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Abstract

Introduction

Studies on effectiveness of cardiac rehabilitation (CR) in elderly cardiovascular disease
patients are rare, and it is unknown, which patients benefit most. We aimed to identify pre-
dictors for 1-year outcomes of cardiorespiratory fitness and CV risk factor (CVRF) control in
patients after completing CR programs offered across seven European countries.

Methods

Cardiovascular disease patients with minimal age 65 years who participated in comprehen-
sive CR were included in this observational study. Peak oxygen uptake (VO,), body mass
index (BMI), resting systolic blood pressure (BPsys), and low-density lipoprotein-cholesterol
(LDL-C) were assessed before CR (T0), at termination of CR (T1), and 12 months after start
of CR (T2). Predictors for changes were identified by multivariate regression models.

Results

Data was available from 1241 out of 1633 EU-CaRE patients. The strongest predictor for
improvement in peak VO, was open chest surgery, with a nearly four-fold increase in sur-
gery compared to non-surgery patients. In patients after surgery, age, female sex, physical
inactivity and time from index event to TO were negative predictors for improvement in peak
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VO.. In patients without surgery, previous acute coronary syndrome and higher exercise
capacity at TO were the only negative predictors. Neither number of attended training ses-
sions nor duration of CR were significantly associated with change in peak VO,. Non-sur-
gery patients were more likely to achieve risk factor targets (BPsys, LDL-C, BMI) than
surgery patients.

Conclusions

In a previously understudied population of elderly CR patients, time between index event
and start of CR in surgery and disease severity in non-surgery patients were the most impor-
tant predictors for long-term improvement of peak VO,. Non-surgery patients had better
CVREF control.

Background

Comprehensive cardiac rehabilitation programmes (CR) have the potential to improve cardio-
respiratory fitness (CRF) [1], cardiovascular risk factors (CVRF) [2], and reduce hospitalisa-
tions and cardiovascular mortality [2-6]. However, long-term CVRF control in patients with
acute and chronic coronary syndromes remains poor across Europe [7]. Studies on short- and
long-term effectiveness of CR generally suffer from underrepresentation of elderly patients,
particularly patients older than 80 years of age.

The mean age of classical CR studies was around 60 to 62 years, and predictors for a lesser
improvement in CRF have been found to be older age, female sex, increased body mass index
(BMI), smoking and presence of diabetes mellitus (DM) [8-10]. Whether the same factors are
responsible for effectiveness in elderly CR patients, has not been investigated so far.

EU-CaRE was a European project focusing on the effectiveness and sustainability of CR
programs in the elderly (65 years or above). The main objective of EU-CaRE was to obtain the
evidence base to improve, tailor and optimise CR programmes regarding sustainable effective-
ness, cost-effectiveness and participation level. EU-CaRE involved eight participating CR sites
in seven countries (Denmark, France, Germany, Italy, the Netherlands, Spain and Switzerland)
[11].

The purpose of the present study was to identify predictors for CR effectiveness in terms of
improvement in CRF and CVRF control, namely goal-directed therapy of low-density-lipo-
protein-cholesterol (LDL-C), blood pressure (BP), weight, and HbAlc in patients with DM.
Depending on the nature of identified predictors, better results by CR may be achieved
through appropriate adaptation of the CR programmes.

Methods

The EU-CaRE observational study compared different CR programmes provided to elderly
cardiac patients at eight European sites in Bern, Copenhagen, Ludwigshafen, Paris, Parma,
Nijmegen, Santiago de Compostela and Zwolle. We aimed at including a total of 1760 patients
equivalent of 220 patients from each site. The CR program offered at each site has been
described previously [12].

Study population

The study population and baseline data have been reported previously [11]. Briefly, elderly (65
+) patients participating in CR of one of the eight European centres after coronary artery
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bypass grafting (CABG), percutaneous coronary intervention (PCI) or without revasculariza-

tion as well as after percutaneous or surgical valve replacement (HVR) were included. Patients
were assessed at baseline before commencing CR (T0), after completing the CR program (T1)

and at 1-year follow-up (T2).

The study was approved by the lead ethics committee (Medisch Ethische Toetsingscommis-
sie at Isala, Netherlands) and all relevant medical ethics committees, registered at trialregister.
nl (NTR5306). The participants gave written informed consent before they were included in
the study.

Data collection

Recorded information included demographics, index event, socioeconomic factors, medical
history including co-morbidity, and clinical information such as weight, blood pressure (BP),
resting heart rate and CRF (cardiopulmonary exercise testing, CPET), medication, and patient
reported outcomes which included physical activity in terms of number of days per week with
at least moderate physical activity of minimally 30 min. Obesity was defined as body mass
index (BMI) >30 kg/m®. Exercise capacity was assessed by CPET. Number of attended train-
ing sessions were monitored at each site, offered sessions ranged from 10 to 36 between sites.
Lag time of CR start was defined as days between revascularisation or valve treatment and CR
entry visit (T0). Date of first diagnosis was used to calculate lag time in stable CAD patients
without surgical or percutaneous intervention. CR duration was defined as days between CR
start (T0) to CR conclusion (T1). Details on the data collected have been provided elsewhere
[11-14].

CPETs were performed on cycle ergometers with spirometry, electrocardiogramme regis-
tration and blood pressure measurement using local certified equipment and a common pro-
tocol according to current recommendations [15]. A warm-up at 5 Watt was performed for 3
min. The ramp protocol was individualized to achieve the optimal test duration of 8-12 min
until exhaustion. We aimed to surpass the anaerobic threshold and a respiratory quotient
(RQ) of >1.1. CPET data was analysed in the CPET core lab in Bern. Peak oxygen uptake
(VO,) was determined from raw data files using MATLAB software from MathWorks®). Gas
measures were excluded from the analysis in case of suspected mask leakage or equipment fail-
ure or if the ramp duration was less than 3 min. In these cases, VO, was calculated with a for-
mula using the maximum Watt [16].

Outcomes

Predictors were sought for the primary outcome, changes in CRF (T2-T0), namely change in
peak VO, [ml/kg/min]. Predictors were also sought for secondary outcomes, namely for
CVREF control at T1 and T2, including the achievement of target levels according to current
guidelines [15] as follows: systolic BP (BPsys) < 140 mmHg, LDL-C < 1.8 mmol/l, BMI < 30
kg/m” (non-obesity) or lowering body weight by > 5%, and HbA1c in diabetic patients < 53
mmol/mol.

Statistical analysis

All statistics were performed with R (Version 3.5.1, R Core Team, 2017).

Robust linear mixed models were performed for change in peak VO, [ml/min/kg] between
T0 and T2 (function rlmer from package robustlmm version 2.3). The following factors were
included as predictor variables: Age, sex and peak exercise capacity at T0, comorbidities, car-
diovascular risk factors and characteristics of CR, namely, lag time of CR and CR duration and
self-reported physical activity level during follow-up. Centre was entered into the model as a
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random factor. Further, factors from a list of cardiovascular risk factors and comorbidities
(provided in S1 Table) were selected by backward step-wise regression. Non-significant vari-
ables were eliminated from the model manually by individually removing the variable with the
largest p-value until any insignificant (p>0.01) parameters were removed from the model.
This was done to avoid removing non-significant variables which had a large effect on other
significant variables. To adjust at least for some of the multiple testing, alpha was arbitrarily set
at 0.01 for all analyses. The resulting model was also performed with an imputed data set. Miss-
ing values were imputed with multiple imputation (5 imputations, 10 iterations) with predic-
tive mean matching for all variables using the function mice from mice package (v3.4.0).

Logistic regression models were performed using the glmer function of the Ime4 package
(v1.1-21) for CVREF control (non-/achievement of target levels) at T1 and T2. CR centres were
included as random factors because we assumed that counselling and education on cardiovas-
cular risk factor treatment may have been important for these variables and were likely to have
differed between centres. The same predictor variables as used for the linear models were
included as fixed factors, except that peak CRF at T0 and reported physical activity at T2 were
omitted because they were not considered relevant, instead, relevant medications were
included.

Results

A total of 1633 patients were included (T0), 1523 (93%) completed the end of CR assessment
(T1), 1457 (89%) the one-year follow-up (T2) and 1429 (88%) attended all three examinations,
as reported previously [13,14,17]. The study flow is shown in Fig 1. For the present study, data
of maximally 1457 patients were included due to missing data in any of the parameters
included into the models. Baseline (pre-CR) characteristics of the study population are shown
in Table 1 split into patients who had an open chest surgery preceding CR and those who had
no intervention or minimally invasive interventions. A detailed description of the primary and
secondary outcomes has been presented previously [17].

Predictors for primary outcome

Since patients with open chest surgery (CABG or surgical HVR) had lower CRF in the first few
days and weeks following surgery but steeper recovery thereafter compared to patients with
only minimally invasive or no procedures (PCI, stable angina or percutaneous HVR patients)
[13,14], we performed the models of the primary outcome for these two populations sepa-
rately. Due to some missing data, 779 non-surgery (including 23 percutaneous HVR) and 469
surgery (including 100 HVR) patients were included. However, this reduced data set was com-
parable to the total data set with regard to change in peak VO, and age.

Mean increase in peak VO, from T0 to T2 was 4.4 (SD 3.7) ml/kg/min in surgery and 1.4
(SD 2.3) ml/kg/min in non-surgery patients, whereby values were lower in surgery patients
before CR and comparable to non-surgery patients after one year (Table 1). Results from the
robust mixed linear models for the two split populations (surgery and non-surgery patients)
are presented in Fig 2. The following factors were found to significantly contribute to a lesser
change in peak VO, between T0 and T2 in the surgery patients: Older age, female sex, weight
gain, physical inactivity at T2 and lag time to CR start. In non-surgery patients, significant fac-
tors were previous ACS (before the index event of this study), weight change, and a lower start-
ing exercise capacity (Fig 2). The largest difference in change in peak VO, was found between
the surgery and non-surgery groups, with the surgery patients improving 3.06 (99% CI 2.57-
3.55) ml/kg/min more than the non-surgery patients. In the surgery patients, males improved
2.07 (99% CI 1.04-3.10) ml/kg/min more than females. A decade in age reduced the
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Patients screened
(n=4174)

- Others (n=114)
- Unknown (n=189)

Reasons for not offering (n=665) of CR:
- Contraindications (n=85)

- Geographical distance (n=262)

- Limited life expectancy (n=15)

ACS/PCI/CABG
patients (n=3471)

A

1
Patients offered CR Reasons for non-participation (n=898) with CR:
(n=2806) - Not useful (n=366)
T | - Travel distance (n=204)
: — | - Transport difficulties (n=134)
Patients participating - Alternative physical exercise (n=69)
in CR (n=1908) - Other reasons (n=125)

|

Patients enrolled in
study (n=1633)

Lost to follow-up (n=30)
- Died (n=3)
- Declined visit T1 (n=27)

Lost to follow-up (n=31)
- Died (n=3)
- Declined visit T2 (n=28)

Surgery patients Non-surgery patients
enrolled in study enrolled in study

(n=614) (n=1019) Lost to follow-up (n=80)
Surgery patients Non-surgery patients - Declined visit T1 (n=71)
with data from T1 with data from T1

{n=o84) (n=939) Lost to follow-up (n=35)

D — Follow-up I » - Died (n=8)

Surgery patients Non-surgery patients - Declined visit T1 (n=27)
with data from T2 with data from T2

(n=553) (n=904)

Surgery patients
with VO2 data from
TO and T2 (n=491)

Non-surgery patients
with VO2 data from
TO and T2 (n=829)

Fig 1. Study flow. Analysis refers to primary outcome change in peak VO, from baseline to 1-year follow-up.

https://doi.org/10.1371/journal.pone.0255472.9001

improvement in peak VO, by approximately 1.12 (99% CI -1.86 to -0.04) ml/kg/min, a lag
time to start of CR by an additional 10 days reduced the improvement in peak VO, by approxi-
mately 0.30 (99% CI -0.55 to -0.04) ml/kg/min, and an additional day per week with 30 min of
at least moderate physical activity at T2 increased the change in peak VO, by 0.25 (99% CI
0.09-0.41) ml/kg/min in the surgery patients. Amongst the non-surgery patients, a previous
ACS decreased the change in peak VO, by 0.73 (99% CI -1.37 to -0.10) ml/kg/min, and a
higher exercise capacity at T0 by 1 Watt/kg reduced the change in peak VO, by 0.67 (99% CI
-1.28 to -0.05) ml/kg/min. A body weight increase by 1 kg reduced the change in peak VO, rel-
ative to body weight by approximately -0.15 (99% CI -0.23 to -0.06) and -0.18 (99% CI -0.25 to
-0.12) ml/kg/min in surgical and non-surgical patients, respectively. Neither, duration of CR
nor number of attended training sessions had a significant effect in either population. The
same models with the imputed data resulted in very similar effect sizes (S1 Fig).

Secondary endpoints

Deviances of all models were acceptable and all smaller than 1.5 times the degrees of freedom.
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Table 1. Baseline characteristics of surgery and non-surgery patients.

Parameter Surgery (614) Non-surgery (1019)
Personal characteristics
Female sex (%) 126 (20.5%) 248 (24.3%)
Agelyrs] 72.8+5.1 72.9+5.7
BMI [kg/mz] 26.7+4.0 27.5+4.2
BP systolic [mmHg] 122.2+17.7 126.6+17.0
BP diastolic [mmHg] 72.5+11.0 72.9+9.9
LDL-C [mol/]] 2.17£0.76 2.04+0.70
HbA1c [mmol/mol] 40.2+8.6 42.0+£9.0
Index intervention
VHD 133 (21.7%) 33 (3.2%)
CABG 481 (78.3%) 0 (0%)
PCI 0 (0%) 890 (87.3%)
Stable angina 0(0%) 96 (9.4%)
Cardiovascular risk factors
Smoking 49 (8.0%) 105 (10.3%)
Days with >30 min physical activity 3.9+2.8 3.742.8
Previous ACS 81 (13.2%) 223 (22.0%)
Hypertension 428 (69.8%) 678 (66.9%)
Hypercholesteremia 419 (68.4%) 770 (66.7%)
Family history of CVD 239 (39.2%) 255 (25.1%)
Diabetes mellitus 146 (23.8%) 253 (24.8%)
Comorbidities
Nephropathy 43 (7.0%) 81 (8.0%)
Chronic heart failure 22 (3.6%) 20 (2.0%)
Peripheral arterial disease 53 (8.6%) 73 (7.2%)
Atrial fibrillation 49 (8.0%) 65 (6.4%)
Medication
Beta blocker 524 (85.3%) 803 (78.8%)
Statins 500 (81.4%) 960 (94.2%)
ACE/ARB 330 (53.7%) 774 (76.0%)
CR characteristics
Time lag index event-CR start [days] 21 (12, 46)* 32 (18,52)*
Duration of CR [days] 24 (17, 54%) 86 (27,134)*
Number of attended training sessions 14.246.2 16.949.3
Peak VO, at CR start 14.4+4.3 16.9+4.9
Peak VO, after 1 year 19.1+5.4 18.6+5.4

*Data presented as median (Q1, Q3) due to non-parametric distribution.

ACE/ARB, angiotensin converting enzyme inhibitors/angiotensin II receptor blockers; ACS, acute coronary
syndrome; BMI, body mass index; BP, blood pressure; CABG, coronary artery bypass grafting; CR, cardiac
rehabilitation, CVD, cardiovascular disease; diabetes mellitus; LDL-C, low-density lipoprotein cholesterol; HbAlc,

glycated haemoglobin; PCI, percutaneous coronary intervention; VHD, valvular heart disease; VO,, oxygen uptake.

https://doi.org/10.1371/journal.pone.0255472.t001

BPsys. BPsys remained stable overall between T0 and T1, with 78.9% of patients reach-
ing target BPsys at T0 and 83.6% at T1. Age was the only predictor for a higher proportion
of patients not meeting target BPsys at T1, with a decade reducing the chance of meeting
target BPsys by 43%. At T2, only 73.7% reached target BPsys, at T2 BPsys was higher by a
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Age [decade]

Male sex

Weight change [ka]

COPD

Previous ACS

DM

Physical activity at T2 [30'sessions/week]

Exercise capacity at TO [Watt’kg]

Lag time to start CR [10 days]

Attended number of training sessions

Duration of CR [10 days]

https://doi.org/10.1371/journal.pone.0255472.9002

e
S
>
=
=t
e —
|
lt—
E
3
1 Surgery patients
— —e——- Non-surgery patients
T3 5 —'-| 0 1 2 3 4

Estimate with 99% CI [ml/kg/min]

Fig 2. Predictors for change in peak VO, in the 468 surgery and 773 non-surgery patients. Shown are estimates and 99%
confidence intervals of included parameters from the separate robust linear mixed regression models for change in peak VO, from T0
to T2 for the two sub-populations. CRF at T0, attended number of training sessions, inactivity, lag time to CR start and duration of CR
were included a priori. The other variables were significant variables in the model for the pooled data but shown here for the surgery
and non-surgery populations separately. Centre was included as random factor. COPD, chronic obstructive pulmonary disease; ACS,
acute coronary syndrome; DM, diabetes mellitus; CR, cardiac rehabilitation.

median of 5 mmHg (Q3, Q4: -6, 15 mmHg) compared to T1. Negative predictors for meet-
ing target levels in BPsys at T2 were older age and index open chest surgery, with surgery
patients having an odds ratio of 0.7 for achieving target BPsys compared to non-surgery

patients (Fig 3A).

Weight. BMI remained stable overall between T0 and T1, but increased by a median BMI
0f 0.29 kg/m2 (Q3, Q4: -0.33, 0.93 kg/m?2) at T2. 23.2% of all patients were obese at T0, while
20.9% were obese at T1 and 23.6% at T2. Eleven patients were obese at T1 but had decreased
their weight from TO by at least 5%. At T2, there were no obese patients who had decreased
their weight by at least 5% between T1 and T2. As expected, BMI at TO was strongly predictive

PLOS ONE | https://doi.org/10.1371/journal.pone.0255472  August 5, 2021

7/14


https://doi.org/10.1371/journal.pone.0255472.g002
https://doi.org/10.1371/journal.pone.0255472

PLOS ONE

Predictors for one-year outcomes of the EU-CaRE study

Male sex

Age [10 yrs]

BMI [kg/m2]

DM

COPD

Previous ACS
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Lag time to CR start [10 days]
Duration of CR [10 days]
BP lowering drug

Male sex
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BMI [kg/m?2]
DM
COPD
Previous ACS
Open chest surgery
Attended CR [10 sessions]
Lag time to CR start [10 days]
Duration of CR [10 days]
Statin
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— e —
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. OR for BPsys target (<140 mmHg)
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—4- T1 (End of CR)
—— T2 (1-yr follow-up)

b

Male sex

Age [10 yrs]

BMI [kg/m2]

DM

COPD
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Open chest surgery
Attended CR [10 sessions]
Lag time to CR start [10 days]
Duration of CR [10 days]
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&+ BMI [kg/m2]
m———v_ Y T COPD
==——l—kg———— Previous ACS
m— ke Open chest surgery
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OR for LDL-C target (<1.8 mmol/l) in CAD patients
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-
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=
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OR for HbA1c target (<5.3 mmol
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Fig 3. Predictors for reaching target levels of secondary outcome parameters at T1 and T2. Shown are odds ratios and 99% confidence intervals of included parameters
from the logistic mixed regression model for reaching target BPsys (a), target BMI (b), target LDL-C in CAD patients (c), and target HbAlc in diabetic patients (d).
Centres (random factor) are not shown. Number of patients included in the models for T1 and T2 were 1451 and 1305 for BPsys, 1455 and 1311 for BMI, 1203 and 1058
for LDL-C (excluding VHD patients), and 314 and 280 for HbAlc in diabetic patients. BMI, body mass index; DM, diabetes mellitus; COPD, chronic obstructive
pulmonary disease; ACS, acute coronary syndrome; CR, cardiac rehabilitation.

https://doi.org/10.1371/journal.pone.0255472.9003

of BMI at T1 and T2. Surgery patients had an odds ratio of approximately 0.3 to reach target
levels of BMI compared to non-surgery patients (Fig 3B).
LCL-C. Amongst the CAD patients (excluding patients with VHD), LDL-C declined from
TO0 to T1 by a median of 0.09 mmol/l (Q3, Q4: -0.37, 0.20 mmol/l), with 39.5% reaching target
levels at TO and 43.4% at T1. Between T1 and T2 there was an increase in LDL-C by a median
of 0.08 mmol/l (Q3, Q4: -0.20, 0.42 mmol/l), with only 35.4% of all patients reaching target lev-
els at T2. At T, surgery patients had an odds ratio of 0.5 to reach target levels compared to
non-surgery patients, and males had an odds ratio of 1.3 compared to females (Fig 3C).
Patients with DM were 2.0 and 1.6 more likely to reach target LDL-C at T1 and T2, respec-
tively. Patients taking statins had an odds ratio of 4.8 to reach target LDL-C at T1 and T2 com-
pared to those not taking statins (7.1%).
HbA1Ic in patients with diabetes. HbA1lc in patients with DM decreased between TO0 and
T1 by 1.0 mmol/mol (Q3, Q4: -4.0, 3.0 mmol/mol) with 62.2% and 66.6% reaching target levels
of <53 mmol/mol at TO and T1, respectively, and increased from T1 to T2 by a median 1.1
mmol/mol (Q3, Q4: -2.19, 5.47 mmol/mol) with 59.1% reaching target levels at T2. The only
significant predictor for patients reaching target levels was intake of insulin at both time
points, with an odds ratio of 0.24 for reaching target HbAlc in patients taking insulin at T1
and 0.18 at T2 (Fig 3D).
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Discussion

The main predictor for sustainable effectiveness of the primary outcome peak VO, was index
intervention, with patients with open chest surgery starting at lower peak VO, values than
those with no or only percutaneous procedures but reaching comparable values at 1-year fol-
low-up [13]. In non-surgery patients, advanced disease with previous ACS, weight increase,
and a higher exercise capacity at baseline were the only predictors for a lesser improvement in
peak VO,, while in surgery patients, female sex, older age, greater lag time, physical inactivity
and weight increase were negative predictors. Non-surgery patients had better outcomes with
regard to BPsys and LDL-C than surgery patients. Male CAD patients and patients with DM
had better outcomes with regard to LDL-C.

Primary outcome

We observed only small changes in peak VO, in non-surgery patients of 1/3 metabolic equiva-
lent (MET), with weight change, previous ACS, and exercise capacity at T0 being significant
predictors. The effect of weight change was due to the relative unit of CRF in VO, per body
mass. Previous ACS can be taken as synonymous with more advanced disease progression.
The inverse relationship between exercise capacity at baseline and increase in peak VO, during
CR may be partly due to patients with lower fitness having a greater potential to improve, and
partly due to a phenomenon termed “regression towards the mean” [18].

In surgery patients, on the other hand, changes in peak VO, between T0 and T2 were just
over 1 MET due to lower peak VO, at T0 but comparable values at T2 compared to non-sur-
gery patients. In our patients, mean improvement in peak VO, of surgery patients was almost
4-fold the improvement of non-surgery patients. As mentioned in two previous studies, the
reason for this may be lower levels of CRF of surgery patients due to bedrest and surgery-
related restrictions in ventilation [19,20]. In fact, a randomized training study in CABG
patients found the same improvement in peak VO, in the exercise and control groups, indicat-
ing that recovery takes place also in the absence of a structured exercise-based CR programme
[21]. Significant predictors for worse outcome in the surgery patients were older age, female
sex, inactivity at T2 and lag time to start of CR. An additional decade in age was related to a
reduced recovery in peak VO, by 1.1 ml/kg/min, while in non-surgery patients the reduction
was only 0.4 ml/kg/min, suggesting that older age may not only reduce the effect of a physical
training stimulus but also have an adverse effect on the healing process from surgery [22]. A
previous study on patients undergoing CR has found older age to be a negative predictor for
improvement in CRF [9], and another study found a smaller increase in CRF in elderly com-
pared to younger patients [23]. However, other studies have found similar or even greater
improvements in peak VO, with increasing age [24]. The level of physical activity at 1-year fol-
low-up was positively associated with increase in peak VO, in our surgery patients. While our
data is inconclusive with regard to the direction of a potentially causal relationship, CR has
been found to increase physical activity compared to control treatments [25].

Lag time to CR start was inversely related to change in peak VO, whereby the relationship
was exponential rather than linear [13]. Surgery patients who started CR within the first 30
days after surgery had a mean increase in peak VO, of 5.5+3.9 ml/kg/min (congruent with a
lower starting peak VO,), while those starting after 30 days only had a mean increase of 2.9
+3.2 ml/kg/min, and from 60 days onward it stabilized at 1.7+2.7 ml/kg/min, which was simi-
lar to the improvement of non-surgery patients. It is unlikely that patients benefited less from
CR if they started CR late after surgery, rather, a late start with CR did not coincide with the
steepest recovery process early after surgery. When controlled for lag time, duration of the
exercise programme, on the other hand, was not associated with change in peak VO,, this is
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remarkable given the fact that prescribed programmes ranged from 2 to 36 weeks. A similar
conclusion was drawn by a recent meta-regression analysis, which found exercise intervention
intensity to be the only predictive factor for the difference in CRF between randomized exer-
cise-based CR and control groups [26]. Training intensity was monitored in a subset of
patients and its influence on change in peak VO, was reported elsewhere [27].

A surprising result of the present study was the much smaller increase in peak VO, in the
75 female surgery patients compared to the 393 surgery male patients after the multivariate
adjustment. Recovery in physical function [28] and wound healing has been found impeded in
female CABG patients compared to males [29]. We cannot exclude that indications for CABG
and/or surgical valve replacement were different for male and female patients.

The effect of DM has been addressed in a separate publication [13].

Secondary outcomes

Target values for BPsys were less likely to be reached by surgery patients and the odds for
reaching target were approximately 30% lower for each additional decade higher age.

Regarding BMI, again surgery patients had a smaller odds ratio for reaching BMI target at
both time points. Additionally, a decade of higher age was related to a two-fold higher odds
ratio of reaching these BMI targets. With 24% obesity, the proportion of obese patients was
considerably lower in our elderly population compared to the documented 38% obese patients
in the EUROASPIRE population with a mean age of 63 years [7].

Male CAD patients and CAD patients with DM were more likely to achieve LDL-C target
values, possibly because dyslipidemia was treated more aggressively in these latter patients.
The previously documented acute drop in LDL-C after acute myocardial infarction [30] or car-
diac surgery [31] with subsequent recovery may explain the odds ratio of 0.5 for surgery
patients to reach LDL-C target levels at T1. A small percentage (7.3%) of our CAD patients
was not on statins.

Strengths and limitations

The main strength of the study is the inclusion of a large and heterogenous elderly patient pop-
ulation of seven European countries, reflecting daily practice of these centres. A further
strength is the available data on the heterogenous lag times to start of the CR programme,
which in elderly surgery patients seems to be the main determinant for improvement in CRF.

One of the main limitations is that lag time after event to start of CR and CR duration were
not independent of centres, therefore the predictive effects of these time variables may be
under- or overestimated due to additional specific CR programme or cultural/ethnic effects.

In elderly people, it is difficult to achieve maximal CPET's due to many physical ailments
such as orthopedic disabilities. However, when the model for primary outcome was adjusted
for change in respiratory exchange ratio (a parameter commonly used for level of achieved
exhaustion), effects remained comparable.

The patients lost to follow-up (T2) had with 13.8 (95% CI 13.3-14.3) ml/kg/min a signifi-
cantly lower baseline peak VO, than patients completing follow-up with 16.4 (95% CI 16.3—
16.6) ml/kg/min. Therefore, our results may be more applicable to fitter patients.

Conclusion

The present study revealed specific predictors for clinically relevant 1-year outcomes in an
elderly CR population, an understudied patient group. It demonstrated a large difference in
the recovery process between patients with and without open chest surgery. Older age and
tfemale sex were associated with poorer recovery in peak VO, in surgery patients. Neither
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length of the CR program nor the number of CR training sessions were associated with long-
term improvement of CRF while levels of physical activity at T2 were relevant. CVRF control
was better in non-surgery patients. This highlights the importance of individualized physical
activity counselling and CVRF management in comprehensive CR [32].

Supporting information

S1 Checklist. TREND checklist EU-CaRE.
(PDF)

S1 Fig. Predictors for change in peak VO2 for 614 surgery and 1019 non-surgery patients.
Shown are pooled estimates and 99% confidence intervales (using rubins rule) from the robust
linear mixed models over the multiple imputed data (5 imputations with predictive mean
matching). CRF at TO, attended number of training sessions, inactivity, lag time to CR start
and duration of CR were included a priori. The other variables were significant variables in the
model for the pooled data but shown here for the surgery and non-surgery populations sepa-
rately. Centre was included as random factor. COPD, chronic obstructive pulmonary disease;
ACS, acute coronary syndrome; DM, diabetes mellitus; CR, cardiac rehabilitation.

(DOCX)

S1 Table. List of variables entered into robust linear models.
(DOCX)

Acknowledgments

We greatly appreciated the statistical advice by Prof. J. Hiisler, Institute of Mathematical Statis-
tics and Actuarial Science of the University of Berne.

Author Contributions

Conceptualization: Prisca Eser, Eva Prescott, Astrid E. van der Velde, Carlos Pefia Gil, Marie-
Christine Iliou, Diego Ardissino, Uwe Zeymer, Arnoud W. ]. Van’tHof, Ed P. de Kluiver,
Matthias Wilhelm.

Data curation: Prisca Eser, Thimo Marcin, Eva Prescott, Leonie F. Prins, Evelien Kolkman,
Carlos Pena Gil.

Formal analysis: Prisca Eser, Thimo Marcin.

Funding acquisition: Eva Prescott, Wendy Bruins, Astrid E. van der Velde, Arnoud W.J.
Van’tHof, Ed P. de Kluiver.

Investigation: Prisca Eser, Thimo Marcin, Eva Prescott, Leonie F. Prins, Wendy Bruins, Astrid
E. van der Velde, Carlos Pefa Gil, Marie-Christine Iliou, Diego Ardissino, Uwe Zeymer,
Esther P. Meindersma, Arnoud W. J. Van’tHof, Ed P. de Kluiver, Matthias Wilhelm.

Methodology: Prisca Eser, Thimo Marcin, Eva Prescott, Leonie F. Prins, Astrid E. van der
Velde, Marie-Christine Iliou, Diego Ardissino, Uwe Zeymer, Esther P. Meindersma,
Arnoud W. J. Van’tHof, Ed P. de Kluiver, Matthias Wilhelm.

Project administration: Thimo Marcin, Eva Prescott, Leonie F. Prins, Evelien Kolkman,
Wendy Bruins, Astrid E. van der Velde, Carlos Pefia Gil, Marie-Christine Iliou, Diego
Ardissino, Uwe Zeymer, Esther P. Meindersma, Arnoud W. J. Van’tHof, Ed P. de Kluiver,
Matthias Wilhelm.

Supervision: Arnoud W. J. Van’tHof, Ed P. de Kluiver, Matthias Wilhelm.

PLOS ONE | https://doi.org/10.1371/journal.pone.0255472  August 5, 2021 11/14


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0255472.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0255472.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0255472.s003
https://doi.org/10.1371/journal.pone.0255472

PLOS ONE

Predictors for one-year outcomes of the EU-CaRE study

Validation: Thimo Marcin, Leonie F. Prins, Evelien Kolkman.

Visualization: Thimo Marcin.

Writing - original draft: Prisca Eser.

Writing - review & editing: Prisca Eser, Thimo Marcin, Eva Prescott, Leonie F. Prins, Evelien

Kolkman, Wendy Bruins, Astrid E. van der Velde, Carlos Pefa Gil, Marie-Christine Iliou,
Diego Ardissino, Uwe Zeymer, Esther P. Meindersma, Arnoud W. J. Van’tHof, Ed P. de
Kluiver, Matthias Wilhelm.

References

1.

10.

11.

12

13.

14.

Mitchell BL, Lock MJ, Davison K, Parfitt G, Buckley JP, Eston RG. What is the effect of aerobic exercise
intensity on cardiorespiratory fithess in those undergoing cardiac rehabilitation? A systematic review
with meta-analysis. British journal of sports medicine. 2019; 53(21):1341-51. https://doi.org/10.1136/
bjsports-2018-099153 PMID: 30121584

Doimo S, Fabris E, Piepoli M, et al. Impact of ambulatory cardiac rehabilitation on cardiovascular out-
comes: a long-term follow-up study. Eur Heart J. 2018.

Anderson L, Thompson DR, Oldridge N, et al. Exercise-based cardiac rehabilitation for coronary heart
disease. The Cochrane database of systematic reviews. 2016(1):CD001800. https://doi.org/10.1002/
14651858.CD001800.pub3 PMID: 26730878

de Vries H, Kemps HM, van Engen-Verheul MM, Kraaijenhagen RA, Peek N. Cardiac rehabilitation and
survival in a large representative community cohort of Dutch patients. Eur Heart J. 2015; 36(24):1519—
28. https://doi.org/10.1093/eurheartj/ehv111 PMID: 25888007

Goel K, Lennon RJ, Tilbury RT, Squires RW, Thomas RJ. Impact of cardiac rehabilitation on mortality
and cardiovascular events after percutaneous coronary intervention in the community. Circulation.
2011; 123(21):2344-52. https://doi.org/10.1161/CIRCULATIONAHA.110.983536 PMID: 21576654

Pack QR, Goel K, Lahr BD, et al. Participation in cardiac rehabilitation and survival after coronary artery
bypass graft surgery: a community-based study. Circulation. 2013; 128(6):590-7. https://doi.org/10.
1161/CIRCULATIONAHA.112.001365 PMID: 23836837

Kotseva K, De Backer G, De Bacquer D, et al. Lifestyle and impact on cardiovascular risk factor control
in coronary patients across 27 countries: Results from the European Society of Cardiology ESC-EORP
EUROASPIRE V registry. European journal of preventive cardiology. 2019; 26(8):824-35. https://doi.
org/10.1177/2047487318825350 PMID: 30739508

Gathright EC, Goldstein CM, Loucks EB, Busch AM, Stabile L, Wu WC. Examination of clinical and psy-
chosocial determinants of exercise capacity change in cardiac rehabilitation. Heart & lung: the journal of
critical care. 2018. https://doi.org/10.1016/j.hrting.2018.07.007 PMID: 30093163

Laddu D, Ozemek C, Lamb B, et al. Factors Associated With Cardiorespiratory Fitness at Completion of
Cardiac Rehabilitation: Identification of Specific Patient Features Requiring Attention. The Canadian
journal of cardiology. 2018; 34(7):925-32. https://doi.org/10.1016/j.cjca.2018.03.015 PMID: 29861207

Mikkelsen N, Dall CH, Frederiksen M, Holdgaard A, Rasmusen H, Prescott E. Depression, Socioeco-
nomic Factors, and Ethnicity as Predictors of Cardiorespiratory Fitness Before and After Cardiac Reha-
bilitation. Journal of cardiopulmonary rehabilitation and prevention. 2019; 39(4):E1—e6. https://doi.org/
10.1097/HCR.0000000000000367 PMID: 30489440

Prescott E, Mikkelsen N, Holdgaard A, et al. Cardiac rehabilitation in the elderly patient in eight rehabili-
tation units in Western Europe: Baseline data from the EU-CaRE multicentre observational study. Euro-
pean journal of preventive cardiology. 2019; 26(10):1052—63. https://doi.org/10.1177/
2047487319839819 PMID: 30924688

Prescott E, Meindersma EP, van der Velde AE, et al. A EUropean study on effectiveness and sustain-
ability of current Cardiac Rehabilitation programmes in the Elderly: Design of the EU-CaRE randomised
controlled trial. European journal of preventive cardiology. 2016; 23(2 suppl):27—40. https://doi.org/10.
1177/2047487316670063 PMID: 27892423

Eser P, Marcin T, Prescott E, et al. Clinical outcomes after cardiac rehabilitation in elderly patients with
and without diabetes mellitus: The EU-CaRE multicenter cohort study. Cardiovascular diabetology.
2020; 19(1):37. https://doi.org/10.1186/s12933-020-01013-8 PMID: 32192524

Marcin T, Eser P, Prescott E, et al. Predictors of pre-rehabilitation exercise capacity in elderly European
cardiac patients—The EU-CaRE study. European journal of preventive cardiology.
2019:2047487319894676. https://doi.org/10.1177/2047487319894676 PMID: 31852300

PLOS ONE | https://doi.org/10.1371/journal.pone.0255472  August 5, 2021 12/14


https://doi.org/10.1136/bjsports-2018-099153
https://doi.org/10.1136/bjsports-2018-099153
http://www.ncbi.nlm.nih.gov/pubmed/30121584
https://doi.org/10.1002/14651858.CD001800.pub3
https://doi.org/10.1002/14651858.CD001800.pub3
http://www.ncbi.nlm.nih.gov/pubmed/26730878
https://doi.org/10.1093/eurheartj/ehv111
http://www.ncbi.nlm.nih.gov/pubmed/25888007
https://doi.org/10.1161/CIRCULATIONAHA.110.983536
http://www.ncbi.nlm.nih.gov/pubmed/21576654
https://doi.org/10.1161/CIRCULATIONAHA.112.001365
https://doi.org/10.1161/CIRCULATIONAHA.112.001365
http://www.ncbi.nlm.nih.gov/pubmed/23836837
https://doi.org/10.1177/2047487318825350
https://doi.org/10.1177/2047487318825350
http://www.ncbi.nlm.nih.gov/pubmed/30739508
https://doi.org/10.1016/j.hrtlng.2018.07.007
http://www.ncbi.nlm.nih.gov/pubmed/30093163
https://doi.org/10.1016/j.cjca.2018.03.015
http://www.ncbi.nlm.nih.gov/pubmed/29861207
https://doi.org/10.1097/HCR.0000000000000367
https://doi.org/10.1097/HCR.0000000000000367
http://www.ncbi.nlm.nih.gov/pubmed/30489440
https://doi.org/10.1177/2047487319839819
https://doi.org/10.1177/2047487319839819
http://www.ncbi.nlm.nih.gov/pubmed/30924688
https://doi.org/10.1177/2047487316670063
https://doi.org/10.1177/2047487316670063
http://www.ncbi.nlm.nih.gov/pubmed/27892423
https://doi.org/10.1186/s12933-020-01013-8
http://www.ncbi.nlm.nih.gov/pubmed/32192524
https://doi.org/10.1177/2047487319894676
http://www.ncbi.nlm.nih.gov/pubmed/31852300
https://doi.org/10.1371/journal.pone.0255472

PLOS ONE

Predictors for one-year outcomes of the EU-CaRE study

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

Piepoli MF, Hoes AW, Agewall S, et al. 2016 European Guidelines on cardiovascular disease preven-
tion in clinical practice: The Sixth Joint Task Force of the European Society of Cardiology and Other
Societies on Cardiovascular Disease Prevention in Clinical Practice (constituted by representatives of
10 societies and by invited experts)Developed with the special contribution of the European Association
for Cardiovascular Prevention & Rehabilitation (EACPR). Eur Heart J. 2016; 37(29):2315-81. https:/
doi.org/10.1093/eurheartj/ehw106 PMID: 27222591

Kokkinos P, Kaminsky LA, Arena R, Zhang J, Myers J. A new generalized cycle ergometry equation for
predicting maximal oxygen uptake: The Fitness Registry and the Importance of Exercise National Data-
base (FRIEND). European journal of preventive cardiology. 2018; 25(10):1077-82. https://doi.org/10.
1177/2047487318772667 PMID: 29692203

Prescott E, Eser P, Mikkelsen N, et al. Cardiac rehabilitation of elderly patients in eight rehabilitation
units in western Europe: Outcome data from the EU-CaRE multi-centre observational study. European
journal of preventive cardiology. 2020; 27(16):1716-29. https://doi.org/10.1177/2047487320903869
PMID: 32102550

Stigler SM. Regression towards the mean, historically considered. Statistical methods in medical
research. 1997; 6(2):103—14. https://doi.org/10.1177/096228029700600202 PMID: 9261910

Vanhees L, Stevens A, Schepers D, Defoor J, Rademakers F, Fagard R. Determinants of the effects of
physical training and of the complications requiring resuscitation during exercise in patients with cardio-
vascular disease. European journal of cardiovascular prevention and rehabilitation: official journal of the
European Society of Cardiology, Working Groups on Epidemiology & Prevention and Cardiac Rehabili-
tation and Exercise Physiology. 2004; 11(4):304—12. https://doi.org/10.1097/01.hjr.0000136458.44614.
a2 PMID: 15292764

Witvrouwen |, Pattyn N, Gevaert AB, et al. Predictors of response to exercise training in patients with
coronary artery disease—a subanalysis of the SAINTEX-CAD study. European journal of preventive
cardiology. 2019:2047487319828478. https://doi.org/10.1177/2047487319828478 PMID: 30755016

Wright DJ, Williams SG, Riley R, Marshall P, Tan LB. Is early, low level, short term exercise cardiac
rehabilitation following coronary bypass surgery beneficial? A randomised controlled trial. Heart (British
Cardiac Society). 2002; 88(1):83—4. https://doi.org/10.1136/heart.88.1.83 PMID: 12067954

Shin YC, Kim SH, Kim DJ, et al. Sternal healing after coronary artery bypass grafting using bilateral
internal thoracic arteries: assessment by computed tomography scan. The Korean journal of thoracic
and cardiovascular surgery. 2015; 48(1):33-9. https://doi.org/10.5090/kjtcs.2015.48.1.33 PMID:
25705595

Kim KH, Jang YC, Song MK, Park HK, Choi IS, Han JY. Changes in Aerobic Capacity Over Time in
Elderly Patients With Acute Myocardial Infarction During Cardiac Rehabilitation. Annals of rehabilitation
medicine. 2020; 44(1):77-84. https://doi.org/10.5535/arm.2020.44.1.77 PMID: 32130841

Lavie CJ, Milani RV, Littman AB. Benefits of cardiac rehabilitation and exercise training in secondary
coronary prevention in the elderly. Journal of the American College of Cardiology. 1993; 22(3):678-83.
https://doi.org/10.1016/0735-1097(93)90176-2 PMID: 8354798

Dibben GO, Dalal HM, Taylor RS, Doherty P, Tang LH, Hillsdon M. Cardiac rehabilitation and physical
activity: systematic review and meta-analysis. Heart (British Cardiac Society). 2018; 104(17):1394—
402. https://doi.org/10.1136/heartjnl-2017-312832 PMID: 29654095

Uddin J, Zwisler AD, Lewinter C, et al. Predictors of exercise capacity following exercise-based rehabili-
tation in patients with coronary heart disease and heart failure: A meta-regression analysis. European
journal of preventive cardiology. 2016; 23(7):683-93. https://doi.org/10.1177/2047487315604311
PMID: 26330205

Marcin T, Eser P, Prescott E, et al. Training intensity and improvements in exercise capacity in elderly
patients undergoing European cardiac rehabilitation—the EU-CaRE multicenter cohort study. PloS
one. 2020; 15(11):€0242508. https://doi.org/10.1371/journal.pone.0242503 PMID: 33186408

Vaccarino V, Lin ZQ, Kasl SV, et al. Sex differences in health status after coronary artery bypass sur-
gery. Circulation. 2003; 108(21):2642—7. https://doi.org/10.1161/01.CIR.0000097117.28614.D8 PMID:
14597590

Gofus J, Vobornik M, Sorm Z, et al. Female sex as a risk factor in minimally invasive direct coronary
artery bypass grafting. Scandinavian cardiovascular journal: SCJ. 2019; 53(3):141-7. https://doi.org/
10.1080/14017431.2019.1612088 PMID: 31030573

Rosenson RS. Myocardial injury: the acute phase response and lipoprotein metabolism. Journal of the
American College of Cardiology. 1993; 22(3):933—40. https://doi.org/10.1016/0735-1097(93)90213-k
PMID: 7689082

Hacquebard M, Ducart A, Schmartz D, Malaisse WJ, Carpentier YA. Changes in plasma LDL and HDL
composition in patients undergoing cardiac surgery. Lipids. 2007; 42(12):1143-53. https://doi.org/10.
1007/s11745-007-3114-9 PMID: 17912570

PLOS ONE | https://doi.org/10.1371/journal.pone.0255472  August 5, 2021 13/14


https://doi.org/10.1093/eurheartj/ehw106
https://doi.org/10.1093/eurheartj/ehw106
http://www.ncbi.nlm.nih.gov/pubmed/27222591
https://doi.org/10.1177/2047487318772667
https://doi.org/10.1177/2047487318772667
http://www.ncbi.nlm.nih.gov/pubmed/29692203
https://doi.org/10.1177/2047487320903869
http://www.ncbi.nlm.nih.gov/pubmed/32102550
https://doi.org/10.1177/096228029700600202
http://www.ncbi.nlm.nih.gov/pubmed/9261910
https://doi.org/10.1097/01.hjr.0000136458.44614.a2
https://doi.org/10.1097/01.hjr.0000136458.44614.a2
http://www.ncbi.nlm.nih.gov/pubmed/15292764
https://doi.org/10.1177/2047487319828478
http://www.ncbi.nlm.nih.gov/pubmed/30755016
https://doi.org/10.1136/heart.88.1.83
http://www.ncbi.nlm.nih.gov/pubmed/12067954
https://doi.org/10.5090/kjtcs.2015.48.1.33
http://www.ncbi.nlm.nih.gov/pubmed/25705595
https://doi.org/10.5535/arm.2020.44.1.77
http://www.ncbi.nlm.nih.gov/pubmed/32130841
https://doi.org/10.1016/0735-1097%2893%2990176-2
http://www.ncbi.nlm.nih.gov/pubmed/8354798
https://doi.org/10.1136/heartjnl-2017-312832
http://www.ncbi.nlm.nih.gov/pubmed/29654095
https://doi.org/10.1177/2047487315604311
http://www.ncbi.nlm.nih.gov/pubmed/26330205
https://doi.org/10.1371/journal.pone.0242503
http://www.ncbi.nlm.nih.gov/pubmed/33186408
https://doi.org/10.1161/01.CIR.0000097117.28614.D8
http://www.ncbi.nlm.nih.gov/pubmed/14597590
https://doi.org/10.1080/14017431.2019.1612088
https://doi.org/10.1080/14017431.2019.1612088
http://www.ncbi.nlm.nih.gov/pubmed/31030573
https://doi.org/10.1016/0735-1097%2893%2990213-k
http://www.ncbi.nlm.nih.gov/pubmed/7689082
https://doi.org/10.1007/s11745-007-3114-9
https://doi.org/10.1007/s11745-007-3114-9
http://www.ncbi.nlm.nih.gov/pubmed/17912570
https://doi.org/10.1371/journal.pone.0255472

PLOS ONE

Predictors for one-year outcomes of the EU-CaRE study

32. Ambrosetti M, Abreu A, Corra U, et al. Secondary prevention through comprehensive cardiovascular

rehabilitation: From knowledge to implementation. 2020 update. A position paper from the Secondary
Prevention and Rehabilitation Section of the European Association of Preventive Cardiology. European
journal of preventive cardiology. 2020:2047487320913379.

PLOS ONE | https://doi.org/10.1371/journal.pone.0255472  August 5, 2021 14/14


https://doi.org/10.1371/journal.pone.0255472

