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Objectives: To evaluate the relative effectiveness and
cost-effectiveness of a home-based programme of
cardiac rehabilitation using the Heart Manual, with
centre-based programmes. It also sought to explore
the reasons for non-adherence to cardiac rehabilitation
programmes.
Design: An individually randomised trial, with
minimisation for age, gender, ethnicity, initial diagnosis
and hospital of recruitment. Participants were followed
up after 6, 12 and 24 months by questionnaire and
clinical assessment. Individual semistructured 
interviews were undertaken in the homes of a
purposive sample of patients who did not adhere to
their allocated programme, and focus groups were
undertaken with groups of patients who adhered to 
the programmes. 
Setting: Four hospitals in predominantly inner-city,
multi-ethnic, socio-economically deprived areas of the
West Midlands in England, for 2 years from 1 February
2002.
Participants: A total of 525 patients who had
experienced a myocardial infarction (MI) or coronary
revascularisation within the previous 12 weeks.
Interventions: All the rehabilitation programmes
included exercise, relaxation, education and lifestyle
counselling. All patients were seen by a cardiac
rehabilitation nurse prior to hospital discharge and
provided with information about their condition and
counselling about risk factor modification. The four
centre-based programmes varied in length from nine

sessions at weekly intervals of education, relaxation and
circuit training to 24 individualised sessions over 12
weeks of mainly walking, fixed cycling and rowing with
group-based education. The home-based programme
consisted of an appropriate version of the Heart
Manual, home visits and telephone contact. The Heart
Manual was introduced to patients on an individual
basis, either in hospital or on a home visit. Home visits
by a nurse took place at approximately 1, 6 and 12
weeks after recruitment, with a telephone call at 3
weeks. At the final visit, patients were encouraged to
maintain their lifestyle changes and to continue with
their exercise programme. Where needed, follow-up
was made by a rehabilitation nurse who spoke Punjabi.
An audiotape of an abridged version of the Heart
Manual in Punjabi accompanied the manual for patients
with a limited command of English. 
Main outcome measures: Primary outcomes were
smoking cessation, blood pressure, total and high-
density lipoprotein cholesterol, exercise capacity
measured by the incremental shuttle walking test and
psychological status measured by the Hospital Anxiety
and Depression Scale (HADS). Secondary outcomes
included self-reported diet, physical activity, cardiac
symptoms and quality of life. Health service resource
use and costs of rehabilitation programmes from health
service and societal perspectives were also measured.
Adherence to the physical activity element of the
rehabilitation programmes was measured by
questionnaire 6, 9 and 12 weeks. 

Health Technology Assessment 2007; Vol. 11: No. 35

iii

© Queen’s Printer and Controller of HMSO 2007. All rights reserved.

Abstract

The Birmingham Rehabilitation Uptake Maximisation Study
(BRUM). Home-based compared with hospital-based cardiac
rehabilitation in a multi-ethnic population: cost-effectiveness and
patient adherence

K Jolly,1* R Taylor,2 GYH Lip,3 S Greenfield,4 J Raftery,5 J Mant,4 D Lane,3 M Jones,4

KW Lee6 and A Stevens1

1 Department of Public Health and Epidemiology, University of Birmingham, UK
2 Peninsula College of Medicine and Dentistry, Universities of Exeter and Plymouth, UK
3 University Department of Medicine at City Hospital, Birmingham, UK
4 Department of Primary Care and General Practice, University of Birmingham, UK
5 Wessex Institute of Health Research and Development, University of Southampton, UK
6 University Hospitals of Coventry and Warwickshire, Coventry, UK
* Corresponding author



Results: No clinically or statistically significant
differences were found in any of the primary or
secondary outcome measures between the home- and
centre-based groups. Significant improvements in total
cholesterol, smoking prevalence, the HADS anxiety
score, self-reported physical activity and diet were seen
in both arms between baseline and the 6-month
follow-up. Five or more contacts with a cardiac
rehabilitation nurse were received by 96% of home-
based participants, whereas only 56% of centre-based
participants attended this many rehabilitation classes.
The direct rehabilitation costs to the health service
were significantly higher for the home-based
programme (mean cost £198 versus £157 for the
centre-based programme), but when patient costs
were included the mean cost of the centre-based arm
rose to £182. Patients’ reasons for not taking up or
adhering to cardiac rehabilitation were multifactorial
and very individual. Other health problems limited
some patients’ ability to exercise. Most non-adherers
found some aspects of their cardiac rehabilitation
programme helpful. Many had adapted advice on
rehabilitation and were continuing to exercise in other
ways and had made lifestyle changes, particularly to
their diet. The home-based patients’ lack of motivation
to exercise on their own at home was a major factor in
non-adherence. The focus groups revealed little

diversity of views among patients from each
programme. Patients in the hospital programme
enjoyed the camaraderie of group exercise and the
home-based patients valued the wealth of information
and advice in the Heart Manual. 
Conclusions: A home-based cardiac rehabilitation
programme for low- to moderate-risk patients does
not produce inferior outcomes compared with the
traditional centre-based programmes. With the level of
home visiting in this trial, the home-based programme
was more costly to the health service, but with the
difference in costs borne by patients attending centre-
based programmes. Different reasons were given by
home and hospital cardiac rehabilitation patients for not
taking up or adhering to cardiac rehabilitation, with
home-based patients often citing a lack of motivation to
exercise at home. Social characteristics, individual
patient needs and the location of cardiac rehabilitation
programmes need to be taken into account in
programme design to maximise participation. Research
is recommended into cardiac rehabilitation in patients
from ethnic minority groups; measurement tools to
assess physical activity and dietary change; evaluating
the Heart Manual in patients who decline centre-based
cardiac rehabilitation; the implementation of home-
based programmes in the UK; and strategies that
sustain physical activity in the long term. 
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Objectives
The study aimed to evaluate the relative
effectiveness and cost-effectiveness of a home-
based programme of cardiac rehabilitation using
the Heart Manual, with centre-based programmes
in patients who have experienced a myocardial
infarction (MI) or coronary revascularisation
within the previous 12 weeks. In addition, it
sought to explore the reasons for non-adherence
to cardiac rehabilitation programmes.

Methods
Design
This was an individually randomised trial, with
minimisation for age, gender, ethnicity, initial
diagnosis and hospital of recruitment. Participants
were followed up after 6, 12 and 24 months by
questionnaire and clinical assessment. Individual
semistructured interviews were undertaken in the
homes of a purposive sample of patients who did
not adhere to their allocated programme, and
focus groups were undertaken with groups of
patients who adhered to the programmes. 

Setting and patients
Recruitment took place of patients referred to
cardiac rehabilitation teams at four hospitals in
predominantly inner-city, multi-ethnic, socio-
economically deprived areas of the West Midlands,
for 2 years from 1 February 2002. Patients were
excluded if they were deemed as too high risk for
a home-exercise programme, which included
patients with unstable angina, clinically significant
heart failure, important cardiac arrhythmias or
significant lesions remaining post-angioplasty or
bypass. Of the 1997 patients presenting with the
index events, 1207 (60%) were eligible for the
study and 525 (43% of eligible patients) were
recruited, with 263 randomised to the home-based
arm and 262 to the centre-based arm. Interviews
were undertaken with 49 participants who were
‘non-adherers’ and five focus groups were run for
adhering participants. 

Intervention
All the rehabilitation programmes included
exercise, relaxation, education and lifestyle

counselling. All patients were seen by a cardiac
rehabilitation nurse prior to hospital discharge
and provided with information about their
condition and counselling about risk factor
modification.

The four centre-based programmes varied in
length from nine sessions at weekly intervals of
education, relaxation and circuit training to 24
individualised sessions over 12 weeks of mainly
walking, fixed cycling and rowing with group-
based education. 

The home-based programme consisted of a
manual, home visits and telephone contact.
Patients who had had an MI were discharged
home with The Heart Manual (second edition).
Those who had had a revascularisation received
an adapted version of the Heart Manual for this
patient group. The Heart Manual was introduced
to patients on an individual basis, either in
hospital or on a home visit. Home visits by a
nurse took place at approximately 1, 6 and 
12 weeks after recruitment, with a telephone call
at 3 weeks. At the final visit, patients were
encouraged to maintain their lifestyle changes
and to continue with their exercise programme.
Patients who had an insufficient command of
English were followed up by a rehabilitation nurse
who spoke Punjabi. An audiotape of an abridged
version of the Heart Manual in Punjabi
accompanied the manual for patients with a
limited command of English. 

Main outcome measures
Primary outcomes were smoking cessation, blood
pressure, total and high-density lipoprotein
cholesterol, exercise capacity measured by the
incremental shuttle walking test and psychological
status measured by the Hospital Anxiety and
Depression Scale (HADS). Secondary outcomes
included self-reported diet, physical activity,
cardiac symptoms and quality of life. Health
service resource use and costs of rehabilitation
programmes from health service and societal
perspectives were also measured. Adherence to the
physical activity element of the rehabilitation
programmes was measured by questionnaire at 
6, 9 and 12 weeks. 
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Results
At all three follow-up points no clinically or
statistically significant differences were found in
any of the primary outcome measures between the
home- and centre-based groups or in any of the
secondary outcomes. 

Significant improvements in total cholesterol,
smoking prevalence, the HADS anxiety score, 
self-reported physical activity and diet were seen
in both the home- and centre-based arms between
baseline and the 6-month follow-up. 

Five or more contacts with a cardiac rehabilitation
nurse were received by 96% of participants in the
home-based arm, whereas only 56% of participants
in the centre-based arm attended this many
rehabilitation classes (p < 0.001). 

The direct rehabilitation costs to the health service
were significantly higher for the home-based
programme; the mean cost was £198 [95%
confidence interval (CI) £189 to £208] versus £157
(95% CI £139 to £175), p < 0.05, for the centre-
based programme. When patient costs were
included, the mean cost of the centre-based arm
rose to £182 (difference not significant). The
programme at Hospital 1 had a significantly
higher mean cost than that for Hospital 2 or
Hospitals 3 and 4 combined. 

Patients’ reasons for not taking up or adhering to
cardiac rehabilitation were multifactorial and very
individual. Other health problems, such as
arthritis, and continuing cardiac problems 
limited some patients’ ability to exercise. The
majority of non-adherers found some aspects 
of their cardiac rehabilitation programme 
helpful. Many had adapted advice on
rehabilitation and were continuing to exercise in
other ways and had made lifestyle changes,
particularly to their diet. On the home-based
programme, patients’ lack of motivation to
exercise on their own at home was a major factor
in non-adherence. 

The focus groups revealed little diversity of views
among patients from each programme. In
particular, patients in the hospital programme

enjoyed the camaraderie of group exercise and the
home-based patients valued the wealth of
information and advice in the Heart Manual. 

Conclusions
For low- to moderate-risk patients following MI,
percutaneous transluminal coronary angioplasty or
coronary artery bypass graft, a home-based cardiac
rehabilitation programme does not produce
inferior outcomes compared with the traditional
centre-based programmes. With the level of home
visiting in this trial, the home-based programme
was more costly to the health service, but with the
difference in costs borne by patients attending
centre-based programmes. 

Reasons for non-participation/non-adherence were
multifactorial and individualistic, with in most
cases one critical factor that determined eventual
cardiac rehabilitation behaviour. There were
differences in the reasons given by home and
hospital cardiac rehabilitation patients, with home-
based patients often citing a lack of motivation to
exercise at home. Social characteristics, individual
patient needs and the location of cardiac
rehabilitation programmes need to be taken into
account in programme design to maximise
participation

Recommendations for further
research
Research is recommended in the following areas:

• cardiac rehabilitation in patients from ethnic
minority groups

• development of measurement tools to assess
physical activity and dietary change and
translated and validated tools in minority
languages for these and to measure
psychological status

• evaluation of the Heart Manual in patients who
decline centre-based cardiac rehabilitation

• evaluation of the implementation of home-
based programmes in the UK

• evaluation of strategies that sustain physical
activity in the long term. 
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The impact of ischaemic heart
disease
Cardiovascular disease accounts for one-third of
deaths globally, with 7.22 million deaths from
coronary heart disease (CHD) in 2002.1 In
Europe, CHD is the most common cause of death
and in the UK it accounts for one in five deaths in
men and one in six deaths in women.2,3 Although
the mortality rate from CHD has been falling in
the UK, principally due to a reduction in risk
factors, particularly smoking, it has fallen less than
in many other developed countries.3 Treatments to
individuals, including secondary prevention,
explain about 42% of the decline in CHD
mortality in the 1980s and 1990s.4 South Asians
living in the UK have a higher premature death
rate from CHD than average and their mortality
rate from CHD has fallen by less than for the UK
as a whole.3

What is cardiac rehabilitation?
Cardiac rehabilitation (CR) services aim to
facilitate physical, psychological and emotional
recovery and to enable patients to achieve and
maintain better health.5 This is achieved through
exercise, patient education and advice, relaxation,
drug therapy and specific help for patients with
psychological sequelae.6–8 CR is delivered by a
multidisciplinary team, and in the UK it usually
comprises four phases, each phase delivering
advice and support appropriate to the stage of the
patient’s recovery and aiming to help the patient
achieve optimal physical and psychological health.9

Phase I of CR takes place in hospital and consists
of education about the patient’s disease, advice
about their likely recovery and a plan of activities
suitable for after their discharge. Phase II is the
time between discharge from hospital and
attending a supervised rehabilitation programme.
Some patients will receive a home visit or
telephone call to monitor progress and provide
support. Others use educational materials
provided by the rehabilitation staff. Phase III is
generally a supervised programme of outpatient-
based CR, lasting approximately 8 weeks and

delivered by a multidisciplinary rehabilitation
team. Key elements of the programme are
supervised exercise, education about lifestyle
changes to reduce cardiac risk factors, advice
about medication, psychological support and
monitoring of the patient’s recovery. The final
Phase IV involves the maintenance of the lifestyle
changes and physical activity encouraged in 
Phase III. This may be provided in the form of a
maintenance exercise programme in the
community or a cardiac support group.

Effectiveness of cardiac
rehabilitation
The effectiveness of exercise-based CR following
myocardial infarction (MI) has been evaluated by a
large number of randomised controlled trials
(RCTs) and several systematic reviews.10–14 These
all report a lower all-cause mortality and death
rate from cardiovascular causes in the arms who
received CR rather than usual care. The reviews
differ in which groups found statistically
significant reductions in mortality. Details of the
reviews are summarised in Table 1. 

The effectiveness of psychological interventions
has been addressed in a recent review.15 This
found no effect on total or cardiac mortality for
psychological or stress management interventions.
A combined analysis of all the psychological and
stress management trials found a reduction in
non-fatal MI, but the largest trials did not show
this outcome and there was evidence of significant
publication bias. Previous reviews have reported a
reduction in mortality,16–18 but were not fully
systematic in their coverage and did not
differentiate the different psychosocial and stress
management interventions.15

Effectiveness of cardiac rehabilitation
post-revascularisation
The number of participants in trials of
comprehensive and exercise-based CR post-
revascularisation is less than that of post-MI
patients, but the beneficial effect of CR is
consistent across different diagnostic groups (MI
and revascularisation).13
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Effectiveness in specific patient groups
Women and elderly patients have been under-
represented in the trials of CR.12 There is no
evidence to suggest that either women or the
elderly are likely to benefit less than younger men
from CR; indeed, women often present with a
lower level of physical fitness and so have more
potential to benefit.19,20 Older patients may have
differing goals from CR, placing more emphasis
on regaining function than preventing future
cardiac events.21 There is a paucity of 
information on the ethnic background of
participants in the clinical trials, so evidence is
lacking about effectiveness, but no mechanism has
been put forward suggesting that rehabilitation
should differ in effectiveness in ethnic minority
groups. 

Guidelines for cardiac
rehabilitation provision
Guidelines from the USA, Australia and New
Zealand recommend that CR should be provided
for patients following MI, percutaneous
transluminal coronary angioplasty (PTCA) and
coronary artery bypass graft (CABG),22,23 patients
with angina22 and heart failure22,23 or other vascular
or heart disease.23 The Canadian Association for
Cardiac Rehabilitation recommends that CR
should be considered as standard care for almost
all patients with documented cardiac disease.24

UK policy 
In England, the National Service Framework for
CHD identifies patients who have had an MI,

Background

2

TABLE 1 Summary of reviews of the effectiveness of exercise-based cardiac rehabilitation compared with usual care

Review Population Results Comments

Oldridge, 198811 4347 patients in 10 trials All-cause mortality: Trials were pre-thrombolysis 
All post-MI OR 0.76, 95% CI 0.63 to 0.92 treatment and use of many 
Only 2.9% women Cardiovascular mortality: secondary preventive medications. 
Aged <71 years OR 0.75, 95% CI 0.62 to 0.93 Limited by selected nature of 

No reduction in non-fatal MI participants of the trials

O’Connor, 198910 4554 patients in 22 RCTs All-cause mortality: Interventions and current health 
OR 0.76, 95% CI 0.63 to 0.92 advice not adequately described in 
Cardiovascular mortality: the included trials. Predominantly 
OR 0.75, 95% CI 0.62 to 0.93 middle-aged white population
No reduction in non-fatal MI

Jolliffe, 200312 8440 post-MI patients in Exercise-only rehabilitation: Also found improvements in cardiac 
32 RCTs All-cause mortality: risk factors

OR 0.73, 95% CI 0.54 to 0.98
Cardiovascular mortality:
OR 0.69, 95% CI 0.51 to 0.94
Comprehensive rehabilitation:
All-cause mortality: 
OR 0.87, 95% CI 0.71 to 1.05
Cardiovascular mortality:
OR 0.74, 95% CI 0.57 to 0.96

Taylor, 200513 8940 patients: post-MI, All-cause mortality: Population of trials more 
PTCA and CABG in OR 0.80, 95% CI 0.68 to 0.93 representative of CR population.
48 RCTs Cardiovascular mortality: Subgroup analyses found no 
20% women OR 0.74, 95% CI 0.61 to 0.96 difference in effect sizes with trials 

No reduction in non-fatal MI or before or after 1995, in MI vs other 
PCIs cardiac conditions, for exercise-only

CR or for different doses of exercise

Clark, 200514 21,295 patients with All-cause mortality: English language studies only
coronary disease in Exercise-only interventions: 
63 RCTs OR 0.72, 95% CI 0.54 to 0.95

Risk factor education only:
OR 0.87, 95% CI 0.76 to 0.99
Exercise plus risk factor education:
OR 0.88, 95% CI 0.74 to 1.04

OR, odds ratio; PCI, percutaneous coronary intervention. 



PTCA or CABG as priorities for CR provision.
When this is available to all patients with these
conditions who wish to take up the service, then it
is recommended that CR be offered to patients
with angina and heart failure. In Wales, CR is
advised for all patients who have had an acute
coronary syndrome.25 In Scotland, the Scottish
Intercollegiate Guidelines Network (SIGN)
recommends that CR is offered to patients post-
MI and revascularisation and should be
considered for patients with angina and heart
failure.9

Provision of cardiac rehabilitation
in the UK
A detailed survey of English CR services was
published in 2006.26 This found that many
services were understaffed compared with the
SIGN recommendations.9 Although all services
offered CR to patients following an MI or 
CABG, 14% did not offer CR post-angioplasty 
and the majority of surveyed services (79%)
offered less exercise than recommended in the
SIGN guidelines. The level of funding provided 
to the services was below that considered 
necessary by the SIGN guidelines and a recent
study in England27 found services were 
inadequate for the minority of cardiac patients
who do attend. Deficiencies of the services were
considered to be due to inadequate funding and 
a low priority given to it by cardiology services 
and Trusts. 

Models of cardiac rehabilitation
CR is predominantly provided in centres where
patients can be monitored and supervised. In the
UK, the majority of centres are on hospital sites.26

The National Service Framework for Coronary
Heart Disease guidance to increase uptake and
broaden the range of patients offered CR places
increasing demands on service provision and
many programmes are developing community-
and home-based services. Community-based
services are often run by a community CR team
and offer a similar service to the hospital service,
but often to the lower risk patients. Home-based
programmes were first described in the mid-1980s
and range in level of intensity and supervision,
including telemetrically monitored exercise at
home on bicycle ergometers,28–31 home visits from
physicians or nurses32,33 or a manual and
telephone support.34,35

Uptake and adherence
Overall uptake rates
Despite the evidence for its effectiveness, uptake
rates to CR programmes are low. Surveys from the
UK show levels of participation between 14 and
43%.7,36–39 Similarly low uptake rates are reported
from Australia,40 New Zealand,41 the USA42–44 and
France.45

Of those patients who do attend hospital CR, 
the drop-out rates from exercise programmes
generally range from 20% in the first 3 months to
50% at 6 months to 1 year, but can be as high as
87% by 1 year.46 Drop-out rates have been
reported to be higher in high-intensity exercise
programmes and poorly organised programmes.
Smokers, patients who have had more than one
MI46–48 and women are more likely to drop out.49

Uptake and adherence in 
under-represented groups
The attendees of CR programmes have
traditionally been white, middle-aged males
following MI, whereas women and elderly patients
were less likely to be invited or to participate once
invited.5,50,51 In addition, patients with greater
degrees of functional impairment are also less
likely to participate.52 Patients with non-cardiac
medical disorders are more likely to be excluded
from CR,53 in particular patients with
musculoskeletal problems,39,54 respiratory
disorders,50 depression55 and poor cognitive
functioning.50,56–58 Patients living in areas of high
socio-economic deprivation are also less likely to
participate, but there is relatively little information
about attendance by ethnic group. A study in the
USA reported a higher drop-out rate of black
women from a CR programme compared with
white women, despite a greater prevalence of risk
factors in the black women.59 Non-English-speaking
patients were reported to be less likely to attend
CR in a Canadian survey.50 An audit in the UK
found that South-Asian patients were less likely to
have attended CR, largely due to communication
difficulties.60 A systematic review of determinants
of referral to cardiac rehabilitation in 30,333
participants in 10 observational studies from the
USA, Australia and Canada found that speaking
English was strongly associated with referral to CR
[relative risk (RR) 9.56, 95% confidence interval
(CI) 2.18 to 41.93].61 However, these studies had a
very low overall rate of participants from an ethnic
minority group.

In addition to reports of poor uptake and
adherence to programmes, there are concerns that
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although participants in centre-based programmes
take sufficient physical activity on the days when
they attend their programme, they may take
insufficient amounts on other days.62 Home-based
programmes could address this problem as
participants are encouraged to build an exercise
regime into their daily lives.

Reasons for poor uptake and adherence
Barriers to uptake of and adherence to a CR
programme fall into three categories: patient
factors, service factors and professional factors.63

Patient factors include work or domestic
commitments,20,39,64,65 a lack of interest in
rehabilitation or a reluctance to change their
lifestyle,65–67 a dislike of groups,68 patient
depression,55 living in a rural setting50,69 and lack
of support from the family.54,65

Difficulties with accessibility of programmes and
parking problems are commonly cited as a reason
for poor adherence.53,70 In the USA,
reimbursement issues affect uptake, with fee for
service patients more likely to receive
rehabilitation than patients in health maintenance
organisations.71

Referral to CR is associated with professional
belief in its effectiveness.50,58,72 Referral by a
cardiologist has been shown to improve
uptake.39,50,73,74

Qualitative insights into the reasons for low
uptake and adherence
Most of the studies exploring factors which are
associated with attendance at CR are quantitative
and provide limited insight into how these factors
affect individual patients’ behaviour and what
developments in service provision would lead to
improved access to and participation in CR
programmes, particularly as many of the factors
which predict lower attendance, such as increasing
age, female sex, level of education and
deprivation, are not amenable to change.
Qualitative studies can give a greater
understanding of how patients understand their
illness and recovery and view participation in a
rehabilitation programme, and several recent
studies have begun to explore these issues. 

Inadequate service provision was a major finding
of a study that explored barriers to participation
as perceived by both patients and healthcare
professionals.75 Service factors such as lack of
services, long waiting lists, exclusion criteria and
poor communication leading to delays and
confusion prevented patients accessing services

when they most needed them. A lack of
understanding and a perception of
inappropriateness by patients contributed to
limited participation in CR.

Two studies have explored patients’ views
following a cardiac event but before attending a
CR programme. Patients interviewed in hospital
following cardiac surgery associated CR with
recovery from heart surgery and only a few
understood it to be about long-term lifestyle
change to maintain their health.76 Transport
difficulties and caring responsibilities were most
commonly predicted by patients to be barriers to
attendance. Similarly, an interview study of
patients after discharge from hospital following an
MI revealed deficits in some patients’ knowledge
about course contents and also misunderstandings
about the role of exercise and its effects.77 This
resulted in some patients thinking that CR was not
appropriate for them. 

In an earlier study of patient preferences for CR
in an area with no CR programme, the
interventions requested most frequently were
exercise sessions, group sessions, one-to-one
counselling and relaxation.68 The patients came
from a region with urban and rural areas and the
location of CR programmes was seen as the most
important factor that would influence attendance.
However, these patients also reported that the
factor that most limited the amount of exercise
they took, particularly walking, was bad weather,
and this has implications for home-based
programmes involving walking, which have been
suggested for rural areas.

Several studies have compared the views of
attendees, non-adherers and non-attendees at CR.
A study which specifically explored the views of
patients from ethnic minorities about attending
CR identified several barriers to participation, in
addition to factors such as language barriers and
transport problems which have previously been
associated with non-attendance at CR.78 These
included poor experience of healthcare during the
acute event, religious insensitivity and attribution
of the health problem to stress and worry so that
an ‘exercise programme’ may seem irrelevant.
However, the majority of respondents described
making changes to their lifestyle, particularly
dietary changes, with attendees making more
changes than non-attendees.

An interview study of patients’ decisions to attend
a CR programme identified several themes which
differentiated between three groups of patients:
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those who attended, those who accepted an offer
to attend CR but did not attend, and those who
declined and did not attend.79 Patients’
perceptions of the causes and severity of their
illness, their coping strategy and control over their
recovery affected their decision to participate. The
majority of attendees held a psychological model
whereas all the non-attendees held a medical
model and viewed their recovery as the
responsibility of the medical profession and
attached greater importance to their medication.
A focus group study which explored the views of
three groups (full, partial and non-attendance)
also found that patients in the high-attendance
group saw themselves as more active and capable
in managing their CHD, whereas the low- and
non-attendance group put greater emphasis on
stress as a cause of CHD and saw themselves as
relatively helpless in combating the progress of
their disease.80 This study also identified
embarrassment at exercising in a group as an issue
for patients but the high-attendance group
appreciated the support and encouragement that
they received from other attendees.

Recurring themes in qualitative studies are the
lack of understanding by patients of both the
content of CR programmes and the benefits of
participation. These misconceptions play an
important part in patients’ decisions not to attend.
Patients’ attitudes and preferences for
rehabilitation need to be explored if attendance
and adherence are to be improved. Thus, for
example, providing more accessible services in the
community may not necessarily encourage
attendance by patients who believe that CR is for
younger or fitter patients. 

Need for alternative models of
cardiac rehabilitation to improve
uptake and adherence
Effectiveness of home-based cardiac
rehabilitation programmes 
A systematic review comparing home-based CR
with usual care reported a statistically significant
reduction in systolic blood pressure (SBP) and a
lower risk of being a smoker at follow-up in the
home-based group.81 Non-significant
improvements in exercise capacity, total
cholesterol (TC) and anxiety and depression were
also seen in the group receiving home-based CR,
but total mortality was non-significantly higher in
the home-based group. This review was hindered
by the wide variety of the home-based CR

interventions, the poor reporting of the quality,
the small size of many studies and the variety of
outcome measures used. No differences were
found for the varying types of CR (exercise only,
comprehensive or predominantly psychological or
educative), or for selected patient groups (post-MI
or post-revascularisation). 

Previous trials comparing home-based
with centre-based cardiac rehabilitation
There have been several RCTs comparing home-
with centre-based CR for patients post-MI and
post-PTCA. These have shown no significant
differences in outcomes between the programmes
for exercise capacity, cholesterol, blood pressure,
psychological status and smoking cessation, but
the numbers included in the trials have been
small.81 Two previous RCTs compared the Heart
Manual with hospital-based cardiac
rehabilitation.34,82 Neither study found significant
differences between the patients allocated to the
home- or hospital-based arms. Both studies were
sited largely in southern England and took place
in medium-sized towns with low proportions of
ethnic minority residents. 

What this study aims to add
The Birmingham Rehabilitation Uptake
Maximisation (BRUM) study aimed to evaluate the
Heart Manual on a wider, more representative
patient population than previous studies. It was
therefore sited in a multi-ethnic urban population
with high levels of socio-economic deprivation and
included patients following coronary artery
revascularisation for the first time. 

Patient preference 
Patients express preferences for the location of a
CR programme according to a range of personal
factors. A study in the USA reported a preference
for a home-based programme among older
patients, whereas younger patients preferred a
centre-based comprehensive programme.83 A
small Canadian study identified time-constrained,
working cardiac patients as most likely to prefer
home-based programmes, with no difference in
preference on the basis of age or sex.84 A study set
in rural England reported that, when given the
choice, 47% of patients opted for home-based
cardiac rehabilitation, with older patients and the
self-employed more likely to choose the home
programme.85 Patients choosing the home-based
programme cited distance from hospital and
parking problems as influencing their decision,
whereas patients opting for the centre-based
programme cited peer support and discipline as
reasons for their choice. In a study in which
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qualitative interviews were carried out with
survivors of MI in Scotland, 38% did not want to
attend a group for rehabilitation.68 Some evidence
supporting the hypothesis that providing home-
based CR will increase uptake rates comes from
Australia, where an additional 26% of cardiac
outpatients chose to undertake CR after a home-
based programme was introduced.86 The lack of
financial support for home-based programmes in
the USA has hindered their development,87 but no
such barrier exists in the UK. 

Economic and costing studies
A recent Health Technology Assessment (HTA)
report63 based a detailed costing on the staffing
mix of 30 UK CR programmes with estimates of
the overheads, building capital and equipment
costs included, using costs for 2000–1. This
suggested an average staffing cost of £354 and a
weighted total average cost to the health service of
£486 per patient successfully completing the
rehabilitation programme. When the costs were
spread over all patients referred to CR, the staff
costs were £157 and total costs £220, and when
spread over those people who commenced
rehabilitation the staff and total costs were £269
and £371, respectively. The cost of the
programmes increased as the number of different
disciplines of staff who were involved in providing
the programme increased. 

Five previous studies reporting the costs of CR in
the UK have been published.37,88–91 The costs vary
hugely depending on the intensity of the
programme, level of staffing, location of
programme and equipment used, and all have
been from the perspective of the NHS. A survey
undertaken by the British Association of Cardiac
Rehabilitation and British Heart Foundation
reported costs to range from £50 to £712 per
patient using costs for 2000.37

A number of cost-effectiveness models have been
produced for different healthcare systems. A cost-
effectiveness and cost–utility analysis in the USA92

was based on one meta-analysis,11 and the costs
have been recalculated to reflect UK costs.93 The
UK results suggest a cost to the NHS per life-year
gained at 3 years of £15,700 and a cost per
quality-adjusted life-year (QALY) of £6900 (based
on 1994–5 prices). A Canadian study used subjects
from the 1992 Canadian Heart Health Study with
known cardiovascular disease and assuming an
adherence of 50% to CR estimated a cost of less
than $15,000 per year of life saved for men and a

higher figure of $20,000–42,000 depending on
the age of the woman (1996 US dollars).94 An
RCT based in Italy reported lower direct costs in
the home-based programme, as a result of lower
programme costs and reduced healthcare
utilisation.95

One systematic review of economic evaluations of
CR which compared home-based with supervised
CR has been published.96 This identified four
evaluations of home-based CR compared with
supervised provision28,97,98 and one study has been
published after the review.99 Of the five
evaluations, four were in the context of RCTs with
follow-up from 6 months to 2 years. All were cost
analyses, and Taylor’s study was prospectively
undertaken as part of an RCT.99 All reported cost
savings in patients participating in the home-
based compared with the supervised centre-based
programme, with savings to the NHS ranging
from £30 per patient in a UK programme (2002–3
British pounds) to $9575 in an Italian programme
(2000 US dollars, health service perspective).
Apart from the study reporting a UK hospital
programme,99 the centre-based programmes in
this review consisted of sessions held three or four
times each week for 8–23 weeks, which is of a
greater intensity than usually provided in the UK
and hence likely to be more costly than UK centre-
based programmes. 

Aims and objectives of the study
The BRUM study aimed to compare the outcomes
of home- and centre-based CR in terms of 
cardiac risk factors and adherence to rehabilitation
6, 12 and 24 months after recruitment following
MI, PTCA or CABG and to determine reasons 
for non-participation. We hypothesised that
participants of the home-based programme 
might sustain improvements in capacity after the
end of the programme better than those in the
centre-based group as they would have the
opportunity to build their physical activity regime
into their lifestyle from the start of their CR
programme. 

The specific objectives were to determine:

1. Whether there are differences at 6, 12 and
24 months following centre- and home-based
CR in
(a) objective cardiac risk factors (blood

pressure, smoking, serum cholesterol,
psychological status and exercise capacity)
and
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(b) patient-reported uptake and adherence and
(c) whether these differ between patient

groups (the elderly, women and patients
from ethnic minority groups).

2. The relative costs of centre- and home-based
CR from both societal (the patients’) and NHS
perspectives.

3. Qualitative insights into the reasons for non-
participation in the CR programmes.

4. Whether there are differences in cardiac clinical
events (MI/death from cardiac cause) at 2 years
following centre- and home-based CR.
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The study population
Patients who had an MI, PTCA or CABG were
recruited between 1 February 2002 and 31 January
2004. 

Setting
The study took place in the West Midlands Health
Region of England. Patients were initially recruited
from two hospitals from one Trust in central
Birmingham (Hospital 1) and the Black Country
(Hospital 2). Both serve deprived, mixed-race,
inner-city populations; Hospital 2 was in a Health
Action Zone (an area with additional government
money to address socio-economic deprivation).
The catchment for the two hospitals has a high
proportion of people from ethnic minority groups:
approximately 25% mainly Asian and Afro-
Caribbean at Hospital 1 and 16% at Hospital 2.
Given the high incidence of CHD in people of
South Asian origin, and the low uptake of CR in
people living in deprived circumstances,39 this
made it an ideal population in which to study the
uptake of CR. In addition, work conducted locally
had identified that patients of South Asian
ethnicity are less likely to take exercise and have a
lower awareness of what constitutes a healthy diet
than the white population.100,101

As a result of a slower than predicted recruitment
rate, two additional hospitals in the West Midlands
joined the trial for the last 7 months of
recruitment. These were part of a combined
hospital Trust. Hospital 3 served a deprived,
inner-city, multi-ethnic population, whereas
Hospital 4 served a more affluent population. 

Study design
The trial was a pragmatic, two-arm RCT of
patients following MI or revascularisation, using
individual patient randomisation. 

Patients were identified by CR nurses following
hospital admission for MI or PTCA. Patients
following CABG were followed up and referred for
rehabilitation at their hospital of origin, although

the referral process is often slow. All eligible
patients were informed about the study prior to
hospital discharge and asked if they would consent
to randomisation. Punjabi-speaking patients who
did not speak English were provided with a tape
recording of the patient information leaflet in
Punjabi to ensure that informed consent was
explained in their native tongue and that this was
the same for all participating patients. A Punjabi-
speaking research nurse undertook the consent
process to ensure that there was an opportunity
for questions to be answered. Patients were not
excluded from the study on the grounds of age. 

Inclusion criteria
Adult patients following an MI or revascularisation
(PTCA/CABG) with no upper age limit were
eligible. At the start of the study, the definition of
MI was under debate as a result of the definition
from the Joint European Society of
Cardiology/American College of Cardiology
Committee:102

“Typical rise and gradual fall (troponin) or more
rapid rise and fall (CK-MB) of biochemical markers of
myocardial necrosis with at least one of the following:
1. ischaemic symptoms
2. development of pathological Q waves on the ECG
3. ECG changes indicative of ischaemia (ST segment

elevation or depression)
4. coronary artery intervention (e.g. coronary

angioplasty).”

Not all the cardiologists in the hospitals were
using the new guidelines. Patients who fulfilled the
criteria for MI were only eligible for CR if they
were told they had had a heart attack. Patients
defined as having had unstable angina were not
eligible for rehabilitation. The inclusion criteria
therefore had to include the patient having been
informed about their diagnosis. 

Any adult patient was eligible if they had had one
of the following events within the previous
12 weeks:

● an acute MI and had been informed of their
diagnosis 

● a coronary angioplasty with or without stenting
● a CABG operation.
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Exclusion criteria
Exclusion criteria were defined by a cardiologist:

1. inability to speak either English or Punjabi
2. case-note reported dementia
3. severe hearing impairment
4. sight defects of sufficient severity to prevent

them from reading the Heart Manual
5. serious persisting complications which had not

been stabilised at the time of proposed
randomisation, including:
(a) unstable angina (angina at rest or minimal

exertion, with ECG changes and requiring
medical/non-medical intervention)

(b) clinically significant heart failure
(c) important cardiac arrhythmias
(d) any other condition which, in the

consultant’s opinion, would preclude safe
home exercise

6. complications during the angioplasty/CABG
procedure or significant lesions remaining.

Ethics committee approval
The study was approved by the four local research
ethics committees serving the four hospitals.

Allocation to trial group
Patients who consented to randomisation were
randomised on an individual basis with
minimisation by (1) original diagnosis
(MI/revascularisation), (2) age (<50/50–74/75+
years), (3) sex, (4) ethnicity (Caucasian/Asian/
other) and (5) hospital of recruitment.

Allocation was undertaken by the Birmingham
Cancer Clinical Trials Unit, a group that was
independent from the trial team. A customised
computer program was prepared by the Trials
Unit. When a patient agreed to be randomised,
following completion of the baseline questionnaire
and clinical measurements, the research nurse
telephoned the Clinical Trials Unit, provided the
patient’s demographic details and was given an
allocation group. 

Content of interventions
All the rehabilitation programmes included
exercise, relaxation, education and lifestyle
counselling, with referral for psychological
treatments as indicated. All patients were seen 
by a CR nurse prior to hospital discharge and
provided with information about their condition
and counselling about risk factor modification.

The programmes are summarised in Table 2 and
detailed below.

Hospital-based cardiac rehabilitation
At Hospital 1, all patients were offered an
individualised rehabilitation programme
consisting of risk factor counselling, relaxation
and twice-weekly supervised exercise sessions for
12 weeks. The exercise was mainly walking, fixed
cycling and rowing. Participants built up to
25–30 minutes of continuous cycling over the
programme working to 60–75% of maximal heart
rate, depending on risk stratification. The
relaxation session and information sessions
occurred once during each rehabilitation session
and participants could opt to attend. Patients
completed the programme after attending
24 sessions. 

Hospital 2 offered a more traditional 9-week
course consisting of patient education and
counselling and relaxation. The intention was for
twice-weekly sessions of exercise, but due to a
major fire at the hospital and the loss of the gym
space for the CR team, exercise sessions only took
place once each week during the period of the
trial. Each session lasted 1.5 hours with the
exercise consisting of circuit training with six
stations. Patients did 1–2 minutes of each exercise
with additional walking. In addition, the patients
received further follow-up and support in
cardiology outpatients. 

The rehabilitation programme at Hospital 3 lasted
for 8 weeks and consisted of eight sessions of
education and exercise twice weekly over 4 weeks
lasting 2.5 hours followed by a once per week
hour-long exercise session for a further 4 weeks.
Relaxation took place once per week. The exercise
consisted of 45 minutes of circuit training. Patients
aimed to exercise to 65–75% of maximal heart
rate and were taught to monitor their pulse rate.

The CR programme at Hospital 4 consisted of 12
sessions held twice weekly over a 6-week period.
The first eight sessions consisted of 30 minutes of
education followed by a warm-up, 40 minutes of
exercise on bicycles and treadmills and relaxation.
This was followed by four further hour-long
exercise sessions. Patients aimed to exercise to
65–75% of maximal heart rate and were taught to
monitor their pulse rate.

The same cardiac rehabilitation team covered
Hospitals 3 and 4, with some staff working in only
one hospital and others covering rehabilitation
sessions in both.

Methods
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Home-based cardiac rehabilitation
This consisted of a manual, home visits and
telephone contact.

Patients who had had an MI were discharged
home with The Heart Manual (second edition).103

Those who had had a revascularisation had an
adapted version of the Heart Manual designed for
this patient group in conjunction with the Heart
Manual Team. The Heart Manual is a facilitated
home-based programme for the first 6 weeks
following MI, based on the Health Belief Model
and using cognitive behavioural techniques. It
includes education, a home-based exercise
programme and a tape-based relaxation and stress
management programme. It also has
accompanying tapes in ethnic minority languages
for patients who are unable to read English. 

The Heart Manual was introduced to patients on
an individual basis, either in hospital or on a
home visit. The facilitators adhered to the format
with which they had been familiarised at the Heart
Manual training course. At this time the facilitator
provided information about how they could be
contacted and arranged a home visit for 7–10 days
ahead. At the first visit the facilitator discussed the
progress with the patient and agreed action or
exercise goals with the patient. Patients were then
telephoned at about 3 weeks post-recruitment and
a further visit took place 6 weeks post-recruitment.
A final visit took place at 12 weeks, when patients
were encouraged to maintain their lifestyle
changes and to continue with their exercise
programme. Additional visits were made as
deemed necessary by the rehabilitation nurse. 

Patients with no telephone had home visits instead
of telephone contacts.

Patients who had an insufficient command of
English were followed up by a rehabilitation nurse
who spoke Punjabi. An audiotape in Punjabi
accompanied the Manual in patients with a limited
command of English (as many non-English speakers
of this age group are also illiterate104). This tape
was an abridged version of the Heart Manual. An
English Manual was also given to the patient, and
a relative who could read English was encouraged
to work through the Manual with the patient. 

Training of nurses
All the nurses who provided the home-based CR
programme attended a 2-day training course run
by the Heart Manual Team. 

Outcome measures
Recruitment took place over 2 years. 

Primary outcome measures
CR is a broad intervention with holistic aims. Due
to its focus on increasing physical exercise,
smoking cessation, improvement of diet and a
reduction in psychological morbidity, it is not
appropriate to give one outcome measure primacy.
If a CR programme has a high patient uptake and
adherence and is effective, it will lead to
reductions in risk factors, which in turn should
translate to a reduction in cardiac events.48,105–114

At 1 year mortality rates are low (6% in Jolly and
colleagues115) and it is unlikely that one would see
a reduction in cardiac events. It is also possible
that revascularisation rates could be associated
with participation in a particular rehabilitation
programme. The primary outcome measures thus
consisted of a number of cardiac risk factors as
follows.

Serum cholesterol
Serum cholesterol was measured by the clinical
chemistry department at the recruiting hospital.

Blood pressure
Blood pressure (assessed according to BHS
Guidelines) measured three times on each occasion
and the mean of the last two readings taken. 

Exercise capacity
Exercise capacity as assessed by the incremental
shuttle walking test (ISWT). There is a good
correlation between ISWT and VO2 max in patients
with heart failure,116,117 and of its reproducibility
to show differences in exercise capacity in patients
with cardiac pacemakers118 and chronic heart
failure.117 At the 6-month clinical assessment
patients did a practice ISWT, then rested for at
least 30 minutes before completing the actual
ISWT. Reasons for termination of the test were
recorded. At the 1- and 2-year assessments the
practice ISWT was omitted. 

Psychological morbidity 
The Hospital Anxiety and Depression Scale
(HADS)119 was selected because it had already
been used in a number of UK trials of CR. The
scale is a brief measure of both anxiety and
depression without contamination from physical
symptoms. Higher scores indicate greater levels of
anxiety and depression. The English version has
been found to be reliable and valid.120 Asian
patients completed a translated Punjabi version,
which was validated prior to the start of the trial. 

Methods
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Cotinine-validated smoking cessation
Smoking was measured by self-report with a urine
sample taken from patients who reported a history
of having ‘ever smoked’. This was assessed for
cotinine using a colorimetric assay ‘SmokeScreen
Test’.121 Results were categorised into non-
smokers and evidence that the patient was still
smoking. 

Secondary outcome measures
There were several secondary study outcome
measures collected at 6, 12 and 24 months after
recruitment: (1) measurement of uptake and
adherence; (2) self-reported behaviour, symptoms
and secondary preventive medication; (3) quality
of life; and (4) death and other cardiac events. 

Uptake and programme adherence
Patient uptake and adherence to the programmes
were of primary interest because of the poor
uptake and adherence rates reported in the
literature, particularly in women, the elderly and
people from minority ethnic groups. However,
there are potential difficulties in obtaining
unbiased measures of these, as attendance at a
hospital programme cannot be equivalently
compared with acceptance of a home visit. Patient-
completed activity questionnaires (modified
Godin) were used for both groups. Although
providing a similar measure in both groups, there
were different frequencies of contact with health
professionals and thus ‘cues’ to complete the
questionnaires, and so these data are not
incontrovertibly comparable, but are likely to be
better than other measures of uptake in these
circumstances. Uptake was defined as self-reported
activity levels during the rehabilitation
programme. The frequency of activity was from
none to five times or more in the previous 7 days
at three levels of intensity (mild, moderate and
vigorous). The frequency score (0, 1, 2, 3) was
multiplied by two for moderate activity and by
three for vigorous activity to derive a score with a
maximum possible of 18. Duration of reported
exercise at 6, 9 and 12 weeks was used to 
compare adherence, again with the hours
multiplied by two for moderate and three for
vigorous activity. 

Self-reported behaviour
Self-reported diet was measured using single items
from a food frequency questionnaire (Appendix 1).
Many dietary questionnaires require
administration by a researcher, and most were
considered too lengthy to be included. Only those
questions relating to foods considered either
particularly beneficial or advised to be cut down

were included. Physical activity levels were
measured using the exercise component of the
Health Behaviours Profile122 (a modified Godin
questionnaire123). Again, many questionnaires of
physical activity are fairly long and over-
burdensome for use as a secondary outcome
measure. The modified Godin was used in the
Health and Lifestyle survey and had been used by
the lead author in a previous study and had had a
good completion rate. The physical activity score
was a maximum of 18, with up to three points for
mild activities, six points for moderate physical
activities and nine points for vigorous activities.
The duration of physical activity was weighted,
with time spent in moderately intense activities
multiplied by a factor of two and in vigorous
activities by three. 

Healthcare utilisation
The main data were self-reported utilisation of
primary and secondary care services, including
hospital admission and attendance at a Phase IV
CR programme. Use of secondary preventive
medication and patient satisfaction with the
programmes were also recorded. The hospital
admissions were validated against the
computerised hospital records, for the majority of
the self-reported admissions, but were found to be
very similar to the self-report, which was used for
the economic analysis. 

Cardiac symptoms
The frequency and severity of angina and
shortness of breath were collected. 

Body mass index (BMI)
Height was measured at baseline using a Seca
Leicester portable height measure. Weight was
measured using Seca 880 scales. BMI was
calculated as weight/(height)2.

Quality of life
Quality of life [EuroQol quality of life (EQ-5D)124]
data were collected for the economic analysis. The
Short Form with 12 Items (SF-12)125 and the
Global Mood Score (GMS)126 were also included.
The GMS was chosen because it has been shown to
be sensitive to change and is able to capture the
positive changes resulting from CR (as opposed to
the absence of negative changes).127,128 The SF-12
and GMS were not used at baseline to reduce the
burden of questionnaires in the patients. In
addition, piloting of the SF-12 showed that
patients who were post-infarct were unable to
describe their health over the previous 7 days as
they had had a huge change in health status
during this time. 
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Death and cardiac events
Death and cardiac events (MI, PTCA, CABG) were
recorded. The cardiac events were self-reported
and validated, where possible, from the hospital
records. 

Data collection
Baseline data
An eligibility and randomisation form was
completed for all patients presenting to the
hospitals following an MI, PTCA or CABG. This
form recorded brief demographic details and
reasons for ineligibility or declining to participate
in the trial. 

Eligible patients who gave informed consent to the
trial signed a consent form and completed a baseline
questionnaire, including demographic details, self-
reported health behaviours, psychological status
and quality of life. The research nurse measured
baseline clinical indices, including weight, height
and blood pressure. The serum cholesterol level
from the patient’s index admission was used.

Outcome data
The first follow-up assessment took place at
6 months after recruitment and consisted of a
postal questionnaire and clinical assessment. Two
further assessments at 12 and 24 months were
undertaken. Assessments were blinded, with
follow-up undertaken by a research nurse who had
neither recruited the patient nor provided home
CR support. Participants received the follow-up
questionnaire approximately 2 weeks before their
follow-up appointment was due. An accompanying
letter informed them that they would be contacted
by a research nurse who would organise a follow-
up appointment. They were asked to complete the
questionnaire at home before their appointment
and to bring it, with their medications, to their
follow-up appointment. They were told that
assistance would be provided if they needed 
help completing the questionnaire. Participants
were telephoned to organise an appointment time,
and then telephoned on a second occasion, if
possible, to remind them to attend. Participants
who failed to attend their follow-up appointment
were offered appointments on two further
occasions and then a home visit to maximise
follow-up rates. 

At the 6-month clinical assessment, patients did a
practice ISWT, then rested for at least 30 minutes
before completing the actual ISWT. Reasons for
termination of the test were recorded. In addition,
a blood sample was taken for serum cholesterol
and high-density lipoprotein (HDL) measurement;

a urine sample for urinary cotinine for all patients
who had a history of smoking; blood pressure and
weight were measured. 

If patients had contraindications to doing the
ISWT, then this was omitted. Patients who were too
unwell or were unwilling to attend for the follow-
up assessment were offered a home visit. All the
clinical measurements, except the ISWT, were
possible in the home environment.

Process data
Questionnaires were sent at 6, 9 and 12 weeks
after recruitment to all participants, asking about
the intensity and duration of physical activity they
had undertaken in the previous 7 days. As the
participants received the next questionnaire only 
3 weeks after the first, previous one, each
questionnaire was sent only once. 

In addition, the records of the CR programmes
were used to record the number of attendances at
the hospital rehabilitation programmes of trial
participants. These data were of variable quality,
with differences between the paper and computer
records noted on a number of occasions. 

The research nurses who provided the home
programme recorded the number of visits and
telephone calls made to each patient. 

Sample size
Our initial estimate assumed 30% attrition at
1 year due to death and loss to follow-up (15% in
Jolly and colleagues115). This required a sample
size of 650 patients (450 evaluable at 1 year) which
would have 90% power, at the 5% significance
level, to detect the differences tabulated below
[population standard deviations (SDs) estimated
from Jolly and colleagues115]. Differences larger
than these would have clinically significant effects
(Table 3).

As a result of a slower than predicted recruitment
rate, with a high follow-up rate at 6 months, we
reduced the required sample size to 525
participants. With 90% follow-up at 1 year, 80–90%
power would be achieved for all the primary
outcome measures. 

Analysis
The data were entered into an ACCESS 2000
database (Microsoft Windows). The Statistical

Methods
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Package for Social Sciences (SPSS) version 12 and
Stata version 7 were used for analysis. 

All data were analysed by intention-to-treat (ITT). 

For cardiac risk factors measured on a continuous
scale (serum cholesterol, SBP, exercise capacity,
HADS anxiety and depression), differences in
means between the two groups were investigated.
Differences in smoking cessation were assessed
amongst those who were smokers at baseline using
the Cochran–Mantel–Haenszel �2 test for a
difference in proportions; CIs were calculated
using the equation due to Cochran.

Secondary analyses were conducted for each
primary outcome measure adjusting for diagnosis
(MI/revascularisation), age, sex and ethnicity, and
also centre and baseline measurement (logistic
regression was used to provide adjusted analyses
for smoking cessation). Baseline measurements for
exercise capacity were not available; for the other
measures, analysis of covariance was used to take
into account the baseline measurements for each
patient. When baseline information is available,
this provides a more precise estimate of the
treatment effect than either raw outcomes or
change scores.129 Interaction terms between these
factors and rehabilitation setting were included to
investigate possible differences in treatment effect
between subgroups of patients. Although the
power to detect modest interactions is low, we were
primarily interested in investigating the possibility

of large interactions which are qualitative rather
than quantitative in nature, that is, the possibility
that the direction of treatment effects may vary
between groups of patients. It is reasonable to
hypothesise that hospital-based rehabilitation may
be more effective for those groups with high rates
of uptake and adherence to hospital-based
programmes whereas others may gain more from
home-based care.

Before analysing measures of uptake and
adherence derived from modified Godin
questionnaires at 6, 9 and 12 weeks, we checked
for bias in reporting between the groups. The data
were compared (1) with the 6-month reported
exercise, (2) with cardiac risk factors and (3)
internally between different patient groups.
Baseline characteristics were explored within the
two treatment groups separately in order to
identify predictors of uptake and adherence, based
on both modified Godin questionnaires and
attendance/home visit records.

Analyses of secondary outcomes were descriptive
in nature.

Throughout the analysis, emphasis was placed on
estimation rather than hypothesis testing. Where
hypothesis tests were carried out, these were at the
5% level for primary outcome variables and at the
1% level for interaction terms. Although a strict
Bonferroni adjustment for multiple testing would
suggest the use of somewhat more conservative
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TABLE 3 Sample size calculation

End-point Study has 90% power Assumptions Precision of estimate
to detect difference

95% 99%

Mean serum cholesterol (mmol/l) 0.4 SD = 1.3 ±0.24 ±0.32

Systolic blood pressure (mmHg) 6 SD = 21 ±3.9 ±5.1

Shuttle-walk test/10-m 6 SD = 20a or ±3.7 ±4.9

Shuttles SD = 40 ±7.4 ±9.7

HADS anxiety score 1.5 SD = 4.5 ±0.83 ±1.1

HADS depression score 1.5 SD = 4.0 ±0.74 ±0.97

Smoking cessation 20%115 45% smokers at baseline 9%, 33% 5%, 37%
(effective sample size ~200)

50% give up in hospital-based 
group

a SD 19 reported in Keell and colleagues,116 but this study was in 50 male patients with established left ventricular
dysfunction (mean 38, range 4–102). No other selection criteria stated, but may have been relatively highly selected and
thus a substantial underestimate of the SD for our population. Further estimates are given assuming an SD of our
population of 40. 



significance levels (1% for primary outcomes), this
adjustment is too conservative when outcomes are
positively correlated, as they would be in this trial.
Although alternative methods of adjustment are
available, the performance of these methods
depends heavily on the underlying data
structure.130 Multivariate methods, which model
all outcomes simultaneously and provide a single
‘global’ test of significance, are available. However,
univariate methods involve fewer distributional
assumptions and are more straightforward to
interpret. Furthermore, in this trial we were
investigating what has been termed ‘multiple
univariate hypotheses’ rather than a true (single)
multivariate hypothesis; the univariate methods
outlined above are therefore more appropriate.131

Given the multiple assessment points in this trial,
analysis of variance (ANOVA)-based repeated
measure analysis was used to assess between-group
differences across all assessment points. Where a
significant difference between groups across all
time points was detected, paired t-tests were
undertaken between successive time points. 

The ISWT had the highest proportion of missing
data at follow-up as some patients were too unwell
or high risk to undertake the test. For other
primary outcome measures, the proportion
missing at 1 year ranged from 10 to 15%. A
sensitivity analysis was undertaken on the 
12-month data to assess the potential impact of
the missing values for the ISWT, SBP, diastolic
blood pressure (DBP), TC and the HADS scores.
Absent values were assumed to be ‘missing not at
random’. Regression-based models at 12 months
were developed to assess the relationship between
covariates and outcome measure in completers.132

Missing cases were substituted with a predicted
outcome value.

Qualitative studies
Aims of the qualitative studies
These studies explored patients’ reasons for non-
participation in/non-adherence to a home- or
hospital-based CR programme through
semistructured interviews. In order to compare
the views of patients who had not adhered to
their CR programme with those who had, a series
of focus groups were undertaken with hospital-
and home-based programme adherers. Interviews
were also sought with minority language speakers
to find out their experience of the CR
programmes, in particular the Punjabi tapes of
the Heart Manual.

Recruitment of participants who did
not adhere to a cardiac rehabilitation
programme
Patients for interview were recruited from those
taking part in the trial. Sampling was purposive
and patients were invited for interview until at
least 10 had been interviewed from each of the
categories: female, elderly (aged 70 years and
over), minority ethnic group and middle-aged
men. The nurses involved in both the hospital-
and home-based rehabilitation programmes
provided information about patients who, in their
view, had declined or not adhered to a
programme. For patients on the hospital-based
programmes, data on the number of sessions
attended by each patient were also used to identify
patients for interview, although these data were
generally only available some time after
completion of the programme. Where attendance
data were not yet available, study data from the
physical activity questionnaire completed by
patients about their level of physical activity
9 weeks after recruitment into the trial were used
to assess which patients had very low levels of
physical activity and were therefore less likely to
have adhered to the programme. For the home-
based programme patients, recruitment for
interview was based initially on the perception by
the study nurses of whether a patient had adhered
to the programme. In addition, the information
from the 9-week physical activity questionnaire was
used to assess whether patients should be invited
for interview.

Attempts were made to contact 74 patients by
telephone. Six telephone numbers were incorrect
and it was not possible to find an alternative
number through directory enquiries. One patient
had died. Most patients were very willing to assist
in the qualitative study and 50 agreed to be
interviewed, but one of these was subsequently
found to have attended all the sessions on the
hospital-based programme. Ten patients could not
be contacted and seven refused. Patients were
asked if they were willing to be interviewed about
their views and experience of their CR
programme. Patients who agreed to an interview
were sent a letter confirming the details and an
information sheet explaining the purpose and
conduct of the interview.

Interviews
All the interviews were conducted by one
interviewer (MJ). Interviews were conducted in the
patients’ homes and patients were asked to sign a
consent form before starting the interview.
Interviews took place between 3 and 20 months
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(mean 10 months) after randomisation into the
trial. The interviews were tape recorded and
transcribed. In one interview the recording failed
and a summary of the interview was prepared
(P25). Interviews usually lasted about
40–45 minutes but varied between 25 and
55 minutes; the word count of the transcripts
ranged from about 2500 to 10,500 words.

The patient’s partner was present in 14 interviews
and the patient’s daughter in two interviews and
they also contributed to the interviews.
Contributions ranged from limited interventions,
for example to remind the patient of dates or a
doctor’s name, to interrupting and answering
questions on the patient’s behalf. One patient’s
daughter (P15), who arrived during the interview
to interpret for her father who spoke limited
English, also described how her father’s condition
affected the rest of the family.

Interview topics
The interview schedule was developed to include
issues emerging from previous studies in the
literature and from a previous study of CR
patients.78 The semistructured interviews covered
various topics related to the patients’ cardiac
event, including:

● biographical information
● experiences before the cardiac event
● the event
● beliefs about heart disease
● lifestyle changes
● satisfaction with health service provision
● expectations and experience of their

rehabilitation programme. 

Recruitment to the focus groups of
patients who adhered to cardiac
rehabilitation
Three focus groups were organised for patients
from the four hospital-based programmes and two
for home-based programme patients. As the CR
programmes at Hospitals 3 and 4 were run by the
same team and were very similar, patients from
these two hospitals were invited to attend the same
focus group. Similarly, home-based programme
patients from Hospitals 1 and 2 were invited
together as they were supported by the same
nurses, and patients from Hospitals 3 and 4 were
invited to the same group.

The list of all patients taking part in the BRUM
study was used to select patients to invite to the
focus groups. Patients who were known not to
have adhered to their programme were excluded

using the CR report and data on the number of
sessions for each hospital programme which
patients had attended. The selection of patients
for the focus groups was purposive in order to
include both men and women and patients from
all age groups.

Patients were approached by telephone and asked
if they had completed their CR programme.
Patients who confirmed this were asked if they
would be willing to attend and sent written
confirmation if they agreed. Up to eight patients
were invited to each focus group. Patients were
offered reimbursement of their travel expenses. 
Of the 33 patients who agreed to attend, 
26 attended on the day. 

Recruitment to study of Punjabi
speakers
Interviews were conducted with 10 minority
language speakers in Punjabi. They were
approached by telephone by a bilingual researcher
and interviewed in their home. Topic prompts
were the same as those used in the interviews of
non-adhering patients.

Analysis of qualitative studies
Each transcript was checked for accuracy against
the tape. The transcripts were analysed using the
technique of charting.133 This involved transcripts
being read independently by three authors (MJ,
SG, KJ) and the main themes and subcategories
being identified and agreed. The transcripts were
then re-read and the text marked where each
theme was mentioned. Brief summaries of what
each patient had said under each theme were
grouped together in a list for analysis. Additional
themes were added as further transcripts were
analysed if the theme had not been identified in
previous transcripts. Not all the patients
mentioned each theme.

Economic study
Relevant resource usage was defined in relation to
both NHS and societal perspectives. Resource use
data were collected over the trial duration on each
patient’s use of the rehabilitation services (number
of hospital sessions attended, number of home
visits, duration of home visits) in addition to
general practice and hospital services (both
cardiovascular and all conditions). Drug use data
for secondary prevention were collected at the start
and at 12 months, as was employment status. Travel
costs and travel time were based on distances from
patients’ addresses to the relevant centre. 
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Resources were valued using locally derived unit
costs, mainly duration of sessions/visits and staff
costs. Staff costs per hour, distinguishing whether
patient contact or not, were based on Netten and
Curtis,134 which includes overheads. Travel costs
were based on NHS costs for nurses and
Automobile Association rates for patients. A
shadow price for patient travel time was based on
the minimum wage of £5 per hour.

The cost per patient in the home arm comprised
the cost of the home visit, the cost of the nurse’s
travel and travel time and the cost of the Heart
Manual (including training). The cost in the
hospital arm within the NHS perspective
comprised the cost of rehabilitation sessions
attended. Patient travel-related costs (cost of travel
plus cost of time spent travelling) were added to
this to obtain a societal perspective. 

Mean cost per patient in each arm of the trial was
based on bootstrapping and tested for difference
using both t-tests where appropriate and
permutation tests (two-tailed for null hypothesis,
one-tailed for difference). Arithmetic means were
also used for comparison and as a check.

Changes to the project protocol
The protocol originally stated that we would
provide materials in Punjabi and one other
minority language. We restricted the study to
English and Punjabi for a number of reasons:

● The large amount of work required to translate
and validate the HADS into Punjabi and to
produce the study and home-based materials in
Punjabi.

● The nurse who was to do the home visits to the
non-English speakers only spoke Punjabi.

● Punjabi was the predominant minority language
spoken locally.

After piloting the baseline questionnaire,
questions about the patient’s home were dropped
to reduce the length of the questionnaire, and the
SF-12 was dropped as it was difficult to complete
because it asks about health over the previous
4 weeks, which is difficult to describe given the
huge change as a result of their heart attack. 

Due to slower than predicted recruitment, two new
recruitment centres joined the study and the
recruitment period was extended. In addition, the
target number of patients was reduced from 650 to
525 because the follow-up rates that we were
achieving were much better than we had predicted
(90% versus 70%). This did not change the power
of the study. 

The qualitative research was extended to include
interviews (undertaken as focus groups) with
patients who adhered to the rehabilitation
programmes, to provide a comparison to the non-
adhering patients who were interviewed. In
addition, a small number of participants who
spoke little or no English were interviewed for
their experience of the rehabilitation programme. 

Participants were asked about the costs that they
incurred from their attendance at the
rehabilitation programme. Also, the qualitative
interviews sought to determine whether the costs
of participating in CR contributed to non-
adherence. 

Methods
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Recruitment and baseline details
Over the study recruitment period, 525 people
were recruited into the trial, 263 to the home-
based intervention and 262 to the centre-based
CR programmes. Of the 1997 people who
presented to the recruiting hospitals during the
recruitment periods, 790 (39.5%) were excluded as
ineligible for the study. The reasons for
ineligibility are recorded in Figure 1, but fall into
two main categories of being at too high a cardiac
risk for home exercise, or having co-morbidities
preventing participation in cardiac rehabilitation.
In addition 29% of the presenting patients from
ethnic minority groups were considered ineligible
due to an inability for us to support their language
requirements. Of the 1207 eligible patients 43.5%
agreed to participate (26% of the total). 

Recruitment by patient characteristics
Of the patients who were considered eligible for
home-based CR, and hence the trial, women and
the elderly were less likely to agree to
randomisation (Table 4). There was no difference
between patients with different diagnoses or
different ethnic groups as to agreement to
participate. Recruited patients had a similar Index
of Multiple Deprivation (IMD) score to those who
were not recruited [mean IMD (SD) 33.48 (16.3)
versus 35.19 (17.7) for non-recruits]. Eligible
patients who did not agree to be randomised were
offered a number of possible reasons for declining.
Almost half (49%) did not wish to take part in a
research study, 15% did not wish to take part in
CR, 12% wished to join the hospital-based
programme and 23% gave no reason. 

As the women were generally older than the male
patients, a logistical regression analysis was
undertaken with age, gender, ethnic group,
presenting diagnosis and hospital of recruitment
in the model. Only age was a significant factor
predicting recruitment, with older patients (age
65+ years) less likely to be recruited (adjusted RR
of recruitment 0.63, 95% CI 0.5 to 0.8).

Baseline characteristics of participants
The baseline characteristics of the participants in
the two rehabilitation groups are shown in Table 5.
Demographic characteristics, diagnosis, past

medical history and cardiac risk factors were well
matched between the two arms at baseline.
Approximately half of the participants had had an
MI and half a revascularisation procedure. The
sample was ethnically diverse, with 20.4% from an
ethnic minority group, 23.4% were female, and
the mean (SD) age was 61.0 (10.8) years. 

Uptake and adherence data
The measurement of adherence had to be the
same for both arms of the trial. We used a
modified version of the Godin questionnaire, with
questions about frequency and duration of
physical activity. A questionnaire on at least one
occasion at 6, 9 or 12 weeks was received from 452
(86.1%) of the participants. Response rates were
similar in both the home-based (87.5%) and
centre-based (84.7%) arms of the trial. Further
details are given in Table 6.

Non-respondents were younger, more likely to be
from an ethnic minority group, to be in paid
employment and to have higher cardiac risk
factors at baseline than respondents (Table 7). 

The level of physical activity reported at 6, 9 or
12 weeks was divided into three categories: low
(less than three periods of physical activity),
moderate (three or four sessions of physical
activity) and high (five or more periods of physical
activity) in the previous 7 days. An additional
category of non-responder was included. The
physical activity scores at 6 months were calculated
for the four categories. Non-responders to the
adherence questionnaires had physical activity
scores at 6 months similar to those reporting
moderate physical activity in their adherence
questionnaires, hence it seems that non-
responders to the adherence questionnaires did
not differ markedly in self-reported physical
activity at 6 months (Table 8). 

The National Service Framework for Coronary
Heart Disease in England set a target that patients
attending a CR programme should undertake
three sessions of exercise each week, two of them
supervised. Table 9 shows the proportion of
participants randomised to the home-based and
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Patients presenting to 4 recruiting hospitals
n = 1997

Post-MI (1116)
Post-PTCA (702)
Post-CABG (157)
Unknown (22)

Eligible for study
n = 1207

Recruited
n = 525

Post-MI (258)
Post-PTCA (211)
Post-CABG (56)

Excluded n = 790

Language (134)
High cardiac risk (253)
Co-morbidity (219)
Out of area (97)
Mental health (53)
Sensory deficit (48)
In other trial (27)
Deceased (24)

More than 1 reason may apply

Declined to take part 
n = 682

Did not want rehabilitation 
  (102)
Did not wish to take part in
  research study (335)
Preference for hospital-based
  programme (83)
No reason given (162)

Hospital-based programme n = 262

Hospital 1: n = 93
Hospital 2: n = 107
Hospital 3: n = 39
Hospital 4: n = 23

   Collected 6-month data n = 240

Died (2)
Withdrawn (3)
DNA follow-up (17)

  Collected 12-month data n = 236

Died (3)
Withdrawn (3)
DNA follow-up (20)

  Collected 24-month data n = 233

Died (3)
Withdrawn (3)
DNA follow-up (23)

Home-based programme
n = 263

   Collected 6-month data n = 247

Died (3)
Withdrawn (3)
DNA follow-up (10)

  Collected 12-month data n = 239

Died (3)
Withdrawn (7)
DNA follow-up (14)

  Collected 24-month data n = 228

Died (6)
Withdrawn (8)
DNA follow-up (21)

FIGURE 1 CONSORT (Consolidated Standards of Reporting Trials) diagram of recruitment to BRUM study



supervised arms who reported at least three
episodes of physical activity in the previous week.
This is significantly higher in the home-based arm
at 6 weeks (95% versus 85%), but is no different at
9 and 12 weeks. This is explained by the fact that
the Heart Manual commences the physical activity
programme on discharge from hospital, but the
hospital rehabilitation programmes start later,
often 6–8 weeks after their cardiac event. 

Tables 10 and 11 show the physical activity score
and hours of physical activity by rehabilitation arm
(both weighted for intensity). Patients randomised
to the home-based arm reported significantly more
hours of physical activity at each time point and a
higher physical activity score at 9 weeks. Subgroup
analysis identified higher physical activity scores
and greater hours of physical activity reported by
ethnic minority participants in the home-based
arm and older participants in the home-based arm. 

Attendance at the hospital rehabilitation sessions
is reported in Table 12 and ranged from 42 to
72%. Overall, 28% of patients allocated to the
hospital arm did not commence the hospital-based
programme. The hospital-based programme with
the highest proportion of sessions attended was
the least intensive of the programmes and
Hospital 4 with the next highest attendance rate
served a more affluent population than the other
hospitals. There were no differences in attendance
rate by sex or ethnicity, but younger patients (age
<50 years) attended a lower proportion of sessions. 

Crossovers
During the first 6 weeks of the home-based CR
programme, 11 patients crossed over from the

home- to the hospital-based programme. In eight
cases this was due to the development of additional
cardiac or medical complications, requiring closer
monitoring, and in three cases a lack of motivation
to exercise at home was the predominant factor.
These participants were analysed on an ITT basis
as part of the home-based group. 

Six-month study outcomes
Completeness of data
Follow-up data were obtained on 485 (93%) of live
participants at the 6-month follow-up. A high level
of data completeness was obtained except for the
ISWT, which was completed in 349 (80%) of
patients followed up. Table 13 details the reasons
for loss to follow-up and non-completion of the
ISWT, which were mainly cardiac contraindications
or other co-morbidities. 

Primary outcomes
ITT analysis of the primary outcomes revealed no
difference at the 6 month follow-up for SBP, DBP,
TC, HDL-cholesterol, the HADS scores, distance
walked on the ISWT or smoking cessation. When
the analysis was adjusted for the randomising
variables (age, sex, diagnosis, ethnicity and centre)
and baseline value, there continued to be no
significant differences (Table 14). The difference
between the home- and centre-based arms in
adjusted mean SBP is only 0.18 mmHg, but the
CIs are consistent with the SBP in the home-based
arm being 2.8 mmHg lower or 3.2 mmHg higher
than that in the centre-based arm. The CIs around
the TC, HDL-cholesterol and the HADS scores
make it unlikely that we missed a clinically
significant difference between the groups. 

Secondary outcomes
Self-reported chest pain on movement and
shortness of breath at rest and on movement were
similar in both the home- and centre-based groups,
although participants in the home-based arm
reported slightly more chest pain at rest (Table 15). 

There was no difference in self-reported diet at
6 months except for the slightly higher reporting
of fruit and vegetable consumption in the centre-
based group (Table 16).

Self-reported physical activity (modified Godin score)
was similar in the two groups, as were the hours of
physical activity reported (Table 17). Whereas the
physical activity score increased from baseline to the
6-month follow-up, the hours of activity actually fell,
despite the weighting for intensity. 
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TABLE 4 Recruitment of eligible patients

Eligible: Recruited p-Value
n

n %

Males 881 402 45.6 0.025
Females 321 123 38.3

Age <65 years 659 322 48.9 <0.001
Age 65+ years 548 203 37.0

MI 592 256 43.3
PTCA 467 211 45.2 0.7
CABG 136 56 41.2

White 927 418 45.1
South Asian 198 88 44.4 0.7
Other ethnic 44 19 43.2

group



Quantitative results

22

TABLE 5 Baseline characteristics by study group

Home-based Centre-based

Sex: male, n (%) 203 (77.2) 199 (76.0)

Age: mean (SD) (years) 60.3 (10.5) 61.8 (11.0)

Ethnicity: n (%)
White 211 (80.2) 207 (79.3)
Asian 43 (16.3) 46 (17.6)
Other 9 (3.4) 8 (3.0)

Living alone: n (%) 37 (14.1) 39 (14.9)

Access to a car: n (%) 206 (78.3) 205 (78.2)

Years in full-time education: mean (SD) 10.4 (3.5) 10.5 (3.3)

Currently employed: n (%) 109 (41.5) 111 (42.4)

Diagnosis: n (%)
MI 129 (49.0) 129 (49.2)
PTCA 101 (38.4) 110 (42.0)
CABG 33 (12.5) 23 (8.8)

Past medical history: n (%)
Hypertension 132 (51.2) 114 (45.6)
MI 43 (16.5) 54 (20.7)
CABG 16 (6.1) 10 (3.4)
PTCA (angioplasty) 24 (9.2) 24 (9.3)
Attendance at CR 25 (9.6) 37 (14.2)
Diabetes 35 (13.4) 36 (14.1)

Smoking history: n (%)
Current smoker at heart attack 94 (35.7) 85 (32.4)
Ex-smoker 101 (38.4) 106 (40.5)
Lifetime non-smoker 68 (25.9) 71 (27.1)

Healthy food intake: mean (SD)
Fruit and vegetables 3.42 (1.20) 3.52 (1.23)
Fish 1.37 (0.93) 1.52 (0.89)
Pasta 2.72 (1.00) 2.80 (1.00)
White meat 1.83 (0.79) 1.81 (0.84)

Unhealthy food intake: mean (SD)
Fried food 1.50 (1.06) 1.31 (1.04)
Beef 1.80 (0.94) 1.78 (0.96)
Snacks 2.19 (1.42) 2.16 (1.32)

Physical activity: Godin score: mean (SD) 6.24 (3.75) 6.08 (3.80)

HADS anxiety score: mean (SD) 7.89 (4.52) 7.20 (4.23)
HADS anxiety score >10: n (%) 65 (25.7) 60 (23.4)

HADS depression score: mean (SD) 4.92 (3.40) 4.76 (3.27)
HADS depression score >10: n (%) 18 (6.9) 13 (5.1)

EQ-5D thermometer: mean (SD) 70.10 (19.64) 68.73 (17.78)

Clinical indices
SBP: mean (SD) n 124.00 (17.27) 260 123.57 (18.32) 259
DBP: mean (SD) n 72.45 (11.09) 260 72.07 (10.55) 259

TC: mean (SD) n 4.75 (1.25) 259 4.75 (1.35) 249
HDL-cholesterol: mean (SD) n 1.21 (0.55) 217 1.26 (0.71) 193

BMI: mean (SD) n 28.07 (4.94) 260 27.72 (4.88) 257

Killip Index (post-MI): mean (SD) n 1.12 (0.37) 124 1.09 (0.34) 111
No. of vessels treated by PTCA: mean (SD) n 1.24 (0.48) 96 1.18 (0.46) 105
No. of vessels treated by CABG: mean (SD) n 2.74 (0.93) 31 3.05 (1.54) 20
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TABLE 6 Response rates to physical activity questionnaires at 6, 9 and 12 weeks

Time point (weeks) Home-based: n (%)a Centre-based: n (%)a All: n (%)

6 188 (71.8) 181 (69.1) 369 (70.3)
9 184 (70.0) 174 (66.4) 358 (68.2)

12 170 (64.6) 172 (65.6) 342 (65.1)

a There is no significant difference in the proportion of responders from home- and centre-based groups at any of the three
time points. 

TABLE 7 Characteristics of responders and non-responders to 6-, 9- and 12-week questionnaire

Respondersa Non-responders
(n = 452) (n = 73)

Allocation group
Home-based 230 (50.9) 33 (45.2)
Hospital-based 222 (49.1) 40 (54.8)

Male: n (%) 346 (76.5) 56 (76.7)

Age: mean (SD) 61.9 (10.5) 55.63 (11.0)

Ethnicity: n (%)
White 373 (82.5) 45 (61.6)
Asian 65 (14.4) 23 (31.5)
Other 14 (3.1) 5 (6.8)

Living alone: n (%) 66 (14.6) 10 (13.7)

Access to a car: n (%) 354 (78.3) 57 (78.1)

Years in full-time education: mean (SD) 10.4 (3.4) 11.1 (3.5)

In paid employment: n (%) 181 (40) 39 (53.4)

Diagnosis: n (%)
MI 222 (49.1) 36 (49.3)
PTCA 181 (40.0) 30 (41.1)
CABG 49 (10.8) 7 (9.6)

Past medical history: n (%)
Hypertension 211 (47.7) 35 (47.9)
MI 85 (18.9) 12 (16.4)
CABG 25 (5.6) 1 (1.4)
PTCA (angioplasty) 42 (9.4) 6 (8.2)
Attendance at CR 54 (12.0) 8 (11.1)
Diabetes 55 (12.3) 16 (21.9)

Smoking history: n (%)
Current smoker at heart attack 149 (33.0) 30 (41.1)
Ex-smoker 185 (40.9) 22 (30.1)
Lifetime non-smoker 118 (26.1) 21 (28.8)

Baseline cardiac risk factors
Physical activity: Godin score: mean (SD) 6.5 (3.9) 5.67 (3.2)
HADS anxiety score: mean (SD) 7.28 (4.2) 9.15 (4.9)
HADS depression score: mean (SD) 4.71 (3.2) 5.62 (3.8)
BMI: mean (SD) 27.55 (4.1) 28.69 (4.8)
SBP: mean (SD) 123.48 (17.4) 125.66 (19.9)
DBP: mean (SD) 72.15 (10.9) 72.90 (10.31)
TC: mean (SD) 4.75 (1.3) 4.75 (1.3)

6-month physical activity
Physical activity: Godin score: mean (SD) n 6.97 (3.9) 432 6.85 (4.6) 48
Distance on ISWT: mean (SD) n 411.3 (174.6) 352 423.5 (150.0) 37

a Responded to at least one questionnaire at 6, 9 or 12 weeks.



Self-reported quality of life as measured by the 
SF-12 was similar in participants in the home- and
centre-based arms. The GMS also showed very
similar results for both groups (Table 18). Neither
scores had baseline values, so we were not able to
evaluate change over time. 

The home-based arm participants had had more
cardiac events in the first 6 months, both adverse
events (MI and death) and revascularisation
procedures. These differences were not statistically
significant (Table 19). 
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TABLE 8 Comparison of Godin score at 6 months in non-responders to physical activity questionnaires at 6, 9 and 12 weeks and
responders with differing activity levels

Physical activity self-report at 6, 9 or 12 weeks Physical activity score at 6 months: mean (SD) n

6 weeks 9 weeks 12 weeks

Low activity (<3� per week) 5.1 (3.55) 76 5.0 (3.6) 70 4.9 (3.6) 66
Moderate activity (3–4� per week) 7.1 (3.7) 208 6.7 (3.5) 188 6.5 (3.6) 137
High activity (�5� per week) 9.2 (4.2) 72 9.5 (3.9) 84 9.1 (3.7) 111
Non-responder 6.5 (3.9) 121 6.7 (4.2) 135 6.8 (3.9) 163

TABLE 9 Proportion of respondents reporting at least three episodes of physical activity in the previous week at 6, 9 and 12 weeks

Time point (weeks) Home-based: n (%) Centre-based: n (%) p-Value

6 177 (95.2) 154 (85.1) 0.01
9 170 (93.9) 155 (90.6) 0.2 (ns)

12 146 (90.1) 155 (93.4) 0.3 (ns)

ns, not significant.

TABLE 10 Physical activity scorea by rehabilitation group at 6, 9 and 12 weeks

Home-based: Centre-based: Home-based: Centre-based: p-Valueb

mean (SD) mean (SD) median (IQR) median (IQR) (adjusted)

All c

6 weeks (n = 349) 4.78 (3.1) 4.32 (2.9) 4.0 (3, 6) 3.0 (3, 5) 0.2
9 weeks (n = 340) 5.17 (2.8) 4.55 (2.9) 5.0 (3, 7) 3.0 (3, 6) 0.01

12 weeks (n = 320) 6.06 (3.9) 5.60 (3.4) 5.0 (3, 8) 5.0 (3, 7) 0.3

Womend

6 weeks (n = 80) 4.34 (3.2) 3.56 (2.5) 3.0 (3, 5) 3.0 (2, 4.5) 0.2
9 weeks (n = 79) 4.38 (3.3) 4.09 (2.8) 3.0 (3, 5.75) 3.0 (3, 5) 0.7

12 weeks (n = 70) 5.14 (3.8) 4.60 (2.7) 4.0 (3, 8) 5.0 (3, 5.75) 0.8

Ethnic minority participantse

6 weeks (n = 52) 4.17 (2.7) 3.28 (2.7) 4.0 (2.75, 5) 3.0 (1, 5) 0.08
9 weeks (n = 52) 5.10 (2.7) 3.08 (2.2) 5.0 (3, 7) 3.0 (1, 5) 0.006

12 weeks (n = 46) 4.88 (2.5) 3.86 (2.7) 5.0 (3, 7) 4.0 (2, 5) 0.1

Older participants (��70 years) f

6 weeks (n = 92) 4.40 (3.3) 3.35 (2.8) 3.0 (3, 5) 3.0 (2, 4) 0.03
9 weeks (n = 94) 4.30 (2.5) 4.06 (3.5) 3.0 (3, 5.25) 3.0 (3, 5) 0.5

12 weeks (n = 88) 4.67 (3.0) 4.65 (3.0) 4.0 (3, 7) 4.0 (2, 5) 0.8

IQR, interquartile range.
a Scores weighted for intensity, max. score 18. 
b Mann–Whitney test. 
c Mann–Whitney adjusted for age, sex and ethnic group. 
d Mann–Whitney adjusted for age and ethnic group. 
e Mann–Whitney adjusted for age and sex. 
f Mann–Whitney adjusted for sex and ethnic group.



Within-group differences at 6 months
Participants in the home-based arm of the study
had significant improvements in the HADS
anxiety score, TC, HDL-cholesterol and smoking
prevalence from baseline to follow-up. The HADS

depression score did not change. As there was no
ISWT at baseline, this was not included (Table 20).
A similar picture was seen for the centre-based
arm, although there was not a significant
improvement in HDL-cholesterol (Table 21). In
both arms the SBP and DBP rose significantly
from baseline to follow-up, possibly explained in
part by hypotension resulting from the cardiac
event at baseline. 
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TABLE 11 Adherence data: hours of self-reported activitya at 6, 9 and 12 weeks weighted for intensity

Home-based: Centre-based: Home-based: Centre-based: p-Valueb

mean (SD) mean (SD) median (IQR) median (IQR) (adjusted)

All c

6 weeks (n = 349) 16.12 (15.0) 14.17 (19.6) 10.5 (6, 21) 9 (3, 17) 0.01
9 weeks (n = 340) 17.35 (15.7) 15.77 (20.3) 13 (7, 23) 11.5 (4, 20) 0.04

12 weeks (n = 320) 23.26 (22.1) 18.69 (19.3) 16 (9, 30) 13 (6, 25) 0.02

Womend

6 weeks (n = 80) 18.76 (14.7) 14.79 (19.8) 14 (8, 29) 11 (4, 16) 0.05
9 weeks (n = 79) 14.61 (13.1) 13.37 (11.0) 11 (4, 21) 12 (4, 20) 0.9

12 weeks (n = 70) 20.94 (16.7) 16.69 (13.5) 15.5 (8, 29) 12 (6.25, 25.75) 0.2

Ethnic minority participantse

6 weeks (n = 52) 9.64 (7.4) 8.54 (15.0) 7.5 (4, 14) 3 (1, 11.25) 0.02
9 weeks (n = 52) 13.43 (10.9) 9.22 (15.0) 10 (5, 18.75) 4 (1, 8) 0.005

12 weeks (n = 46) 19.04 (22.6) 15.73 (29.4) 12 (9, 20) 4.5 (2, 17) 0.02

Older participants (��70 years) f

6 weeks (n = 92) 13.7 (13.5) 10.52 (11.0) 10 (6, 14) 8.5 (3, 14) 0.2
9 weeks (n = 94) 12.9 (10.3) 13.50 (13.4) 12 (5, 18) 10 (4, 20) 0.8

12 weeks (n = 88) 14.8 (10.0) 16.60 (13.7) 14 (6, 20.5) 14 (7, 21) 0.8

a Scores weighted for intensity (moderate intensity �2, vigorous intensity �3). 
b Mann–Whitney test. 
c Mann–Whitney adjusted for age, sex and ethnic group. 
d Mann–Whitney adjusted for age and ethnic group. 
e Mann–Whitney adjusted for age and sex. 
f Mann–Whitney adjusted for sex and ethnic group.

TABLE 12 Adherence to the hospital-based programmes:
percentage of sessions attended

Mean sessions SD n
attended (%)

All 55.7 46.5 255

Hospital
1 42.6 44.6 92
2 72.2 43.0 101
3 42.3 48.3 39
4 58.7 45.1 23

Gender
Male 56.4 46.7 194
Female 53.3 46.3 61

Ethnicity
White 56.4 46.8 203
Non-white 53.8 45.4 51

Age (years)
<50 42.2 47.9 36

50–69 58.6 45.2 149
�70 56.4 48.1 70

TABLE 13 Reasons for loss to clinical follow-up and absence of
shuttle test at 6 monthsa

Home-based Centre-based
(n = 65) (n = 71)

DNA/withdrawn 13 (20.0) 20 (28.2)
Home visit 17 (26.2) 18 (25.4)
High cardiac risk for 17 (26.2) 22 (31.0)

exercise test
Physical disability 14 (21.5) 9 (12.7)
Refused shuttle test 1 (1.5) 0
Died 3 (4.6) 2 (2.8)

a Seven participants who did not attend (DNA) follow-up
were abroad for prolonged periods. Home visits were
undertaken for some participants who were too unwell
to travel to the hospitals, or reluctant to attend. 
�2 = 4.1, p = 0.5.
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Significant improvements in self-reported diet 
and physical activity as measured by the Godin
score occurred in both arms from baseline (Tables
22 and 23). The hours of self-reported physical
activity fell.

Levels of satisfaction with the cardiac
rehabilitation were generally high. More of the
participants in the home-based arm found the
written materials too simple, but this did not reach
statistical significance (Table 24). 

Twelve-month study outcomes
Completeness of data
Follow-up data were collected on 475 (91.5%) live
participants at 12 months. Participants who were
lost to follow-up were younger, had spent more
years in education, were more likely to be smokers
at baseline, reported a lower level of physical
activity and had a higher HADS depression score
and BMI at baseline (Table 25). Of those who were
followed up, 99 (26.5%) did not do an ISWT for a
variety of reasons, including being at too high a
cardiac risk for exercise testing and co-morbidity
(Table 26). Participants who were followed up
without an ISWT were more likely to be female, to
lack access to a car, to have a history of
hypertension, to have been a smoker at study
entry and to have higher anxiety and depression
scores on the HADS than those who did the ISWT
(Table 27). 

Primary outcomes
ITT analysis of the primary outcomes revealed no
difference at the 12-month follow-up for SBP, DBP,
TC, HDL-cholesterol, the HADS scores, distance

Quantitative results

28

TABLE 19 New cardiac events at 6-month follow-up in home-
and centre-based groups

Home-based: Centre-based: p-Value
n (%) n (%)

MI 7 (2.7) 3 (1.1) 0.3
PTCA 27 (10.3) 19 (7.3) 0.3
CABG 2 (0.8) 1 (0.4) 0.6
Death 3 (1.1) 2 (0.8) 1.0
Any event 32 (13.2) 22 (9.6) 0.2

TABLE 20 Within-group differences in primary outcomes at 6 months: home-based programme

Baseline: 6 months follow-up: Differencea 95% CI p-Value
mean (SD) n mean (SD) n

SBP 123.8 (17.3) 242 133.7 (18.7) 242 9.91 7.47 to 12.35 <0.001
DBP 72.3 (11.1) 241 77.6 (13.8) 241 5.30 3.49 to 7.10 <0.001
HADS anxiety score 7.82 (4.5) 233 6.7 (4.28) 233 –1.12 –1.6 to –0.63 <0.001
HADS depression score 4.86 (3.35) 239 4.86 (4.01) 239 0.004 –0.44 to 0.45 0.99
TC 4.76 (1.26) 243 3.91 (0.86) 243 –0.85 –1.01 to 0.68 <0.001
HDL-cholesterol 1.2 (0.56) 203 1.3 (0.4) 203 0.12 0.07 to 0.17 0.04
Smoking: n (%) N 87 (35.8%) 243 58 (23.9%) 243 –11.8 –19.9 to –3.7 <0.001

a A positive result indicates an increase in the mean value from baseline to follow-up.

TABLE 21 Within-group differences in primary outcomes at 6 months: hospital-based programme

Baseline: 6 months follow-up: Differencea 95% CI p-Value
mean (SD) n mean (SD) n

SBP 123.8 (18.6) 235 134.0 (20.5) 235 10.14 7.72 to 12.56 <0.001
DBP 72.2 (10.4) 235 77.5 (15.9) 235 5.25 3.27 to 7.23 <0.001
HADS anxiety score 7.15 (4.19) 229 6.24 (4.51) 229 –0.9 –1.41 to –0.4 0.001
HADS depression score 4.68 (3.22) 230 4.61 (3.57) 230 –0.07 –0.53 to 0.39 0.76
TC 4.76 (1.37) 225 3.88 (0.88) 225 –0.89 –1.05 to 0.72, <0.001
HDL-cholesterol 1.26 (0.73) 177 1.29 (0.39) 177 –0.02 –0.09 to 0.13 0.69
Smoking: n (%) N 85 (32.4%) 262 48 (20.2%) 238 –12.2 –20.0 to 4.4 <0.001

a A positive result indicates an increase in the mean value from baseline to follow-up.
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walked on the ISWT or smoking cessation. When
the analysis was adjusted for the randomising
variables (age, sex, diagnosis, ethnicity and centre)
and baseline value, there continued to be no
significant differences (Table 28). 

Sensitivity analysis
Missing values analysis was undertaken for the
distance walked on the ISWT, which had 29% of
missing data from live participants at 12 months,
the SBP, DBP, TC and HADS anxiety and
depression scores, which had 11–15% of missing
data. Re-analysis with the imputed values did not
alter the interpretation of the results. Re-analysis
with the imputed values for the ISWT reduced the
differences between the study groups, with an
adjusted difference walked on the shuttle test of
–16.0 m (95% CI –34.8 to 2.9). The differences in
the HADS scores after imputation were also
reduced: adjusted mean difference for HADS
anxiety score 0.31 (95% CI –0.38 to 1.0) and for
the HADS depression scores –0.16 (95% CI –0.77
to 0.44). Larger mean differences were seen in the
analysis of blood pressure using the imputed data:
for SBP mean difference 2.61 mmHg (95% CI
–0.63 to 5.85), for DBP 0.86 mmHg (95% 
CI –0.79 to 2.52) and for TC 0.09 mmol/l 
(95% CI –0.04 to 0.22). 

In these analyses, the centre-based group is always
the reference group, so that negative differences
indicate that the home-based group mean was less
than the centre-based mean and positive

differences indicate that the home-based group
mean was greater than the centre-based mean. 

Secondary outcomes
Self-reported chest pain and shortness of breath at
rest and shortness of breath on movement were
similar in both the home- and centre-based
groups, although participants in the home-based
arm reported slightly more chest pain on
movement (Table 29). 

There was no difference in self-reported diet at
12 months (Table 30).

Self-reported physical activity (modified Godin
score) was similar in the two groups, as were the
hours of physical activity reported (Table 31). 

Self-reported quality of life as measured by the 
SF-12 revealed that the physical component score
was 42.3 (SD 11.1) in the home-based arm and
41.6 (SD 11.4) in the centre-based arm, mean
difference 0.69 (95% CI –1.5 to 2.9). The mental
component score was 50.5 (SD 9.6) in the home-
based arm and 50.8 (SD 10.1) in the centre-based
arm, mean difference –0.34 (95% CI –2.3 to 1.6).
These scores were very similar to those reported at
the 6-month follow-up.

The higher event rate in the home-based arm
participants was maintained throughout the first
12 months, both adverse events (MI and death)
and revascularisation procedures. However, the

Quantitative results

30

TABLE 24 Experience of the rehabilitation programmes

Home-based: Centre-based: Mann–Whitney p-Value
n (%) n (%) Z-score

Satisfaction with cardiac rehabilitation –0.11 0.9
Very satisfied 95 (39.1) 92 (39.8)
Quite satisfied 97 (39.9) 86 (37.2)
Neutral 19 (7.8) 30 (13.0)
Somewhat dissatisfied 7 (2.9) 9 (3.9)
Very dissatisfied 25 (10.3) 14 (6.1)

Support received post-event –0.38 0.7
Too much 26 (10.7) 27 (11.5)
About right 214 (88.1) 206 (87.7)
Not enough 3 (1.2) 2 (0.9)

Information given post-event –0.97 0.4
Too much 20 (8.3) 20 (8.4)
About right 216 (89.3) 217 (91.6)
Not enough 6 (2.5) 0 

Written material given –1.7 0.08
Too complicated 5 (2.1) 4 (1.8)
About right 211 (90.6) 210 (95.5)
Too simple 17 (7.3) 6 (2.7)
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TABLE 26 Reasons for loss to clinical follow-up and absence of shuttle test at 12 monthsa

Home-based Centre-based
(n = 71) (n = 81)

DNA/withdrawn 22 (31.0) 25 (30.9)
Home visit 17 (23.9) 23 (28.4)
High cardiac risk for exercise test 14 (19.7) 17 (21.0)
Physical disability 12 (16.9) 12 (14.8)
Refused shuttle test 3 (4.2) 1 (1.2)
Died 3 (4.2) 3 (3.7)

a Seven participants who did not attend follow-up were abroad for prolonged periods. Home visits were undertaken for
some participants who were too unwell to travel to the hospitals, or reluctant to attend. Some patients completed a
questionnaire, but did not attend for clinical assessment or accept a home visit. 

TABLE 25 Baseline characteristics of participants followed up or lost to follow-up at 12 months

Followed up at 12 months No follow-up

Male: n (%) 369 (76.9) 31 (75.6)
Age: mean (SD) (years) 61.3 (10.7) 56.0 (11.1)a

Ethnicity: n (%)
White 372 (79.5) 32 (78.0)
Asian 89 (17.1) 7 (17.1)
Other 16 (3.4) 2 (4.9)

Trial allocation to home 235 (50.2) 19 (46.3)
Living alone: n (%) 69 (14.7) 7 (17.1)
Access to a car: n (%) 370 (79.1) 29 (70.7)
Years in full-time education: mean (SD) 10.4 (3.4) 11.6 (2.6)a

In paid employment: n (%) 196 (41.9) 29 (48.8)
Diagnosis: n (%)

MI 226 (48.3) 25 (61.0)
PTCA 189 (40.4) 15 (36.6)
CABG 53 (11.3) 1 (2.4)

Past medical history: n (%)
Hypertension 216 (47.1) 20 (48.8)
MI 84 (18.0) 8 (19.5)
CABG 24 (5.2) 2 (4.9)
PTCA (angioplasty) 43 (9.3) 3 (7.3)
Attendance at CR 54 (11.6) 6 (14.6)
Diabetes 59 (12.7) 9 (22.0)

Smoking history: n (%)
Current smoker at heart attack 150 (44.6) 23 (63.9)a

Healthy food intake: mean (SD)
Fruit and vegetables 3.48 (1.2) 3.30 (1.1)
Fish 1.45 (0.9) 1.29 (1.0)
White meat 1.81 (0.8) 2.02 (0.8)

Unhealthy food intake: mean (SD)
Fried food 4.62 (1.0) 4.27 (1.4)
Beef 4.23 (0.9) 4.03 (1.1)
Snacks 3.79 (1.4) 4.02 (1.5)

Physical activity score: mean (SD) 6.25 (3.8) 4.93 (3.4)a

HADS anxiety score: mean (SD) 7.48 (4.4) 7.83 (4.5)
HADS depression score: mean (SD) 4.71 (3.3) 5.83 (3.5)a

Clinical indices
All patients SBP: mean (SD) 124.10 (18.0) 122.77 (13.8)
All patients DBP: mean (SD) 72.37 (10.9) 73.07 (9.2)
TC: mean (SD) 4.80 (1.3) 4.83 (1.2)
HDL-cholesterol: mean (SD) 1.18 (0.3) 1.21 (0.4)
BMI: mean (SD) 27.52 (4.1) 29.10 (4.4)a

a Significant difference between groups (p < 0.05).



total proportions of participants who had an 
event was small, with 16.2% of participants in the
home-based arm and 12.1% of the centre-based
participants having had an event. These
differences were not statistically significant 
(Table 32). 

Within-group changes
Participants in the home-based arm of the study
had significant improvements in the HADS
anxiety score, TC, HDL-cholesterol and smoking
prevalence from baseline to follow-up. The HADS
depression score improved, but not significantly.

Quantitative results
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TABLE 27 Baseline characteristics of participants with and without an ISWT result at 12 months

ISWT No ISWT

Male: n (%) 298 (80.5) 100 (67.1)a

Age: mean (SD) (years) 60.4 (10.3) 62.4 (11.7)

Ethnicity: n (%)
White 290 (78.4) 124 (83.2)
Asian 69 (18.6) 18 (12.1)
Other 11 (3.0) 7 (4.7)

Trial allocation to home 191 (51.6) 69 (46.3)

Living alone: n (%) 52 (14.1) 24 (16.1)

Access to a car: n (%) 30 (83.0) 100 (67.1)a

Years in full-time education: mean (SD) 10.5 (3.4) 10.5 (3.2)

Employed: n (%) 53 (35.6) 166 (44.8)

Diagnosis: n (%)
MI 175 (47.3) 80 (53.7)
PTCA 153 (41.4) 56 (37.6)
CABG 42 (11.4) 13 (8.7)

Past medical history: n (%)
Hypertension 160 (44.0) 81 (55.5)a

MI 63 (17.1) 33 (22.3)
CABG 17 (4.6) 9 (6.1)
PTCA (angioplasty) 35 (9.6) 12 (8.1)
Attendance at CR 42 (11.4) 19 (12.8)
Diabetes 42 (11.5) 26 (17.4)

Smoking history: n (%)
Current smoker at heart attack 112 (42.9) 67 (55.8)a

Healthy food intake: mean (SD)
Fruit and vegetables 3.47 (1.2) 3.47 (1.2)
Fish 1.46 (0.9) 1.39 (0.8)
White meat 1.82 (0.8) 1.85 (0.7)

Unhealthy food intake: mean (SD)
Fried food 4.60 (1.0) 4.6 (1.2)
Beef 4.2 (1.0) 4.2 (0.9)
Snacks 3.8 (1.3) 3.8 (1.4)

Physical activity score: mean (SD) 6.5 (4.0) 5.3 (3.2)a

HADS anxiety score: mean (SD) 7.27 (4.23) 8.19 (4.7)a

HADS depression score: mean (SD) 4.46 (3.2) 5.72 (3.6)a

Clinical indices
All patients SBP: mean (SD) 123.51 (17.6) 124.42 (18.2)
All patients DBP: mean (SD) 72.71 (11.0) 71.21 (10.2)

TC: mean (SD) 4.76 (1.3) 4.83 (1.2 )
HDL-cholesterol: mean (SD) 1.18 (0.31) 1.19 (0.36)

BMI: mean (SD) 27.46 (4.0) 28.30 (4.7)

a Significant difference between the groups (p < 0.05).
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Of those who smoked at baseline, 43.6% reported
quitting. As there was no ISWT at baseline, this
was not included (Table 33). A similar picture was
seen for the centre-based arm, although there was
no reduction in the HADS depression score 
(Table 34). In both arms the SBP and DBP rose
significantly from baseline to follow-up. 

Significant improvements in self-reported diet
occurred in both arms from baseline, although
improvement in diet occurred for more food types
in the home-based arm. Physical activity as
measured by the modified Godin score improved
in both arms from baseline (Tables 35 and 36). The
hours of self-reported physical activity fell.

Interactions and subgroup analysis
Interactions analysis was undertaken to determine
whether any prespecified subgroups (defined by
gender, age, ethnic status, initial diagnosis, centre
and self-reported adherence) had differing results
for the home- versus centre-based analyses of the
primary outcomes. This revealed a significant

difference (p < 0.01) in SBP at 12 months
between participants randomised to the home-
and centre-based arms following MI or a
revascularisation procedure. Participants who were
post-MI had a lower mean SBP at 12 months in
the home- than centre-based arm and post-
revascularisation patients had a lower SBP in the
centre-based arm. A similar picture was seen for
DBP, but this did not reach statistical significance
(p = 0.04). No interactions with study group were
seen for ethnic group, age group or gender for
any of the primary outcomes (Table 37). 

Two-year study outcomes
Follow-up data were collected on 461 (89%) live
participants and the status (alive/deceased) of all
but 12 participants was obtained at the 2-year
follow-up point. 

As at the other prespecified time points, we were
unable to detect any significant differences
between the home- and centre-based groups for
any of the primary outcomes (SBP, DBP,
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TABLE 33 Within-group differences in primary outcomes at 12 months: home-based programme

n Baseline: 12 months Differencea 95% CI p-Value
mean (SD) follow-up: 

mean (SD)

SBP 232 124.0 (17.3) 133.8 (18.3) 9.72 7.4 to 12.1 <0.001
DBP 232 72.3 (11.2) 75.0 (9.8) 2.64 1.3 to 4.0 <0.001
HADS anxiety score 212 7.91 (4.5) 6.35 (4.5) –1.56 –2.07 to –1.05 <0.001
HADS depression score 222 4.85 (3.3) 4.61 (4.0) 0.24 –0.23 to 0.71 0.3
TC 228 4.76 (1.28) 3.99 (0.90) –0.77 –0.94 to –0.61 <0.001
HDL-cholesterol 192 1.17 (0.28) 1.30 (0.39) 0.13 0.08 to 0.18 <0.001
Smoking: n (%) 263 94 (35.7%) 49 (21.5%) –14.2% –22.4 to –6.0 <0.001

a A positive result indicates an increase in the mean value from baseline to follow-up.

TABLE 34 Within-group differences in primary outcomes at 12 months: hospital-based programme

n Baseline: 12 months Differencea 95% CI p-Value
mean (SD) follow-up: 

mean (SD)

SBP 229 124.1 (18.8) 132.5 (21.5) 8.36 5.8 to 10.96 <0.001
DBP 229 72.3 (10.5) 74.3 (10.7) 2.01 0.54 to 3.5 0.008
HADS anxiety score 223 7.12 (4.14) 5.91 (4.4) –1.22 –1.75 to –0.68 <0.001
HADS depression score 224 4.53 (3.13) 4.73 (3.6) 0.21 –0.23 to 0.64 0.4
TC 221 4.83 (1.31) 3.90 (0.83) –0.93 –1.09 to –0.77 <0.001
HDL-cholesterol 171 1.20 (0.34) 1.27 (0.34) 0.07 0.04 to 0.11 <0.001
Smoking: n (%) 262 85 (32.4%) 45 (19.5%) 12.9% –20.8 to –5.0 <0.001

a A positive result indicates an increase in the mean value from baseline to follow-up.
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cholesterol, HADS, distance walked on ISWT and
smoking) (Table 38). However, the width of the CIs
indicates that there might have been clinically
significant differences that we failed to identify by
chance. 

There was no difference in the total number of
events (MI/revascularisations/all-cause mortality)
between the home- and centre-based groups. The
overall number of events was small, but there were
more MIs and deaths in the home-based group,
although this was not statistically significant 
(Table 39).

Levels of self-reported shortness of breath and
chest pain, diet and physical activity scores were
similar between the two arms of the study 
(Tables 40–42).

Repeated measures analysis of
primary outcomes
Repeated measures analysis did not find a
significant effect between the home- and centre-
based groups for any of the primary outcome
measures across the four assessment time points.
In addition, there was no treatment group time
interaction for any of the primary outcomes. For
SBP, DBP, TC, HDL-cholesterol and the ISWT
there were significant effects over time. Table 43
details the differences for the periods from
baseline to 6-month follow-up, 6–12 months and
12–24 months. Only the HADS depression score
showed no change over time. The largest changes
occurred in the first 6 months of the study, with an
improvement in TC, HDL-cholesterol, HADS

anxiety score and smoking rates. A significant 
rise in both SBP and DBP occurred in the first
6 months. 

Figures 2–9 display the unadjusted primary
outcome measures over time for the home- and
centre-based groups. 

Centre effect
The centre-based CR programmes differed from
each other in frequency and total number of
sessions prescribed. It is possible that small effects
between centre- and home-based programmes
might have occurred which were not detected in
the interactions analysis, due to small numbers in
each centre. It is possible that in comparison with
the least intensive centre-based programme,
home-based CR would be more effective, but the
most intensive centre-based programme would be
more effective than home-based. 

The results are presented for each centre (with
centres 3 and 4 combined), comparing outcomes
from the home- and centre-based programmes.
Hospitals 3 and 4 were combined because the
same staff provided both CR programmes and
there was considerable movement between the two
hospitals, with a patient potentially admitted to
Hospital 4, transferred to Hospital 3 for a cardiac
catheterisation, recruited in Hospital 3, but
choosing to attend rehabilitation at Hospital 4. 

The self-reported physical activity during the CR
period is shown for each hospital of recruitment
for the centre- and home-based programmes. 
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TABLE 37 p-Values for interaction tests between the rehabilitation programme and age, gender, ethnic group, diagnosis, centre and
self-reported adherence

Interaction SBP DBP TC HDL-cholesterol HADS HADS ISWT
anxiety depression 
score score

Initial diagnosisa and treatment <0.01 0.04 0.9 0.3 0.6 0.6 0.6
Ethnic groupb and treatment 0.2 0.5 0.4 0.1 0.04 0.2 0.5
Gender and treatment 0.6 0.4 0.7 0.6 0.6 0.7 0.4
Age groupc and treatment 0.3 0.3 0.3 0.6 0.5 0.7 0.7
Hospital 2 or 1 and treatment <0.05 0.1 1.0 0.7 0.4 0.5 0.25
Hospitals 3/4 or 1 and treatment 0.06 0.05 0.8 0.7 1.0 0.7 0.6
Adherenced and treatment 0.3 0.8 0.6 0.9 0.1 0.01 0.02

a MI or revascularisation.
b White or ethnic minority.
c Aged under 75 or 75+ years.
d Self-reported physical activity score at 9 weeks of <3 or 3+. 
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TABLE 43 Mean change in primary outcomes for different periods: baseline to 6 months, 6 to 12 months and 12 to 24 months

Baseline to 6 months 6 to 12 months 12 to 24 months

Mean 95% CI Mean 95% CI Mean 95% CI
change change change

SBP (mmHg) 10.03 8.31 to 11.74 –0.65 –2.21 to 0.91 –1.63 –3.19 to –0.07
DBP (mmHg) 3.62 2.6 to 4.6 –1.09 –0.2 to 2.0 –1.16 –1.99 to –0.34 
TC (mmol/l) –0.90 –1.0 to –0.78 0.02 –0.04 to 0.08 0.13 0.06 to 0.20
HDL-cholesterol (mmol/l) 0.11 0.07 to 0.14 –0.01 –0.05 to 0.02 0.05 0.02 to 0.08
HADS anxiety score –1.01 –1.36 to –0.66 –0.45 –0.74 to –0.17 0.07 –0.22 to 0.35
HADS depression score –0.036 –0.35 to 0.28 –0.01 –0.28 to 0.26 –0.02 –0.28 to 0.23
Distance on ISWT (m) NA – –22.7 –33.7 to –11.7 –29.6 –39.4 to –19.8

NA, not applicable.
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FIGURE 2 Mean systolic blood pressure at assessment points for home- and centre-based groups

68

70

72

74

76

78

Baseline 6 months 12 months 24 months

D
BP

 (m
m

H
g)

Home-based

Centre-based
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FIGURE 4 Mean total cholesterol at assessment points for home- and centre-based groups
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FIGURE 5 Mean HDL-cholesterol at assessment points for home- and centre-based groups
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FIGURE 7 Mean HADS depression score at assessment points for home- and centre-based groups
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For each hospital of recruitment, patients in the
home-based programme reported more physical
activity (Table 44). 

There are differences at baseline in the primary
outcome measures between the home- and centre-
based arms for individual hospitals of recruitment,
due to the smaller numbers in each group 
(Table 45). The primary outcomes at the 6-month
follow-up are shown in Table 46. There were no
statistically significant differences between the
home- and centre-based arms for any primary
outcome measures for any of the three hospitals of
recruitment when adjusted analyses were done,
accounting for differences in baseline variables.
Interestingly, Hospital 1, which had the longest
exercise programme in the centre-based arm, had
the largest difference between the arms for the
distance achieved on the ISWT, although this did
not reach statistical significance.

At the 12-month follow-up, home-based
participants recruited from Hospital 2, which had
the least intensive hospital-based programme, had
a significantly higher mean SBP and achieved a
significantly lower distance on the ISWT (see 
Table 47 for details). By the 2-year follow-up there
was only one significant difference between home-
and centre-based arms for the three hospitals,
namely that of TC in Hospitals 3 and 4 (Table 48). 

Health service resource use
Health service use was collected by self-report for
admissions to hospital for all causes and
cardiovascular causes, day-case admissions and GP
and practice nurse visits for their heart condition.

No significant differences were found between the
home- and centre-based groups for any of these
factors at any of the follow-up points (Table 49).
Participants from both groups had similar periods
off from work following their cardiac event and
were in paid employment by the 2-year assessment
(Table 50). The proportions of participants in each
group who were taking the main groups of
secondary preventive medications (beta-blockers,
aspirin or anti-platelet medication and cholesterol-
lowering medication) were not significantly
different between groups (Table 51). The
proportion of participants on an angiotensin-
converting enzyme (ACE) inhibitor or angiotensin-
II receptor antagonist was 10% lower in the centre-
based group at the 2-year follow-up (p < 0.05). 

Economic analysis
This section reviews the outcomes and cost per
patient data in order to assess the relative cost-
effectiveness of the intervention, that is, the home-
based arm compared with the centre-based arm.
The results are discussed in terms of testing the
study hypotheses (inference) and in Bayesian
terms (estimation), with the latter estimating cost-
effectiveness regardless of statistical significance.
In summary, no statistically significant difference
was found in relation to outcomes. Cost per
patient was statistically significantly higher in the
home-based arm, but this difference did not
persist from a societal perspective. The home-
based arm had a slightly worse QALY score at
baseline, which persisted at 6, 12 and 24 months.
Overall, adjusting for the baseline difference, the
home-based arm had a slightly worse (but non-
significant) outcome in QALYs. 

Outcomes
The QALY values, shown in Table 52, show slightly
higher values in the centre-based compared with
the home-based arm, by 2.6% at baseline, 2.6% at
6 months, 2.0% at 12 months and 2.9% at
24 months. These differences were not statistically
significant, but the home-based arm had slightly
worse scores.

Costs
As no significant differences in NHS non-
rehabilitation resource use or in employment status
were hypothesised or observed, only rehabilitation
services were costed. More participants in the
centre-based arm reported the use of hospital
maintenance and community rehabilitation (49
people versus 18 in the home-based arm), but as
we did not have information on the duration of
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TABLE 44 Self-reported physical activity during rehabilitation
period, by centre of recruitment

Recruitment Home-based Centre-based
centre

Median IQR Median IQR

6 weeks
Hospital 1 4 3, 5 3 3, 5
Hospital 2 4 3, 6.5 3 3, 6.25
Hospitals 3 and 4 3 2.25, 5.75 4 2, 5
9 weeks
Hospital 1 5 3, 7 3 2, 6
Hospital 2 5 3, 7 3 3, 6
Hospitals 3 and 4 5 3, 6 3 3, 6
12 weeks
Hospital 1 5 3, 8 5 4, 7
Hospital 2 6 3, 8 5 3, 9
Hospitals 3 and 4 5 2, 9 4.5 2, 7
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their attendance, this was not included in the
costing. Given the relatively low cost of these
services, their omission is unlikely to affect the
overall results. Rehabilitation costs comprised
costing from the NHS perspective. To these were
added the costs of patient travel (both direct costs
and cost of travel time) to give the societal
perspective. The mean cost per patient referred to
CR in the home-based arm was £198 (95% CI
£189 to £208), approximately 25% above that of
the hospital arm of £157 (95% CI £139 to £175).
Hence from an NHS perspective, the home-based
arm was more costly than the hospital-based arm
(p < 0.05). This difference was statistically
significant. From a societal perspective, however,
the inclusion of patient travel costs and travel time
increased the mean cost of the hospital-based arm

to £181 (95% CI £159 to £203), such that,
although the cost differential remained, it was no
longer statistically significant. The unit costs used
and hospital staffing levels are summarised in
Tables 53 and 54. 

Economic sensitivity analysis
One alternative scenario within the NHS
perspective was costed for each arm. In the home-
based arm, the duration of visits was limited to
30 minutes (the initial home visit had been costed
at 40 minutes and subsequent visits at 30 minutes,
based on nurse reports) and a maximum of three
home visits allowed. Although this reduced the
mean cost per patient, it remained significantly
higher than the original mean cost of £157 in the
hospital-based arm. 

Quantitative results
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TABLE 53 Summary of unit costs (2002–3 prices) and sources of informationa

Unit cost £/contact hour £/non-contact hour

Hospital staff costs:
CR nurse 50 23
Physiotherapist 39
Dietician 39
Exercise physiologist 39
Clerk 23 23

Home staff costs:
CR nurse 50 23
Staff travel costs 0.23/km NHS mileage rate

Patient travel costs 0.30/km AA Motoring Trust

Home equipment:
The Heart Manual 20/copy http://www.theheartmanual.com
Training 2/copy dispensed Trial estimates, caseload 100

Patient costs:
Missed earnings 5/h Minimum wage

a Sources: all Netten and Curtis,134 except Heart Manual and travel costs, the sources of which are indicated in the table.
The cost per contact hour was used in all instances except for nurse travel costs. The nurses employed in the study were
on the same salaries as those used by Netten and Curtis. 

TABLE 52 EQ-5D results at baseline and 6-, 12- and 24-month follow-ups by treatment arm

Home-based Centre-based Mean 95% CI Adjusted 95% CI of 
differencea of mean mean adjusted mean 

Mean SD n Mean SD n difference differenceb difference

Baseline 0.737 0.24 257 0.757 0.21 262 –0.020 –0.059 to 0.019 –0.018 –0.057 to 0.020
6 months 0.742 0.26 238 0.762 0.23 237 –0.020 –0.064 to 0.025 –0.016 –0.058 to 0.026

12 months 0.744 0.27 223 0.759 0.23 229 –0.016 –0.063 to 0.031 –0.010 –0.054 to 0.034
24 months 0.731 0.29 223 0.753 0.26 231 –0.022 –0.072 to 0.028 –0.019 –0.068 to 0.030

a A positive score indicates a higher value in the home-based arm compared with the centre-based arm.
b Adjusted for baseline score, age, sex, diagnosis, ethnicity and centre.



The alternative scenario in the hospital-based arm
allowed for an additional 1 hour for up to four
staff in preparing for and clearing up after each
rehabilitation session. This increased the mean
cost from £114 to £151, closer to the original
mean cost in the home-based arm of £165,
although this difference remained statistically
significant. 

Inter-hospital variations
Tables 46–48 show how outcomes varied by each of
the three hospital groups. Similar differences
applied to the costs, as follows. Mean cost per
session planned was broadly similar by hospital
(range £14–16), but the cost per planned course
varied more widely, with that of Hospital 1 costing
roughly double that of the others (£380 versus

from £137–178). This was due to Hospital 1
planning 24 rehabilitation sessions compared with
9–12 for the other hospitals. However, the
attendance rate was lower in Hospital 1 at 43%
compared with 63% for the rest, thus reducing the
difference in cost per course attended, with
Hospital 1 having a higher cost than the other
hospitals: at £193.4 (95% CI £151.6 to £235.2)
from an NHS perspective and £221.6 (95% CI
£173.4 to £269.9) from a societal perspective. This
is similar to the cost of the home-based
programme. Hospital 2 and Hospitals 3 and 4 had
lower costs (Table 55). The difference between
Hospital 1 and each of the other centres was
statistically significant, but not between Hospitals
2 and Hospitals 3 and 4, as indicated by the 
95% CIs.
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TABLE 54 Summary of centre-based rehabilitation session costs

Hospital Duration No. of Staffb Occasional staff
patientsa

1 3-h session (people 40 2 nurses, 2 sports physiologists, None
attend part of this) up to 1 clerk and 5 unpaid volunteers
24 attendances

2 9 sessions of 11/2 h 12 1 nurse (F or G-grade), 1 physiotherapist 40 minutes from dietician 
and 1 exercise technician every 9 weeks

3 8 sessions � 21/2 h 28 2 G-grade nurses, healthcare assistant, 1/2 h per 12-session course 
and physiotherapist of pharmacist, dietician, 
4 sessions � 1 h 14 G-grade nurse + physiotherapist smoking cessation advisor

and occupational therapist

4 8 sessions � 2 h 20 2 nurses, physiotherapist and 1/2 h per 12-session course 
and physiotherapy assistant of pharmacist, dietician and 
4 sessions � 1 h 10 1 nurse and physiotherapist occupational therapist

a The programmes are rolling, so if someone drops out their place will be filled up by a newcomer within a week or two. 
b All nurses were costed as CR nurse in Table 53. Similarly, sports physiologist and exercise technician were costed as

exercise physiologist, and healthcare assistant was costed the same as clerk.

TABLE 55 Mean costs of centre-based CR: NHS and societal perspectives

NHS perspective (costs) Societal perspective (costs)

n Mean (£) 95% CI Mean (£) 95% CI

All centres 225 156.7 138.6 to 174.8 181.5 203.4 to 159.6
Hospital 1 86 193.4 151.6 to 235.2 221.6 173.4 to 269.9
Hospital 2 98 149.8 131.4 to 168.1 177.7 150.4 to 205.1
Hospitals 3 and 4 61 115.0 87.3 to 114.7 130.8 98.5 to 163.2



Although not statistically significant, Table 56
shows that the QALYs at the 12-month follow-up
by centre are no longer all in favour of the centre-
based arm. 

Cost of rehabilitation and other cardiac
interventions
The costs of a range of cardiac interventions are
given in Appendix 2. 

Quantitative results
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TABLE 56 EQ-5D results at 12-month follow-up by treatment arm for the three hospital groups

Hospital Home-based Centre-based Mean 95% CI Adjusted 95% CI of 
differencea of mean mean adjusted mean 

Mean SD n Mean SD n difference differenceb difference

1 0.756 0.22 77 0.743 0.25 83 0.012 –0.061 to 0.860 0.006 –0.068 to 0.080
2 0.702 0.31 95 0.769 0.23 89 –0.067 –0.147 to 0.014 –0.052 –0.128 to 0.024
3 and 4 0.803 0.25 51 0.768 0.23 57 0.036 –0.055 to 0.126 0.038 –0.034 to 0.111

a A positive score indicates a higher value in the home-based arm compared with the centre-based arm.
b Adjusted for baseline score, age, sex, diagnosis and ethnicity.



Individual interviews with 
non-adherers
Interviewees
Forty-nine patients were interviewed and a
summary of patient characteristics is shown in
Table 57; 28 were randomised to the hospital-
based programme and 21 to the home-based
programme. Five of the 21 home-based patients
transferred to the hospital-based programme.
Sixteen (33%) patients were female and 15 (31%)
were from minority ethnic groups (nine south
Asian, one black Caribbean, five white Irish).
Twenty-seven (55%) were aged over 65 years and,
of these, nine were in their 70s and two in their
80s. The average ages of patients in the home-
and hospital-based groups were both 63 years, and
in the male and female groups were also 63 years.
This is similar to the mean age of patients in the
trial (61 years). Patients in the minority ethnic
groups were younger than those in the white
British group (mean age 59 versus 66 years). 
At recruitment, 12 patients had a diagnosis of

post-MI with thrombolysis, 11 post-MI without
thrombolysis, 22 post-PTCA and four post-CABG.

Results
Themes related to participation in CR emerging
from the 49 interviews were grouped into five
main areas, each with a range of subcategories:
patient’s experience of the NHS; knowledge and
expectations of CR; health beliefs (including
causes of heart disease, current health and lifestyle
modification); barriers to participation; experience
of CR. 

Patients’ reasons for not attending or not
completing their CR programme were varied and
no one reason emerged as a major factor 
(Tables 58 and 59). Reasons also varied between
the home- and hospital-based programmes. Most
patients gave several reasons for not completing
their programme with one factor as the key factor.
Two patients (P18 and P47) appeared unwilling to
participate in their CR programme at all; however,
patient P47 had gradually increased the distance

Health Technology Assessment 2007; Vol. 11: No. 35

51

© Queen’s Printer and Controller of HMSO 2007. All rights reserved.

Chapter 4

Results of qualitative studies

TABLE 57 Summary of characteristics of patients interviewed

Home-based programme Hospital-based programme

Total 21 28

Male 11 22

Female 10 6

Mean age at randomisation (range) (years): 62.6 (34–79) 63.2 (47–87)
Male <50 1 1
Male 50–60 3 8
Male 60–70 4 8
Male >70 3 5
Female <60 4 2
Female >60 6 4

Ethnic group:
White British 15 19
White Irish 3 2
Indian 3 4
Pakistani 0 2
Black Caribbean 0 1

Recruitment diagnosis:
post-MI with thrombolysis 4 8
post-MI without thrombolysis 4 7
post-PTCA 10 12
post-CABG 3 1

Previous CR experience 2 6
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Not motivated at home
Lack of supervision at home
Not invited to hospital session
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Too far to hospital
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Didn't like hospital sessions
Other participants too old
Exercises too easy
Previous hospital CR experience
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Receiving disability allowance
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Doing more walking
Joined gym/alternative exercise class
Exercise bike/rowing machine at home
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Not motivated at home
Lack of supervision at home
Not invited to hospital session
Waiting for start date
Too far to hospital
Lack of parking at hospital
Time not convenient
Didn't like hospital sessions
Other participants too old
Exercises too easy
Previous hospital CR experience



he walked and was playing golf twice per week so
had followed some of the recommendations in the
Heart Manual. 

Knowledge and expectations of CR
Eight patients had previously attended CR
(hospital-based programmes) following an earlier
cardiac event and three other patients had close
relatives (two husbands and one sister) who had
attended CR and all were positive about
participation.

“… my husband went there and I used to go with
him, first few months. I know they do exercises and
they take the blood pressure and everything. And my
husband is very happy there. He goes twice a week.
Still.” 
(P38, female, 63 years, Indian, Hindu, hospital-based)

Other than these 11, none of the patients knew
about CR prior to their invitation to attend and
most said they had little idea of what to expect or
how it might benefit them.

“I hadn’t thought about it, I didn’t really have any
expectations at all, I just went along and did what I
had to, but I didn’t expect anything.” 

(P17, male, 47 years, hospital-based)

Other activity
The majority of the patients were continuing to
exercise in some way, especially walking. Sixteen
patients said that they had increased the amount
of walking they did. Although it was not possible
to assess the pace or distance objectively, this
ranged from brisk regular walks of several miles to
walking on the level around shops for a patient
with emphysema. Patients also talked about
housework, decorating and gardening as their
exercise; they accepted that it was important to
exercise and these activities fitted into their
lifestyle. Patients also recognised that the exercise
they were doing was not necessarily as vigorous as
that recommended but felt that what they were
doing was appropriate for them (Box 1a). 

Alternative exercise programmes
Six patients had joined a gym or were taking part
in an alternative exercise class. Patients P27, P44
and P49 reported how taking part in CR, even for
a limited period, had given them the confidence
to return to their previous daily activities and
attend an exercise programme (Box 1b).

Other health problems
Twenty-two patients reported health problems
which affected their ability to do an exercise
programme and for 14 it was the key factor.

Patients aged over 70 years were less likely to
report other health problems but it is probable
that most older patients with other health
problems declined to take part in the trial. More
patients in the minority ethnic groups mentioned
health problems compared with the White British
group. The health of several patients had
deteriorated since their entry into the trial and
they were unable to exercise (Box 1c).

For many of these patients, their other health
problems were a greater barrier to exercising than
their heart condition, particularly emphysema,
arthritis and back pain. Some of those on the
hospital-based programme said they had been told
to stop by the rehabilitation nurses. In some cases
the patients were unable to manage even basic
activities whereas for others it was specific
exercises or walking which they found difficult but
they remained active in other ways. Patients
understood that it was important to exercise and
tried to adapt the advice they were given to their
individual circumstances. For example, patient P6
did not want to do the exercises but continued
walking, and P5, who had emphysema, was unable
to complete the exercise sessions at the hospital
but was going out with his wife most days and
walking at his own pace in an environment where
he felt comfortable. 

Home-based programme
Ten of the home patients said that lack of
motivation was a factor and for eight it was the
major factor; five of these patients changed to the
hospital-based programme and three completed it
successfully (Box 2a, b). Patients became bored with
the exercises but, as intended by the programme,
continued to increase their walking and
appreciated the nurses’ home visits. 

Use of the Heart Manual and relaxation tapes
Almost all of the patients thought the Heart
Manual was good and many said they had learnt
new things about their medication and diet and it
had improved their understanding of how the
heart works. Even patients who were not
motivated to do the exercises found the Heart
Manual helpful. A majority of patients said the
tapes were good and many had used the
relaxation tape regularly, especially early in their
recovery, and several continued to use it (Box 2c).

Randomisation to hospital-based programme
Three patients who expressed a preference for the
home-based programme were randomised to the
hospital-based programme and were unwilling to
attend any sessions, two because they were carers

Results of qualitative studies
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BOX 1 Reasons for non-adherence or non-participation in CR

(a) Other activities

“I work in the morning, I do what needs to be done in the morning and I have a rest in the afternoon. And then I get a meal
at night, and I don’t work after tea. I am afraid I don’t exercise as much as I should, as you probably think I should. … I wash
every day, I iron every day, I cook every day, and that’s about it. … first thing in the morning isn’t a good thing because I have
to help [husband] to do a lot of things, and by night time I’m too tired. I’m too tired to do exercises. … I suppose doing
ordinary jobs is not the same, doing gardening is not the same, but I truthfully couldn’t walk very far. I am not as steady on
my feet as I ought to be, which is arthritis, but I don’t sit down all day.”

(P1, female, 79 years, carer, home-based programme)

“I do a lot of moving about. Like I said I’ve not taken to my chair all the time. And that thing [TV], we only come in about 4
o’clock and switch that on. But normally we just keep pottering about.”

(P11, male, 77 years, hospital-based programme)

“… we’ve been too busy doing the decorating and the garden. I haven’t had the chance to go out walking. But as I say I’m
not still.”

(P4, male, 72 years, home-based crossover)

(b) Alternative exercise programmes

“They were very nice down at [hospital], but it was just too far and I mean I was travelling and then I had to wait and all I
was doing was just walking up and down and going on a bike with a thing on my wrist, which I was quite pleased at first
because it was telling me that my heart was strong, … so it did stop me worrying. But then afterwards I thought well I could
go down the gym closer to home and sort of do more exercise ... It just wasn’t enough for me. 

… down the gym, this other lady I go with … we can stop on the apparatus longer … we do an hour. … we were going
four times [a week] but this other lady said she’s getting a bit tired so we might drop one.” 

(P27, female, 65 years, hospital-based programme)

“When I first started to do them, I always used to do some in the morning and the afternoon like it said and I would have a
particular time that I would do it, and the relaxation I would do it as well. But that gradually as, I got more, doing the things I
normally do, I mean, this was when I was at home more, and I hadn’t started to go out. Now, once I started walking to the
shops, and gardening and things like that, then, I sort of, I was doing that anyway so I didn’t bother so much about the
exercises. … I’d gone back to that [weekly ‘exercise to music’ class] fairly soon. I enjoy that.”

(P44, female, 71 years, home-based programme)

(c) Other health problems

“I was still walking. Yes, I filled it in for 6 weeks I think, and I still carried on …
When I first started doing the exercises I started getting a pain in my back. I haven’t had pain like that for years ... I have had
X-rays … so when the nurse came I told her I did not want to do any more. I have not done them since.” 

(P6, male, 65 years, home-based programme)

“I did the first exercise, where you do 2 minutes and then you walk round the room, so I did that. … When I got up to do
the third one … the nurse came and stopped me, told me to sit down and said forget about it because I was getting out of
breath that quick. So I was going to do more damage with my breathing that I was going to gain by doing the exercises. So
they just said do as much walking as you possibly can. So that’s what we do. … Most of the time we go walking round shops
and I can walk round nice and steady and that, and there’s something to occupy you while you’re doing it. I seem to be able
to walk a lot longer.” 

(P5, male, 62 years, hospital-based programme, emphysema)

“Done those, to start off with, until I found out I was buggered up after doing them so ‘I ain’t not doing this no more’. I didn’t
even feel I could go out and do any shopping or whatever. I thought, stuff that, I ain’t doing that no more. So I didn’t carry on
with it. … I did it for about 3 weeks.” 

(P46, male, 68 years, home-based programme, diabetes, kidney disease)



and one because of the distance by bus, but all
followed advice to increase their walking and had
made changes to their diet (Box 3a).

Invitation to attend hospital-based programme
Three patients said they had not been invited to
the hospital sessions and were still waiting to be
called. It appeared there may have been a
misunderstanding in some of these cases as the
patients had been given the information about
session times but did not think they had been
given an appointment with a specific start date.
This general issue was queried with the nurses
who said that all non-attending patients were
followed up by telephone and this was confirmed
by some of the patients. These patients still

expressed a willingness to do the rehabilitation
programme. Patient P21 had attended CR after a
previous heart attack and had continued for many
months as he enjoyed it so much (Box 3b).

Access
Access to the hospital programme was an issue for
some patients travelling both by car or public
transport. Heavy traffic, lack of parking and
irregular bus services were among the difficulties
raised. Patient P11 was offered an evening session
but refused this although he was able to drive
there himself. However, for another patient (PI6),
only the evening sessions were suitable because
her daughters were at work during the day and
she relied on them for transport (Box 3c).
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BOX 2 Home-based CR programme

(a) Motivation

“I just couldn’t get into it. … But, when they stopped coming, I stopped doing it … Call me lazy, if you like. … I did for a bit,
put it that way, and I felt all right, so I didn’t bother after.”

(P42, male, 76 years, home-based programme)

“Sometimes you think, ‘Oh, do I have to bother? I’d rather go and sit and read a book’.”

(P44, female, 71 years, home-based programme)

(b) Home-based to hospital-based crossover

“But on this home thing I was doing on my own and was bored. You know, it was boring, although I was doing certain …
going a bit further every day, you know, to it. I think, I can’t really give it a fair trial because of me having, as I say, I’ve been
going through a lot of stress. … But it was boring on your own, it’s terribly boring. I know it was to help me to get better
and it was up to me to do these things.” 

(P7, female, 65 years, home-based crossover, completed hospital-based programme)

“Well I tried it [home-based CR] didn’t I? And [CR nurse] came and saw me and I told her then … there’s just no
motivation. There’s no enjoyment in it, you go into the kitchen and what it says in the book and oh I go back and put the
television on.” 
“… it’s great [hospital-based CR]. You’re with some of the other fellows and you’re having a laugh and a joke … and then
before you know it you’ve done all your exercises … you don’t realise you’re doing them and that’s what I like about it.”

(P4, male, 73 years, home-based crossover, previous hospital-based CR experience)

(c) Use of Heart Manual and relaxation tapes

“Yes, I filled all that in. … I’m keeping that, there’s a lot of information in there. If I get a bit worried or anything I can always
refer to that.” 

(P6, male, 65 years, home-based programme)

“… but the information in the manual it was unbelievable. I’ve learned things from that that I’ve never known. Even though
I’d had previous heart attacks.” 

(P45, male, 56 years, home-based programme)

“I tell you what I thought was good, and that is because I do know it was stress, and that was the stress tapes. And I used to
listen to them all the time and decided that if things got where I got really panicky about them, which I have done, … I have
lain down and just listened to them, and I think I have slightly learnt them off the top of my head. So if I got stressed
somewhere else I could sit down and do them. … And I thought them tapes were brilliant.” 

(P3, female, 52 years, home-based programme)



Age of participants
Three patients, aged between 52 and 60 years, on
the hospital-based programme thought that the
other patients attending the exercise session were
“all old people” and did not feel comfortable with
this (Box 3d).

Experience of hospital-based programme
Most patients enjoyed the atmosphere of the
hospital programmes and found it friendly and
fun. They enjoyed the company and gained
motivation working in a group. Two patients
thought it was overcrowded at one of the hospitals
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BOX 3 Hospital-based CR programme

(a) Carer

“I couldn’t really be away too often, too long, so as I said I am doing my walking, which is pretty good exercise I believe, 
I know its not so strenuous as running, etc., but I didn’t actually take part in the exercise routine. … I’ve got no objection to
doing it, but I think at my age as well, if there was a regular exercise I felt that would be good enough, something I hadn’t
done for years, i.e. walking.” 

(P8, male, 70 years, carer, hospital-based programme)

(b) Invitation to attend

“… but there is still nothing coming from hospital. … Long time ago I been twice there [shuttle test] and they giving me
paper for so many time, is timetable, but nothing coming from hospital. … But last time gave me paper for timetable to
evening, morning or afternoon what convenient time. … I think .. we send you appointment, we let you know, but nothing
coming.” 

(P15, male, 61 years, Indian, Muslim, hospital-based programme)

“I’ve had no letters, no contact, nothing. … I had a couple of phone calls from them saying ‘how are you getting on?’, I say,
‘yes, fine’. That was it basically.” 

(P37, male, 56 years, hospital-based programme)

(c) Access

“… they wanted me to go up to [hospital] of a night time and I said ‘I’m sorry, I’m not being awkward, I don’t go out of a
night time’.” 

(P11, male, 77 years, hospital-based programme, drives own car)

“I missed quite a few sessions simply because I couldn’t park. I would drive over there at 9 o’clock in the morning and the
car park would be full, and after 10 trips around I’d just go home again. That was the major problem, the actual programme
itself there was no problems and it was good.” 

(P17, male, 47 years, hospital-based programme)

(d) Age of participants

“… but they were all old. I went about six times and then I gave up because, as I say, they were all old people and they could
all sit and relate to each other, but I mean there was nobody there my age. … Because they were older I resented the fact
that I was there. I felt as though I shouldn’t be there. So I stopped going. … they had had their life, I don’t feel as though I’ve
had mine.” 

(P20, female, 53 years, hospital-based programme)

(e) Experience of hospital programme

“… the first time I went down there I couldn’t believe it. To me it was a shambles, it was an utter shambles. In my opinion
there was too many people there. … The second time I went down there, I stood it for the session and then I told them I
wasn’t going down there again. I just could not … it just wasn’t for me.”

(P34, male, 60 years, hospital-based programme)

“I liked the friendship of the group, that’s part of it I think, I’m a mixer I don’t mind that at all. You can see if he’s doing
better than you and that’s what you want isn’t it?”

(P13, male, 58 years, hospital-based programme)

“Then there was more telling how the medicines … This was quite good. I liked it. … Yes, it was very, very helpful. Which
medicine they give you, and what they do. And you can’t take this medicine with that, its worse for you or harming you.”

(P9, male, 56 years, Pakistani, hospital-based programme)



and did not enjoy it. Patients who attended the
education sessions found the information on
medication particularly helpful (Box 3e).

Lifestyle changes
Following their cardiac event, all the patients were
aware of the changes to their lifestyle that were
recommended to improve their health and lower
their risk of further heart disease, even if the
motivation to make these changes was lacking 
(Box 4). Patients who had had a previous cardiac

event, or whose partner had health problems, had
usually already made changes to their lifestyle.
Many patients said they had made changes
particularly around smoking and diet. The
patient’s partner or family often had an important
role in supporting these changes which could also
apply to others in the family. One Asian patient
commented that when he discussed the changes in
his diet with friends, they were all making the
same changes and the message was being
reinforced in the community.
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BOX 4 Lifestyle changes

“I didn’t know it was going to cause me that. So I just keep on eating. Now I know what fried things do for you. Now I don’t
have it any more now – I just stopped everything.”

(P30, female, 50 years, Indian, Hindu, home-based programme)

“The wife helped me as best she could … And she cut out cooking fats and all that, the greasy stuff … She read it [Heart
Manual] and she said, ‘now you’ve got to stop with these fry ups in the morning, bacon, egg and sausage and all this’.”

(P42, male, 75 years, home-based programme)

“They have changed the way he … he used to have a lot more fried food before, and now they have cut it out and they are
doing things like using olive oil which they’ve been told is better to cook in than vegetable oil or butter …”

(Daughter P15)

“… but I know that I asking, when I sit there with the others, a few people like that, and I ask what you eat and this and
that, the same one, everyone says ‘we do like that’, same thing.”

(P15, male, 60 years, Indian, Muslim, hospital-based programme)

“We used to eat butter, but we stopped everything. … Yes, everybody in the family using sunflower. And Flora for the
margarine to spread on the bread.”

(P9, male, 56 years, Pakistani, Muslim, hospital-based programme)

“I’ve got to admit that I haven’t kept up to my diet sheet that’s in the package there, the way I should do. I still eat a lot of
salads, tuna, salmon and baked potatoes. But we do go out twice a week, Tuesdays and Saturdays, and have a decent meal. 
I don’t have any fried stuff.”

(P20, male, 69 years, carer, hospital-based programme)

“I am more active because now I know I have to do the exercise, before that if something is good on the telly I would prefer
doing that rather than walking. But now I know I have to walk so I am taking that seriously.”

(P35, male, 55 years, Indian, Hindu, home-based crossover)

“Well as I say I play golf [twice a week] and I do a lot of walking, I consider that exercise.”

(P47, male, 70 years, home-based programme)

“I used to stop smoking. I could stop smoking for 5 years and then start again. … the heart attack helped me to make up my
mind and that was it so I haven’t had a cigarette since. I did try to have a cigarette and it made me that bad and I thought
forget it.”

(P33, female, 61 years, home-based programme)

“I smoked and sat at a desk all day, and didn’t do any exercise, ate whatever I wanted because I didn’t put weight on, so it
didn’t bother me with what I was eating. So no, I was not a healthy person. … [now] I watch what I eat, probably eat it
anyway but at least I think about it. I do take more exercise and walk a lot. I still have the occasional cigarette, I must admit,
but I have pretty well packed up.”

(P17, male, 47 years, hospital-based programme)



Benefits of CR
Despite being unable or unwilling to exercise as
much as expected, many patients were positive
about CR. For example, patient P6 acknowledged
how he had benefited from the home-based
programme and patient P49 compared her
experience with that of her husband who was not
offered CR.

“If they had not got me out and if I sat in on my own
at home I would be probably sitting there now. … It
pushed you outside, didn’t it, to start getting about.” 

(P6, male, 65 years, home-based)

“My husband’s had a heart attack actually, at 40 he
had one, but what his recovery was, mine was
completely different and better because I had after
care and my husband didn’t. … I hope to improve by
me doing it really, not by itself. I mean I do watch
now everything, I watch what I eat as I say, I go to
keep fit now.” 

(P49, female, 53 years, home-based)

Differences in reasons for non-adherence by age,
gender and ethnic group
Only limited trends were found in reasons for
non-adherence by age, gender or ethnic group. 

The ethnic minority patients were more likely to
cite health problems (cardiac and other physical
problems) as reasons for not adhering to their CR
programme. This was particularly focused in the
white Irish group who were younger (mean age
56.8 years) than the other groups (mean age
63.7 years), yet four out of five cited health
problems. Fewer patients in the ethnic minority
groups mentioned personal difficulties that
prevented CR participation (such as being a carer,
returning to work, feeling well or that they did not
need to do CR) than the white British patients. 

On the home-based programme, motivation to do
the daily exercise component of the Heart Manual
appeared to be a predominant factor for non-

adherence in the women, with seven out of the
10 women interviewed citing this compared with
only three out of 11 men. 

Whereas only one woman felt too unwell to
participate in the rehabilitation, five men
described this as a problem that prevented their
participation. 

More women cited domestic tasks such as
housework, shopping, gardening and decoration
(5/10) as reasons for non-adherence compared
with men (5/33). Overall, the women cited more
reasons than the men (61 reasons for the
16 women and 96 for the 33 men) for non-
adherence.

The only difference identified between younger
and older participants (aged 70 years or more) was
that older patients were less likely to cite health
reasons than younger patients. 

Focus groups of adherers
Participants
Sixteen patients from the hospital-based
programmes participated in three focus groups
and 10 patients from the home-based programmes
participated in two focus groups (Table 60).

Patients in the hospital-based
programme
Each hospital organised their CR programme
differently depending on the staff and facilities
available. The three groups of hospital-based
patients expressed very similar views about CR
and all spoke very favourably about the benefit of
attending the programme. 

Experience of hospital-based exercise sessions
Patients enjoyed exercising in a group and mixing
with other people was a positive experience for all
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TABLE 60 Characteristics of focus group participants

Agreed to participate Attended Males (n) Mean agea (years) Age range

Centre-based 
Hospital 1 8 6 4 62 45–75
Hospital 2 8 5 4 65 59–75
Hospitals 3 and 4 6 5 4 62 57–69

Home-based
Hospitals 1 and 2 5 4 2 63 59–67
Hospitals 3 and 4 6 6 5 62 50–75

a Patients’ age at time of randomisation into BRUM trial.



the patients. They described this as like belonging
to one community and being related to each other.
Patients gained both motivation and support from
other patients. 

“I don’t think it’s so much the exercises, it’s the
camaraderie that you get.” 

(M, Hospitals 3 and 4)

The programme at each hospital varied slightly
and used different exercises and had different
equipment available. 

“I thought it was a good balance between the walking
and the lifting and the tread up and down. I thought
there was a good balance once you went on the
rotation. They give you a little bit of everything there.” 

(M, Hospital 2)

Patients at Hospital 1 thought that the exercise
sessions were sometimes overcrowded and they
sometimes had to wait to use an exercise bike, but
acknowledged this was due to the success of the
programme. Patients also had to wait to have their
blood pressure checked before they could start
exercising. Despite this, they thought that the
programme was well equipped and enjoyed using
the different equipment.

“There’s quite a bit of equipment over there but it’s
certainly packed, isn’t it?” 

(M, Hospital 1)

“And its also comforting to have your blood pressure
taken.” 

(M, Hospital 1)

Patients at Hospitals 3 and 4 were taught to record
their pulse rate before and after exercise, which
they found helpful. However, the order in which
they did the exercises could affect their final pulse
rate so they would sometimes manipulate the
starting point in order to end on an exercise which
would suit them.

“I didn’t particularly like the way they were set. You’ve
sort of got four easy ones next to each other, and then
you get three or four really hard ones. If you’re
finished on them, you pulse is going like three times
faster and they say, ‘Oh you’re doing too much …’” 

(M, Hospitals 3 and 4)

“I cheated a couple of times, because I wasn’t working
out hard enough and so I found the one machine that
really got your pulse going [to finish on] and I made
sure that I clocked it.” 

(F, Hospitals 3 and 4)

The patients attending Hospital 2 reported that
the exercises were not too strenuous and two

patients found them easy as they were used to
physical activity, although they also acknowledged
that not everyone found it easy.

“I thought it would be harder, I thought they’d be
pushing us. I thought they’d be trying to see how far
they could push us.” 

(M, Hospital 2)

“I was with a few who were, probably a little bit more
overweight, and I think they were struggling.” 

(M, Hospital 2)

Patients described a sense of achievement and
increasing confidence as they progressed through
the exercise programme.

“I think it’s self-satisfaction that you’ve actually done
it as well. You feel a bit chuffed with yourself, you
think, especially after you’ve been a couple of times,
… you’re doing that particular exercise on one
machine … ‘Oh, I’ve done that a bit better; I haven’t
found that such a struggle.’ And it makes you feel
better, and that’s when your confidence starts coming
back.” 

(F, Hospitals 3 and 4)

One patient found the exercises awkward because
of arthritis and a hip replacement and another
patient had a back problem and found the rowing
machine difficult so did not use it, but otherwise
patients reported few problems with the exercises.

Experience of hospital-based education sessions
At Hospitals 2, 3 and 4 the education sessions were
combined with the exercise sessions and at
Hospital 1 the exercise and education sessions were
held on separate days. Views on the education
sessions were more mixed and the quality of the
talks was variable. The education sessions also
appeared to be less well organised as the speakers
did not always arrive as expected or talks were
repeated and patients were given the same talk at
more than one session. Comments included “some
were boring, some were good”, “every week you
learn something”, “a couple of times I was there
and nobody came”, “too much talking”, “very
informative”, “very helpful” and “I enjoyed the
talks”. However, in general patients thought the
education programme helped them learn more
about what had happened to them and how to
improve their lifestyle. Patients had also received
useful written information and one patient had
seen an information video. For the majority of
patients, motivation to exercise was felt to be a
problem and they needed the support of others
around them. This was seen as one of the main
benefits of attending the hospital programme.
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“I enjoyed the talking. I think, what they told us
about the tablets and what they were and all that …
The best advice was the diet.” 

(F, Hospital 2)

“But I did come to rely on coming to these meetings
and seeing people and understanding what was going
on.” 

(M, Hospitals 3 and 4)

The sessions on medication were particularly
valued and sometimes over-ran as patients asked
so many questions. Patients found the advice
helpful and reassuring.

“If you miss one [tablet], she said it doesn’t really
matter that much because it sort of goes up and down
slowly. So that was comforting. And the spray, she said
you can use that as much as you like, you couldn’t sort
of overdose on it.” 

(M, Hospital 1)

There were mixed views about the relaxation
sessions. A few patients had been given relaxation
tapes to use at home. At Hospital 1 the relaxation
sessions were run separately from the exercise
sessions and several patients had not attended any
and did not know about them.

“I didn’t think any [sessions] were [boring] … 
I enjoyed all of them, even the relaxation one. 
I enjoyed that. Well, I still keep putting the tape on
now and dropping off on the bed.” 

(M, Hospital 2) 

“I didn’t enjoy the relaxation … I don’t like lying on
the floor and listening to silly music.” 

(F, Hospital 3)

Patients all said they had followed advice given in
the talks such as eating more fruit and vegetables.
However, they also pointed out that they were
already aware of some of the advice about healthy
eating and smoking before their cardiac event but
most did not think it applied to them. 

“Completely [changed diet]. I don’t eat any more oily
stuff now. Like samosa or pakoras, anything cooked in
the butter that I used to eat. I stopping all those now
and start eat vegetable, boiled vegetable.” 

(M, Hospital 1)

“You’d watch a programme on television about
healthy eating and all this and all that, and I’d look at
myself and – ‘I don’t need that!’” 

(M, Hospital 2)

“I used to smoke a lot when I was younger. And I
would watch a programme on lung cancer with a
cigarette in my hand.” 

(M, Hospital 2)

For many it had taken the shock of having a heart
attack or surgery before they made lifestyle changes.
The education sessions had provided the support
to make the changes. One patient explained how
difficult it was to make others understand the need
to make changes earlier in their lives.

“Well my son’s got to be about 16, 17 stone. He is
massive. He sits there all day long with a box of
Maltesers … and I’m on to him all the time. ‘Martin,
you’ll finish up like me’. ‘Oh no, no, I won’t, I won’t.’
You can’t educate them. He just won’t listen.” 

(F, Hospital 2)

There was a feeling that people needed educating
about looking after their health even before they
experience symptoms of heart disease, and
patients described personal experiences of being
treated for indigestion or having very high blood
pressure of which they were unaware prior to their
cardiac event.

Patients said they took a more relaxed approach to
everyday life and getting things done. One used
the example of home decorating and doing ‘one
wall a day’ rather than completing a whole room
in a weekend. 

“I’ve learned to say ‘no’ to a lot of things since I’ve
been on this course and listened to the talks.” 

(M, Hospital 3)

The only suggestion for improving the
programme was to include a smoking cessation
programme for those who needed it.

Access to hospital-based programmes
None of the focus group patients had problems
getting to the hospital for CR. Most travelled by
bus and none required family or friends to take
them to the hospital by car. Patients at Hospital 1
complained about the difficulty with parking.

“… the car parking was a very serious problem. …
But I come on a bicycle now [continuation
programme] … It would be lunatic to try and come by
bus from where I live. It’s two miles in a straight line
and it would take me an hour on the bus.” 

(M, Hospital 1)

Patients were satisfied with the time of the session
they were offered and none described problems
with session times. One patient was working and
had been able to negotiate time off to attend.

“I was working. I was taking invalid kids and that to
school on the buses, but I worked it so that, the
afternoon shift, I just skipped it, like. … I’d get
someone to cover me. … I worked it out with the
gaffer.” 

(M, Hospital 2)
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Benefits of cardiac rehabilitation
Patients said they enjoyed the programmes and
gave factors such as having a chat, meeting other
people, feeling more at ease with people who had
the same problem as themselves, having someone
to ask about problems and having someone keep a
check on them as reasons why they enjoyed
attending. At the hospital they enjoyed talking to
other patients and sharing their experiences and
valued staff supervision as without it they thought
they would be scared to push themselves as far.

“… after I had my heart attack my idea was that’s the
end of my life. But going on this programme, it’s sort
of to talking to other people and the people who run
it, I realised there’s things you can do. I practically do
what I used to apart from working like I used to. 

(M, Hospital 3)

Patients were very positive about CR. In addition
to the immediate benefit of enjoying the sessions,
patients felt there were longer term benefits in
their mood and confidence. It would have been
easy to sit and do nothing at home and ‘turn into
a cabbage’. CR enabled them to carry on with a
normal life and return to doing things they
enjoyed. All the patients would recommend CR to
everyone who has had a heart attack or heart
surgery.

“I found I was a lot better mentally when I was
coming on this rehabilitation programme.” 

(F, Hospital 3)

“If you can do the exercises here, then there’s lots of
things you can do, which you’d be frightened to do at
home.” 

(M, Hospital 1)

Patients had also learnt to cope with sudden pains
and not assume they were experiencing a heart
attack every time.

“Well, without somebody to help you, if you got a
sudden bit of a sharp pain in your chest or something
you think ‘oh sod that, its another heart attack’, but
it’s not one.” 

(M, Hospital 3)

Maintenance programmes and other exercise
At Hospital 2 there was a continuation programme
available at two other venues in the community.
Only one of the patients was still attending this,
although all were taking part in some form of
activity and one had bought an exercise bike to
use at home.

“Well I go swimming now three times a week. At least
an hour a session. And I find that helps. … and that’s

why I’ve gone back to swimming, which I found 
I could extend myself more swimming than I could
actually walking, which is better for me.” 

(M, Hospital 2, arthritis)

Similarly, the patients from Hospitals 3 and 4 were
all continuing to exercise in some way, for
example, going to a gym with friends and walking.
At Hospitals 3 and 4 there was no continuation
programme and this provoked mixed views as to
whether the hospital should provide this,
particularly as facilities were limited and were
sometimes overcrowded, or whether patients
should exercise independently. They supported
the idea of a maintenance programme in the
community as that would give them the motivation
to exercise regularly.

“I was lost I was in the few weeks after it stopped. 
I’d got so used to coming in certain days, it was in my
routine, and I really missed it. … we ought to be the
given the choice whether we’d like to continue or,
even if we only came once a month, or even in
6 months time, do like a month’s session or
something. I think it should be a continual thing.” 

(F, Hospital 3)

At Hospital 1 there was a continuation programme
available both at the hospital and at another
venue. Five of the six focus group participants
were attending a continuation programme, four of
them at the hospital. The sixth patient had had
surgery for a slipped disc since attending CR but
had recovered and expressed interest in attending
a continuation programme. Patients commented
that the sessions at the hospital were very busy and
there was often a wait to use equipment so they
were having to stagger the times at which they
arrived. They suggested that the programme at
Hospital 1 was a victim of its own success and was
reaching the point at which access would have to
be restricted for patients who had already
completed the initial programme. Patients
attending a continuation programme at the
hospital appeared reluctant to exercise
independently outside this environment.

“I think part of the … no, not problem, but I mean
part of the situation that you’ve described, is that
many people, like me, continue to come after the first
12 weeks, on the maintenance programme. Now, the
reason I do it is quite simple: it’s very good. To go
anywhere else might not be so good, and I’d have to
find somewhere else to go. It’s probably much
cheaper than going to a private gym.” 

(M, Hospital 1)

In order for patients to exercise long term they
felt they needed to do a form of exercise which
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they enjoy, which fits in with their lifestyle or has a
purpose, as exercise for its own sake was unlikely
to motivate them.

“… if I’m going on my walk, I like to … even if it’s
only going to get … to ASDA … I like an objective.
Like when we do our rambles there’s always, apart
from the scenery, there’s always something there.
Enjoy it.” 

(M, Hospital 2)

Making exercise a social occasion was also useful
in motivating patients to exercise independently. 

“I’m a very lazy person in the sense that I need
people around me to push me to do exercises, and I
find it better when there’s a crowd of you, you know.
Now if my two exercise partners don’t want to go to
the gym where I live now, I don’t go. And I get
annoyed with myself then …” 

(F, Hospital 3)

Patients in the home programme
Experience of the Heart Manual
Patients spoke very highly of the Heart Manual: it
was generally well organised, covered a range of
topics in addition to exercise, provided helpful
information and advice and was very positive and
encouraging. The advice was also relevant to the
patients’ experience. Several patients thought they
would not have received this level of information
and advice from the hospital programme,
suggesting a limited understanding of the hospital
programme. 

“I felt it was so well put together and so very sensibly
laid out because it didn’t just deal with the exercise, it
dealt with the emotional side and the dietary side and
the psychological effect of it and I thought ‘yes, that’s
for me’, because I don’t think I could have got that
from a hospital.” 

(M, Hospital 3)

Some patients suggested that the information and
advice given to them in hospital at the time of
their cardiac event was difficult to take in,
especially if they were in denial over a heart
attack, but being able to read the Heart Manual in
their own time enabled them to understand their
condition better. The Heart Manual enabled
patients to take positive steps to help themselves.
Patients continued to refer to the Heart Manual
occasionally as a source of information long after
completing the programme.

“You have people start talking to you, like doctors and
saying do this, do that and do that … But you know,
with the book you keep reading it every day.” 

(F, Hospital 1)

The information on medication was also
considered to be very good as it described the
effect of the different drugs used for patients with
heart disease. Patients reported reading and
following the dietary advice in the Heart Manual,
although sometimes a patient’s wife would take the
lead in making dietary changes. Patients reported
cutting out some foods, reducing salt, fat and
sugar and checking food labels when shopping.
One patient had decided not to follow such a strict
diet as she thought that at her age enjoying life
was as important.

“I think my diet’s worse now than before I had the
heart attack. I was very careful with whatever I ate
and drank, still had a heart attack. You know at my
age, why am I bothering? My three score years and
ten have gone and I think well I’ll enjoy a little bit
more. All those years I didn’t have a pudding … No
chocolate and no biscuits and it didn’t make any
difference. … Would I have had it earlier? I don’t
know.” 

(F, Hospital 1)

Although praise for the Heart Manual was
unanimous, one patient with arthritis who found
walking difficult suggested that patients should
not be made to feel that everyone should be able
to do everything recommended in the Heart
Manual. Another patient had been using the
Heart Manual for several weeks before he realised
there was a description of the exercises on the
inside back cover and thought it would be helpful
to have a pointer to this early in the Manual.
Patients generally felt that the Heart Manual
answered most of their questions.

“The only thing I found, to start with when I was
working through week by week, I didn’t pick up the
exercises right at the back, till a couple of weeks, and
then I spun through and I saw them, but there wasn’t
anything that was said, ‘refer to the back of the book
for your exercises’.” 

(M, Hospital 3)

“I think a little bit more reassurance on one or two
things, in the early days. I was concerned about
angina. And sometimes I did feel quite rotten and I
wanted to know whether I should be using my GTN
spray or whether if I used it too often it would be less
effective and all that sort of thing, and that kind of
area possibly a little bit more help on …” 

(M, Hospital 1)

Relaxation tapes
Overall, the relaxation tapes were considered to be
good and all except one patient said they had
used them, although one patient had found it
difficult to get used to using them but had
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persevered with the part he found most beneficial.
The patient who did not use the tapes said he
preferred to listen to a CD of quiet music and “just
shut my ears to everything going on round me”.
Patients thought they had learnt to relax through
listening to the tapes and were able to apply the
techniques in stressful situations. Although
patients had found the tapes helpful at the time,
they were only using the tapes occasionally or not
at all since completing the programme. 

“And I found that listening to the tapes and I knew
how to get myself calm and I could sit, on the time
that they were sort of saying well we’ll take your blood
pressure now, and I could do these, this calm thing
and it’s [‘white coat syndrome’] been absolutely
fabulous since then. … if you have a day when you
really feel like sort of scraping somebody off the
ceiling, if you listen to them then it just … brings you
down again.” 

(F, Hospital 3)

Experience of home-based exercises
Patients thought the exercises were well planned
and the gradual build-up helped to build
confidence as initially patients found exercising
difficult. 

“It was a matter of getting confidence about how
much you could do, ’cause you were told to take
things very easy for the first like fortnight, or month
even, and I did do that. But I found that to start with
the walking, even sort of just walking round the block,
was quite a strain.” 

(M, Hospital 1)

A few patients said they were worried about
exercising on their own, especially early on in the
programme, and were reluctant to push
themselves. One patient got his wife to do them
with him as he did not like to exercise on his own.

“I’ve got to be honest, I didn’t do as many as I told
her I was doing in the first couple of weeks. I was a
little bit like you, I was a little bit worried if you know
what I mean.” 

(M, Hospital 1)

Recording the exercises patients had completed
could help with motivation as patients knew the
nurse would be coming and would check up on
them. Patients also found it encouraging to look
back and see the progress they had made over the
weeks.

“It also gave you a kind of target, remember to do the
exercises twice a day, … and also the fact that you
were encouraged to do a walk every day. Not that I
did ’cause sometimes it rained or it snowed or some

reason, you know. But it gave you a target because you
had to fill it in, and you were thinking your cardiac
nurse will be back and sort of look through that and
say ‘why didn’t you do that?’ so you kept it up, and I
think that’s good.” 

(M, Hospital 1)

None of the patients in the home-based group
had other health problems severe enough to
restrict exercising significantly and were able to
work around them, although one patient had
arthritis in both hips and found walking difficult.
Two other patients had specific problems and,
after discussion with the nurse, stopped the
exercise which aggravated their problem and did
more of the other exercises. Another patient in the
home-based programme found the exercise which
involved bending too difficult as he was
overweight at the time so he stopped doing it.
Patients were able to work around their other
problems.

“I had trouble with the knee bending one. … I
discussed it with [nurse] first and she said, well, cut
that one out and do some others instead. Not others,
you know, increase what was in there.” 

(M, Hospital 3)

“I suffer with both tendons in both upper arms so
that was no good to me, that one, so I told [nurse]
and she said just increase the other ones.” 

(M, Hospital 3)

Many patients had received support from family
members who also did the exercises with them.

“[Husband] said ‘no, I don’t think it’s easy, but you
look ever so funny doing it.’ … so that’s when he
started doing it and it was a help. … He don’t do the
night one though. But he used to do the early
morning one. He still has a go. He says ‘it makes you
feel good don’t it?’” 

(F, Hospital 1)

“It was difficult in my case because my wife had a
stroke … she’s a wheelchair user and is partially
paralysed … so she couldn’t do the exercises with me
… but she was very amused when I did them. And she
also reminded me to do them.” 

(M, Hospital 1)

Experience of nurse support
Patients were positive about the support they
received from the nurses and thought that the
number of visits was about right, although one 
75-year-old widow felt that, because of her
circumstances, she would have liked more home
visits in the first 6 months. Patients described the
nurses as very friendly, easy to talk to, helpful and
knowledgeable. Only one patient reported
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telephoning the nurse for advice in addition to the
routine calls.

“I found that when they came in that you could talk
to them on a one to one basis. I mean my medication
was changed within the first week. … And she done it
on the afternoon, she phoned me back, said she’s
arranged all that. ‘Go to your GP to pick the
prescription up’ sort of thing. That was all done in
one day. I don’t think you’d have done that if you’d
gone to the hospital.” 

(M, Hospital 1)

“And there was always the opportunity to ring which I
did on one occasion. I was a bit concerned at one
time because I thought the angina was not as under
control as I would like. … but it was helpful to be able
to do that.” 

(M, Hospital 1)

Benefits of cardiac rehabilitation
As with the hospital-based programme patients,
the home-based patients found that CR helped
them to regain confidence after their cardiac
event. Several said they were learning to overcome
the panic they experienced when they were
breathless or felt any pains. 

“I found coming up here today up that slope … up
from the car park … by the time I got to the top I was
puffing a bit. But I don’t panic any more you see. I
would have stood there thinking ‘ohhh, this is it’.” 

(F, Hospital 3)

“It’s always the stress that brings it, and the breathing
goes funny and you realise that you’ve just been
worrying about something and when you stop
worrying, which is what our exercises and relaxation
were telling us to do, you stop worrying, you can feel
it all drain back. You can breathe again properly and
think better. And that’s what it really taught you to do
I think.” 

(F, Hospital 1)

Patients said they had also learnt a lot about the
causes of heart disease and healthier lifestyles and
this had helped them regain confidence and
control. This enabled them to return to a more
active lifestyle and also to know when not to take
on more than they wanted.

“I thought I always ate healthily and I stopped
smoking 8 years ago when my brother died of heart
attack, and I thought I walked a lot and done good
exercise but when I went through that book I couldn’t
believe what I was doing wrong, I was eating
everything wrong, no wonder I’d got really high
cholesterol … I weren’t taking the exercise what I
thought I was. And it really helped me, well I still do
all the exercises.” 

(F, Hospital 1)

Continuing to exercise
Only a few patients reported continuing regularly
with the exercises in the Heart Manual after
finishing the programme, although most said they
were doing more walking. Patients showed that
they understood the importance of continuing to
exercise regularly. One patient had bought a dog
to help with motivation as he felt he had a duty to
walk it twice a day and another had bought an
exercise bike. Patients felt that on some days they
were able to do more than others and some still
had concerns about doing too much. Bad weather
could restrict the amount of walking patients were
able to do.

“… I still do the exercise programme actually, because
I think it’s great. Keeps me fit. ... but it’s exercise,
because I do like to walk a lot, but in the bad weather
it’s freezing cold and wet, you don’t really want to go
out and do it. … So you do it at home, I think it’s
great, personally.” 

(M, Hospitals 3 and 4)

“Not the ones in the book, but I go swimming now
whereas I didn’t used to before, and as I say I walk a
hell of a lot now. You know, whereas I’d got to go
somewhere I’d jump in the car, now I walk and use
the bus, really.” 

(M, Hospitals 3 and 4)

Several patients had included activities which
involved group exercise, such as keep-fit classes, as
part of their ongoing exercise programme. One
patient was attending a weekly Heart-Throbs group
backed by the British Heart Foundation at a leisure
centre which included exercise and relaxation. 

“I don’t work Wednesdays and I’m part of [place
name] Health Walks … they do a whole day on
Wednesday … I mean I can easily walk ten miles now,
no problem. When you’re with a group you don’t
really notice it you see.” 

(F, Hospital 1)

A few patients suggested that as their recovery
progressed it became more difficult to find the
time to exercise as they had other commitments.

“You have to restrict your own pleasure in walking
and whatever ’cause somebody else has got demands
on your time. In those first few weeks everybody’s
quite prepared to let you have all the time you need
but then as you get better and better they encroach
on that time.” 

(F, Hospital 1)

A patient with arthritis described the difficulty of
maintaining the recommended exercise levels.

“I have a bit of arthritis in my hips so I mean I do try
and do the exercises but the actual walking, I find it a
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great effort and when I read in the book, you know,
you should be walking X number of miles in the next
six months, there’s no way I can do that. … so I don’t
quite know what you replace it with. I mean the
exercises, OK I can do as many of those as I can do
and that’s a bit … it gets a bit boring after a time. I
do play bowls in the summer, so that keeps me fairly
fit but the winter’s a bit dire ” 

(F, Hospitals 3 and 4)

Interviews with Punjabi-speaking
participants
Ten Punjabi-speaking participants were
interviewed; five were allocated to the centre-
based programme and five to the home-based
programme, one of whom was invited in error to
the hospital-based programme and therefore
crossed over to the hospital-based programme;
three were female. The three women spoke little
or no English, three of the men spoke only a little
English and seven read no English. 

The majority had made changes to their lifestyle
following their cardiac event, mainly reducing the
fat content of their diet and increased walking. 

I can walk and feel fine … I go walk everyday. I can
walk up to 15–20 minutes. 

(F, home-based crossover to Hospital 1)

The home-based participants described listening
to the Punjabi Heart Manual tape. They all were
in favour of the home-based programme because
of the convenience of the location, although one
man who had had a bypass operation felt that the
exercise regime was not strenuous enough for him
as he felt fairly fit after his operation. One man
described how he gained a greater knowledge of
diet and exercise from the Punjabi Heart 
Manual tape.

The participant who crossed over from the home-
to the hospital-based programme found the
motivation to exercise alone hard and was
encouraged to do more exercise by watching other
people exercising in the hospital-based
programme and felt safer exercising in a hospital
situation. 

Like sometimes I think to do that exercise tomorrow
… or day after tomorrow, cannot do every day. … I
will prefer hospital. … If I get some problem they
(hospital) can see me. 

(F, home-based crossover to Hospital 1)
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Health outcomes
This study is the largest trial of home-based
compared with centre-based CR to date and has a
longer duration of follow-up than other reported
trials. The study has shown that for people of low
to moderate risk after an MI or revascularisation
(PTCA or CABG), home-based CR using the
Heart Manual resulted in outcomes that were not
statistically significantly different from those
patients offered centre-based rehabilitation.
However, the width of the CIs around the mean
differences indicates that we are unable fully to
exclude clinically significant differences,
particularly for SBP and DBP. A significantly
higher proportion (96.1%) of patients randomised
to receive the home-based programme received
five or more contacts with a rehabilitation nurse
than patients in the hospital-based arm (56.1%),
but this did not translate into lower levels of
cardiac risk factors than in those who were offered
the centre-based programme. 

The outcomes between the groups did not vary in
an interactions analysis for any of the prespecified
subgroups (gender, age, ethnicity, initial diagnosis
or centre). Comparisons between home- and each
centre-based programme, undertaken as a 
post hoc analysis found the largest difference
between home- and centre-based CR for Hospital
1 at 6-month follow-up, which fits with its greatest
‘dose’ of supervised exercise. However, by 1 year of
follow-up the largest difference (in favour of the
centre-based programme) was for the programme
with the lowest intensity of supervised exercise
(Hospital 2). Our prior hypothesis that those
groups who were reported to have a poor uptake
of CR might gain greater benefits from the home-
based programme, whereas those with high levels
of hospital attendance might do better in the
centre-based programme, was not supported. A
recent non-randomised study explored the issue of
patient preference and location of CR and found
that Caucasian, working, time-constrained
individuals preferred a home-based programme,
whereas non-working and ethnic minority patients
preferred a centre-based programme.84

We also hypothesised that participants of the home-
based programme might sustain the improvements

achieved in exercise capacity after the end of the
programme better than those in the centre-based
group as they would have the opportunity to build
their physical activity regime into their lifestyle
from the start of their CR. We did not have a
measure of exercise capacity at baseline, but found
that the distance walked on the ISWT declined
equally in both groups from the 6-month to the 
2-year follow-up. This is in contrast to sustained
changes over 2 years reported after a residential
rehabilitation programme in Switzerland.135

Over the 2 years there were only a small number
of cardiac events equally distributed between the
home- and centre-based arms. There was a
suggestion, although not statistically significant,
that there may have been more deaths and MIs in
the home-based group. This is probably due to
chance as there are no differences in clinical
measures, such as prescribing of secondary
preventive medications, or cardiac risk factors to
explain such a difference. 

Comparison with the results of previous
trials
There have been seven previous RCTs comparing
home-based with centre-based CR.28–31,34,82,95,97,136

Two of these trials took place in the UK and used
the Heart Manual,34,82 but the BRUM trial is of
significance because of its size and the populations
in which it took place, largely in inner-city, multi-
ethnic, socio-economically deprived communities.
In addition, this study included patients post-
revascularisation and developed a new version of
the Heart Manual for these patients. Both of the
previous trials found results similar to ours with no
difference in cardiac outcomes between patients
randomised to the home- and hospital-based
programmes. Bell reported similar improvements
in functional capacity in the patients randomised
to the home- and hospital-based arms, with no
statistical difference between these groups.34 Dalal
and colleagues reported a significantly greater
improvement in exercise capacity in patients in the
home-based rehabilitation arm from 3 to 9 months
of follow-up compared with the hospital-based
group.82 In this trial there were similar and
significant improvements in the HADS depression
score, Quality of Life after Myocardial Infarction
score and TC in both groups. 
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In another trial comparing home- with centre-
based CR, which took place in Italy, the
participants in the home-based arm received four
to eight centre-based rehabilitation sessions prior
to the home element, in addition to a monthly
support group, which is similar in intensity to the
hospital with the lowest number of sessions in our
trial. In addition, the patients in the home-based
arm were loaned a cycle ergometer for 2 months
and received visits fortnightly from an exercise
specialist. The hospital-based programme was
both longer and more intensive than specified by
the NSF for Coronary Heart Disease, with 40
supervised exercise sessions and twice weekly risk
factor management counselling.95 This study
found significant improvements in exercise
capacity from baseline to follow-up in the home-
and centre-based groups, but no significant
differences between the groups at follow-up.
Similarly, health status measured using the
Sickness Impact Profile improved in participants
below the age of 75 years in both home- and
centre-based groups, with no difference between
these groups at follow-up.

A study of post-CABG patients in Canada found a
similar improvement in exercise capacity in
patients in the home and hospital arms. In
addition, patients in the home-based group
reported greater improvements in the PCS of the
SF-36 than the hospital-based arm.136 The
hospital-based programme was longer and of
greater intensity than usually provided in the UK,
with supervised exercise sessions three times each
week for a 6-month period. The home-based
programme was more intensive than that of the
Heart Manual, with two hour-long visits at
baseline and 3 months and fortnightly telephone
support up to 6 months. 

Two of the trials used a home-based programme
which involved three-times weekly cycle 
ergometry in which their ECG was monitored
transtelephonically.28–31 Both reported similar
improvements in exercise capacity in the home-
and hospital-based groups, but this intervention
requires a high level of supervision and
monitoring. 

Carlson and colleagues compared a hospital-based
programme with a modified programme which
weaned participants from the hospital-based
programme to do their exercise at home.97 Both
groups achieved similar improvements in exercise
capacity and in serum cholesterol level at follow-
up. However, due to the design, the participants in
the modified group and the hospital-based group

actually attended a similar number of supervised
exercise sessions on the hospital site. 

The BRUM study was unusual in the length of
follow-up, 2 years. Of the other trials comparing
home- with centre-based CR, the longest follow-up
was for 14 months.95 In both groups the early
changes in smoking cessation were sustained over
the follow-up and improvements continued to
occur to anxiety levels and HDL-cholesterol. The
early rise in blood pressure seen at the 6-month
follow-up fell over the later follow-up periods, 
but did not reach the baseline levels. Exercise
capacity, measured using the ISWT, fell both 
from 6 to 12 and from 12 to 24 months, in
contrast to the sustained change seen in some
programmes.34,95

We found no improvement in depression scores (as
measured by the HADS). CR has a poor record in
reducing levels of depression in participants.
Several trials have reported a fall in depression
score over a 1-year period in home- and centre-
based CR trials, but although the depression
scores reduced over time, this was not significantly
different between the intervention and control
groups.137–139 One of these was a large RCT of
1376 patients of a psychosocial intervention
targeted at post-MI patients with psychological
morbidity and found only a small impact on
depression, with no statistically significant benefit
over the patients in the control group.138 A
previous trial using the Heart Manual reported a
significant reduction in the numbers of cases of
depression at the follow-up points of 6 weeks,
6 months and 1 year, but no difference in HADS
depression score after 6 weeks between the
intervention and control groups.35 The other
evaluation using the Heart Manual failed to find
either significant differences in depression scores
between Heart Manual and either control or
centre-based groups, or significant changes in
depression score over time in any group.34

We found a rise of 10 mmHg in blood pressure
from the baseline to the 6-month assessment. This
may be partially due to an artificially low blood
pressure immediately following MI, but also
occurred (although to a lesser degree) in the
patients who had a revascularisation procedure. A
possible explanation is the reduction in dose of
anti-anginal medications after a successful
revascularisation, as these also have an effect on
blood pressure. Other studies have also reported a
rise in blood pressure in a post-CABG
population,140,141 post-MI and angina115 and for
patients with coronary artery disease.142
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Adherence
A strength of this study compared with the two
previous trials using the Heart Manual34,82 is that
we used the same measure of adherence for
participants in both home- and centre-based arms.
It is difficult to make a comparable measure of
adherence to a home-based programme as
adherence to a centre-based programme is usually
defined by the number of sessions attended.
Accepting a visit from a rehabilitation nurse at
home requires less commitment from the patient
and gives no measure of the amount of physical
activity undertaken. Without the use of costly
accelerometers or cycle ergometers, it is not
possible to measure frequency and intensity of
home-based physical activity objectively. We relied
on patient self-report, and found that participants
in the home-based programme reported more
physical activity, significantly so among the ethnic
minority participants and at an early phase among
elderly participants. Two other trials have found
more self-reported physical activity in the patients
assigned to a home-based programme.97,136

Carlson and colleagues reported a greater amount
of exercise undertaken by participants in the
home-based programme compared with those who
undertook all their exercise rehabilitation in a
supervised centre-based setting, but this differs
from our study in that both groups started with a
hospital-based programme, from which those
receiving the modified protocol were weaned to
undertake the exercise unsupervised at home.97

Arthur and colleagues used patient logs to
measure duration and frequency of physical
activity and patients in the home-based group
reported a mean of 6.5 exercise sessions each week
compared with 3.7 sessions in the hospital-based
group.136

Internal validity
The BRUM study was randomised, which acts to
reduce the potential for confounding and selection
bias. The large number of patients recruited to the
trial resulted in very similar baseline characteristics
for each group, which is a strength of the study.
We reduced the likelihood of allocation bias by
using an independent group for the randomisation.
Both groups were offered an active intervention,
so we should have overcome the potential for the
Hawthorne effect seen in trials where half of the
participants are in a control group. In a trial of CR
it is obviously impossible to blind patients and
their healthcare staff as to which intervention they
receive, but we tried to keep the outcome

assessment blinded by the follow-up assessments
being undertaken by a nurse who had not
recruited or provided treatment to the patient. 

As the study had very low rates of loss to follow-up
and with equal loss in each arm, it is unlikely that
we had attrition bias between the groups due to
loss to follow-up. At the 2-year follow-up we were
able to account for the status (alive/deceased) of
98% of all the patients who entered the trial. 

A potential weakness of this trial is the absence of
a no-rehabilitation control arm. Although we have
reported similar improvements in cardiac risk
factors in patients allocated to both the home- and
centre-based programmes, we cannot prove
incontrovertibly that these changes would not have
occurred as part of the normal recovery process.
However, at the design phase of the study we felt
that there was sufficient evidence for the benefits
of CR to prevent us from having a control arm.
Several systematic reviews have reported
significant reductions in mortality in patients
randomised to exercise-only or comprehensive CR
programmes.12,13 Three trials have compared
hospital-based, home-based and no CR28,29,31,34,95

and all have reported greater improvements in the
patients in the groups receiving rehabilitation. Bell
reported a significantly greater improvement in
symptom-limited exercise at both 20 weeks and
1 year in patients randomised to receive the Heart
Manual when compared with usual care; the
patients in the home-based arm also had lower
readmission rates than the patients receiving
either usual care or the hospital rehabilitation
programme.34 Marchionni and colleagues
reported improvements in total work capacity in
patients of all ages randomised to the home- and
hospital-based CR programmes, but not the usual
care group. Health-related quality of life,
measured by the Sickness Impact Profile,
improved in all the groups.95 DeBusk and
colleagues compared short- and long-duration
rehabilitation programmes in a hospital setting, at
home monitored by telemetry and in a no-exercise
training group.28,29,31 Peak functional capacity
improved significantly in all the groups receiving
exercise training, but not in the no-exercise group. 

In addition, the changes in risk factors over the
year of follow-up in this study are greater than
those seen in the control arms of some RCTs of
CR compared with usual care and similar to the
changes in the intervention arms.32,34,35,143,144

Both Allen143 and Heller and colleagues144 report
a similar rate of smoking cessation to that seen in
the BRUM study in their intervention groups. We

Health Technology Assessment 2007; Vol. 11: No. 35

75

© Queen’s Printer and Controller of HMSO 2007. All rights reserved.



found a greater fall in TC than in the control arms
of Bell34 and the SCRIP trial145 and a greater fall
in the HADS anxiety score than the control arm of
Lewin and colleagues,35 but a similar fall to that in
the control arm of Bell34 and Higgins and
colleagues.32 Published randomised comparisons
of home-based comprehensive CR with usual care
have mixed results of the change in exercise
capacity from baseline to follow-up. Both Bell34

and Marchionni and colleagues95 reported greater
improvements in exercise capacity in the centre-
and home-based arms, with a lesser improvement
in the control arm, whereas in the SCRIP trial the
improvement was similar in the control and
rehabilitation arms.145 Our study did not have a
baseline value for exercise capacity, but we did
find a significant (p < 0.01) improvement in self-
reported physical activity (modified Godin score)
in both the home- and centre-based arms from
baseline to 1-year follow-up. 

Generalisability
This was a pragmatic trial, with participants
randomised to an invitation to a particular
rehabilitation setting, to mirror the normal
situation. Hence, 28% of the participants
randomised to the centre-based rehabilitation did
not commence CR. This is a lower level of non-
participation than reported for the UK as a
whole,36,146 which suggests that we had a more
motivated group of participants than would occur
outside a trial setting. The trial was largely set in a
deprived inner-city location with a high
proportion of ethnic minorities, particularly of
South Asian origin. About 20% of our participants
were from an ethnic minority group and as people
of South Asian ethnicity have a high rate of
cardiovascular disease147–149 this increases the
generalisability of our study. The study had no
upper age limit and the participants had a mean
age of 61 years, which is similar to that reported
in the survey undertaken by the British Association
of Cardiac Rehabilitation.36

The hospital-based programmes in our study were
representative of those provided in England by a
national survey.26 Our programmes lasted from 6
to 12 weeks, which is similar to the 4–12 weeks
identified by the survey, and consisted of 9–24
sessions, again comparing well with the 6–24
sessions found in the survey. All our hospitals
provided the educational component by group
talks, which is in keeping with the predominant
model of provision in England, and provided a
length of supervised exercise which lay within the

range for English programmes.26 One of the
hospitals (Hospital 2) experienced a major fire at
the start of the trial, which resulted in the loss of
the rehabilitation gym and the need to use less
satisfactory premises. The original plans to
increase the programme to twice weekly had to be
delayed, and did not occur during the study
period.

Home-based exercise was considered suitable for
61% of all patients presenting to the recruiting
hospitals following MI, PTCA or CABG. Eligibility
rates varied by presenting diagnosis, with 86.6% of
patients post-CABG eligible, 66.5% of post-PTCA
patients and only 53% of patients following MI.
This last figure is very similar to the proportion of
patients considered eligible for home CR
following an MI by Bell34 (56%). In our multi-
ethnic inner-city population, only 44% of eligible
patients agreed to participate compared with 82%
in the populations studied by Bell. However, we
did not find a difference in the deprivation level,
measured by the IMD,150 of those who agreed to
recruitment compared with those who declined,
although this must be interpreted with caution
given the potential for ecological fallacy when
attributing the IMD to an individual. We found no
difference in the proportions agreeing to
participate by diagnosis, but a significantly lower
proportion of women agreed to participate (38%
versus 46% of men, p < 0.05) and people aged
over 65 years (37% versus 49% of those less than
65 years old, p < 0.001). Although patients from
ethnic minority groups were less likely to be
eligible to take part, largely due to an inability to
support the language requirements, there was no
difference in recruitment rates of eligible patients
between white, South Asian and other ethnic
groups.151 When a logistic regression was
undertaken to identify which factors influenced
recruitment, only age was significant.

The loss to follow-up in the trial was low and
similar in both groups, with follow-up rates of live
participants of 93% at 6 months, 91.5% at 1 year
and 89% at 2 years. In addition, we had data
about whether patients were still living for 98% of
the participants at 2 years. The non-responders
were significantly younger, had higher BMIs and
higher HADS depression scores at baseline and
were more likely to have been smokers at baseline,
although this was not a significant difference. The
loss to follow-up was very similar in both arms, so
is unlikely to have introduced significant bias in
our between-group analyses. The one outcome
measure for which we had a higher level of
missing data was for the exercise test (ISWT), with
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participants not undertaking the test for a mixture
of cardiovascular and musculoskeletal problems.
An analysis substituting missing with imputed data
resulted in the lessening of the non-significant
differences in the ISWT, making it unlikely that we
missed any significant differences between the
home- and centre-based groups. 

Our findings may not be generalisable to countries
with more intensive centre-based programmes.
However, there is little information about the
comparative provision of CR across Europe. A
survey undertaken in 1995 across 13 European
countries revealed marked differences in the
duration, content and intensity of the CR
services.152

Ethnic minority issues
Ethnic minority participation
People of South Asian ethnicity have a higher
incidence rate of cardiovascular disease.147,148 To
ensure the generalisability of the results of this
study to the UK population, it is important to
have a study population that represents that of the
communities in which the rehabilitation would be
provided.153,154 Given concerns about the lower
uptake of CR in people from ethnic minority
groups, we wanted to explore whether the
provision of a home-based programme might
improve uptake and adherence in this group.
There have been concerns about the under-
representation of people from ethnic minority
groups in clinical trials153,155 and trials of cardiac
patients in particular,156 but few trials of CR have
even reported the ethnicity of their participants.
Exclusion of ethnic minorities from clinical trials
undermines the UK Government’s NHS plan for
tackling inequalities and its core principle of
providing culturally appropriate and accessible
care for different groups and individuals.157,158

We achieved a recruitment of 20% of our
participants from an ethnic minority group.

To achieve this rate of recruitment we undertook a
number of special measures. We appointed two
research nurses who spoke Punjabi, which is the
most frequently spoken minority language in the
location where the study took place. We also
translated and recorded the information on the
patient information leaflet into Punjabi to ensure
that the information was provided accurately and
consistently. As the home-based intervention
required the use of a manual, we produced an
abridged version of the Heart Manual in Punjabi
and had this recorded. Participants who were

allocated to the home-based programme and who
had a poor grasp of English were given the taped
Punjabi version and a copy of the English manual.
An English-speaking relative was encouraged to
work through the manual on a weekly basis with
the patient. One of our main outcomes was the
HADS, which had not been adequately translated
and validated for use in a British Punjabi-speaking
population. We undertook a study prior to the
start of BRUM to translate and validate the HADS
in Punjabi.159 We used recorded information
because a significant proportion of ethnic
minorities who are unable to read English are also
unable to read their main language.104

Despite these various measures, we still lost 29% of
the ethnic minority patients who presented due to
ineligibility for language reasons. In many cases
this was because they spoke another minority
language, which we were unable to support. Some
Punjabi-speaking patients were lost during
absences of the Punjabi-speaking staff. Of those
patients recruited, only 10 considered that they
needed an interpreter to complete the
questionnaire, and 25 (4.7%) admitted that they
were unable to read English or could read it only
slightly and therefore needed the questions to be
administered orally. Some 9% of our recruits spoke
Punjabi as their main language. 

The participants who were from an ethnic
minority group were younger than the white
recruits (mean age, white participants 62 years,
other ethnic groups 56 years, p < 0.001) and less
likely to be female (16% versus 25% of the white
recruits). The ethnic minority participants also
had a higher level of cardiac risk factors at
baseline. They were more likely to be diabetic,
with 26.4% of the ethnic minority participants
reporting a history of diabetes, compared with
only 10.4% of the white ethnic group (p < 0.001).
The mean diastolic blood pressure was higher in
the ethnic minority participants and they were also
more likely to score highly on the HADS
depression scale, with 12.7% of the ethnic
minority participants having probable depression
(a score of 11 or more), compared with only 4.4%
of the white participants (p < 0.05). Depression is
associated with poor outcomes following a cardiac
event, with a higher incidence of cardiac-related
morbidity and mortality,108,160 and is also
associated with a lower adherence to CR and
physical activity.161,162 Turner and colleagues
followed up 1902 British CR participants and
found that people with borderline or clinical
depression (a score of 8–10 or 11+, respectively,
on the HADS) were twice as likely to drop out of
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their rehabilitation programme.161 Given the
higher levels of risk factors in the ethnic minority
participants, it is particularly important to ensure
that CR is accessible and acceptable. A small study
in the USA also found a higher prevalence of
cardiac risk factors in black women compared with
white women entering a CR programme59 and Lip
and colleagues, reporting on a patient sample from
the same location as the BRUM study, reported
lower levels of physical activity in South Asian
patients admitted following MI.100 The levels of
adherence to CR among the ethnic minority
participants in BRUM are discussed below. 

Adherence
Adherence was measured by a modified Godin
questionnaire at three time points, 6, 9 and
12 weeks after recruitment. At all three time
points the ethnic minority participants reported a
lower score and fewer hours of physical activity
than the white participants. Given the relationship
between physical activity adherence and
depression and age, a regression analysis was
undertaken adjusting for age, gender and HADS
depression score at recruitment. The ethnic
minority participants had significantly lower
physical activity exercise scores at all three time
points and fewer hours of self-reported physical
activity at 6 and 9 weeks compared to the white
participants. Cannistra and colleagues also found
a lower adherence rate to CR among black than
white women.59

Outcomes
The low levels of physical activity prior to their
cardiac event and during the rehabilitation period
also occurred at 6 and 12-months of follow-up,
with significantly shorter distances achieved on the
ISWT by the ethnic minority participants.
However, there was no interaction between
ethnicity and the rehabilitation group, so both
programmes produced similar outcomes in the
ethnic minority participants. The ethnic minority
participants also had significantly higher HADS
anxiety and depression scores but lower SBP at the
1-year follow-up. 

Qualitative study findings
Non-adherers to cardiac rehabilitation
The qualitative study found that many people who
do not adhere to a formal programme of CR
undertake their own modified programme of
exercise and lifestyle change adapted from
information provided by the CR nurses. Several
patients changed to their own preferred exercise

programme rather than completing the CR
programme, as even limited participation had
given them the understanding of the importance
of exercise and the confidence to exercise
independently. This should be welcomed, but
these patients would be labelled as non-
attendees/adherers by a normal rehabilitation
service. A study which compared an intensive
hospital programme with a modified programme
which facilitated independent exercise found that
patients on the modified programme had higher
exercise adherence at 6 months.97

CR also encourages long-term maintenance of
lifestyle changes. Patients who were unable to
exercise at the level recommended in their CR
programme were able to follow the advice on
lifestyle changes. The changes undertaken by
many of the patients in our study are consistent
with patients resuming control of their recovery
and lifestyle. Patients understood exercising “as
being active” and some described this in terms of
“not sitting in front of the TV all day”. Women in
particular who had resumed household chores
stressed the importance of being able to do these
activities.

Patients’ reasons for not adhering to their CR
programme were multifactorial and very
individual. We identified some trends in the
reason for non-adherence by socio-demographic
characteristics: age, gender and ethnic group. In
keeping with Halm and colleagues,163 we found
that women offered more reasons for their non-
adherence. This has clinical implications in trying
to encourage women to attend, as many potential
obstructions will be presented. Women on the
home-based programme reported a lack of
motivation to be a problem, which may explain a
study in which women were reported to have
poorer outcomes from a home-based study, due to
lower exercise adherence.164 We identified that
ethnic minority patients more frequently cited
cardiac or other health problems as a factor
contributing to their non-adherence. Tod and
colleagues also identified ill-health as a cause of
non-adherence to CR in patients of South Asian
ethnicity.60

Some patients had adapted the programme to suit
their own needs because of co-morbidity or
personal circumstances and were exercising at a
low level not likely to reproduce the benefits found
in randomised trials. Women, in particular, were
more likely to describe the resumption of domestic
tasks as a replacement for formal exercise. There
is a difference between lay understanding of
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exercise and the medical model. Early CR
programmes were targeted at middle-aged men
with less co-morbidity and as a wider range of
patients take part in CR, particularly older
patients and those with a lower level of fitness
prior to their cardiac event, it is unrealistic to
expect that they will all achieve the same level of
exercise as in early studies. The benefits of CR are
wider than taking part in formal exercise sessions
as the programmes are a source of reliable and
relevant information and help patients to make
changes to their lifestyle to improve their health
and reduce the risk of further cardiac events. The
patients who dropped out of the hospital-based
programme because they were unable to exercise
also missed out on the education component of
the programme, although many had clearly
benefited from any sessions they had attended and
from information they had been given. These
patients might have benefited from continuing to
attend the education and relaxation components
of the programme and from the support of staff
and other patients. In a study of women
recovering from an MI, the key unmet need was
for reliable information.165

Our study has confirmed previous findings about
patients’ lack of knowledge and understanding of
CR prior to entry into a programme. As awareness
of the benefits of participation increases through
the personal experiences of family and close
friends, patients may view CR as an essential part
of their treatment rather than an ‘optional extra’
for younger and fitter patients and this may
increase participation. Two studies which targeted
patients prior to their first CR appointment in
order to reinforce the message about the benefits
of CR both increased attendance rates.166,167

The patients interviewed for this study were
participants in an RCT and so had no choice in
the programme to which they were initially
randomised. Some patients were allocated to a
programme which they did not want to do or was
inappropriate for their needs and it meant they
were unable to participate fully and were deemed
to be non-adherers. 

Patients who adhered to cardiac
rehabilitation
Amongst the patients who adhered to their CR
programme, there was little diversity of views
amongst patients from each programme. In
particular, patients in the hospital-based
programme enjoyed the camaraderie of group
exercise and the home-based patients valued the
wealth of information and advice in the Heart

Manual, which gave them a feeling of being in
control of their health. Hospital-based patients in
the focus groups appeared to have a rapport with
each other which the home-based patients did not
have. This supports their view that one of the
important benefits of the hospital-based
programme is the support which patients get from
exercising together and sharing their experiences
of heart disease.

Barriers to participation seemed less important to
patients who completed CR. The adherers on the
hospital-based programme did not have major
problems with transport and had convenient
access by public transport although several
patients on the home-based programme would
have found it very difficult to attend the hospital-
based programme because of transport difficulties
and randomisation to the home programme had
enabled them to complete a CR programme.
Patients who had returned to work said that they
were able to fit their exercise programme around
their work and had sympathetic employers.

The patients in the focus groups who completed
CR differed from the non-adherers interviewed in
the BRUM trial in that they had fewer additional
health problems which limited their ability to
exercise. The patients who completed their
programme took a pragmatic approach to working
around any problems they did have and persevered
with what they were able to do. The adherers also
appeared more positive about their recovery and
their general health than the non-adherers. 

Patients who attended the focus group who were
attending a continuation programme based at one
of the hospitals had become dependent on this
and were reluctant to exercise outside this
environment. This shows the importance of
helping patients to incorporate exercise into their
daily lives so that exercise is not seen as just a
form of treatment.

Theoretical approaches to qualitative
findings
The insights that the qualitative study has given
into patients’ reasons for adherence to, non-
adherence to and non-participation in CR suggest
two useful perspectives through which differing
behaviours could be viewed and explored in future
research. Many patients who would have been
termed by healthcare professionals non-adherers
to or non-participants in CR, because of their
behaviour around the formal programme, had
nevertheless constructed their own informal
‘rehabilitation’. This links in with work describing
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how patients with chronic illness develop and
continually adapt their own strategies for self-care
which suit their social, psychological and physical
situation at the time.168,169 Patients are often
reluctant to discuss self-care strategies with
healthcare professionals170 and our study
highlights the importance of exploring patients’
informal health behaviours.

It is important to remember that rehabilitation
constitutes only one stage of a patient’s experience
of a cardiac event. This was very apparent in
patients’ accounts, in which they graphically
described the cardiac event itself, the impact it
had on themselves and their family and the
implications for their future lifestyle. This reflects
Frank’s work on patient narratives,171 which has
been used as a way of explaining the experiences
of patients with chronic illness.172 Patients
interviewed in our study exemplified all three of
Frank’s types of narrative in their descriptions of
their cardiac event and subsequent experiences;
‘restitution’ where a previously healthy individual
has been ill but has positive expectations for their
future health, ‘chaos’ where the patient’s illness
has caused such disruption that they have negative
views of any future improvement in their situation
and ‘quest’ where the illness has made the patient
realise they need to make changes to their
lifestyle.171 Thus patients who use ‘restitution’ or
‘quest’ narratives may be much more open to
rehabilitation than those with ‘chaos’ narratives
who do not anticipate any potential benefits. A
consideration of the type of narrative that patients
use to talk about their cardiac event may therefore
help to explain their adherence behaviour
regarding both formal and informal rehabilitation. 

Limitations of the qualitative studies
A limitation of this qualitative work is that only
patients who had consented to take part in a trial
of CR, who were therefore expecting to have to
exercise, were interviewed and the findings cannot
be generalised to patients who declined to take
part in the trial, who may have been less willing or
able to exercise. Although many of the reasons
identified in the interviews for not attending a
programme may also apply to non-participants in
the trial, it is likely that non-participants received
less information and support in their recovery and
were less motivated to exercise and make lifestyle
changes.

Information needs
For the hospital-based patients, the interest in
education sessions on medication and their
comments that patients asked lots of questions

during these sessions suggest that medication is an
area where patients need more information. This
may be due to limited information in the public
domain in an easily accessible format which
patients can understand. Patients may be reluctant
to ask their GP or pharmacist about side-effects
and other aspects of how best to take their
medication.

South Asians and lifestyle change
British Asians have been reported to undertake
low levels of physical activity42,173 and have a high
consumption of fatty food.174 The Asian patients
we interviewed showed an understanding of the
advice about eating a healthier diet and were
making significant changes to their diet. The
difficulties that patients reported in making
dietary and other lifestyle changes which were
found in another study175 were also seen in our
study.

Healthcare implications
Important aspects of recent developments in the
NHS are patient choice176 and self-care.147,177

This qualitative study showed that many patients
were willing and able to adopt self-care behaviours
to improve their long-term health. Patients would
benefit from a choice of a home- or hospital-based
CR programme, and also from being able to
change programmes if their initial preference did
not suit their needs, as informed choice was not
possible for many due to lack of knowledge.
Patients could also be encouraged to participate in
part of a programme rather than drop out
completely if they are unable to take part in all
aspects of a comprehensive CR programme.

Economic study findings
In comparing our economic results with those of
previous studies, the greater size of our study is
important. One important difference in the
economic analysis reported here compared with
previous studies34,95 is that no difference was
found in subsequent service usage, but the size of
these studies limited their power to detect such
differences reliably. A lower subsequent health
service use is difficult to interpret, as it might
reflect a better health status in patients in the
home-based programmes, or unmet need, with
problems not dealt with in a timely manner. 

In the present study, the home-based CR had a
higher healthcare mean cost than the centre-based
arm, again in contrast with previous studies, and
due largely to the lack of savings due to reduced
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health service utilisation seen in previous studies.
However, when patient costs concerned with travel
to the hospital were included, the differences were
no longer significant. Previous studies did not
include such patient costs, although guidelines for
economic evaluation generally recommend
inclusion of such costs. Failure to include such costs
hides a shifting of costs to patients. In addition,
the majority of previous economic analyses had a
more intensive centre-based programme than are
standard in the UK28,29,31,95,97,98 and had less
home visiting than was provided in this study.100

Although the cost per patient in the centre-based
arm in BRUM was lower than in the HTA survey63

(£157 in BRUM versus £220 per patient referred),
much of this difference is due to the BRUM centre-
based costs including a narrower range of services
and focusing on Phase III of the CR programme
whereas the HTA survey included the whole CR
service costs divided between the number of CR
participants. This will include the phase one input
to all patients, some Phase II home visiting
programmes and some Phase IV continuation
programmes. In addition, some CR programmes
provide support to a wider range of patient
diagnoses than included in this study.26 When the
centre-based rehabilitation service in BRUM is
compared with the less intensive forms of CR in
the HTA survey, the cost difference decreases. 

The higher CR costs in the home-based arm must
be seen in the context of a higher uptake of CR in
that arm, with 96% of patients receiving five or
more contacts with a CR nurse. This contrasts with
28% of the patients referred to the centre-based
programme failing to attend any CR session and a
further 8% attending only once. Were patients to
attend all the planned sessions in the hospital-
based programmes, the costs to the NHS are of a
similar order to those of the home-based
programme for the three lower intensity
programmes (£115–193 for the hospital- and £198
for the home-based programme) and potentially
considerably more for the centre with 24 planned
sessions (£380). 

Potential limitations of the economic analysis are
the heterogeneity of services and costs within the
centre-based arm and with travel costs that were
estimated rather than reported. The centre-based
arm comprised four hospitals with three different
target numbers of rehabilitation sessions.
Approximately one-quarter of the centre-based
patients attended the hospital that had a relatively
high number of planned sessions. In addition,
patients in the centre-based arm were more likely
to attend a Phase IV CR programme, after the end

of their standard CR programme, and this was not
included in the costing. However, the centre with
the most active Phase IV programme was the most
costly (Hospital 1). The study was not powered to
undertake analyses at the individual centre level,
but we have presented results of the costs and
outcomes by three centre-based groups. This
shows that Hospital 1, which had the most
planned sessions, had significantly higher costs
than the other two centres and similar to that of
the home-based programme. If borne out in a
larger sample of patients, this suggests that the
relative costs between home- and hospital-based
programmes will depend on the intensity of the
hospital programmes and travel time of the staff
providing the home-based programme.

Patient travel costs mattered in the centre-based
arm, but were estimated on the basis of distance
from hospital combined with a best estimate of
private car cost per kilometre. Although patients
were asked in a postal survey about costs incurred
as a result of their rehabilitation programme,
relatively few responded, with only 88 (34%) of the
centre-based participants citing travel costs. We
are also aware that some patients attending the
hospital CR programmes received hospital
transport, but we have no information about the
numbers affected. This would, however, increase
the costs in the centre-based arm. The small
difference between the home- and centre-based
costs makes the societal costs sensitive to travel
and weekly parking charges, which we did not
estimate.

It is likely that there was some measurement error
in the recording of the number of hospital
attendances at CR as, in keeping with previous
reports of poor maintenance of CR records,26

we found some disagreement between the
computerised and paper case notes. 

Conclusions
The BRUM study did not find any significant
differences in objective cardiac risk factors at 6, 12
or 24 months following a cardiac event between
patients who were randomised to receive a home-
based CR programme (Heart Manual) and patients
randomised to receive a centre-based programme.
There was no difference between the study arms in
the number of participants who had a subsequent
cardiac event (MI/revascularisation/death) by
2 years of follow-up. During the early rehabilitation
period, self-reported physical activity was higher
in the home-based arm, and this was the case for

Health Technology Assessment 2007; Vol. 11: No. 35

81

© Queen’s Printer and Controller of HMSO 2007. All rights reserved.



older patients and ethnic minorities, but not
women. However, this difference in self-reported
activity was gone by the 6-month follow-up. There
was no interaction between the type of
rehabilitation programme and a number of
prespecified patient characteristics: age, sex, initial
diagnosis, ethnicity and hospital of recruitment. 

From the perspective of the NHS, provision of the
home-based programme was £41 (95% CI £26 to
£55) higher per patient, but there was no
difference when a patient’s travel and time off
work costs were taken into account. 

The qualitative study found that many people who
do not adhere to a formal programme of CR
undertake their own modified programme of
exercise and lifestyle change adapted from
information provided by the CR nurses. The
reasons for non-participation/non-adherence were
multifactorial and individualistic, and in most
cases one critical factor determined eventual CR
behaviour. There were differences in the reasons
given by home- and hospital-based CR patients,
with home-based patients often citing a lack of
motivation to exercise at home, particularly
women. Domestic duties in women and ill-health
in ethnic minority patients were also common
reasons for non-adherence. 

Relevance of findings to the NHS
The main quantitative study found no difference
in clinical outcomes for patients of low to
moderate risk after a cardiac event in home- and
centre-based CR programmes. Hospital-based
programmes are necessary for patients considered
at high risk during physical activity, but with the
expansion of CR provision to patients post-
revascularisation and with heart failure there is
often a shortage of gymnasium time such that
programmes could not provide the service should
all eligible patients wish to attend.26 Provision of a
home-based CR programme alongside a centre-
based service would probably enable a higher
proportion of cardiac patients to benefit from CR,
without compromising the quality of service
offered to patients.

The qualitative studies revealed a high level of
satisfaction among patients who adhered to both
the home- and centre-based programmes, but
motivation, personal circumstances and travel
difficulties were important factors in the decisions
of patients who did not attend or adhere to a CR
programme. This highlights the importance of

choice for patients to determine which
programme will most suit their personal
circumstances and motivational state and to be
able to change programmes should they find that
their chosen programme does not suit. Following
up patients who do not take up or who drop out of
a CR programme, with the offer of an alternative
programme, may improve participation rates. In
addition, when we looked at whether there was any
relationship between the home- or centre-based
programme and the characteristics of the
participants, we found none. We have no evidence
to suggest that a particular socio-demographic
characteristic such as age, gender, ethnicity or the
initial type of cardiac event can be used to target a
particular CR programme to an individual. 

We identified a decline in exercise capacity from
the 6-month assessment through the 1 and 2-year
assessments. We had hoped that the home-based
programme would enable patients to build
physical activity into their daily life and thus
maintain this activity in the long term. However,
their last contact with a CR nurse was 12 weeks
post-cardiac event and it appears that some form
of reinforcement is needed to encourage them to
continue with their lifestyle changes. This could
take the form of more Phase IV programmes or
telephone support and could be undertaken from
secondary or primary care. 

Research has highlighted the budgetary constraints
affecting most CR programmes in England.26 Many
CR departments are not providing an adequate
service and are understaffed for the minority of
patients to whom they do provide CR. Resources
are often tied up in staff costs and it is difficult for
them to find the funds to purchase the Heart
Manuals. However, the focus groups with patients
who adhered to the home-based programme
identified that they considered the Heart Manual to
be a valuable source of information. 

In our study, the home-based programme was more
costly than the centre-based programme, although
the uptake of the former was much greater. It is
possible that as the CR nurses gained more
experience with the Heart Manual the duration of
their visits would have been shorter, but a large
proportion of their time was travel and the
associated difficulties of parking on a hospital site.
As they were also recruiting patients to the study,
their time might have been used less efficiently
than a dedicated nurse providing the home
support. Basing CR staff who provide home visiting
in an accessible community location would reduce
staff costs associated with travelling and parking. 
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Recommendations for research
Measuring psychological health and
quality of life in ethnic minority patients
Many standard questionnaires have not been
translated and adequately validated in minority
languages. We cannot monitor or compare
outcomes in ethnic minority patients without
adequate tools and there is a need for this to be
undertaken. 

Dietary and physical activity assessment
tools
Design and validation of short dietary and
physical activity questionnaires for self-completion
suitable to use in a UK cardiac population are
required. Many of the standard physical activity
questionnaires are age or culturally specific or
designed for epidemiological studies. 

Exploring differences in outcomes 
from different cardiac rehabilitation
programmes
Although we found no evidence of an interaction
between the treatment arm (home versus centre
based) and the centre of recruitment, we did not
have the power to explore subgroup differences
fully. Further research could explore the outcomes
of home versus centre-based CR in larger samples
of more and less intensive centre-based CR
programmes. 

Use of the Heart Manual in patients
who decline centre-based cardiac
rehabilitation programmes
It is possible that the Heart Manual could improve
the uptake of CR by patients who decline centre-
based CR programmes. This study found a very
high rate of acceptance of home visits in patients

allocated to the home-based programme and it
needs to be explored whether similar findings,
and changes in lifestyle behaviours, would result
from the use of the Heart Manual in a group who
decline centre-based CR. 

Cardiac rehabilitation provision to
ethnic minority patients 
The ethnic minority participants in this study
presented with higher levels of risk factors and did
not achieve the same health gains as the majority
white participants and reported lower levels of
physical activity during the CR period. Research
needs to be undertaken to determine how we can
improve the exercise capacity of the ethnic
minority patients, possibly by offering extended or
more intensive programmes or more Phase IV CR
programmes. 

To evaluate the implementation of
home-based cardiac rehabilitation
programmes in the UK
With the addition of home-based CR programmes
as part of standard care in hospitals, the uptake of
and adherence to CR in a non-trial based, normal
clinical population could be evaluated to
determine whether more patients are reached.

Evaluation of strategies that sustain
physical activities in the long term
This study showed a fall-off in exercise capacity
over the duration of the trial. The maintenance of
activity is being investigated through Phase IV CR
programmes and this evidence needs to be
systematically reviewed. In addition, research is
needed to consider ways of reducing this decline
in exercise capacity for all patients, including
those who do not want or are unable to attend a
formal exercise session long term. 
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In the last four weeks, about how often did you eat a serving of the following foods? 
(circle one number for each food type)

(i) Fresh fruit, fresh or frozen vegetables or 
salad vegetables

a serving =
1 piece of fresh fruit
2 tablespoons of vegetables
2 tablespoons of tinned or stewed fruit
a small dessert bowl of salad

(ii) Fish (not fried) Never ............................................................. 0

Less than once/week ...................................... 1

1–3 days a week ............................................. 2

4–6 days a week ............................................. 3

1–2 times a day .............................................. 4

3–4 times a day .............................................. 5

More than 4 times a day ................................ 6

(iii) Any fried food, including fried fish, chips, Never ............................................................. 0
cooked breakfast, samosas or ghee used 
in cooking Less than once/week ...................................... 1

1–3 days a week ............................................. 2

4–6 days a week ............................................. 3

1–2 times a day .............................................. 4

3–4 times a day .............................................. 5

More than 4 times a day ................................ 6

(v) Chicken or turkey, including processed chicken Never ............................................................. 0
or turkey Less than once/week ...................................... 1

1–3 days a week ............................................. 2

4–6 days a week ............................................. 3

1–2 times a day .............................................. 4

3–4 times a day .............................................. 5

More than 4 times a day ................................ 6
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Appendix 1

Dietary questionnaire

Never ............................................................... 0

Less than once/week ........................................ 1

1–3 days a week ............................................... 2

4–6 days a week ............................................... 3

1–2 times a day ................................................ 4

3–4 times a day ................................................ 5

More than 4 times a day ................................. 6



(vi) Beef, pork or lamb, including beefburgers, Never ............................................................. 0
sausages, bacon, meat pies and processed 
meat Less than once/week ...................................... 1

1–3 days a week ............................................. 2

4–6 days a week ............................................. 3

1–2 times a day .............................................. 4

3–4 times a day .............................................. 5

More than 4 times a day ................................ 6

(vii) Chocolate, crisps or biscuits, including Never ............................................................. 0
savoury biscuits Less than once/week ...................................... 1

1–3 days a week ............................................. 2

4–6 days a week ............................................. 3

1–2 times a day .............................................. 4

3–4 times a day .............................................. 5

More than 4 times a day ................................ 6
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Appendix 2

Unit costs to be used in CHD treatment model, 
England 2000–1

Type of case HRG/reference/use Unit cost (£) Comments

Primary care costs
GP first consultation (one-off) Netten and Curtis134 30 Assume cost of GP and nurse

Follow-up consultation Netten and Curtis134 20 Assume all CHD patients have 6-monthly visits. 
(continuous) Includes CHD clinics and providing repeat

prescriptions

Drug regimens – GP £/patient/year
(all continuous)
Calcium channel blockers DDDs 130 Proportion of all patients

Beta-blockers DDDs 52 Proportion of all patients for symptoms, 
of post-MI patients for secondary prevention

ACE inhibitors DDDs 95 Proportion of all patients

Antiplatelet (aspirin) DDDs 20 Proportion of all patients

Nitrates DDDs 78 Proportion of patients

Statins DDDs 327 Proportion of all patients

Dispensing cost All GP prescriptions 24 £2/dispensation, monthly

Outpatient visits (one-off 
or limited number)
Assessment visits or chest pain E09op plus E13op 84 First outpatient visit for assessment, includes 
clinic exercise ECG and pathology test

Follow-up attendance E16op 54 Use for all follow-up outpatient attendances;
assume 2 per first visit

Cardiothoracic surgery, first OPF170 131 Assume prior to CABG
outpatient 

Cardiothoracic surgery, OPFU170 95 Assume two follow-up attendances for all 
follow-up attendance CABGs

Day and inpatient 
episodes – all one-off
Angiogram E14 day case 657 This figure used for all angiograms (in practice

63% are day case)

CABG E04 elective 5483 Add cardiothoracic outpatients above

E04 non-elective 5558 For those with unstable angina or MI

PTCA E15 elective 2428 As for CABG. Includes costs of stents and drugs

E15 non-elective 2689 For those with unstable angina or MI

MI E12 nelip 909 Add one day CCU/A&E admission ward for all,
plus thrombolysis for proportion and 
angiogram/PTCA/CABG (?) where needed

Unstable angina E33 nelip 741 Add CCU and angiogram/PTCA as for MI. 
No thrombolysis cost to be included

CCU/chest pain clinic/A&E CC7 298 Assuming all MI and UA admissions via this
route. £399 (less thrombolysis cost of £202/2)

Thrombolysis, streptokinase, 202 83% streptokinase at £85.45 per dose and 
alteplase 17% alteplase at £770 per dose, as per 

UKHAS study

continued
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Type of case HRG/reference/use Unit cost (£) Comments

Other services
Ambulance Scenario Ambulance costs have been based on increase 

in annual funding 1997-2003 of £18 million p.a.

Cardiac rehabilitation HTA report 486/course Assume offered to all CHD patients post-
hospital. Different take-up rates for AMI for 
UA, CABG and PTCA. See working paper T10
for further details

A&E, accident and emergency; CCU, coronary care unit; DDD, defined daily dose; HRG, health resource group; 
UA, unstable angina.
Source: Davies R, Normand C, Raftery J, Roderick P, Sanderson C. Policy analysis for coronary heart disease: a simulation model
of interventions, costs and outcomes. Report to Department of Health; 2004.
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