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Abstract
Objective—To identify factors associated
with the uptake of cardiac rehabilitation
following acute myocardial infarction.
Design—Retrospective analysis using
multivariate logistic regression model-
ling.
Setting—Two large teaching hospitals in
Nottingham.
Patients—Cohorts of patients admitted
with acute myocardial infarction in 1992
and 1996.
Interventions—None.
Main outcome measures—Factors in
multivariate analysis found to be associ-
ated with attendance at cardiac rehabili-
tation. Use of secondary prevention in
those who were and were not invited and
those who did and did not attend cardiac
rehabilitation.
Results—58% of all patients were oVered
cardiac rehabilitation. Attendance rates
were 60% in 1992 and 74% in 1996. Invita-
tions were more likely to be oVered to
younger patients, those who had received
thrombolysis, and to patients admitted to
one of the two Nottingham hospitals. Use
of secondary prevention was only 48% in
1992 but this increased to 80% in 1996.
Patients not receiving secondary preven-
tion were less likely to be invited to cardiac
rehabilitation. Social deprivation was the
only factor significantly associated with
poor uptake of cardiac rehabilitation in
both years. There was no diVerence in the
use of secondary prevention between
those who did and did not attend cardiac
rehabilitation.
Conclusion—Those invited to attend a
cardiac rehabilitation programme are
likely to be in a good prognosis group,
comprising those who are young and have
received thrombolysis. Those at greatest
risk, particularly patients from socially
deprived areas, seem to be missing out on
the potential benefits of cardiac rehabili-
tation. High risk patients should be spe-
cifically targeted to ensure that they are
invited to, and encouraged to, attend a
programme of cardiac rehabilitation.
(Heart 1999;82:373–377)
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Following acute myocardial infarction, a com-
prehensive cardiac rehabilitation programme

can reduce the risk of fatal acute myocardial
infarction, sudden death, and death from all
causes.1 2 For those individuals with high levels
of anxiety or depression after acute myocardial
infarction, there is some evidence to suggest a
more rapid psychological recovery3–6 and
quicker return to a normal quality of life,7

although this is disputed.8 Cardiac rehabilita-
tion also provides an important opportunity to
review the use of drugs relevant to secondary
prevention,9 and to reinforce behaviour
change, which may be achieved through the use
of relevant educational principles.10

Despite these unequivocal benefits, not all
patients receive an invitation to cardiac reha-
bilitation and this may be related to the hospi-
tal, the age and sex of the patient, and the type
of consultant.11 Uptake by those invited may
also be poor, the most common factors cited by
patients being transport related diYculties,
deteriorating clinical state, or improvements in
general wellbeing before attending.12 13 Pell and
colleagues11 reviewed co-morbid factors (but
not in-hospital treatment or events) and found
social deprivation to be the most significant
factor associated with poor uptake of cardiac
rehabilitation; this association is important as
these patients have a worse prognosis following
myocardial infarction.14

We were interested in determining which
clinical, secondary preventive, and social fac-
tors were associated with being invited to, and
attending, a cardiac rehabilitation programme
and whether deprivation was a significant
factor relating to attendance and acceptance of
cardiac rehabilitation.

Methods
PATIENTS

The Nottingham heart attack register (NHAR)
records details of all patients admitted with a
suspected heart attack to the two Nottingham
hospitals. The methods of data collection have
been described in depth elsewhere.15 We linked
the details of all Nottingham district patients
on the register who had been admitted with a
definite or probable myocardial infarction to
the data collected by the cardiac rehabilitation
teams. Data were available for the whole of
1992 and the first six months of 1996.

The classification of diagnoses used by the
NHAR is as follows: Definite myocardial
infarction—a history suggestive of acute myo-
cardial infarction, together with both a rise in
serial cardiac enzymes to at least twice the
upper limit of normal and the development of
new Q waves on serial electrocardiography;
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Probable myocardial infarction—a history sug-
gestive of acute myocardial infarction, together
with either a rise in serial cardiac enzymes to at
least twice the upper limit of normal or the
development of new Q waves on serial electro-
cardiography.

Those patients who died before they could
have attended cardiac rehabilitation were
excluded from the analyses.

A number of clinical variables listed in table
1 were chosen to assess how relevant they were
in influencing receipt of an invitation and the
uptake of cardiac rehabilitation. Deprivation
was measured using the Townsend score,16 cal-
culated on the enumeration district specified
by the address of each patient at the time of the
index admission. Distance (of the patient’s
home address from hospital) was calculated
using “MapInfo” software. Diuretic on dis-
charge was used as a surrogate marker for heart
failure. Complicated myocardial infarction was
defined as the need for any of the following:
urgent treatment for a tachyarrhythmia—
ventricular or supraventricular; inotropic sup-
port; invasive cardiac monitoring; a pacemaker;
or intravenous nitrate for heart failure or ongo-
ing pain.

Having identified the key factors related to
uptake of cardiac rehabilitation, a subsequent
analysis was carried out to assess whether those
patients not invited or not attending cardiac
rehabilitation were less likely to be discharged
from hospital with secondary prevention (â
blockers and angiotensin converting enzyme
(ACE) inhibitors). The use of lipid lowering
treatment was not recorded on the NHAR at
this time.

STATISTICAL METHODOLOGY

DiVerences in receiving an invitation to, and
attending, cardiac rehabilitation between se-

lected characteristics were analysed using
univariate logistic regression with categorical
variables as appropriate. Variables in the
univariate analysis with p < 0.05 were put into
a multivariate logistic regression model and
tested in a forwards stepwise method using the
statistical package for the social sciences.17

Regression analysis was performed on the
Townsend score before stepwise selection of
the other variables. In multivariate analysis,
p < 0.05 was considered significant.

Results
PATIENT POPULATION

In 1992, 617 patients sustained a definite or
probable myocardial infarction and were eligi-
ble for cardiac rehabilitation; 357 (58%)
received an invitation of whom 214 (60%)
commenced the rehabilitation programme. In
the first six months of 1996, 261 patients
sustained a myocardial infarction; 151 (58%)
were invited to the rehabilitation programme,
of whom 112 (74%) attended. Demographic
status and clinical events are shown in table 1.

Five of the patients in 1992 had missing
ECG codes. Because of lack of postcode data,
a Townsend score could not be assigned for 45
patients in 1992 and 12 patients in 1996. In
1992 complete data were available for the mul-
tiple logistic regression analysis to identify fac-
tors associated with receiving an invitation in
570 (92%) cases, and for attending cardiac
rehabilitation in 323 (90%) cases. Correspond-
ing figures for 1996 were 249 (95%) and 131
(87%).

Those variables significant in the univariate
analysis for invitation to cardiac rehabilitation
and uptake of cardiac rehabilitation for each of
the cohorts are shown in table 2.

Table 1 Attendance at cardiac rehabilitation: clinical and demographic variables for 1992 the dataset.

Variable

Total

1992 (n = 617*) 1996 (n = 261*)

Age (years) Mean 65.07 median 68
(SD 11.44) range 28–93

Mean 66.45 median 66
(SD 12.11) range 26–92

Sex Male 404 174
Female 213 87

Outpatient appointment Given 486 209
Not given 131 52
Hopital A 220 98
Hospital B 306 163

Admitted to Other ward 156 92
CCU 461 169

Thrombolysis Not given 277 141
Given 340 120

Length of stay Mean 7.5 (SD 5.14)
range 1–62

Mean 7.1 (SD 4.0)
range 1–39

Cardiac history No 455 205
Yes 162 56

Complicated MI Uncomplicated 460 185
Complicated 157 76

Killip score 2 or 3 47 21
1 184 86
0 384 154

Diagnosis Definite AMI 321 111
Probable AMI 296 150

Diuretic on discharge No diuretic 417 187
Diuretic 200 74

Townsend score Mean 0.08 (SD 3.4)
range −5.8– +8.7

Mean 0.15 (SD 3.4)
range −5.7– +7.87

Distance from home (km) Mean 6.2 (SD 3.6)
range 0–24

Mean 6.4 (SD 4.1)
range 0.4–20.9

*Except for Townsend score when n = 572 for 1992 and 249 for 1996.
CCU, coronary care unit, AMI, acute myocardial infarction.
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MULTIVARIATE ANALYSIS

1992 cohort
Patient factors associated with receiving an
invitation to cardiac rehabilitation were
younger age (p = 0.0013), male sex
(p = 0.008), and being discharged without
diuretic drugs (p = 0.02). Hospital factors
associated with receiving an invitation were
admission to hospital A (p < 0.0001), being
admitted to the coronary care unit (CCU)
(p = 0.0012), receiving thrombolysis

(p = 0.0001), short length of stay (p = 0.029),
and receiving an outpatient appointment
(p < 0.0001) (table 3). Deprivation was not a
significant factor.

Four factors were significantly and inde-
pendently associated with commencing cardiac
rehabilitation (table 3); three of these—being
admitted to hospital B (p = 0.003), older age
(p = 0.24), and a higher Townsend score
(implying greater social deprivation,
p = 0.014)—reduced the likelihood of attend-
ance, and only one—receiving thrombolysis
(p = 0.002)—increased the likelihood of at-
tendance.

1996 cohort
In 1996 the patients who received an invitation
were more likely to be younger (p = 0.0012),
have been admitted to hospital A (p = 0.004),
received thrombolysis (p = 0.0014), and had a
“definite” myocardial infarction (p = 0.0025)
(table 4).

Three factors were independently associated
with uptake of cardiac rehabilitation, all of
which reduced the likelihood of attendance.
These were a higher Townsend score
(p = 0.015), a history of previous myocardial
infarction or revascularisation (p = 0.0054),
and not receiving an outpatient appointment
(p = 0.04) (table 4).

Table 2 Factors significant in univariate logistic regression analysis for receiving an
invitation to and attending cardiac rehabilitation for the 1992 and 1996 cohorts

Variable

1992 1996

Receiving
invitation to
CR

Uptake of
CR

Receiving
invitation to
CR

Uptake of
CR

Age U U U
Sex U U
Outpatient appointment U U
Admitted to (hospital) U U U
Admitted to (ward) U
Thrombolysis U U U U
Length of stay U
Cardiac history U U
Complicated MI
Killip score U
NHAR classification U U U
Diuretic on discharge U U
Townsend score U U U
Distance from home

CR, cardiac rehabilitation; NHAR, Nottingham heart attack register.

Table 3 Factors significant following multivariate logisitic regression analysis* of variables in 1992 associated with
receiving an invitation to and uptake of cardiac rehabilitation

Variable

1992 receiving invitation to CR
(n = 570)

1992 uptake of CR
(n = 323)

OR (95% CI) OR (95% CI)

Townsend score 0.96† (0.90 to 1.02) 0.92† (0.85 to 0.98)
Age 0.97‡ (0.95 to 0.99) 0.97‡ (0.95 to 0.99)
Sex Male 1.0

Female 0.55 (0.35 to 0.86)
Admitted to Hospital A 1.0 1.0

Hospital B 0.17 (0.10 to 0.27) 0.40 (0.25 to 0.66)
Admitted to Other ward 1.0

CCU 2.27 (1.38 to 3.73)
Thrombolysis Not given 1.0 1.0

Given 2.38 (1.52 to 3.72) 2.28 (1.35 to 3.87)
Length of stay 0.94 (0.89 to 0.99)
Diuretic on discharge No diuretic 1.0

Diuretic 0.76 (0.60 to 0.96)
Outpatient appointment Given 1.0

Not given 0.31 (0.18 to 0.54)

*Regression analysis performed on deprivation before stepwise selection of other variables; †per unit change in deprivation score;
‡per year; §per day.
OR, odds ratio; CI, confidence interval.

Table 4 Factors significant following multivariate logisitic regression analysis* of variables in 1996 associated with
receiving an invitation to and uptake of cardiac rehabilitation

Variable

1996 receiving invitation to CR
(n = 249)

1996 uptake of CR
(n = 131)

OR (95% CI) OR (95% CI)

Townsend score 0.96† (0.89 to 1.05) 0.85† (0.85 to 0.98)
Age 0.96‡ (0.94 to 0.98)
Admitted to Hospital A 1.0

Hospital B 0.41 (0.23 to 0.75)
Thrombolysis Not given 1.0

Given 2.55 (1.44 to 4.54)
Diagnosis Definite 1.0

Probable 0.41 (0.23 to 0.73)
Cardiac history No 1.0

Yes 0.24 (0.09 to 0.65)
Outpatient appointment Given 1.0

Not given 0.30 (0.10 to 0.92)

*Regression analysis performed on deprivation before stepwise selection of other variables; †per unit change in deprivation score;
‡per year.
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SECONDARY PREVENTION

Use of aspirin was almost universal in both
1992 and 1996 cohorts. In 1992, only 48% of
patients were discharged with a â blocker or
ACE inhibitor as additional secondary preven-
tion. More of these were invited to cardiac
rehabilitation than those who were not pre-
scribed â blocker or ACE inhibitor treatment
(62% compared to 54%), although this did not
achieve significance (p = 0.57). In 1996 use of
additional secondary prevention had risen to
80% and patients invited to cardiac rehabilita-
tion were significantly more likely to have been
prescribed these drugs than those who were
not invited (p = 0.007). There was no signifi-
cant diVerence in the use of additional second-
ary prevention between those who did and did
not attend (1992, p = 0.26; 1996, p = 0.72).

Discussion
Cardiac rehabilitation has changed consider-
ably over the past 20 years, from its exercise
based origins to a more comprehensive ap-
proach aimed at reducing risk of subsequent
cardiac events. Since the mid-1980s, this has
been accompanied in the UK by more
widespread availability of rehabilitation.18 19

Invitation rates to rehabilitation programmes
after infarction are infrequently reported, but
they can range from 36% in a large cohort in
Glasgow (with an attendance rate of 60%11) to
100% for a coronary care cohort (with attend-
ance by 40%20). In Nottingham, rates are at
least as good as these—58% of patients
received an invitation and attendance was as
high as 74%. Uptake is not always so good—in
a cohort of patients over 62 years old only 21%
attended.13

Variables analysed in our study were pre-
specified, based on reported or potential asso-
ciations with acceptance of cardiac rehabilita-
tion. Some variables were not incorporated
because of lack of reliability of the patient
record (for example, whether specialist cardio-
logical advice had been given during the
admission), or because of diYculty in deter-
mining to what extent these impinged on a
patient’s lifestyle (for example, the impact of
comorbid factors11).

PATIENT FACTORS ASSOCIATED WITH RECEIVING

AN INVITATION

Increasing age was the only patient factor asso-
ciated with an invitation to cardiac rehabilita-
tion being withheld. Increasing age and female
sex have been shown to be independently asso-
ciated with not being invited to cardiac
rehabilitation in an earlier study.11 Diuretic on
discharge was significant in 1992 and, along
with sex, the disappearance of these variables
by 1996 may reflect a change in the hospital
processes related to inviting patients to cardiac
rehabilitation.

Deprivation was measured using the
Townsend score which is based on census data
for unemployment, car ownership, overcrowd-
ing, and home ownership. In multivariate
analysis socially deprived patients were no less
likely to be invited, supporting findings in pre-

vious work by Pell and colleagues using the
Carstairs score.11

HOSPITAL FACTORS ASSOCIATED WITH RECEIVING

AN INVITATION

Possibly the most obvious means of identifying
patients suitable for cardiac rehabilitation is to
review those who have received thrombolysis,
those admitted to the CCU, and those who in
addition to a good history have ECG and
enzyme changes.

The diVerence in significant variables from
1992 to 1996 might be thought to suggest that
the process for identifying patients suitable for
cardiac rehabilitation had changed. For in-
stance, admission to CCU was a highly signifi-
cant factor in 1992, but along with length of
stay was not significant in 1996. Also, while in
1992 patients with a register diagnosis of “defi-
nite” acute myocardial infarction (who have
cardiac enzyme and ECG evidence to support
a clinical diagnosis) and “probable” acute
myocardial infarction (whose clinical diagnosis
is supported by only one of these) were equally
likely to be invited, by 1996 the latter were less
likely to be oVered cardiac rehabilitation. Yet as
register “definite” and “probable” myocardial
infarctions both meet the criteria of the World
Health Organisation for “definite myocardial
infarction”,21 this suggests that any change in
the process has not resulted in identifying those
at higher risk of future events.

Admission to hospital B significantly re-
duced the chance of being invited to cardiac
rehabilitation, although this factor had im-
proved by 1996. This is likely to be a reflection
of the fact that hospital B had many more
admissions and a non-funded cardiac rehabili-
tation team compared to hospital A.

Perhaps the most important hospital factor
associated with receiving an invitation to attend
cardiac rehabilitation was whether or not
patients had received thrombolysis. We have
now shown for the first time that those patients
who received thrombolysis were significantly
more likely to receive an invitation, probably
because patients in this group are the most eas-
ily identified and the diagnosis is most clear
early after admission.

What may be of greater importance is that
we have found that those patients who are less
likely to be invited to rehabilitation are not only
less likely to receive thrombolysis—increasing
their risk of an adverse outcome22-24—but are
also less likely to receive secondary prevention
and the benefit this confers.

FACTORS ASSOCIATED WITH UPTAKE OF

REHABILITATION

Some factors associated with poor uptake of
cardiac rehabilitation in 1992 (increasing age,
being admitted to hospital B, and not receiving
thrombolysis) were no longer significant by
1996. The significance of a previous cardiac
history in 1996 reflects the fact that many of
these patients had attended cardiac rehabilita-
tion before, and did not feel it was necessary to
attend again. The increased likelihood that
uptake of cardiac rehabilitation was reduced in
those who did not receive an outpatients’
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appointment means that these patients missed
out on two opportunities for review, and this
needs to be examined.

The only factor related to poor uptake of
cardiac rehabilitation that remained significant
in both cohorts was deprivation, as was found
in previous work.11

One factor—distance from home to
hospital—which we expected to be associated
with uptake was not significant in any of the
analyses.

IMPLICATIONS

We are missing opportunities to reduce risk
post acute myocardial infarction.

First, those patients denied access to cardiac
rehabilitation are less likely to have received the
benefits of proved treatments. This includes a
previously unrecognised goup of patients—
those who are thrombolysis ineligible—as well
as those not prescribed â blockers or ACE
inhibitors. These treatments may have been
withheld because of a clear contraindication.
Even so, these patients ought not to be denied
access to any reasonable alternative way of
reducing the risk of a subsequent cardiac event.
Cardiac rehabilitation would seem entirely
appropriate for this group.

A multidisciplinary working party recently
recommended that rehabilitation should be
oVered to all who are likely to benefit, and that
risk stratification should be used as part of the
process to identify high risk groups.25 In
addition they produced draft audit standards26

for cardiac rehabilitation to which it may be
prudent to add whether or not patients, follow-
ing acute myocardial infarction, received
thrombolysis.

Second, older patients may also miss out on
postacute myocardial infarction rehabilitation.
These patients too are at increased risk but there
is no evidence to suggest that these patients do
not benefit from cardiac rehabilitation.

Third, many patients living in deprived areas
are failing to attend rehabilitation even when
they are invited. It is important to establish why
this is so and further work is in progress.

After an acute myocardial infarction, one
important role of the caring professions is to
reduce risk wherever possible. If the treatment
and outcome of these groups are to be
improved then greater eVorts should be made
to target these patients and ensure that they are
invited to, and encouraged to attend, rehabili-
tation programmes in hospital; alternatively,
provision should be made for rehabilitation in
the community; or for self directed alternatives
such as the Heart Manual.
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