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Abstract

Objective: To examine the strength of the association between exercise capacity and health-related quality of life (HRQOL) during and after

cardiac rehabilitation (CR) in patients with acute coronary syndrome (ACS) who completed CR.

Design: Prospective cohort study.

Setting: Outpatient CR center.

Participants: Patients (NZ607) with ACS who completed CR.

Interventions: Multidisciplinary 12-week exercise-based CR program.

Main Outcome Measures: At baseline (pre-CR), the 6-Minute Walk Test (6MWT) was performed to determine exercise capacity, and the

MacNew Heart Disease Health-related Quality of Life questionnaire was used to assess HRQOL. Measurements were repeated immediately after

completion of CR (post-CR): at 12 months and 18 months follow-up. Multivariable linear regression, including an interaction term for time and

exercise capacity, was applied to study the association between exercise capacity and HRQOL at different time points relative to CR, whereas

model parameters were estimated by methods that accounted for dependency of repeated observations within individuals.

Results: Mean age in years � SD was 58�8.9 and 82% of participants were male. Baseline mean 6MWT distance in meters � SD was 563�77

and median (25th-75th percentile) global HRQOL was 5.5 (4.6-6.1) points. Mean 6MWT distance (P<.001) and the global (P<.001), physical

(P<.001), emotional (P<.001) and social (P<.001) domains of HRQOL improved significantly during CR and continued to improve during

follow-up post-CR. Independent of the timing relative to CR (ie, pre-CR, post-CR, or during follow-up), a difference of 10 m 6MWT dis-

tance was associated with a mean difference in the global HRQOL domain of 0.007 (95% confidence interval [CI], 0.001-0.014) points (PZ.029)

and a mean difference in the physical domain of 0.009 (95% CI, 0.001-0.017) points (PZ.023).

Conclusions: Better exercise capacity was significantly associated with higher scores on the global and physical domains of HRQOL, irrespective

of the timing relative to CR, albeit these associations were weak. Hence, CR programs in secondary prevention should continue to aim at

enhancing both HRQOL and exercise capacity.
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Even though mortality rates related to cardiovascular diseases
(CVDs) have declined substantially in the past decades,1 acute
coronary syndrome (ACS) remains a source of high morbidity,
mortality, and a large economic burden.2,3 Almost half of the
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major coronary events annually occur in survivors of coronary
heart disease.4 Patients with a so-called recurrent event are more
likely to have rehospitalizations, longer lengths of inpatient stay,
and a higher probability of revascularization during follow-up
than patients with a new coronary event.5 These findings under-
line the importance of effective secondary prevention in patients
with ACS.

Cardiac rehabilitation (CR) programs are multifaceted in-
terventions that are recommended in international guide-
lines.6,7 The secondary prevention strategy is designed to
modify cardiovascular risk factors and improve physical, psy-
chological, and social functioning of patients.6-8 Previous
randomized controlled trials (RCTs) and meta-analyses have
demonstrated that exercise-based CR reduces mortality,
morbidity, and hospital admissions.8-10 In addition, it has been
shown that exercise capacity and patient-reported physical
functioning consistently improve after CR.11-13 Another
important indicator of treatment effect is psychological well-
being and health-related quality of life (HRQOL).13 A recent
meta-analysis studying the effect of CR on HRQOL in patients
with ACS reported an incremental benefit of receiving CR
compared to usual care.14

Since patients with ACS improve both HRQOL and exer-
cise capacity when participating in CR programs, an associa-
tion between HRQOL and exercise capacity could be expected.
Nonetheless, HRQOL is a multifactorial and multidimensional
concept that depends on a variety of factors.15 The expected
association between exercise capacity and HRQOL would,
therefore, be weak. Previous studies with a cross-sectional
design have shown varying results on the relation between
exercise capacity and HRQOL in patients with coronary artery
disease (CAD) who are entering CR.16-19 For instance, Strong
et al18 indicated a positive but weak association between ex-
ercise capacity and quality of life scores in patients entering
CR after coronary artery bypass graft (CABG) surgery. On the
other hand, Staniute et al17 showed that a reduced physical
component of HRQOL was moderately associated with
reduced exercise capacity in patients with CAD who are
admitted to CR. In contrast, no significant association between
emotional state and exercise capacity was found by Bunevicius
et al19 in patients with CAD who were admitted to a rehabil-
itation program. Consequently, the relation between exercise
capacity and HRQOL at different time points relative to the
start of CR remains unknown. Therefore, the purpose of the
current study was to examine the strength of the association
between exercise capacity and HRQOL before and after CR in
patients diagnosed with ACS.
List of abbreviations:

6MWT 6-Minute Walk Test

ACS acute coronary syndrome

CABG coronary artery bypass graft

CAD coronary artery disease

CI confidence interval

CR cardiac rehabilitation

CVD cardiovascular disease

HRQOL health-related quality of life

OPTICARE Optimal Cardiac Rehabilitation

RCT randomized controlled trial
Methods

Study population

Patients referred to the outpatient rehabilitation center at Capri
Cardiac Rehabilitation were invited to participate in the Optimal
Cardiac Rehabilitation (OPTICARE) study between November
2011 and August 2014. The OPTICARE study was originally
designed to study the effects of extended CR programs and is a
multicenter, open, multidisciplinary RCT with an 18-month
follow-up. The study design is described previously in more
detail.20 Patients were eligible for participation in the OPTI-
CARE study if they were admitted to a CR program after
diagnosis of an ACS, at least 18 years old, and proficient in
Dutch. ACS was defined as persistent (>20min) chest pain
suggestive of myocardial ischemia, which is unresponsive to
nitroglycerine and is accompanied by ST-T changes (electro-
cardiographic evidence) or cardiac troponin elevations
(biochemical evidence), regardless of in-hospital treatment. Pa-
tients with severe physical or cognitive impairments that could
limit CR participation were not eligible. The medical ethics
committee of the Erasmus Medical Center in Rotterdam
approved the study protocol (MEC-2010-391) and all of the
included patients provided written informed consent.

All patients who completed >75% of the exercise part of the
CR program (�18 training sessions) and with at least 1 patient-
reported HRQOL measurement and 1 6-Minute Walk Test
(6MWT) measurement were included in the present study.
CR program

The standard CR program consists of group exercises of 1.5 hours,
which are offered at least 2 times a week for 12 weeks under the
supervision of a multidisciplinary team. The standard program is
offered according to the Dutch guidelines21,22 and is currently
offered to all patients referred to Capri Cardiac Rehabilitation.
The physical training program was strictly obligatory, but the
option to participate in education sessions was offered to all pa-
tients. These sessions were designed to stimulate adoption of a
heart-healthy lifestyle by providing information on cardiovascular
disease risk factors, medical information, dietary advice, and
coping with emotions. In addition, patients admitted to the CR
program had the opportunity to participate in counseling sessions
addressing stress management, smoking cessation, and diet or an
individually based psychological program. The 2 extended CR
programs investigated in the OPTICARE study consisted of extra
face-to-face lifestyle counseling (CRþF) or extra individual
telephonic lifestyle counseling (CRþT) in addition to standard
CR.20 More specifically, patients randomized to the CRþF inter-
vention group were required to participate in 3 group counseling
sessions under supervision of a physiotherapist during the 12-
week standard CR program and at 4, 6, and 12 months after the
start of CR. Patients randomized to the CRþT intervention group
were offered 5-6 individual telephone coaching sessions during
the first 6 months after completion of standard CR.

Patients were randomized to standard CR, CRþF, and CRþT
in a 1:1:1 ratio. Since interaction models in the present study (data
not shown) showed no differences in the association between
exercise capacity and HRQOL between patients in the standard
CR program and the extended programs of the OPTICARE study,
all patients were analyzed together.
www.archives-pmr.org
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Fig 1 Patient flowchart.
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Patient characteristics

Information on the presence of cardiac risk factors (such as
diabetes, dyslipidemia, and hypertension), cardiac disease his-
tory, medication use, and the therapeutic intervention at index
were subtracted from the medical file of the participant.
Smoking status before the index event was determined during an
interview by one of the social workers of Capri Cardiac Reha-
bilitation. Baseline data on educational, employment, and
marital status was collected by using a self-designed question-
naire. The Hospital Anxiety and Depression scale was used to
measure anxiety and depression. This valid questionnaire con-
sists of an anxiety and depression subscale and answers are
given on a 4-point scale from “never” to “almost always.”23,24

Higher scores on the depression subscale indicate higher levels
of depression and higher scores on the anxiety subscale indicate
higher levels of anxiety.
Health-related quality of life

The HRQOL of patients was assessed using the MacNew Heart
Disease Health-Related Quality of Life (MacNew) questionnaire
at baseline (pre-CR), at completion of CR (post-CR), and during
follow-up at 12 and 18 months. The MacNew questionnaire is a
disease-specific, validated, and reliable self-administered in-
strument measuring physical and psychological well-being in
patients with ACS.25 The questionnaire consists of 27 items
reflecting a global, emotional, physical, and social domain of
HRQOL. Each item was rated on a 7-point scale, where “1”
indicates poor HRQOL and “7” indicates good HRQOL. The
minimal clinically important difference of the MacNew Ques-
tionnaire is 0.5 points.26
www.archives-pmr.org
Exercise capacity

The 6MWT was used to assess the (functional) exercise capacity
of patients included in the OPTICARE study and was performed
according to American Thoracic Society guidelines.27 The 6MWT
is a reliable and valid submaximal exercise test and is responsive
to relevant clinical changes during CR.28 Exercise capacity was
determined as the number of meters a patient walks within 6
minutes over a point-to-point, 30-meter-long walking track during
which standardized words of encouragement were given every
minute. Patients performed the 6MWT at baseline, at completion
of CR, and during follow-up at 12 and 18 months. The 6MWT at
baseline was performed at the start of the second exercise session
of the 12-week CR program. During the first exercise session,
patients were familiarized with a walking protocol to accommo-
date patients who may fear exercise and to avoid a possible
learning effect.28 The minimal clinically important difference of
the 6WMT is 25 m.29
Statistical analysis

Descriptive statistics were used to present baseline characteristics.
Linear regression analyses was performed to address the research
questions, whereas a generalized estimating equation approach
was used to estimate the model parameters to correct for the de-
pendency of repeated observations within 1 individual.30

First, 2 separate models were used to analyze (1) the change in
HRQOL and (2) the change in exercise capacity. By adding the
different time points as dummy variables to the generalized linear
models, the change in outcome variable post-CR compared to pre-
CR was determined. Similarly, the change in outcome variable at
12-month and 18-month follow-up compared to post-CR was

http://www.archives-pmr.org


Table 1 Clinical characteristics of study population

Demographic Characteristics NZ607

Sex (male), n (%) 497 (81.9)

Mean age (y) � SD 58.0�8.9

Education,* n (%)

High 158 (26.0)

Intermediate 341 (56.2)

Low 27 (4.4)

Employment,y n (%)

Employed 293 (48.3)

Unemployed 190 (31.3)

Marital status,z n (%)

Married/partner 439 (72.3)

Single 90 (14.8)

Risk Factors

Overweight, n (%) 468 (77.1)

Diabetes, n (%) 73 (12.0)

Dyslipidemia, n (%) 210 (34.6)

Hypertension, n (%) 256 (42.2)

Smoking (pre-ACS), n (%) 230 (37.9)

Cardiac History

Myocardial infarction, n (%) 47 (7.7)

Angina, n (%) 36 (5.9)

PCI, n (%) 56 (9.2)

CABG, n (%) 7 (1.2)

Stroke/TIA, n (%) 17 (2.8)

Medication at Baseline

Acetylsalicylic acid, n (%) 586 (96.5)

Oral anticoagulant, n (%) 39 (6.4)

Thienopyridine, n (%) 502 (82.7)

Statin, n (%) 587 (96.7)

Beta blocker, n (%) 496 (81.7)

ACE inhibitor, n (%) 430 (70.8)

Angiotensin II receptor blocker, n (%) 80 (13.2)

Calcium blocker, n (%) 87 (14.3)

Nitrate, n (%) 218 (35.9)

Diuretic, n (%) 67 (11.0)

Psychotropic, n (%) 33 (5.4)

CR Characteristics

Therapeutic intervention at index, n (%)

No revascularization 48 (7.9)

PCI 469 (77.3)

CABG 88 (14.5)

No. of training sessions 24.6 (5.0)

Anxiety and Depression at Baseline

HADS anxiety score, median (IQR) 4 (2-7)

HADS depression score, median (IQR) 2 (1-5)

Abbreviations: IQR, interquartile range; PCI, percutaneous coronary

intervention; CABG, coronary artery bypass graft; TIA, transient

ischemic attack; ACE, angiotensin-converting-enzyme; HADS, Hospital

Anxiety and Depression Scale.

* Data missing for nZ81.
y Data missing for nZ124.
z Data missing for nZ78.
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assessed. Subsequently, baseline characteristics that were signifi-
cantly associated with the outcome variable of interest were added
to the models as possible confounders. These possible
confounders can be found in supplemental table S1 (available
online only at http://www.archives-pmr.org/).

Second, the association between exercise capacity and
HRQOL was assessed. The association between exercise capacity
and HRQOL is presented as the difference in HRQOL associated
with a 10-m difference in 6MWT distance. The association was
evaluated at different time points during the study period (ie, pre-
CR, post-CR, at 12mo follow-up and at 18mo follow-up). The
factor time and an interaction term for exercise capacity and time
were added to the model to study whether the association between
exercise capacity and HRQOL was significantly different at
different time points relative to the start of CR. In case of a sig-
nificant interaction, the results of the regression analyses are
presented separately for the different time points. Otherwise, the
results of the regression analyses are presented for all time points
together. Multivariable analyses were performed with correction
for the same possible confounders as described above.

Missing data were handled by multiple imputations using the
MICE package in R.a The geepack packageb was used to fit the
marginal models using a generalized estimating equation approach
in R. All statistical tests were performed in R version 3.4.1.c A 2-
sided P value<.05 was considered significant.
Results

Baseline characteristics

In total, 914 patients participated in the OPTICARE study, of
whom 664 (72.6%) completed >75% of the CR program. In 57 of
those patients, no HRQOL or 6MWT measurements were avail-
able. Therefore, 607 patients were included in the present analyses
(fig 1). The mean patient age in years � SD was 58�8.9, and
81.9% were male (table 1). The incidence of traditional cardio-
vascular risk factors, such as overweight (77.1%) and hyperten-
sion (42.2%), was high in the study population. Most patients
were treated with percutaneous coronary intervention (77.3%) and
the mean number of CR training sessions � SD was 24.6�5.0. At
baseline, 97% of the patients were taking aspirin and statins, 83%
thienopyridines, 82% beta blockers, 71% angiotensin-converting
enzyme inhibitors, and 5.4% psychotropic medication. Patients
excluded of the present analysis were, on average, 2 years younger
(PZ.003), more likely to have a history of smoking (54% vs 38%;
P<0.001), and used fewer statins (94% vs 97%; PZ.025) but
more thienopyridines (89% vs 83%; PZ.014) than the patients
included in the present analyses.

Exercise capacity and HRQOL

The mean exercise capacity was 563 m at baseline and increased
with 37.4 m (95% CI [confidence interval], 31.1-43.6; P<.001)
during CR, which remained statistically significant after correc-
tion for possible confounders (P<.001; table 2). At 12 months and
18 months follow-up the exercise capacity of included patients
continued to increase significantly after correction for possible
confounders with 8.7 m (95% CI, 0.7-16.7; PZ.033) and 15.2 m
(95% CI, 7.6-22.9; P<.001), respectively as compared to post-CR.

The median global, physical, emotional, and social HRQOL
before CR was 5.5 (interquartile range [IQR], 4.6-6.1), 5.3 (IQR,
4.3-6.1), 5.4 (IQR, 4.4-6.1), and 5.9 (IQR, 4.9-6.4) points,
respectively. All 4 domains of HRQOL increased significantly
www.archives-pmr.org

http://www.archives-pmr.org/
http://www.archives-pmr.org


Table 2 Changes in exercise capacity and HRQOL

Outcome Comparison

Unadjusted Adjusted*

Mean Change (95% CI) Mean Change (95% CI) P Value

Exercise Capacity

6MWT, m Post-CR vs pre-CR 37.4 (31.1-43.6) 32.0 (22.9-41.0) <.001

12-mo follow-up vs post-CR -3.0 (-9.3 to 3.3) 8.7 (0.7-16.7) .033

18-mo follow-up vs post-CR -3.0 (-9.6 to 3.7) 15.2 (7.6-22.9) <.001

HRQOL Measured on a 7-point

Likert Scale

Global Post-CR vs pre-CR 0.47 (0.37-0.57) 0.32 (0.23-0.41) <.001

12-mo follow-up vs post-CR 0.14 (0.04-0.23) 0.09 (0.01-0.17) .033

18-mo follow-up vs post-CR 0.22 (0.11-0.32) 0.15 (0.08-0.23) <.001

Physical Post-CR vs pre-CR 0.61 (0.50-0.72) 0.47 (0.36-0.58) <.001

12-mo follow-up vs post-CR 0.18 (0.06-0.30) 0.14 (0.02-0.25) .018

18-mo follow-up vs post-CR 0.24 (0.12-0.36) 0.19 (0.05-0.32) .007

Emotional Post-CR vs pre-CR 0.35 (0.24-0.46) 0.18 (0.09-0.28) <.001

12-mo follow-up vs post-CR 0.09 (-0.02 to 0.20) 0.04 (-0.05 to 0.12) .382

18-mo follow-up vs post-CR 0.17 (0.06-0.27) 0.09 (0.01-0.17) .027

Social Post-CR vs pre-CR 0.49 (0.38-0.61) 0.37 (0.26-0.47) <.001

12-mo follow-up vs post-CR 0.20 (0.09-0.31) 0.16 (0.05-0.27) .004

18-mo follow-up vs post-CR 0.32 (0.21-0.43) 0.27 (0.16-0.38) <.001

* Adjusted for possible confounders, which are presented in supplemental table S1.
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during CR and during follow-up, with exception of the emotional
domain at 12 months follow-up (table 2).

Association between exercise capacity and HRQOL
during and after CR

There was no significant difference in the association between
exercise capacity and HRQOL at the different time points relative
to the start of CR (ie, pre-CR, post-CR, at 12mo follow-up and
18mo follow-up; data not shown). Consequently, results are pre-
sented for all time points together.

Exercise capacity was positively associated with all 4 domains
of HRQOL (fig 2). For instance, the mean global HRQOL differed
by 0.013 (95% CI, 0.006-0.021; PZ.001) points per 10-m dif-
ference in the 6MWT distance. Moreover, the physical, emotional,
and social domain of the patient-reported HRQOL differed by
0.015 (95% CI, 0.005-0.024; PZ.004), 0.009 (95% CI, 0.00-
0.018; PZ.004), and 0.012 (95% CI, 0.006-0.018; P<.001) per
10-m difference in the 6MWT distance, respectively. After
adjustment for possible confounders, the difference in the global
(PZ.029) and physical domain (PZ.023) of HRQOL per 10-m
difference in the 6MWT distance remained statistically signifi-
cant, but was lost for the other 2 HRQOL domains.
Discussion

The current study examined the longitudinal association between
exercise capacity and HRQOL in 607 patients with established
ACS who completed a CR program. During the CR program,
patients showed an increase in exercise capacity and several do-
mains of HRQOL that continued to improve during follow-up.
Before, during, and after CR, a higher exercise capacity was
associated with a higher score on the global and physical domains
of HRQOL. Hence, patients who improved in 6MWT distance
also improved in HRQOL, although the effect size was limited.
www.archives-pmr.org
Several studies with a cross-sectional design have provided evi-
dence for an association between exercise capacity and HRQOL in
patients with CVD. For instance, Nogueira et al31 showed a mild to
moderate correlation between the distance covered in the 6MWTand
the final score of the Minnesota Living with Heart Failure Ques-
tionnaire in patients with cardiac failure. Another cross-sectional
study in patients who underwent CABG surgery demonstrated a
significant correlation between the physical domain of HRQOL and
peak oxygen uptake, which is a well-known measure for exercise
capacity.18 Moreover, a relatively large study of patients with CAD,
of whom 90% had symptomatic heart failure (ie, New York Heart
Association functional class II-III), showed a positive association
between the global and physical aspect of HRQOL and the 6MWT
distance before enrolment in CR.17 In contrast, Verrill et al32 sug-
gested no apparent correlation between the performance in the
6MWT and quality of life scores in patients with medically or sur-
gically treated coronary heart disease.

Longitudinal data on the association between exercise capacity
and HRQOL are scarce. The findings by Chen et al,16 who studied
elderly patients with CAD, concur with our study. We found that a
10-m difference in 6MWT distance was related with a 0.007 point
difference on the global domain of HRQOL and a 0.009 point
difference on the physical component. Interestingly, the results in
the current study were independent of timing relative to CR (ie,
pre-CR, post-CR, and during follow-up), meaning that the
improvement in exercise capacity and HRQOL was similar across
all time points. Although the association was clearly significant
from statistical point of view, the clinical importance of this small
effect is low. Apparently, HRQOL is mainly dependent on other
aspects than exercise capacity.15,33,34 All in all, our data suggest
that the route to improve HRQOL via an improvement in physical
activity is not strong: a difference of 10 m in exercise capacity was
associated with a 0.007-point gain in HRQOL in patients who
completed CR. Yet, it should be kept in mind that no inferences on
causality can be made based on the associations presented in the
current study. Therefore, our data suggest that the route to improve

http://www.archives-pmr.org


Fig 2 The association between exercise capacity and HRQOL at different time points. The distance covered in meters during the 6MWT is plotted

against the 4 domains of HRQOL on a 7-point scale: (A) global, (B) physical, (C) emotional, and (D) social. Data points are depicted separate for

each time point relative to CR: pre-CR (orange), post-CR (green), 12-month follow-up (blue), and 18-month follow-up (purple). We performed

linear regression and present the estimated mean difference in HRQOL per 10 meters difference in 6MWT distance for all time points together.

Adjustments were made for sex, age, level of education, employment status, marital status, overweight, diabetes, hypertension, smoking (pre-

ACS), HADS anxiety score, and HADS depression score. Abbreviation: HADS, Hospital Anxiety and Depression Scale.
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exercise capacity via an improvement in HRQOL is not strong as
well. Hence, attempts to optimize CR programs should keep
focusing on both aspects separately. That said, we are aware that
the average (baseline) 6MWT distance and HRQOL scores were
at the high end of the spectrum observed in patients who are early
post-ACS.26,35 Despite this, our study still observes improvements
in exercise capacity, which are higher than the minimal clinically
important difference of 25 m.29 Similarly, improvements of
HRQOL in all 4 domains exceed the minimal clinically important
difference of 0.5 points during the study period.26

CR programs aim to reduce mortality and the number of
hospitalizations, modify cardiovascular risk factors, increase pa-
tient education, and enhance physical fitness and quality of life.6-8

The effectiveness of CR interventions for patients with cardiac
disease has been studied rigorously in the past.9,10,36-38 However,
fewer data are available regarding the long-term effects of CR
programs. An observational study in 105 patients referred to a
hospital-based comprehensive outpatient cardiac rehabilitation
program following a myocardial infarction showed a significant
increase in HRQOL after completion of CR. Even though the
HRQOL deteriorated during the 12-month follow-up period, the
improvements in HRQOL remained significantly higher than at
baseline.39 Similarly, Gupta et al40 showed a significant increase
in 6MWT distance after completion of CR compared to baseline
and significant worsening in the 6MWT distance (although not
lower than at baseline) when comparing measurements directly
after CR completion with 1-year follow-up in patients with CAD.
In contrast, a small RCT in patients with ACS referred to a resi-
dential rehabilitation center indicated that the improvements in
exercise capacity found during CR were maintained after a follow-
up period of 2 years.41 In our study, improvements in the exercise
capacity and HRQOL of patients with established ACS after
completion of the 12-week CR program were found, which per-
sisted during a follow-up period of 18 months. The differences in
effectiveness of CR during long-term follow-up could be attrib-
uted to a difference in content and structure of the CR programs in
previously mentioned studies, such as frequency and duration of
exercise sessions. Our findings affirm the importance of CR pro-
grams in improving the long-term physical and psychological
well-being of adherent patients with ACS.
www.archives-pmr.org
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Study limitations

Some study limitations deserve discussion. Namely, patients who
were excluded from analyses were, on average, younger, more
likely to smoke, and used relatively fewer statins; however, they
used more antiplatelet medication than the patients that were
included in the current analyses. The drop-out rates in CR tend to
be higher among younger patients and those with more risk fac-
tors, which is in line with the results of the present analysis.42,43

Therefore, the results of the current study are probably most
valid among the more adherent patients. Another limitation of the
current study is the use of the 6MWT to determine exercise ca-
pacity. Previous studies reported a learning effect for repeated
6MWTs, which could also result in improvements during CR.28

However, by performing 1 practice session during the first exer-
cise session of the 12-week CR program, it was attempted to
reduce the potential learning effect. Despite this, patients who
walk a great distance in the 6MWT at baseline have less scope for
improvements than patients who walk only a short distance. This
so-called ceiling effect may occur in the patients who already have
a relatively good exercise capacity before attending CR. A similar
ceiling effect may occur for patients who have a relatively high
HRQOL score at baseline. The consequence of the ceiling effect is
most likely an underestimation of the correlation between
HRQOL and exercise capacity. Nevertheless, this study still ob-
serves improvements in exercise capacity, which are higher than
the minimal clinically important difference of 25 m.29 Similarly,
improvements of HRQOL in all 4 domains exceed the minimal
clinically important difference of 0.5 points during the
study period.26
Conclusions

Better exercise capacity was significantly associated with higher
scores on the global and physical domain of HRQOL in patients
with ACS who completed CR, irrespective of the timing relative to
CR, albeit these differences were small. Hence, CR programs in
secondary prevention should continue to aim at enhancing both
HRQOL and exercise capacity.
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