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Introduction

Cardiovascular disease (CVD) is a health problem of the first order all over the world (1). In Europe, CVD
is the leading cause of mortality and has a huge impact on the health budget (2). However, post-
myocardial ischemia (MI) survival rates have increased in recent years (3,4). A large number of incident

Ml survivors are discharged from the hospital into the community and are at a high risk for readmission.

In 1964, cardiac rehabilitation was defined for the first time by the World Health Organization (5). Since
then the definition has evolved, and cardiac rehabilitation, comprising physical training and education in
cardiovascular risk factors, dietary guidance, psychosocial, occupational and physical activity, has been
implemented as a treatment for cardiac patients. In 2010, the Cardiac Rehabilitation Section of the
European Association of Cardiovascular Prevention and Rehabilitation published a position paper stating
that cardiac rehabilitation programs (CRPs) should include appropriate secondary prevention measures
as part of a comprehensive multifactorial approach and should apply the standards of European societies
(6). Cardiac rehabilitation programs are also recommended (Class | evidence) by the European Society of
Cardiology, the American Heart Association and the American College of Cardiology (7). CRPs provide
regular secondary prevention therapies and assessments by a multidisciplinary team of professionals who
offer continued education and resolve patients’ doubts during the period after Ml (8). CRPs decrease
mortality and the risk of recurrent Ml, promote a healthy lifestyle and improve functional capacity among
patients with coronary heart disease (9,10). Studies on post-MI survival, readmissions and physical
rehabilitation date back to 1972 (11). Most of these studies agree that physical exercise reduces total
mortality (13-87%) (9,11-22) and cardiovascular mortality (22-38%) (9,12,14-18). However, its impact on
readmissions has not been conclusively established. Readmission is a valuable indicator of the
effectiveness of exercise because it is an indirect measure of clinical stability and of the quality of
healthcare delivery. While many studies have found no significant differences in readmissions post-CRP
(9,11,12,14-16,18,21), others report that CRP significantly reduced cardiac readmission rates (by between
17% and 79%) (17,19,20,22). Moreover, the few studies available on the issue do not focus on identifying
the best exercise regimens for reducing readmissions. Despite the acknowledged benefits, the
implementation of CRPs varies widely: according to the European Cardiac Rehabilitation Inventory Survey

(2008) (23,24), the number of eligible patients admitted to phase Il of CRP ranged from below 3% (in



Spain) to 90% (in Lithuania). About half of the countries admitted <30% of eligible patients. Therefore,

CRPs appear to be underused.

The barriers to referral to CRP need to be overcome (25). Evidence that these programs reduce
readmission would provide an additional incentive for hospitals and providers to refer their patients to

CRP after MI.

Given the inconsistency of these results, the primary aim of the present study was to evaluate the efficacy
of a supervised exercise training program for reducing cardiac readmissions in patients with Ml in the first
year after hospital discharge. The study also explored differences between groups in all-cause
readmission, all-cause death, all-cause hospital emergency visits, functional capacity, quality of life,
adherence to cardiac pharmacological treatment, attendance at nurse follow-up visits, satisfaction with

care received, and return-to-work.

Methods

The study protocol of the clinical trial was previously published but a brief summary is described here (26).

The trial was registered at Current Controlled Trials as ISRCTN57634424, dated 30/04/2010.

Ethical approval

The protocol had been approved on 30 June 2009 by an independent Ethical Committee of Clinical
Research (Comite d’Etica d’Investigacié Clinica de la Fundacié Unié Catalana d’Hospitals) chaired by Dra.
Imma Guasch Jordan, with the protocol number CEIC Code 09/38. This study complied with the sixth

version of the Declaration of Helsinki.

Study design

Open, controlled, randomized, hospital-based clinical trial including patients admitted to the Cardiology

Department for M.



Study subjects

The inclusion criteria were: age over 18, diagnosis of MI (myocardial ischemia, pre-infarct angina, angina
pectoris, other specific forms of chronic ischemic heart disease or unspecified ischemic heart disease)
during the current admission, residence in the catchment area of our hospital, absence of cognitive deficit
(Pfeiffer test: 0-2 mistakes), sufficient functional capacity to follow the CRP (Barthel index >60), and
willingness to participate in the study and to provide signed informed consent. Patients were excluded if
they had symptoms of right heart failure producing pulmonary hypertension or dyspnea caused by severe
pulmonary pathology, additional comorbidities affecting the prognosis of cardiac disease, major

comorbidities or limitations that could interfere with the exercise training program.

Randomization

Patients were randomly assigned to the control or the intervention group. Patients in the intervention
group were included in the supervised exercise-training program, while controls received standard care.
A randomization list in blocks of 10 was created by a computer random number generator. The
randomization list and the allocation of patients to each group were independently controlled by the

Clinical Research Unit.

Study arms

Control. Patients assigned to the control group received the standard care given at the hospital. During
hospitalization, the cardiac nurse or the physiotherapist assessed the cardiovascular risk factors and other
clinical variables in each patient and gave oral and written information on cardiovascular risk factors.
Hospitalized patients were instructed to do exercises in order to regain mobility and to maintain muscle
tone and peripheral circulation, and were taught breathing exercises by the physiotherapist to improve
their breathing patterns. Before discharge, the physiotherapist provided patients with guidance on how
to return to physical activity. After hospital discharge, patients were scheduled for follow-up visits with a

cardiac nurse at the first month, and 3, 6 and 12 months (visits 1, 2, 3 and 4 respectively) after hospital



discharge in order to control the risk factors, reinforce the education measures for disease control and

review their adherence to cardiac medication and CRP follow-up.

Intervention. In addition to standard care, patients randomized to the intervention group underwent a
supervised outpatient exercise training program, based on the results of the exercise stress test and
bearing in mind the physical limitations imposed by their co-morbid conditions. The intervention started
within three days of the exercise stress test, which was performed one month after hospital discharge.
The program was performed in the hospital. It comprised three hours a week (spread over three alternate
days) of supervised exercise training, for a 10-week period. Exercise classes were supervised by a
physiotherapist and consisted of 10 minutes of warm-up and muscle stretching, 30 minutes of aerobic
exercises on a cycloergometer, 15 minutes of isotonic exercises for the upper and lower limbs and five
minutes of cool-down. Moreover, instructions were given on self-pulse counting, the use of the Borg scale
(a perceived exertion scale which is a numerical value of a person's perception of the intensity of the
effort made during physical activity), relaxation exercises, breathing techniques, postural health and
minimizing physical effort. Aerobic exercise intensity was between 75-90% of the maximum heart rate
obtained in the previous exercise stress test and progressed according to the perceived exertion rate (11—
15). Resistance training was performed with 10-15 repetitions for three sets, maintaining a perceived
exertion rate of 11-14. The physiotherapist checked that patients were exercising at their prescribed

intensity with a pulse oximeter (Quirumed® Health & Care).

Procedure

Patients were selected after assessment of the clinical history and consultation with the cardiologist. In
the inpatient setting, eligible patients were given information (both verbal and written) related to the
study and their doubts were discussed and resolved. Before discharge (visit -1), researchers obtained
written informed consent from eligible patients who agreed to participate. On discharge (visit 0) we
contacted the Clinical Research Unit to discuss the randomization process. Patients attended four cardiac
nurse visits (visits 1, 2, 3 and 4). During visits -1 and 1, the cardiac nurse recorded baseline variables.
Readmissions and length of hospital stay for cardiac disease, readmissions and length of hospital stay for

all causes, all-cause death, all-cause hospital emergency visits and attendance at nurse follow-up visits



were recorded over a 12-month follow-up period. Functional capacity was evaluated at baseline and at
visit 2. Quality of life (EuroQuol5) was recorded at baseline and at visits 2 and 4. Adherence to cardiac
pharmacological treatment, satisfaction with care received and return-to-work were recorded at visit 4.

A detailed procedure was included in the published protocol study (26).

Main outcomes

The main outcomes included the percentage of patients readmitted, length of hospitalization for cardiac
disease during the first year after hospital discharge, and time to first hospital readmission for cardiac
disease. An independent committee blind to the patient’s treatment group assessed the main outcomes.
This committee comprised a cardiologist, a rehabilitation cardiologist and a health information manager,

all from different centers.

Secondary outcomes

Secondary outcomes were the percentage of patients readmitted and length of hospitalization for all
causes during the first year after hospital discharge, all-cause death, all-cause hospital emergency visits,
functional capacity (maximum double product, chronotropic index, energy expenditure and time of
exercise performed were retrieved from the exercise stress test), quality of life (EuroQol5 (27)), adherence
to cardiac pharmacological treatment (Haynes-Sackett test (28)), attendance at nurse follow-up visits,
satisfaction with care received (questions selected from a questionnaire devised by the local public health

department (29)) and self-reported return-to-work.

Statistical analysis

To ensure a statistical power of 80% in order to detect differences through a two-tailed chi-square test
for two independent samples, with a level of significance of 0.05, and assuming proportions of cardiac
readmissions of 25% in the control group and 12% in the intervention group, each group had to comprise
139 patients. Assuming a 5% loss to follow-up, we estimated that 146 patients would be needed in each

arm.



Descriptive statistics were used to characterize the sample. Means and standard deviations were used for
continuous variables and frequencies with percentages for categorical variables. We tested for significant
differences between the baseline characteristics of the control and intervention groups. For continuous
variables, we used the Student’s t-test or the non-parametric Mann-Whitney U test. We used the 2 test
to compare categorical variables or Fisher’s exact test or bilateral exact p-value in contingency tables
where the expected frequencies were below than five. The percentage of patients readmitted for cardiac
disease was analyzed through a two-tailed x? test for two independent samples, and time to first hospital
readmission for cardiac disease was analyzed as time to event with Kaplan-Meier estimation and Cox
proportional regression models. We used the log-rank test to compare the survival curves. We reported

the unadjusted and adjusted hazard ratios (HR) and 95% confidence intervals (95% Cl).

To assess the effect on quality of life from a longitudinal perspective, a marginal Generalized Estimating
Equations model with the logit as link function was applied in order to estimate the population-average
effects. An exchangeable working correlation matrix was assumed. The models were validated via in-

sample k-folding cross validation.

A two-sided a-level of 0.05 was considered statistically significant. Data were analyzed using IBM SPSS

Statistics for Windows v.20, Stata v.10 and R version 3.0.2.

Results

Between June 2010 and June 2012, 478 patients were evaluated for eligibility, of whom 86 were
randomized. Two hundred sixty-nine did not meet the inclusion criteria (56%) while 111 (23%) refused to
participate and 12 (3%) for other reasons. The most common reason for exclusion was the presence of
additional comorbidities affecting the prognosis of cardiac disease, and other comorbidities or limitations
that interfered with the exercise training program. Eighty-six patients (41% of the patients who met the
inclusion criteria) agreed to participate and provided written informed consent. No patients were lost to
follow-up. One patient in the intervention group who withdrew prior to the baseline assessment was

excluded from the analysis (see Figure 1).



No statistically significant differences in all baseline characteristics were observed between patients who
agreed to participate and those who did not in any of the variables except age, which was higher in the

non-participants (65 vs 60; p=0.006) (see Appendix 1, supplementary data).

Baseline characteristics

Table 1 shows the baseline characteristics of the 44 patients in the control group and the 41 patients in
the intervention group. No significant differences between groups were observed, with the exception of
gender: 23% of the control group were women, compared with 7% in the intervention group (p=0.049).
Mean age was 60 years (SD 11). Myocardial ischemia was the principal cause of referral. Most patients
were overweight and had a mean waist circumference of 99 cm. Smoking was reported by 14% of the
control group and by 7% of the intervention group. Hypertension was recorded in 52% of controls and
44% of the intervention group, and 46% of controls and 49% of the intervention group had family history

of heart disease.

Main outcomes

Readmission rates during the first year for cardiac disease were 14% (95%Cl: 5-27) in the control group
and 5% (95%Cl: 1-17) in the intervention group (p=0.268). In the control group the median length of
hospital stay of readmissions for cardiac disease was 2 days [p25-p75; 1-4] and 7 days [p25-p75; 6-8]
(p=0.145) in the intervention group (see Table 2). The likelihood of readmission for cardiac diseases during
the year of follow-up was higher in the control group (log rank test p=0.1671) (see Figure 2) with a crude
HR of 0.34 (95%Cl: 0.07-1.69). The hazard ratio in the intervention group adjusted for the gender variable

was 0.32 (95%Cl: 0.06-1.61).

Secondary outcomes

All-cause readmission rates were 23% (95%Cl: 12-38) in the control group and 15% (95%Cl: 6-29) in the
intervention group (p=0.34). There were no deaths during the first year of follow-up in either group. In
the control group, 50% of patients (95%Cl: 35-65) were treated once or more in the hospital emergency

service, compared with 24% (95%Cl: 12-40) of patients in the intervention group (p=0.015).



The baseline functional capacity according to the exercise stress test and the change between the
assessments at baseline and at three months are shown in Table 3. This table shows the information on
the 38 patients in the control group and the 40 patients in the intervention group who performed the
exercise stress test at baseline and at 3 months. At three months, significant increases in the maximum
double product (p=0.016) and the chronotropic index (p=0.006) were observed in the intervention group.

Energy expenditure and time of exercise performed were similar in the two groups.

The results for quality of life during follow-up showed that the proportion of patients reporting mobility
problems rose in the control group, but fell in the intervention group. No significant differences were

observed between groups for the rest of the dimensions (Appendix 2, supplementary data).

Adherence to cardiac pharmacological treatment was 89% in the control group and 95% in the
intervention group and attendance at nurse follow-up visits was 100% and 95% respectively. Regarding
satisfaction with the care received, the mean score was 9/10 in both groups. In the control group 36% of

patients returned to work compared to 77% of patients in the intervention group (table 2).

Discussion

The supervised physical exercise program described here significantly reduced the number of patients
seen at the hospital emergency service, and improved rates of return-to-work and the functional capacity.
We also found that patients who participated in the program were readmitted less often than patients in
the control group (5 vs 14%). Unfortunately, the fact that we did not reach the target sample size meant
that the study lacked the statistical power required to detect statistically significant differences between
the groups, although all the results reflected better performance in the intervention group.

Several systematic reviews and meta-analyses confirm that exercise-based cardiac rehabilitation reduces
all-cause and cardiac death (9,19) but does not clearly modify the risk of recurrent MI. There were no
deaths in either study group. This may have been due to our use of very restrictive inclusion criteria.
Although we did not measure the recurrence of Ml as such, we looked at readmission rate after cardiac
rehabilitation, which might be seen as indicative of recurrent MI. However, the lack of homogeneity in
the variables assessed in the studies — fatal MI, non-fatal Ml, all-cause readmission or cardiac readmission

— makes comparisons difficult. In two meta-analysis (9,18) it was concluded that neither exercise-only nor



comprehensive cardiac rehabilitation had any effect on the recurrence of non-fatal MI. However, a third
meta-analysis (20) found that secondary prevention programs were able to reduce rates of recurrent Ml
by 17% after 12 months. Programs based on education and counseling with a structured exercise
component showed a significant reduction in Ml recurrence of 38% while programs that included risk
factor education or counseling without a structured exercise component, or programs that were solely
exercise-based, did not achieve significant changes. Our study was designed to compare the rates of
readmission due to cardiac disease obtained by a supervised physical exercise program and by standard
care, which, in our case, includes risk factor education and counseling in all patients. Although the
differences were not significant, in the intervention group we observed a reduction in the risk of cardiac
readmission of around 66%. The objectives pursued by this project have a direct impact on the welfare of
patients with MI. Although there have been significant increases both in the number of rehabilitation
programs in Spain during the last decade and in the number of patients treated, we still lag behind other
countries in Europe. The ESRECA study (30) noted the scarcity, and the heterogeneity, of the human and
material resources available and especially of educational, psychological and physical exercise
interventions. During admission and follow-up, patients and their families received detailed
recommendations regarding lifestyle habits, physical exercise and other aspects to consider in order to
favor their active control of the disease and to increase safety, which are both highly important factors
for reducing the number of readmissions. From the standpoint of health planning and management, the
findings of the study may allow substantial savings in the health service budgets by helping to lower
readmission rates and shorten hospital stay in a disease as frequent as MI. Although the efficacy and
efficiency of CRP seems obvious, their implementation in our country remains low. The ESRECA study (30)
concluded that the institutions themselves were to blame for the low level of development of these

programs in Spain.

Another interesting finding to add to the existing literature is that patients in the intervention group
performed better exercise stress tests in the three months of follow-up than the control group, since they
recorded higher maximum double product and chronotropic index values. The data obtained confirm

previous studies showing that physical exercise improves activity tolerance (31). This engagement in



physical activity may also account for the significant improvement in patients’ mobility in the intervention

group over time.

Adherence to cardiac pharmacological treatment was relatively high in both groups, above the figure of
50% reported in the literature (32). This positive result may have been due to the nurse follow-up visits in
both groups in which patients received encouragement from the nursing staff and were able to discuss
and resolve any doubts regarding the medical protocol. Previous studies have reported drop-out rates
from nurse follow-up visits in the first year to be between 50% and 90% (33,34). The high adherence
observed in both our study groups may be due to the fact that, during hospitalization (35,36), information
regarding the CRP and cardiovascular risk factors is given “face to face” (37) to patients and their families,
and also because the CRP is initiated relatively quickly. We should also consider the possible influence of
the Hawthorne effect deriving from inclusion in an experimental study. Patients’ satisfaction with the care

received was also very high in both groups.

The results obtained corroborate those of previous studies which have reported that supervised physical
exercise programs accelerate return-to-work during the first year of follow-up (38,39) and demonstrate
that CRPs can contribute to preserving or recovering an active social life (40). Reducing cardiac
readmissions and improving the quality of life and functional capacity of the patient accelerates return to
normal life and shortens convalescence time, and thus helps to reduce the direct and indirect costs arising

from occupational disability.

Limitations

One of the main limitations of the study is that we did not reach the sample size initially intended. This
might have been due to the highly restrictive inclusion criteria, since 51% of screened patients were
excluded for presenting a comorbidity that would affect the prognosis of the MI. The patients who
declined to participate in the program expressed reasons very similar to those mentioned in the literature:
the impossibility of adapting to the protocol, transport difficulties, living at a considerable distance from
the rehabilitation center, reluctance to abandon behaviors associated with cardiovascular risk factors and

the fact that they were already performing tests at other health centers (41,42).



The large catchment area of our hospital may have aggravated the difficulties of recruitment.
Furthermore, recruitment was slower than expected, so the inclusion period was expanded until a
maximum of two years in order to ensure that the execution of the study was not altered by factors such
as changes in health organization, and so on. Despite these shortcomings, we feel that our study of the
effects of a supervised exercise program organized as part of our routine clinical practice offers an

accurate reflection of practices in the real world.

In line with previous studies (41,43,44), the patients who declined to participate (56%) were significantly
older than those who agreed; the decliners also comprised a higher proportion of retirees, more patients
of pyknic body type, and presented a higher percentage of cardiovascular risk factors (high blood pressure,
diabetes mellitus and family history of heart disease). This suggests that the rate of readmissions recorded

might have been higher if less strict selection criteria had been applied.

Both groups were instructed to exercise during hospitalization and all patients received information on
the importance of exercising after discharge. Additionally the intervention group participated in a
supervised outpatient exercise training program. A cross-over effect may have affected the internal
validity; that is, the control group may have obtained better results for functional capacity and thus
reduced the differences in relation to the intervention group. To control for this potential confounder, all
patients completed a physical questionnaire (Capersen and Powell classification) at follow-up visits. No
differences in the percentage of patients performing regular physical activity were observed between the

two groups (data not shown).

The fact that the groups were unbalanced in terms of gender may have affected the main and secondary
outcomes. However, stratification of the statistical analysis by gender showed the same results for men
as for the entire sample, both for cardiac readmissions (the main endpoint of the study), and for secondary
outcomes such as all-cause readmissions, all-cause hospital emergency visits, stress test or return to work

(data not shown).

Considering the nature of the intervention (cardiac rehabilitation) an open trial was unavoidable and the
blinding of the subjects and therapists was not possible. This may have affected the outcomes since

patients in the control group might have been disappointed not to be randomized to rehabilitation;



equally, it may be that the intervention patients gave more positive answers. However, the endpoint

committee who assessed the primary outcomes was blinded for group assignment.

Recommendations for future studies

This study has assessed the benefits obtained by a CRP incorporating supervised physical exercise in a
large geographical health area in which patients may live at significant distances from their health centers.
The results highlight the need to ensure equitable access to programs run by multidisciplinary teams who
are experts in cardiology and rehabilitation, so it would be interesting to systematize the implementation
of this program in similar health regions. To be able to assess the effects of a supervised exercise training
program on readmission it is necessary to optimize patient recruitment: for example, by providing
transport from home to the rehabilitation center, or creating strategies to bring the programs to patients
instead of bringing patients to programs. At the same time, the definition of readmission needs to be
standardized to enable proper comparison of studies. Another new area which we see as particularly

important is the creation of new strategies that favor accessibility, such as telemedicine.
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