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It is well recognised that phase 3 cardiac 
rehabilitation is beneficial, reducing 

both mortality and morbidity following 
acute myocardial infarction. The role of 
ongoing phase 4 cardiac rehabilitation 
is less clear. This study was designed to 
assess the effectiveness of phase 4 cardiac 
rehabilitation in acute myocardial infarction.

Following acute myocardial infarction, 
143 patients who had completed phase 
3 cardiac rehabilitation were followed up. 
Analysis was divided into three groups: 
those who took up phase 4 rehabilitation, 
those offered who declined and those not 
offered phase 4 rehabilitation because it 
was not available locally. Risk factor profile, 
self-reported exercise and quality-of-life 
scores using the short form (SF)-36 were 
assessed in all patients. 

Body mass index (BMI) shows no overall 
change in the ‘accepted’ group, but shows 
a significant increase between pre and 
five-year levels in the ‘declined’ group 
(p=0.024) and in the ‘not offered’ group 
(p=0.014). All groups showed an increase 
of SF-36 scores following phase 3, which 
showed a trend towards significance. Both 
the ‘accepted’ and ‘not offered’ groups 
maintained this improvement, while the 
‘declined’ group returned to baseline 
(p=0.05 vs. ‘accepted’ and p=0.03 vs. ‘not 
offered’). All groups had similar exercise 
levels initially and all showed significant 
improvements after phase 3 with some 
deterioration out to five years. This decline 
in exercise was significant in the ‘declined’ 
group (p=0.029) and shows a trend in the 
‘not offered’ group (p=0.057).

This small single-centre study suggests 
that there are observable benefits in 
participating in long-term phase 4 cardiac 
rehabilitation. Those who decline phase 
4 cardiac rehabilitation clearly do less 
well. Whether the benefits seen can be 
attributed directly to phase 4 cardiac 
rehabilitation would require a different 
study design to address this issue. 

Introduction
It is now accepted that phase 3 cardiac 
rehabilitation post acute myocardial infarction (AMI) 
is beneficial in reducing long-term mortality and 
morbidity.1-3 It also increases exercise capacity,4-6 
improves risk factor profile1,2,7 and improves quality 
of life.6,8-11 These benefits occur across all age 
groups12-14 and in both sexes15,16 – women and 
the elderly have been and continue to be, under-
referred for cardiac rehabilitation (CR).17,18 They are 
also cost-effective.19,20

The ideal duration, location and composition of 
such CR programmes is less clear. Hospital-based 
programmes clearly appear to be effective.1 Using 
the heart manual and/or delivering CR in the 
community setting appears to produce equivalent 
results to a hospital programme.21-24 
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Many centres offer ‘traditional’ hospital-based 
phase 3 CR with ongoing phase 4 CR in the 
community afterwards. The benefits of this 
supplemental, long-term, community-based 
style of CR over and above what is offered 
in phase 3 is unknown, and we therefore 
conducted this trial in order to assess this 
potential benefit.

Phase 4 CR was initially started in the northern 
extreme of our district and was only available 
to a small number of patients. Our study 
looked at all patients with AMI who completed 
the phase 3 hospital-based programme over its 
first year. We assessed their progress one year 
and five years later and analysed according to 
whether they took up phase 4 CR, declined to 
attend or were not offered it because they lived 
too far away from its base (in excess of one 
hour travel by car).

Many patients who initially did not have local 
phase 4 facilities gained these during the five 
years of follow-up and we know some enrolled 
in the programme later. This study is analysed 
under intention to treat.

Methods
In phase 1 all patients admitted to hospital 
with a diagnosis of AMI were referred to the 
CR nurse within one working day of diagnosis 
and seen prior to discharge. Those who 
smoked were offered in-patient smoking 
cessation, including nicotine replacement 
therapy. All patients were commenced, if 
possible, on aspirin, atenolol, simvastatin and 
ramipril. All patients with a diagnosis of non-
ST elevation myocardial infarction (NSTEMI) 
who were appropriate for revascularisation 
were referred for in-patient coronary 
angiography. All patients were commenced 
on the heart manual and given a date for their 
exercise tolerance test prior to discharge.

In phase 2 all patients were discharged with 
the heart manual and seen within four days of 
discharge by a trained heart manual facilitator. 
They received an exercise electrocardiogram 
(ECG) at two weeks to identify high-risk 
patients requiring urgent investigation, and 
to allow exercise prescription. The consultant 
cardiologist reported the tests and the results, 
along with details of the patient’s adjustable 
risk factors for coronary artery disease, to the 
patient’s general practitioner with suggestions 
for ongoing care and optimisation of therapy.

All patients were offered hospital-based phase 
3 CR, which runs from week six to week 
12 following AMI. Prior to starting, and at 
completion of phase 3, CR risk factor analysis, 
lifestyle and quality of life using the short 
form (SF)-36 were assessed. At completion, 
all patients were referred for a repeat exercise 
ECG, off beta blockers, to assess their progress 
and long-term prognosis. The consultant 
cardiologist reported these and sent the 
results, along with repeat risk factor analysis, 
to the patient’s general practitioner.

All patients who lived in the catchment area 
for the phase 4 programme were offered 
referral into that programme, and analysis was 
subdivided into those who chose to take up 
phase 4 CR and those who declined to attend. 
Patients living elsewhere were not formally 
offered phase 4 CR, but were encouraged 
to join local sports clubs and maintain their 
exercise by other routes. Thus, randomisation 
was not blinded in any way, but rather was 
driven by availability and patient choice into 
the three groups – accepted, declined and not 
offered. All patients were invited back at one 
year and five years after AMI to assess their 
risk factor profile, lifestyle and quality of life.

The phase 4 programme offered to patients 
was a multi-disciplinary programme including 
walking for health, a cycling project, a Young 
Men’s Christian Association (YMCA) programme, 
swimming, healthy hearts club, bowling, dancing, 
yoga, tai chi, food co-operatives, eating for a 
healthy heart, dietetic advice, ongoing smoking 
cessation and relaxation techniques. After three 
years, the initial Health Action Zone funding 
ran out and much of the activity was cut back. 
New premises were found and the programme 
running at the end of the project was much 
more gym and exercise orientated, run by two 
British Association for Cardiac Rehabilitation 
(BACR) accredited phase 4 instructors. Over 
the five years, similar gym-based programmes 
were rolled out throughout the region with 
BACR phase 4 accredited instructors, such that 
by the end of the project less than 10% of the 
population not originally offered CR still had no 
ready access.

Results
We performed a Shapiro-Wilk test on the 
original data and the log of the data within 
each of the patient groups to test the data 

for normality. Data analysis was based on 
quantifying p-values, with data considered to 
be normally distributed for p-values greater 
than 0.05. Overall, the whole of the original 
dataset was normally distributed.

The ANOVA single-factor test was performed 
both on the pre, post, one-year and five-
year data for each parameter to assess for 
variations in time within groups, and again to 
assess for variations between groups.

Overall data are shown in table 1, the 
different parameters in figures 1–6.

Cholesterol
Those who declined phase 4 had a higher 
cholesterol pre CR (p=0.029) than either 
those accepting, or those not offered CR. 
For those accepting CR improvement post 
CR approaches significance (p=0.092). This 
improvement was maintained to year five and 
reached significance (p=0.04). For those 
declining CR there was a highly significant 
reduction post CR (p<0.001), maintained 
to year five with further significant reduction 
from post to year five (p=0.027). For the no 
provision group there was a non-significant 
reduction from pre to post CR (p=0.17), which 
was maintained to year five with some further 
reduction, achieving significance relative to 
pre (p=0.029). Based on the year five data 
for all groups there was no difference between 
treatment groups at year five (for ANOVA on 
all three groups p=0.59; t-test for difference 
between accept and decline p=0.27). 

Body mass index (BMI)
There was no initial difference between the 
groups. For those who accepted CR there 
was no significant change in BMI over all time 
periods. For the group declining CR there was a 
non-significant reduction between pre and post 
CR (p=0.42). However, there was a significant 
increase in BMI between pre CR and year five 
(p=0.024). For the no provision group there 
was also a non-significant reduction between 
pre and post CR (p=0.87). However, there 
was a significant increase in BMI between pre 
CR and year five (p=0.014). Based on the year 
five data for all groups there was no difference 
in BMI at year five for the three groups.

Blood pressure
There was no initial difference between the 
groups. For those who accepted CR there was 
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a non-significant reduction post CR, followed 
by a non-significant increase to year five. For 
the group declining CR there was a non-
significant decrease between pre and post CR. 
This was followed by a significant increase 
(p=0.031) to year five. Overall, there was a 
non-significant increase between pre CR to 
year five data (p=0.38). For the no provision 
group any increase/decrease in blood pressure 
was insignificant, and there was no evidence 
of a change in blood pressure with time. 
Based on the year five data for all groups 
there was no evidence of any difference 
between treatment groups at year five. 

SF-36
There was no initial difference between the 
groups. For those who accepted CR there was 
a marginally significant improvement between 
pre and post CR (p=0.069). However, 
this was followed by no further significant 
improvement. The overall improvement 

from pre CR to year five was not significant 
(p=0.169). For the group declining CR, 
there was a non-significant improvement 
between pre and post CR (p=0.238), which 
was then followed by a decline to year five 
that approaches significance (p=0.088). 
For the no provision group there was a 
significant improvement between pre and 
post CR (p=0.019), which was subsequently 
maintained to year five (p=0.049). Based on 
the year five data for all groups, the group 
declining CR show a lower SF-36 score at 
year five (p=0.053, one-way ANOVA on three 
groups; p=0.057, Welch two sample t-test: 
accepters vs. decliners; p=0.030, Welch two 
sample t-test: no provision vs. decliners).

Smoking
There was no initial difference between the 
groups. All groups showed a reduction in 
the proportion of smokers post CR. This was 
significant for both accepters and decliners 

(p=0.017 and p=0.028, respectively) but 
not significant for the non-provision group 
(p=0.17). Analysis of the results between pre 
CR and five years shows that improvement at 
five years falls away for all groups. This was 
less so for the accepters group. For no group 
was the improvement at five years significant, 
although for accepters the improvement 
approaches significance (two-sided p=0.122, 
one-sided p=0.061). Analysis of the results 
between post CR and five years shows the 
proportion of smokers increases markedly for 
decliners but not for the other groups; however, 
the increase does not reach significance (two-
sided p=0.161, one-sided p=0.08).

Exercise
There was no initial difference between 
the groups. All groups show significant 
improvement in exercise post CR (p=0.0036 
accepters, p=0.0136 decliners and p=0.021 
non-provision). Analysis of the results between 

Figure 1. Cholesterol levels at different time points
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Figure 2. Body mass index at different time points
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Cholesterol, mmol/L (SD)

Accepted		 4.8 (1.3)#	 4.4 (1)	 4.6 (1.1)	 4.3 (0.7)* 
Declined		  5.5 (1)	 4.5 (0.8)*	 4.6 (0.8)*	 4.1 (0.7)* 
Not offered 	 5.0 (1.2)#	 4.6 (0.9)	 4.6 (0.9)	 4.3 (0.9)*

Blood pressure, mmHg

Accepted		 140/80	 130/76	 141/77	 141/77	
Declined		  133/74	 126/72	 133/75	 138/73 
Not offered 	 136/76	 136/76	 140/76	 140/77

Body mass index, kg/m2 (SD)

Accepted		 28 (3)	 27 (2)	 29 (3)	 28 (4) 
Declined		  27 (4)	 26 (3)	 28 (4)	 29 (4)* 
Not offered	 27 (4)	 27 (3)	 28 (3)	 29 (4)*

Smokers, number (SD)

Accepted		 7 (1.2)	 0 (1)*	 0 (1)*	 1 (1) 
Declined		  9 (1.2)	 1 (1)*	 5 (1.1)	 6 (1.2) 
Not offered	 7 (1.2)	 2 (1)	 3 (1.1)	 5 (1.1)

Short form-36, score (SD)

Accepted		 59 (16)	 66 (14)	 67 (16)	 65 (20)# 
Declined		  58 (17)	 66 (18)	 59 (19)	 53 (22) 
Not offered	 56 (15)	 67 (16)*	 67 (17)*	 64 (19)*#

Minutes reported exercise/week, minutes  
[% achieving target of 30 minutes 5 times per week] (SD)

Accepted		 108 [54] (5)	 139 [85]* (4)	 140 [86] (4)	 120 [71] (5) 
Declined		  101 [49] (5)	 136 [82]* (4)	 113 [69] (5)	 93 [47] (5) 
Not offered	 115 [62] (5)	 145 [91]* (4)	 138 [80] (5)	 105 [63] (6)

		  Pre	 Post	 1 year	 5 years

Table 1. Overall data

* p<0.05 compared with pre-rehabilitation 
# p<0.05 compared with decliners 
Key: SD = standard deviation
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Figure 4. Quality of life, as measured by short form (SF)-36, at 
different time points

pre CR and five years shows that all groups 
show some deterioration through to year five. 
For the group declining CR this was significant 
(p=0.029) and for the no provision group 
this approaches significance (p=0.057). The 
group declining CR exercise less at year five 
than the other groups, but this difference was 
not significant (p=0.14).

Discussion
All groups achieved good and similar benefits 
across all measures following phase 3 CR. 
This indicates that the phase 3 programme 
delivered locally is capable of delivering the 
expected improvements2,4,6 and is compliant 
with national guidelines and standards.25,26

The maintained benefits in cholesterol 
reduction and blood pressure control across all 
groups may be due to the new General Medical 

Services (GMS) contract in general practice as 
these are measures specifically taken to assess 
performance in patients with coronary heart 
disease. This supposition cannot be confirmed, 
but would explain why cholesterol levels, in 
particular, continued to improve between years 
one and five during which time frame the GMS 
contract was introduced.

During the five-year follow-up, phase 4 
was rolled out to cover the whole locality 
and many people in the ‘not offered’ group 
took advantage of this (exact figures are 
not available). This makes analysis of this 
group difficult, but would suggest that their 
results should fall between the ‘accepted’ and 
‘declined’ groups due to ideological ‘accepters’ 
and ‘decliners’ making up this group. Ideally, 
this group would have acted as a control 
against the ‘accepted’ group to show the 

benefits of phase 4 CR, but with the roll out 
of phase 4 CR this becomes impossible.

The ‘declined’ group appears to do less well 
than the other two groups in the areas of 
quality of life (as measured with the SF-
36) and lifestyle measures (as assessed by 
smoking, BMI and exercise taken). What is 
not clear is if this is due to a true benefit 
from phase 4 CR, or whether it is because 
these people have a lower commitment to 
their personal health than those who go to 
phase 4 CR.

In conclusion, the data suggest that there are 
benefits attributable to phase 4 CR; collection 
of a larger dataset is necessary to resolve 
which factors are responsible for the benefits 
seen, along with a different study design 
specifically addressing this issue •
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Figure 5. Patient-reported number of minutes of exercise per 
week at different time points

Figure 3. Number of smokers at different time points
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Figure 6. Percentage of patients achieving the target 30 minutes 
exercise five times per week at different time points
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Key messages
Real-life phase 3 cardiac rehabilitation  •	
is effective 

Those who decline phase 4 cardiac •	
rehabilitation have a worse long-term 
health status
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