardiac
patients participate in CR (25), and it is uncertain whether these results can be generalized to patients that
don’t participate in CR, as they may have lower motivation. It is also uncertain whether this can be
transferred to younger cardiac patients (<65 years).

Constructs of motivation

BREQ-2 measured five constructs of motivation. In addition, we calculated the summed score, RAl. Some
literature suggests that applying a simple score, e.g., the RAIl, is a step backward and a simplification of the
SDT (ref).

We tested all possible constructs of motivation against VOypeak in this paper and found that the constructed
score was the only score that was normally distributed, and that this score also had the highest correlation
with VOapeak (Figure 2).

The skewness of amotivation, external regulation and intrinsic regulation, in particular, might be explained
by the selection of patients. The patients participated voluntarily in the CR program, and this suggests that
the patients had at least some motivation for exercise. Patients with a high level of amotivation may be
prone to reject participation in CR and participation in the study, introducing an increased risk of selection
bias. This suggests that not all constructs of motivation fit equally well for patients engaging in exercise-
based CR.



For future research, the model fit for amotivation specifically may be better if the BREQ-2 questionnaire is
collected while the patients are still hospitalized. Many cardiac patients never initiate CR, and these
patients, in particular, could prove to have higher levels of amotivation.

Strengths and weaknesses
The focus on adapting a simple screening tool for motivation is a new approach in cardiac rehabilitation.

Motivational interviews can be time-consuming, and demand extra resources in a CR unit. Using the BREQ-
2 could prove a relevant tool to guide therapists in targeting patients with low levels of motivation before
they initiate rehabilitation.

The prospective study design provided the high quality of the data, both with regards to exposures,
confounders, and endpoints. Also, given the nature of the prospective design, we could address the issue of
causality between exposure and outcome.

A significant limitation to this study is that the patients were required to speak sufficient Danish to
participate because they had to fill in Danish questionnaires, introducing a selection bias. Also, some
patients who participated in CR declined to enroll in the study.

Conclusion

Motivation predicted VOapea, both before and after participating in CR. Motivation measured with the
BREQ-2 questionnaire can be applied as a screening tool for elderly cardiac patients before they initiate CR,
both to detect patients with lower VOapeak, and to detect patients that will increase less in VOypeak after CR.



Table 1

Patient characteristics by level of motivation at the baseline

Motivation for physical activity

Low Medium High

(RAI<0) (RAI 0-9) (RAI 10-20)
N 46 (23%) 94 (46%) 63 (31%)
Age (years) 71.3%5 72.245 72.845 0.360
Sex (male) 34 (74%) 69 (73%) 46 (73%) 0.995
Body mass index (kg/m?) 29.3 (4.7) 26.8 (4.0) 26.3 (4.4) <0.001
Living status (alone) 21 (46%) 27 (29%) 18 (29%) 0.096
Ethnicity (Non- Western European) 2 (4%) 4 (4%) 6 (9%) 0.342
Educational attainment
Short-term education 26 (57%) 43 (46%) 38 (60%) 0.169
Long-term education 20 (43%) 51 (54%) 25 (40%)
Index event
ACS 17 (37%) 48 (52%) 36 (57%) 0.200
Stable CAD 22 (48%) 34 (36%) 17 (27%)
Heart valve replacement 7 (15%) 11 (12%) 10 (16%)
Smoking status
Never smoked (>1year) 27 (59%) 58 (62%) 14 (63%) 0.094
Former smoker (<lyear) 14 (30%) 29 (31%) 17 (27%)
Smoker 5 (11%) 7 (7%) 6 (10%)
Hypertension (yes) 14 (70%) 32 (66%) 37 (59%) 0.468
Hypercholesterolemia (yes) 35 (76%) 66 (71%) 35 (55%) 0.047
Ejection fraction (%) 50% 52% 53% 0.031
Diabetes (yes) 16 (35%) 15 (16%) 8 (13%) 0.009
Peripheral artery disease (yes) 4 (9%) 11 (12%) 4 (6%) 0.485
COPD (Yes) 2 (4%) 8 (9%) 5 (8%) 0.666
Kidney disease (yes) 5(11%) 11 (12%) 8 (13%) 0.978
Beta blockers (yes) 34 (74%) 64 (68%) 44 (70%) 0.779
Statins (yes) 40 (87%) 83 (88%) 55 (87%) 0.969
Vital exhaustion (0-17 score) 5.6 (4.1) 4.2 (4.1) 3.6(3.4) 0.027
PHQ-9 (0-27 score) 5.8 (4.6) 5.2 (4.8) 4.4 (4.3) 0.641
GAD-7 (0-21 score) 4.1(4.4) 3.4 (4.5) 2.6 (3.4) 0.607
VO2peak (ML/kg/min) 16.1(3.9) 17.5 (4.7) 20.3 (6.0) <0.001

Abbreviations: RAI, relative autonomy index; ACS, acute coronary syndrome; CAD; coronary artery disease; COPD;
chronic obstructive pulmonary disease; PHQ-9; patient health questionnaire; GAD-7; generalized anxiety disorder.

Data are reported as mean * SD or number (%).



Table 2

Standardized coefficients of predictors of VO2peak before cardiac rehabilitation (A) and a change in VO2peak

following cardiac rehabilitation (B). Values indicate the difference in ml/kg/min.

A

Motivation (RAI pr. SD)
Age (pr. SD)

Sex (male)

Activity level (>30 min.)
2-4 days

5-7 days

Index diagnosis

Stable CAD

Heart valve replacement
Ejection fraction (pr. SD)
COPD (yes)

Diabetes (yes)
Kidney disease (yes)

PHQ-9 (pr. SD)

B

Motivation (RAI pr. SD)
Baseline VOzpeak (pr. SD)
Age (pr. SD)

Sex (male)

Smoking status
Previous smoker
Current smoker
Diabetes (yes)

Kidney disease (yes)
PHQ-9 (pr. SD)

Age and sex adjusted
1.70 (1.04 - 2.37) ***
-1.47 (-3.09 - .15)
2.65 (1.06 - 4.24) ***
0 days
1.71 (-.04 - 3.45)
3.54 (1.93 - 5.15) ***
ACS
-1.76 (-3.29--.23) *
-2.47 (-4.62--32) *
1.28 (.46 -2.09) *
-2.34 (-5.03 - -.35)
-4.01 (-5.71 - -2.30) ***
-3.98 (-6.14 - -1.82) ***
-1.28 (-1.99 - -.58) ***
l Age and sex adjusted
.57 (.12-1.01) *
-.56 (-1.16 - .21)
-.84 (-1.85-.18)
-.18 (-1.21 - .85)
Never smoker
-23 (-1.22-.77)
-1.43 (-3.00 - .14)
-1.37 (-2.50 - -.24) *
-0.98 (-2.37 -0.42)
.22 (-.24 - .69)

Multiple adjusted model
1.05 (.43 - 1.69) **
-1.02 (-2.47 - .42)
3.23 (1.85-4.60) ***
0 days
1.01 (-.52 - 2.56)
2.64 (1.18 - 4.10) ***
ACS
-.90 (-2.25 - .45)
-1.80 (-3.69 - .09)
1.24 (.54 - 1.94) **
-2.09 (-4.35 - .17)
-2.22 (-3.81--.64) *
-3.24 (-5.13 - -1.35) **
-89 (-1.51--.28) *
Multiple adjusted model
78 (.33 -1.24) **
-1.30 (-1.94 - -.66) ***
-1.00 (-2.01--0.01) *
.74 (-.28 - 1.76)
Never smoker
-.37 (-1.34 - .59)
-1.89 (-3.36 - -.40) *
-1.62 (-2.78 - -.48) **
-1.45 (-2.84 --0.06) *
.21 (-.24 - .66)

Significance levels: *p<0.05, **p<0.01, ***p<0.001. Abbreviations: RAI, relative autonomy index; ACS, acute coronary

syndrome; CAD; coronary artery disease; COPD; chronic obstructive pulmonary disease; PHQ-9; patient health

guestionnaire.

Figure 1
Flowchart of patient exclusion
236 signed the informed consent
14 were considered ineligible for CPET testing and performed a six-minute walk test
6 withdrew the informed consent before performing first VOzpeak test
13 did not complete the questionnaires
203 performed first CPET and questionnaires and comprised the baseline analyses
16 dropped out of rehabilitation
187 performed the second CPET and comprised the follow-up analyses

Figure 1: Flowchart of the patient population with the number of patients excluded and the reason for exclusion
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Figure 2

Scatterplot and Spearman correlation coefficient (r) of constructs of motivation and VOzpeak
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Appendix

EXERCISE REGULATIONS QUESTIONNAIRE (BREQ-2)

Age: years Sex: male  female (please circle)

WHY DO YOU ENGAGE IN EXERCISE?

We are interested in the reasons underlying peoples’ decisions to engage, or not
engage in physical exercise. Using the scale below, please indicate to what ex-
tent each of the following items is true for you. Please note that there are no
right or wrong answers and no trick questions. We simply want to know how
vou personally feel about exercise. Your responses will be held in confidence
and only used for our research purposes.

Not true Sometimes Very true

for me true for me for me
1 I exercise because other people 0 1 2 3 4
say I should
2 I feel guilty when I don’t exercise 0 1 2 3 4
3 Ivalue the benefits of exercise 0 1 2 3 4
4 T exercise because it’s fun 0 1 2 3 4

5 Idon’t see why I should have to exercise 0 1 2 3 4

6 I take part in exercise because my 0 1 2 3 4
friends/family/partner say I should
7 1 feel ashamed when I miss an 0 1 2 3 4

EXETCISE 555100

8 If's important fo me to exercise regularty 0 1 2 3 4

9 Ican’t see why I should bother exercising 0 1 2 3 4
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Abstract

Background: Improvement in exercise capacity is a main goal of cardiac rehabilitation (CR) but the
effects are often lost at long-term follow up and thus also the benefits on prognosis. We assessed
whether improvement in VO2peak during a CR program predicts long-term prognosis.

Methods and results: We performed a retrospective analysis of 1561 cardiac patients completing
CRin 2011- 2017 in Copenhagen. Mean age was 63.6 (11), 74% were male, and 84% had coronary
artery disease, 6% chronic heart failure and 10% heart valve replacement. The association
between baseline VO2peak and improvement after CR and being readmitted for CVD and/or all-
cause mortality was assessed with three different analyses: Cox regression for the combined
outcome, for all-cause mortality and a multi-state model. During a median follow-up of 2.3 years,
167 new readmissions for cardiovascular disease and 76 deaths occurred. In adjusted Cox
regression there was a non-linear decreasing risk of the combined outcome with higher baseline
VOzpeak and with improvement of VOopeak after CR. A similar linear association was seen for all-
cause mortality. Applying the multi-state model, baseline VOzpeak and change in VO2peak Were
associated with risk of a new CVD admission and with all-cause mortality but not with mortality in
those having an intermediate readmission for CVD.

Conclusion: VOypeak as well as change in VOzpeak Were highly predictive of future risk of
readmissions for CVD and all-cause mortality. The predictive value did not extend beyond the next
admission for a cardiovascular event.

Keywords: Cardiac rehabilitation, VO2peak, multi-state model, secondary prevention, exercise
testing, exercise capacity



Introduction

Cardiac rehabilitation (CR) increases exercise capacity (VOzpeak), quality of life and
reduces the risk of subsequent cardiovascular mortality and morbidity (1-4). Exercise
training is a core component of CR and improvement of VO2peak is @ common criterion
to measure effect of a CR intervention (5). VOxzpeak is likewise a strong individual
predictor of mortality and morbidity (6).

Improvement in VOzpeak after CR differs among patients (7) and both ethnic,
psychosocial and physical characteristics such as age, sex and pre-existing fitness level
have been shown to predict these differences (7-9). Few studies have addressed
whether difference in improvement of VOapeak affects future risk of mortality. The
prognostic effect of CR, in terms of future morbidity and mortality, has mainly been
investigated comparing participation vs. non-participation in CR (3, 4).

Risk of future readmissions for CVD and mortality (MACE) is commonly used as a
composite endpoint for long-term prognosis after CR, as is risk of all-cause mortality
(10, 11). Newer statistical methods, multi-state-models, have also made it possible to
investigate terminal and non-terminal outcomes separately using a semi-competing
risk scenario. Applying such methodology offers a better understanding of the disease
process.

We investigated the prognostic value of VO2peak and change in VOzpeak after CR on risk
of MACE and all-cause mortality, and, in addition applied a multi-state model to
investigate risk of future readmissions for CVD and mortality to better understand how
VOypeak affects the progression of disease (12).

Material and methods

Population

We investigated characteristics and clinical outcomes of cardiac patients diagnosed
with coronary artery disease (myocardial infarction and patients undergoing PCl or
CABG), chronic heart failure or heart valve replacement, who were referred to- and
completed a CR program between 1/1/2011 and 30/12/2017. The patients were
identified using a local clinical database from the CR unit at Bispebjerg and
Frederiksberg hospitals.

Rehabilitation program

Patients participated in an eight-week supervised outpatient exercise intervention with
two weekly training sessions of 1.5 hours with high intensity interval- (80% of VO2peak)
and resistance training. The training sessions was complemented with weekly group-
based patient education on lifestyle risk factor management, psychological health and
diet counselling.

The study was approved by the Danish Data Protection Agency (BFH-2017-117;
06028). According to Danish legislation no ethical approval was required.

Baseline and explanatory variables

VOzpeak Was assessed before CR (6-8 weeks post-surgery) and after CR using a
cardiopulmonary exercise test (CPET) with a maximal symptom limited bicycle
ergometer test (Via Sprint 150P, Ergoline, Germany). Breathing gases were collected
and analysed breath-by-breath (Jaeger, Master Screen CPX vers.5.21, Cardinal Health,
Germany). Each test aimed at physical exhaustion and a respiratory exchange ratio of
more than 1.1 to ensure the validity of the CPET test. (13) The CPET was performed at



baseline and after CR. Patient characteristics and explanatory variables were assessed
and entered in the local database as the patients entered CR.

Primary endpoints

With the use of a unique personal identification number the patients were linked

to the Danish national registries, which are continuously updated on hospital
admission, death and emigration.

Readmissions for CVD were defined as a composite of myocardial infarction (121),
unstable angina pectoris (120), heart failure (150) and stroke (163) and ascertained
through linkage with: The Danish National Patient Register (14) From The Danish Civil
registration system (15) information on all-cause mortality and emigration was
ascertained. We defined MACE as the combination of hospital admission for CVD and
all-cause mortality.

Potential confounders

Age, sex, working status (employed, unemployed, retired, and being on disability
pension), educational attainment (no education, short-term education, medium
education, and higher education), index diagnosis, medication, tobacco use, chronic
obstructive pulmonary disorder, diabetes, kidney disease and peripheral artery
disease.

Statistical analysis

Difference in clinical characteristics were compared with Chi-square test for categorical
variables, and t-tests for continuous variables when normally distributed and Mann-
Whitney when non-normally distributed.

We used Cox proportional hazards models to determine the associations between
VOzpeak before CR as well as change after CR, both for risk of MACE and risk of
mortality. All models were adjusted for confounding factors. Survival time was
calculated from the date of final VO2peak test to first event. Patients were censored at
first event or if follow-up ended and patients were still event-free.

Risk of new readmissions and death was also analysed using a semi-competing risk
model, the multi state model (16). In the multistate model, patients are not censored if
they are readmitted for CVD. When applying the multistate model, all patients
completing CR were at risk of being readmitted for CVD (figure 3, transition 1). If
readmitted for CVD, patients stayed in the cohort and stayed at risk of dying (transition
2). The patients that were not admitted for CVD were similarly at risk of dying
(transition 3).

A 2-tailed p value <0.05 was considered as statistically significant. Statistical analyses
were carried out using the free statistical software R. (17) R package mgcv was used to
perform the fitting of the Cox proportional hazards models (18) including possible non-
linear effects of the continuous covariates (i.e. age, baseline VOpeak, change in VOzeak),
while survival (19) and smooth HR (20) packages were used for graphics. Bayes X (21)
was used to fit the multistate survival models.

Results

Study population

Between 2011 and 2017, 1561 patients participated in- and completed the outpatient
CR program. Mean age was 63.6 (11), 74% were male, and 84% had CAD, 6% CHF and



10% heart valve replacement. Distribution of baseline characteristics according to
readmissions and mortality are given in table 1.

Median follow-up time was 2.3 years (IQR 1.3 — 4.1 years). There were 167
readmissions for CVD and 77 deaths, of which 25 occurred after suffering a new
hospital admission.

The patients that died, whether with or without an intermediate readmission, were
older, lived alone, were more likely to be retired, had lower educational attainment
more co-morbidity and had lower VOzpeak than patients that survived throughout the
follow-up.

Influence of VO2peak o0n MACE

Baseline VO2peak Was highly predictive of suffering a MACE after CR (see figure 1, a)
with a linear association which remained statistically significant after full adjustment.
The HR for MACE was 0.94 (0.91-0.97) for each ml/kg/min change in baseline VOjpeak.
Change in VOzpeak Showed a highly significant curvi-linear association with risk of MACE
(figure 1 b). Results of the regression analyses are given in table 2. Males were at
higher risk than females (HR 1.98, p=0.003). CHF, having been revascularized with PCI
and suffering from peripheral artery disease were also associated with risk of MACE.
(see table 2)

Influence of VOzpeak 0n all-cause mortality

Baseline VO2peak Was highly predictive of future risk of mortality with a linear
association, HR 0.89 (0.83 - 0.95) per ml/kg/min, as was change in VO2peak, HR 0.87
(0.80 - 0.96) (figure 2 a and b). Having CHF and peripheral artery disease was also
associated with higher mortality risk but the association between VOzpeak and outcome
remained largely unaffected by adjustment (table 2).

Multi-state model: Influence of VO2peak 0n new readmissions for CVD and/or
all-cause mortality

Transition 1: Risk of being readmitted for CVD

167 patients were readmitted for CVD. There was a significant non-linear association
between baseline VO2peak and a linear association between change in VO2peak and
readmission for the range of change in VOzpeak from -2ml/kg/min to 2ml/kg/min. The
hazard did not increase nor decrease significantly with greater changes of VO2peak. See
figure 4, a+b, transition 1.

Transition 2: Risk of dying after a readmission for CVD

25 patients died after a hospital readmission. The risk of dying after readmission was
not associated with baseline VO2peak or change in VOopeak (fig 4 c+d). Having CHF at
baseline was the only significant predictor of mortality in this transition, although
statistical power was limited.

Transition 3: Risk of dying without an intermediate readmission for CVD

52 patients died without an intermittent hospital admission. Both baseline and change
in VO2peak Were highly predictive of all-cause mortality (fig 4 e+f). Males had higher risk
of dying (HR 3.85, P=0.031). See table 3

Discussion
Change in VOzpeak following CR was highly predictive for the risk of future readmissions
for CVD and all-cause mortality, even after full adjustment for baseline VOzpeak, cardiac



diagnosis and co-morbidities. This result seems to emphasize the importance of
achieving significant improvements in VOzpeak during a CR program. The results of the
multistate model, however, indicate that the mortality benefits of baseline and
improvement in VO2peak do not extend beyond the first readmission for CVD.

Use of VO2peak as endpoint for success in CR

We found that both baseline VOzpeak and change in VO2peak after CR were inversely
associated with future risk of readmissions for CVD and mortality. Change in VO2peak is
the main measure used when evaluating the impact of a CR program both with regards
to individual changes, and for comparison with no CR or alternative CR delivery modes
such as homebased- or telemonitored CR. To our knowledge, only one previous study
has investigated the effect of change in VO2peak 0n mortality. This was a retrospective
study of 5641 patients with coronary artery disease participating in CR with a one year
follow-up (22). This study also found an inverse association between change in VOzpeak
and risk of mortality. There are, however, important methodological differences to our
study. We performed a gold standard cardiopulmonary exercise test, whereas the
comparative study applied a graded exercise test which is not validated to estimate
change in effect over time, something they also pointed out as a limitation in their
study. In addition to mortality, the present study addresses CVD outcomes over an
extended period (median 2.3 years versus 1-year).

Application of the multi-state model in a semi-competing risk setting

In addition to the Cox-model we applied a multi-state model to analyse a semi-
competing risk scenario of being readmitted for CVD and/or all-cause mortality. This
model adds a dimension to the traditional Cox-model. In our study, adding the multi-
state model provided information on otherwise censored patients that were
readmitted for CVD and then died in the follow-up. This prediction model provides a
new dimension to the extent to which VOypeak can predict future outcomes. The model
has been applied previously in cardiovascular research (23-25) but not in CR. Upshaw
et al. 2016, proposed the use of multi-state models to predict risk of heart failure
hospitalizations and all-cause mortality arguing the strength of not censoring patients
in case of non-terminal events (25).

The multi-state analysis found the same inverse association between both baseline
VO2peak and change in VOzpeak and risk of all-cause mortality. In addition, the model
added a level to the risk prediction, transition 2; the risk of all-cause mortality after
being readmitted for CVD. There was no association between baseline VO2peak and risk
of mortality if the patients readmitted for CVD after CR. This result indicates that the
protective effect that improved VOzpeak is No longer present if a patient is readmitted
to hospital. This may imply a need for a new CR intervention. However, only 25
patients died after readmission for CVD, so this result should be confirmed in a larger
cohort with a larger number of readmissions.

Limitations

There are some limitations to this study. One is that we assessed only patients who
completed CR, introducing the risk of selection bias. Hence, these results may not be
generalizable to cardiac patients not attending CR. Some confounding factors were
missing at large, such as left ventricular ejection fraction and cancer making the study
prone to some residual confounding. However, this clinical database contained most
important clinical variables, so residual confounding was considered to be minimal.



Conclusion

Both baseline VOzpeak and improvement in VOzpeak during a CR program are strong
predictors of subsequent prognosis in cardiac patients. Patients that are not able to
improve their exercise capacity from CR have increased risk of future readmissions for
CVD and mortality. Future studies should address how prognosis can be improved in
these patients. Also, our results indicate that the protective factor of improved VO2peak
is restricted to the time until new CVD admissions occur, and this may indicate the
need for repeated participation in CR.
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Figure 1
Risk of MACE from baseline VO2peak (a) and change in VOzpeak (a)
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Figure 1: Smooth log hazard ratio estimates with 95 % pointwise credible bands for
baseline VO2peak (taking value 15 as reference) and change in VOxpeak (taking O as
reference) Adjusted for: Age, sex, index diagnosis, revascularization and peripheral
artery disease.



Figure 2
Risk of death from baseline VO2peak and change in VOzpeak

Risk of all-cause mortality Risk of all-cause mortality  (b)

(a)

T T~ .. Ref=15

Lin HR{Z Zref)

T TT T T T T - T T T T T T ,I"
8 150 20 25 X 35 40 a B 4 .20 00 2 4 B & 10

VO 2peak at baseline Change in VO2peak

Figure 2: Adjusted smooth log hazard ratio estimates with 95 % pointwise credible
bands for baseline VOapeak (taking value 15 as reference) and change in VOzpeak (taking
0 as reference) Adjusted for: Age, sex, index diagnosis, revascularization and peripheral
artery disease.

Figure 3
Flowchart of the multi-state model transitions
New
cardiovascular
event
T1 T2
N= 167 N= 25
End of cardiac T3 .| All-cause
rehabilitation N= 52 |  mortality

Figure 3 shows the different transitions in the multi-state model. Transition 1(T1) is the
risk of readmission for CVD after cardiac rehabilitation. Transition 2(T2) is the risk of
mortality after readmission for CVD. Transition 3(T3) is the risk of mortality without
suffering an intermediate readmission.
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Figure 4
Multi-state models for baseline VOzpeak (a) and change in VO2peak after CR (b) in all
three transitions. Transition 1 (risk of readmission) Transition 2(risk of mortality after
readmission) Transition 3 (risk of mortality without intermediate readmission)
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Tablel

Demographic characteristics of the population. First total population, then the
subpopulation of patients readmitted for CVD

Variables Level No Death Readmis P- Readmission P-
events sion value N=167 value
Survived Died
N=1342 N-=52 N =167 N =141 N =25
Age Mean (SD)  63(11) 72(9) 65 (11) <0.00 | 64 (11)  71(8) <0.00
(vears) 1 1
Sex Males 1002 39 134 0.289 | 114 20 (77%) 0.846
(75%) (75%) (80%) (81%)
BMI Mean (SD)  27.5(5) 27.5(5) 27.8(4) 0.513|27.8(5) 27.9(4) 0.980
Co- Yes 809 24 89 (53%) 0.002 | 79 (56%) 10 (38%) 0.101
habitant (60%) (46%)
Ethnicity Western 1126 46 142 0.827 | 116 26 0.066
European (84%) (88%) (85%) (82%) (100%)
Index ACS 764 30 96 (59%) 0.219 | 85 (62%) 11 (42%) 0.115
diagnosis (59%) (59%)
Stable CAD 325 11 45 (27%) 37 (27%) 8 (31%)
(25%) (22%)
CHF 72 (6%)  5(10%) 14 (9%) 9 (7%) 5 (19%)
Heart valve 156 5(10%) 9 (5%) 7 (5%) 2 (8%)
replacemen (11%)
t
Revascula PCI 767 35 113 0.062 | 98 (72%) 15 (62%) 0.330
rization (59%) (70%) (70%)
CABG 296 8(16%) 29 (18%) 25 (18%) 4 (17%)
(23%)
None 227 7 (14%) 19 (12%) 14 (10%) 5 (21%)
(18%)
Working  Employed 460 3(6%) 39 (6%) <0.00 | 37 (28%) 2 (8%) 0.027
status (35%) 1
Unemploye 74 (6%) 1(2%) 12 (2%) 12 (9%) 0 (0%)
d
Retired 694 46 100 77 (58%) 23 (88%)
(53%) (92%) (63%)
Disability 79 (6%) 0(0%) 7 (4%) 6 (5%) 1 (4%)
Education No 187 7 (18%) 32 (24%) <0.00 | 27 (19%) 5(19%) 0.958
al education (16%) 1
attainme  Short term 502 21 60 (44%) 49 (35%) 11 (42%)
nt (37%) (55%)
Medium 195 5(13%) 15 (11%) 13 (9%) 2 (8%)
(16%)
Higher 303 5(13%) 29 (21%) 25 (18%) 4 (15%)
(26%)
Smoking  Non-smoker 835 27 101 0.109 | 84 (60%) 17 (65%) 0.615
status (62%) (52%) (60%)
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Diabetes

COPD
PAD

Kidney
disease
Beta
blockers
Statins

VOZpeak
baseline
Change in
VOZpeak

Previous
smoker
Current
smoker
Yes

Yes
Yes

Yes

Yes

Yes
Median
(IQR)

Median
(IQR)

274
(20%)
182
(14%)
205
(16%)
120 (9%)
79 (6%)

66 (5%)

976
(77%)
1103
(87%)
21.7
(6.8)
2.6 (3.9)

11
(21%)
8 (15%)

12
(24%)

9 (18%)
9 (19%)

8 (19%)

31
(748&)
35
(81%)
17.8
(4.6)
1.2
(4.9)

31 (19%)
24 (14%)
33 (21%)

20 (13%)
18 (12%)

9 (6%)

123
(82%)
138
(92%)
20.8
(7.1)
0.5 (3.1)

0.08

0.06
<0.00

<0.00

0.290

.009

<0.00

<0.00

28 (20%)
19 (13%)
26 (20%)

13 (10%)
10 (8%)

7 (6%)

102
(81%)
116
(92%)
21.3(7)

2.4 (4.1)

3 (12%)
5 (19%)
7 (27%)

7 (27%)
8 (31%)

2 (8%)
21 (88%)
22 (92%)
17.8 (5)

1.2 (3.4)

0.585

0.044
0.002

0.984

0.634

[EY

0.020

0.152

Abbreviations: BMI; Body mass index, ACS; acute coronary syndrome, CAD; coronary

artery disease, CHF; chronic heart failure, PCl; percutaneous coronary intervention,
CABG; coronary artery bypass grafting, COPD, chronic obstructive pulmonary disease,

PAD; peripheral artery disease.
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Table 2

Hazard ratios (and 95% Confidence Intervals) from Cox-regression models for MACE

and death of all causes

(A) Risk of MACE

(B) Risk of death

Variables

Age (per year)
Sex (males)

Index diagnosis
ACS

Stable CAD

Heart valve disease
CHF
Revascularization
CAGB

None

PAD (yes)
Baseline VOzpeak
(ml/kg/min)
Change in VO2peak
(ml/kg/min)

HR
1.01
1.98%**

ref
0.97
1.56
2.71%*
PCI
0.59*
0.32**
1.98**

0.94%**

95% Cl
(0.99 - 1.03)
(1.25 - 3.14)

(0.68 - 1.39)
(0.57 - 4.23)
(1.13 - 6.49)
PC
(0.38 - 0.90)
(0.14 - 0.72)
(1.22 -3.22)

(0.91-0.97)

HR
1.06**
2.19

ACS

1.10
2.19
5.39*
PCI
0.68
0.57
2.23*

0.89**

0.87**x*

95% Cl
(1.02 - 1.10)
(0.92 - 5.22)

ACS

(0.56 - 2.16)
(0.38 - 12.68)
(1.37 - 21.15)
PCI
(0.31 - 1.49)
(0.16 - 2.06)
(1.04 - 4.76)

(0.83 - 0.95)

(0.80 - 0.96)

*P<0.05, **P<0.01, ***P<0.001. Abbreviations: MACE; major adverse cardiovascular
events, ACS; acute coronary syndrome, CAD; coronary artery disease, CHF; chronic
heart failure, PCl; percutaneous coronary intervention, CABG; coronary artery bypass

grafting, PAD; peripheral artery disease.
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Table 3

Transitional HRs for Multistate Prediction Model

T1:End CRto T2: Readmission T3: End CR to death
readmission to death
Variables HR 95% ClI HR 95% ClI HR 95% ClI
Age (per year) * 1.01 (0.99-  1.08* (1.01-1.17) 1.05*  (1.00-1.1)
1.03)
Sex (males) 2.01* (1.24 - 0.54 (0.12 - 3.85* (1.12 -
3.26) 2.31) 13.15)
Index diagnosis ACS ACS ACS
Stable CAD 1.07 (0.72- 2.30 (0.77-6.88) 0.69 (0.28-1.72)
1.59)
Heart valve 0.61 (0.24- 5.05 (0.47- 0.67 (0.08-5.47)
disease 1.54) 54.44)
CHF 2.32  (0.7-7.65) 18.63 (0.84- 3.82  (0.6-24.22)
415.1)
Revascularization PCI PCI PCI
CAGB 0.53*  (0.33-  1.78 (0.41 - 0.47 (0.17 -
0.84) 7.65) 1.31)
None 0.38 (0.15—  0.78 (0.04 — 0.47 (0.07 —
0.95) 14.28) 3.03)
PAD (yes) 2.04*  (1.24- 261 (0.74 - 2.51 (0.90 —
3.36) 9.27) 7.03)
Baseline VOzpeak  0.95**  (0.92-  0.99 (0.87-1.12) 0.86*** (0.79-0.94)
* 0.99)
Change in VOzpeak
-5.00 1.87 (1.02- 1.03 (0.35-3.00) 3.08  (1.50-6.31)
3.45)
-4.00 2.00 (1.20- 1.03 (0.44-2.37) 2.45  (1.39-4.32)
3.34)
-3.00 1.96 (1.3-2.97) 1.02 (0.55-1.89) 1.95  (1.28-2.97)
-2.00 1.72 (1.27- 1.02 (0.68-1.52) 1.55  (1.17-2.06)
2.32)
-1.00 1.35 (1.15- 1.01 (0.83-1.23) 1.25 (1.08-1.43)
1.58)
0.00 (reference) 1.00 - 1.00 - 1.00 -
1.00 0.75 (0.64- 0.99 (0.82-1.20) 0.80 (0.70-0.92)
0.88)
2.00 0.61 (0.46- 0.99 (0.68-1.45) 0.65 (0.49-0.85)
0.81)
3.00 0.55 (0.38-0.8) 1.00 (0.57-1.74) 0.52 (0.34-0.79)
4.00 0.54 (0.35- 1.01 (0.48-2.10) 0.42 (0.24-0.73)
0.83)
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5.00 0.56 (0.35-  1.02 (0.41-2.55) 033  (0.16-0.67)
0.90)

*P<0.05, **P<0.01, ***P<0.001. Abbreviations: Cl; confidence intervals, CR; cardiac
rehabilitation, ACS; acute coronary syndrome, CAD; coronary artery disease, CHF;
chronic heart failure, PCl; percutaneous coronary intervention, CABG; coronary artery
bypass grafting, PAD; peripheral artery disease. * Indicates that the presented hazard
ratio was calculated considering the variable effect as linear.
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