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Abstract 

Objective: The present review aims to examine 
the way an exercise-based cardiac rehabilitation 
program affects mortality, and morbidity in patients 
after Myocardial Infarction. 

Materials and Methods: PubMed/Medline and 
Scopus/Elsevier electronic databases were searched 
for studies with no publication date limitation. A search 
strategy was developed based on the intersection of 3 
search themes: cardiological rehabilitation program, 
morbidity and mortality. 

Results: The articles that finally met all the 
inclusion criteria and were analyzed, after the 
screening of the title, the summary, and the whole 
text, were 3. A total of 33208 patients who received 
cardiological rehabilitation were examined in this 
review. 

Discussion: This review demonstrated that 
patients' participation reduces the rates of mortality 
and morbidity in integrated exercise-based cardiac 
rehabilitation programs in-house or outpatient. 
Participating in a larger number of sessions or 
achieving greater energy expenditure are associated 
with a significant reduction in the risk of mortality. 
Excessive exercise can lead to the opposite of the 
desired results, increasing the risk of death from 
coronary heart disease and ischemic stroke. While 
patients with higher initial levels of cardiorespiratory 
resistance were found to have a lower risk of death, 
exercise was particularly beneficial for patients with 
initially low endurance, as an improvement by 1-METs 
after the program was associated with a 27% 
reduction in mortality risk. 
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Introduction 

Acute and chronic cardiovascular disease (CVD) 
including acute myocardial infarction (MI), causes a 
large proportion of all disability and death worldwide, 
placing a substantial burden on the healthcare 
systems. [1-2] There are several well-known risk 
factors for CVD, including increasing age, male sex, 
and unhealthy lifestyle habits. [3-8] 
With increasing numbers of people living longer with 
symptomatic heart failure (HF), the effectiveness and 
accessibility of health services for HF patients have 

never been more important. [9] It is recommended 
that secondary prevention should be provided through 
comprehensive CR programs, which includes several 
core components, e.g. smoking cessation, physical 
activity as well as nutritional counselling, psychosocial 
management, and exercise training, generally referred 
to as exCR. [10] Exercise-based cardiac rehabilitation 
(exCR) is widely recognized to play a key role in the 
management of coronary heart disease (CHD) [11-
13]. ExCR is an interdisciplinary, costeffective and 
integral component of the continuous care for patients 
with CVD [14], designed to improve functional 
capacity, psychological health and the quality of life 
(QoL) [15]. 

This role is supported by a substantive body of 
randomized, controlled trial (RCT) evidence that 
exercise training in CHD patients can result in a 25% 
reduction in cardiac mortality, equivalent to many 
cardiovascular drugs [16-17]. 

In recent years, questions have been raised as to 
whether these benefits of exercise in relation to 
routine care continue to exist as conventional 
(pharmaceutical and invasive) treatment in coronary 
patients has greatly improved. It is also being debated 
whether these benefits have been overestimated in 
previous randomized trials as the sample then 
consisted usually of low-risk middle-aged patients 
after uncomplicated MI. The aim of this review is to 
examine the way exCR at patients after MI affect 
mortality and morbidity risk. 

Materials and methods 

Search Strategy: A search strategy was 
developed based on the intersection of 3 search 
themes: cardiac rehabilitation program, mortality and 
morbidity. The following databases were searched: 
Medline databases (via PubMed), and Scopus 
/Elsevier. Additional relevant research was also 
identified by direct search in scientific journals 
available online. The results are presented as per the 
Preferred Reporting Items for Systematic Reviews 
and Meta-Analysis (PRISMA) reporting guideline 
(supporting checklist/diagram). [18] A total of 3 unique 
studies were included in the review. 

Inclusion Criteria: The review included studies 
designed to examine the morbidity and mortality of an 
exercise-based CR program with no limitation about 
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the publication date. Case reports and case series 
were excluded.  

Study selection: Eligibility screening of the 
studies was conducted in a blinded standardized way 
by two independent reviewers (Ev.T.). Titles and 
abstracts were screened using and duplicate articles 
were excluded. After screening titles and abstracts, 
full paper copies were retrieved. Full text screening 
was also performed blinded by the same reviewer 
(Ev.T.). Disagreements between authors during any 
stage of the screening process were resolved by 
consulting a third reviewer (Em.T.).  

Results 

The articles that finally met all the inclusion criteria 
and were analyzed, after the screening of the title, the 
summary, and the whole text, were 7. (Table 1)  

In 2010, Hammil et al. [19] published a 
retrospective observational study with data from 
Medicare, the US social security agency, which 
investigated whether there is a relationship between 
the number of exercise sessions and long-term risks 
of mortality and appearance of myocardial infarction. 
A total of 30,161 American patients participated, with 
coronary heart disease and other diseases that 
aggravated their cardiovascular condition (40% heart 
failure, 36% diabetes, hypertension, peripheral 
vascular disease, etc.) and were eligible for free CR 
programs from 2000 to 2005. The 65% were male and 
4% were not white. All participants were over 65 years 
old (average 74 years old) and participated in at least 
1 to> 36 exercise sessions. A 4-year monitoring after 
the first manifestation of coronary heart disease was 
conducted. After recording demographics, 
comorbidities, and subsequent hospitalization, 
patients who attended 36 sessions had a 14% lower 
risk of death and 12% lower risk of myocardial 
infarction than those who attended 24 sessions, 22% 
lower risk of death and 23% lower risk of myocardial 
infarction than those who attended 12 sessions and 
47% lower risk of death and 31% lower risk of 
myocardial infarction than those who attended 1 
session. 

Williams & Thompson [20] study examined the 
association between higher energy exercising and a 
progressive reduction in mortality after a heart attack. 
They Cox proportional hazards or PH model were 
used to test the relativity of mortality to the estimated 
energy expended by walking or running, measured in 
metabolic equivalents, in 2,377 myocardial infarction 
survivors at 1 MET/hour/day. is the energy equivalent 
to running 1 km/day. Ongoing mortality was monitored 
through the National Death Rate from January 1991 to 
December 2008. A total of 526 deaths occurred during 
an average research follow-up of 10.4 years, 376 
(71.5%), of which were related to coronary heart 
disease. Patients who achieved an energy 
expenditure of 7.2 METs/hour/day equivalent to 50km 
running or 75 km walking per week had a 63% lower 
risk of death. Patients with 3.6-5.4 METs had a 50% 
lower risk of cardiovascular disease than those 

consuming <1.07METs/hour/day. No difference was 
observed between those who walked or ran when the 
weekly energy expenditure was the same. Those who 
progressed to even higher levels of weekly exercise, 
the risk of cardiovascular death was about 2.6 times 
higher. This increase in the risk of cardiovascular 
death, for those over 50km running or 75km walking 
per week, was to such an extent that the mortality 
from cardiovascular disease in these patients was 
similar to those who did not exercise at all. 

A retrospective cohort study by Taylor et al. [21], in 
June 2016, was published to examine the association 
between sub-maximal cardiorespiratory endurance 
and all-cause mortality in an exercise-based CR 
program. Patients were admitted between May 1993 
and October 2006, and followed until November 2013 
(average 14 years, range 1.2 - 19.4 years). A cohort 
of 534 men and 136 women, with a clinical diagnosis 
of coronary heart disease, aged 22-82 years, 
participated in a 14-week exercise-based CR 
program. An evaluation for correlation between 
baseline and maximal cardiorespiratory endurance 
and mortality from any cause was conducted. Patients 
underwent fatigue tests at the beginning and end of 
the program. Changes in sub-maximal 
cardiorespiratory endurance were expressed in 
METS. Initial sub-maximal cardiorespiratory 
resistance was a strong predictor of mortality from any 
cause. Compared with the low-maximal 
cardiorespiratory fitness group (<5 METs for women 
and <6 METs for men), the risk of mortality was 41% 
lower in the group with moderate sub-maximal 
cardiorespiratory fitness, and 60% lower in the group 
with higher levels of sub-maximal cardiorespiratory 
fitness (≥7 METs for women and ≥8 METs for men). 
Τhe improvement in sub-maximal cardiorespiratory 
fitness seen from the fatigue test was not associated 
with a significant reduction in mortality risk for the 
whole cohort, but only for the group of low sub-
maximal cardiorespiratory fitness (and highest 
mortality from any cause) at the start of the program, 
where improvement, by 1-METs, was associated with 
a 27% reduction in age-adjusted mortality risk. 
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Table 1. Studies included in this review 

Authors (year) Methods Sample (n)  Intervention Conclusion 

  Size Age  (Follow-up) Type  

Hammil et al.
 

2010 

Retrospective study 
observational 

(in the Medicare 
archives) * 

Total: 30.161 Mean:74 4 years 
1 to > 36 
sessions 

 

There is a dose-
response relationship to 
the number of sessions 

and the reduction in 
mortality and recurrent 
myocardial infarction 

Williams & 
Thompson

 

2014 

Retrospective study 
observational 

Total: 2.377 
67.29 ± 
13.74 

 

Mean: 
10,4 years 

Running or 
walking <1,07 

METs/h/d 
to > 7,2 

METs/h/d 

Reduce mortality by 
increasing exercise 
energy expenditure. 
Excessive mortality 

increase (> 7.2 METs) 

Taylor et al.
 

2016 
 

Retrospective cohort 
research 

Total: 670 
 

22-82 Mean: 14 years 
CR & exercise 

14 weeks 

Higher levels of initial 
cardiorespiratory 

resistance are 
associated with reduced 
mortality. Improvement 

by 1 MET = 27% 
reduction in mortality 

 

Discussion 

A total of 33.208 patients were included in this 
review. Hammil et al. study [19] showed that for 
elderly patients (beneficiaries of Medicare CR 
beneficiaries) there was a strong ‘dose’-response 
relationship between the number of exercise sessions 
and the long-term results. Participation in all 36 
exercise sessions provided by safety was associated 
with a lower risk of mortality and MI and 4 years of 
follow-up compared to participation in fewer exercise 
sessions.  

The results of Williams & Thomson study [20] 
presented that running or walking after a heart attack 
reduces the risk of mortality associated with CHD. The 
risk decreases as the level of exercise increases. On 
the contrary, this benefit of exercise is attenuated at 
the highest levels of exercise, i.e. in running over 
50km. per week or on walking over 75km. the week. 
This excessive exercise can lead to the opposite of 
the desired results, increasing the risk of death from 
coronary and ischemic attacks.  

The conclusion of the Taylor et al. research [21] 
showed that the highest levels of initial (Baseline) sub-
maximal cardiorespiratory endurance, were 
associated with a reduced risk of mortality from any 
cause over a period of 14 years, in adults with 
coronary heart disease. Improving fitness through an 
exCR program is associated with a significant 
reduction in the risk of mortality in patients with low 
endurance.  

The above results agree with the previous 
literature. O ’Connor et al. [22] concluded that a 
structured exercise program in the CR reduces 
mortality by 20% (total mortality, cardiovascular 
mortality and recurrent infarction) for at least 3 years. 

It also significantly reduces sudden cardiac death 
during at least the first year after a heart attack and 
possibly for 2-3 years. Whether further exercise as an 
independent agent in the exCR brings the above 
benefits needs further investigation as the research 
data included in this review are not sufficient to 
support such a conclusion. The results of Taylor et al. 
[23] was that with exercise mortality was reduced by 
28% compared to the control group (without exercise). 
Half of this percentage can be attributed to the 
reduction of hypertension, cholesterol and smoking 
cessation. The Ricardo & Aruajo’s review [24] 
confirms that exercise in the CR has favorable results 
compared to the usual care of the control group in 
overall and cardiac mortality, but also in morbidity. 
Regular exercise reduces the occurrence of new 
coronary episodes (re-infarction and vasoconstriction 
after angioplasty). It seems that regular exercise is the 
main factor responsible for the favorable results of the 
therapeutic intervention. Anderson et al.’s [16] results 
strengthened some of the data from previous 
research. Applying exCR leads to a 20% reduction in 
cardiovascular mortality and a 25% risk of re-
admission to the hospital. No statistically significant 
difference was observed regarding total mortality, the 
occurrence of new myocardial infarction or new 
revascularization operations in relation to the subjects 
in the control group. Exercise patients have shown 
higher levels of health-related quality of life compared 
to non-exercise patients.  

According to all systematic reviews with or without 
meta-analysis of many randomized trials conducted 
from 1960 to 2014 with a large number of samples, in 
which patients were followed for a long time (6 months 
- 6 years) it seems that in relation with patients 
receiving only standard (pharmaceutical) care, those 
participating in structured exercise programs have a 
20-28% reduced risk of cardiovascular mortality and in 
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fact these positive results are mainly attributed to 50% 
of exercise. 

Conclusion 

This review demonstrated that the rates of 
mortality and morbidity are reduced by patients' 
participation in integrated exCR programs in-house or 
outpatient. In agreement to the other large 
retrospective observation studies, it appeared that 
participating in a larger number of sessions or 
achieving greater energy expenditure by walking or 
running are associated with a significant reduction in 
the risk of mortality. Excessive exercise can lead to 
the opposite of the desired results, increasing the risk 
of death from CHD and ischemic stroke. While 
patients with higher initial levels of cardiorespiratory 
resistance were found to have a lower risk of death, 
exercise was particularly beneficial for patients with 
initially low endurance, as improvement by 1-METs 
after program was associated with a 27% reduction in 
mortality risk. 
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