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Abstract

Aims Cardiac rehabilitation (CR) reduces the risks of mortal-
ity and hospitalisation in patients with coronary artery disease
and without diabetes. It is unknown whether patients with
diabetes obtain the same benefits from CR.

Methods We retrospectively examined patients referred to a
12 week CR programme between 1996 and 2010. Associa-
tions between CR completion vs non-completion and death,
hospitalisation rate and cardiac hospitalisation rate were
assessed by survival analysis.
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Results Over the study period, 13,158 participants were
referred to CR (mean+SD, age 59.9+11.1 years, 28.9%
female, 2,956 [22.5%] with diabetes). Patients with diabetes
were less likely to complete CR than those without diabetes
(41% vs 56%, p<0.0001). Over a median follow-up of
6.6 years, there were 379 deaths in patients with diabetes vs
941 deaths among those without diabetes (12.8% vs 8.9%). Of
the non-completers, patients with diabetes had a higher mor-
tality rate compared with those without diabetes (17.7% vs
11.3%). In patients who completed CR, mortality was lower:
11.1% in patients with diabetes vs 7.0% in those without dia-
betes. In patients with diabetes, CR completion was associated
with reduced mortality (HR 0.46 [95% CI 0.37, 0.56]),
reduced hospitalisation (HR 0.86 [95% CI 0.76, 0.96]) and
reduced cardiac hospitalisation (HR 0.67 [95% CI 0.54,
0.84]). The protective associations were similar to those of
patients without diabetes. In multivariable adjusted analyses,
all of these associations remained significant.

Conclusions Patients with diabetes were less likely to complete
CR than those without diabetes. However, patients with diabe-
tes who completed CR derived similar apparent reductions in
mortality and hospitalisation to patients without diabetes.
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Abbreviations
APPROACH Alberta Provincial Project for Outcome
Assessment in Coronary Heart disease

CAD Coronary artery disease
CR Cardiac rehabilitation
IQR Interquartile range

MI Myocardial infarction
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Introduction

Cardiac rehabilitation (CR) is recognised as an essential com-
ponent of comprehensive care for patients with coronary
artery disease (CAD) [1]. CR as secondary prevention aims
to reduce or prevent morbidity resulting from CAD, reduce
subsequent coronary events and deaths, and improve function-
al status and quality of life [2]. Given the amount and quality
of evidence, CR is recognised as a Class I indication for
patients after acute coronary syndrome or coronary revas-
cularisation and for patients with stable angina [1, 3]. Meta-
analyses of randomised trials found that exercise-based CR
programmes reduced overall mortality by 13%, cardiovascu-
lar disease (CVD) related mortality by 26% and hospital
admissions by 31% compared with patients who received
usual care [4]. Large cohort studies of CR have found similar
results in patients with CAD [5].

Diabetes is a potent risk factor for CAD [6-8]. It is inde-
pendently associated with a twofold excess risk of a first myo-
cardial infarction (MI) [9]. The presence of diabetes is also a
major risk factor for cardiovascular mortality after acute MI
[10-14], with recent data suggesting that patients with diabe-
tes have a twofold increase in 5 year mortality rate [15].
Although patients with diabetes form a large proportion of
the CAD population as a whole and of those attending CR
programmes [16], it is unclear whether the prognosis of
patients with diabetes and CAD is positively influenced by
exercise training and behavioural changes after undergoing a
CR programme. Adding to the uncertainty, the Look AHEAD
trial [17] found that an intensive lifestyle intervention did not
reduce the risk of cardiovascular morbidity and mortality
among patients with type 2 diabetes.

The objectives of this study were to examine the associa-
tions between completion of a CR programme and overall
mortality, overall hospitalisations and cardiac hospitalisations
in CAD patients with and without diabetes.

Methods

Study population We examined a prospectively collected
database of patients who were referred to outpatient CR with
the TotalCardiology Rehabilitation and Risk Reduction pro-
gramme (“TotalCardiology”) between 19 January 1996 and
31 March 2010. Since 1996, the TotalCardiology programme
has provided a centralised 12 week multidisciplinary CR pro-
gramme in Calgary, AB, Canada. All referred patients must
have been diagnosed with cardiovascular disease. For all
referred patients, the reason for referral, baseline characteris-
tics and provincial health number were recorded regardless
of CR programme attendance. Approval for this study was
granted by the University of Calgary Conjoint Health
Research Ethics Board.
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Data sources The Alberta Provincial Project for Outcome
Assessment in Coronary Heart disease (APPROACH) data-
base is an ongoing initiative that has prospectively collected
detailed clinical information and outcomes on all patients un-
dergoing cardiac catheterisation and/or revascularisation in
the Canadian province of Alberta since 1995 [18]. The AP-
PROACH database was used to obtain additional data on
patient comorbidities, coronary anatomy, therapeutic interven-
tions (coronary artery bypass grafting or percutaneous coro-
nary intervention) and vital statistics. We also used the Inpa-
tient Discharge Abstract database (an administrative database)
to identify hospital readmissions along with visit timing and
diagnoses. The TotalCardiology, APPROACH and Inpatient
Discharge Abstract databases were linked through the use of
provincial health numbers, which are unique to each indivi-
dual. All participants gave informed consent to be included in
the databases.

Patient selection The study population comprised patients
with a first referral for CR and a diagnosis of CAD who
underwent coronary catheterisation before 31 March 2010.
Patients who did not have a valid provincial health number,
were less than 18 years of age or who lived outside the
Calgary Health Region were excluded. Patients were also
excluded if they did not survive for 6 months after cathete-
risation because such patients would most likely not have the
opportunity to be referred to CR. Within this excluded group,
only one patient had started CR; he had died within 6 months.
Patients identified in the TotalCardiology database who were
not found in the APPROACH database (i.e. did not undergo
catheterisation) were also excluded because the date of the cohort
entry was defined as the date of coronary catheterisation.

Study variables We used the TotalCardiology database to
identify those patients who were referred for and completed
CR: patients were considered to have completed CR if they
completed both the baseline and 12 week post-rehabilitation
assessments. Patients who were enrolled for CR but did not
complete the programme were classified as non-completers.
In previous similar work, our research group found that sur-
vival curves were not different between patients who did not
enrol and those who enrolled but did not complete the CR
programme [5]. Using the unique identifiers, patients identi-
fied from the TotalCardiology database were linked to the
APPROACH database so that further clinical information
could be obtained. Patients were considered to have diabetes
if at the time of cardiac catheterisation the patient reported a
history of diabetes diagnosed or treated by a physician, or if
diabetes was indicated in the patient’s hospital chart [19]. In
addition, APPROACH clinical data were linked to adminis-
trative hospital discharge data to validate the information and
diagnoses recorded in the APPROACH database [20]. Data
collected on clinical risk factors included age, sex,
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hypertension (physician measured or antihypertensive medi-
cation prescribed), smoking status, congestive heart failure,
renal disease (defined as a serum creatinine level of
>177 umol/l) and a history of MI. The indication and results
of coronary catheterisation, including coronary anatomy
(summarised by the Duke Jeopardy Score), were also recorded
[21]. To ensure that the covariate data reasonably reflected the
status of patients at CR, only those who were referred within
1 year of their first catheterisation were included. Mortality
data was obtained through the APPROACH database, which
includes an ongoing data linkage with the provincial vital sta-
tistics data.

Cardiac rehabilitation programme CR offered through the
TotalCardiology programme consisted of a 12 week super-
vised exercise programme, comprising twice weekly exercise
sessions, with participants encouraged to undertake two to
three additional weekly sessions on their own. Clinical exer-
cise specialists and registered nurses directly supervised the
1 h programme sessions to ensure that patients were exercis-
ing safely and at an appropriate level of intensity. In these
sessions, participants undertook aerobic training (walking on
an indoor track or using a treadmill, elliptical trainer or cycle
ergometer), including a 5 min warm-up, 20-60 min steady-
state exercise and a 5 min cool-down. During steady-state
exercise, participants exercised at an intensity of 45-85% of
the heart rate reserve, based on the results of a graded exercise
test. Following each aerobic training session, a stretching and/or
resistance training session with elastic tubing was offered. All
patients underwent baseline assessment, including a complete
physical examination, anthropometric measurements and a
graded exercise test. Changes to medications were made under
physician direction, in accordance with the treatment targets set
by clinical practice guidelines [22]. In addition, patients were
offered classes in stress management, nutrition and smoking
cessation, along with referral to a social worker or dietitian, as
needed. After completion of the 12 week programme, all
patients underwent repeat assessment.

Outcomes All-cause mortality, hospital admission for any
cause and cardiac hospitalisation were the outcomes of inter-
est. Outcomes were only considered after the date on which
participants attended their first CR session. For those patients
who did not attend at least one CR session, outcomes were
considered after the median time from catheterisation to CR
initiation, which was 84 days. Follow-up was completed on
31 August 2011 to allow a minimum 1 year of follow-up for
all patients. Deaths occurring during the entire follow-up period
were considered. Cardiac-specific hospitalisations within 1 year
of CR completion were determined by the use of International
Classification of Diseases, ninth revision, clinical modification
(ICD-9-CM; www.icd9data.com/2007/Volumel) codes. The
diagnostic codes for MI (ICD-9: 410, 412, 4141; 1CD-10:

121, 122, 12382) and congestive heart failure (ICD-9: 428,
415, 4254, 4298; ICD-10: 150, 1255, 1420, 1429) were
employed [23]. Hospitalisation was only considered for
patients who entered the study on or after 1 January 1998
because data only became available from that date.

Statistical analyses Differences in baseline clinical character-
istics and attendance were assessed according to the presence
or absence of diabetes. Categorical variables are presented as
frequencies and percentages, and continuous variables as
mean +SD values. Differences in categorical data were
assessed using ? tests, and differences in continuous baseline
data were assessed using one-way ANOVA. All statistical
tests with a two-sided p value of <0.05 were considered sig-
nificant. Cox proportional hazards models were used to deter-
mine the association between CR, diabetes status and survival
after catheterisation. These models were also utilised to deter-
mine the association between CR and freedom from readmis-
sion to hospital for both all-cause and cardiac-specific
readmissions. These models were adjusted for clinical risk
factors obtained from the APPROACH database, including
age, sex, smoking status, presence or absence of hypertension,
congestive heart failure, chronic obstructive pulmonary dis-
ease, dyslipidaemia, peripheral vascular disease, renal disease,
liver disease, prior MI, indication for coronary catheterisation,
and disease severity according to the Duke Jeopardy Score.
Survival time was calculated from the date of the first CR
session for those who attended (or the overall median time
from cardiac catheterisation to CR attendance for those who
did not attend) to the date on which data were censored or an
endpoint occurred. For all-cause and cardiac-specific
hospitalisation, data were also censored at the time of death.
The proportional hazards assumption was assessed and satis-
fied for each model by examining the log—log survival curves
against time and by comparing Kaplan—Meier and Cox sur-
vival curves. The proportional hazards model held for the full
follow-up period. Statistical analysis was performed using
Stata (version 11; StataCorp, College Station, TX, USA).

Results

From 19 January 1996 to 31 March 2010, 13,158 patients
undergoing cardiac catheterisation were referred to CR.
Among these patients, 2,956 (22.5%) had a diagnosis of dia-
betes. Baseline demographics and clinical characteristics are
shown in Table 1. Patients with diabetes were more likely to
have hypertension, congestive heart failure and/or renal failure
than those without diabetes (all p<0.05). Based on their Duke
Jeopardy Scores, patients with diabetes were more likely to
have high disease severity and left main vessel disease, and
less likely to have an ST-elevation MI. A comparison of base-
line clinical characteristics of patients who completed vs those
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Table1 Baseline characteristics of patients referred for CR by diabetes
status
Characteristic Entire cohort No diabetes Diabetes  p value
(N=13,158) (n=10,562) (n=2,956)
Age (years; 59.9+11.1 59.6+11.3  61.1+10.2 <0.0001
mean+SD)
Female (%) 289 28.3 313 0.002
Hypertension (%)  59.2 55.7 73.8 <0.0001
Current smoker (%) 29.6 304 26.3 <0.0001
Congestive heart 9.9 8.7 14.7 <0.0001
failure (%)
Renal failure (%)* 1.7 1.3 35 <0.0001
Prior MI (%) 30.8 30.7 313 0.526
Disease severity (Duke Jeopardy Score [%])
Low 52.0 542 43.1
High 31.9 29.3 42.6
Left main (%)° 7.8 72 10.1 <0.0001
STEMI (%)° 36.6 38.0 31.0 <0.0001
NSTEMI (%)° 20.5 20.8 19.5 0.232

STEMI, ST-elevation myocardial infarction; NSTEMI, non-ST-elevation
myocardial infarction

#Renal failure defined as present if the serum creatinine level is
>177 pumol/l

® Left main vessel disease

¢ Data available on all patients who entered the cohort on or after 1
January 2002

who did not complete CR, with and without diabetes, are
shown in electronic supplementary material (ESM) Table 1.
Although patients with diabetes had somewhat lower aerobic
fitness upon entry to CR, improvements in aerobic fitness over
the duration of the CR programme were similar in people with
and without diabetes, details of which have been previously
reported [24]. Among all those who were referred to the CR
programme, 8,582 (65.2%) initiated the programme and 7,160
(54.4% of those referred to CR and 83.4% of those who actu-
ally initiated CR) completed the CR programme. When strat-
ified by diabetes status, patients with diabetes were less likely
than those without diabetes to begin the CR programme
(52.3% vs 66.6%, p<0.001). Patients with diabetes were also
less likely to complete the 12 week programme (41.3% vs
56.2%, p<0.001). Among those who attended at least one
session of the CR programme, 79.0% of those with diabetes
and 84.4% of those without diabetes completed it (»<0.001).
Of the patients who completed CR, data on the number of
sessions attended was available for 64%. Participants attended
a median of 21 (interquartile range [IQR] 14-29) sessions,
and there was no difference in session attendance between
patients with and without diabetes (p=0.93). When compa-
ring patients who attended more than the median number of
sessions with those who attended fewer, an unadjusted HR of
0.76 (95% CI 0.67, 0.87) was found, suggesting that those
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who attended more than the median number of sessions had
lower mortality. However, when adjusted for clinical cova-
riates including CR completion, this association was no longer
significant (adjusted HR 1.17 [95% CI 0.98, 1.39]). Consis-
tent with previously reported results [5], an unadjusted analy-
sis showed an association between the number of sessions
attended and mortality (HR 0.98 [95% CI 0.98, 0.99]). This
association was similar in people with and without diabetes;
however, when adjusted for clinical covariates this association
was no longer significant.

In addition to the two supervised exercise sessions per week,
CR participants were asked to complete two to three unsuper-
vised sessions per week. There are limited self-reported data
available on the number of exercise sessions completed outside
the programme. Overall, patients at their 12 week follow-up
visit reported engaging in 3.8+1.6 sessions per week; this did
not differ between patients with diabetes (3.8+£1.64 sessions)
and those without (3.8£1.61 sessions; p=0.953).

The median follow-up time was 6.6 years (IQR 3.4-9.4)
and there were 1,320 deaths during the follow-up period: 379
in patients with diabetes and 941 in those without diabetes
(12.8% and 8.9%, respectively). Among those who did not
complete CR (with diabetes, n=1,375; without diabetes, n=
4,623), 244 people with diabetes died and 523 people without
diabetes died (17.7% and 11.3%, respectively). Among pa-
tients who did complete CR (with diabetes, n=1,221; without
diabetes, n=5,939), 135 people with diabetes died and 418
people without diabetes died (11.1% and 7.0%, respectively).
Unadjusted and adjusted HRs for all outcomes are shown in
Table 2. In the complete cohort, CR completion was associat-
ed with reduced all-cause mortality when compared with non-
completion (adjusted HR 0.55 [95% CI 0.49, 0.61];
ESM Fig. 1). When patients with diabetes were considered
separately (see Fig. 1), the apparent protective association
between CR and mortality was at least as strong (adjusted
HR 0.46 [95% CI 0.37, 0.58]) as in those without diabetes
(adjusted HR 0.59 [95% CI1 0.51, 0.67]). After stratification by
indication for initial cardiac catheterisation (MI vs non-MI,
stable CAD), patients who underwent cardiac catheterisation
for acute MI had a similar improvement in survival following
CR. When stratified by diabetes status, the results were also
similar (ESM Table 2).

Hospitalisation occurred for 5,127 patients over the study
period: 1,113 for patients with diabetes and 4,014 for those
without (37.7% and 38.0%, respectively). CR completion was
associated with a reduction in all-cause hospitalisation for the
entire cohort compared with those who did not complete CR
(adjusted HR 0.91 [95% CI 0.86, 0.96]; ESM Fig. 2a). In
stratified analyses (see Fig. 2a), the associations between CR
completion and all-cause hospitalisation rates were similar in
those with diabetes (adjusted HR 0.90 [95% CI 0.79, 1.01])
and without diabetes (adjusted HR 0.91 [95% CI 0.85, 0.97]).
In the overall cohort, CR completion was associated with a
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Table2 Unadjusted and adjusted Cox proportional HRs for the complete cohort and by diabetes status, comparing CR completers vs non-completers
Variable Unadjusted HR (95% CI) Adjusted” HR (95% CT)

Complete cohort ~ No diabetes Diabetes Complete cohort ~ No diabetes Diabetes
All-cause mortality 0.47 (0.42,0.53)  0.51(0.45,0.58) 0.46(0.37,0.56)  0.55(0.49,0.61)  0.59(0.51,0.67)  0.46(0.37,0.58)

Hospitalisation 0.87 (0.82, 0.92)

0.71 (0.63, 0.80)

0.89 (0.83, 0.94)

Cardiac hospitalisation 0.75 (0.65, 0.86)

0.86 (0.76, 0.96)
0.67 (0.54, 0.84)

0.91 (0.86, 0.96)
0.78 (0.70, 0.88)

0.91 (0.85, 0.97)
0.82 (0.71, 0.94)

0.90 (0.79, 1.01)
0.71 (0.56, 0.89)

* Adjusted for baseline age, sex, hypertension, smoking status, congestive heart failure, chronic obstructive pulmonary disease, dyslipidaemia, peripheral
vascular disease, renal disease, liver disease, prior M1, indication for coronary catheterisation and disease severity according to the Duke Jeopardy Score

reduction in cardiac-specific hospitalisation rates compared
with those who did not complete CR (adjusted HR 0.78
[95% CI 0.70, 0.88]; ESM Fig. 2b). In stratified analyses
(see Fig. 2b), CR had at least as strong a protective effect on
cardiac hospitalisation rates in patients with diabetes (adjusted
HR 0.71 [95% CI 0.56, 0.89]) as in those without diabetes
(adjusted HR 0.82 [95% CI 0.71, 0.94]).

Discussion

Completion of CR was associated with significant reductions
in mortality, overall hospitalisation and cardiac hospitalisation,
which is consistent with previous findings [5]. In patients with
diabetes, we found that CR completion was associated with at
least as great a reduction in mortality as in those without dia-
betes. Similarly, CR completion was associated with a lower
rate of cardiac hospitalisation, especially for patients with
diabetes. To our knowledge, this cohort of over 13,000 patients
(2,956 with diabetes) contains the largest number of CAD

1.00
0.75

0.50

Survival

0.25

0 T T T 1
0 5 10 15

Time (years)

Number at risk

No CR, no DM: 4,623 3,953 2,471 1,516 842 386 48
No CR, DM: 1,374 1,112 651 386 182 64 1
CR, no DM: 5,939 5,301 3,966 2,737 1,600 698 77

CR, DM: 1,221 1,068 786 542 293 119 12

Fig. 1 Adjusted Kaplan—Meier survival curve for patients who complet-
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heart failure, chronic obstructive pulmonary disease, dyslipidaemia, pe-
ripheral vascular disease, renal disease, liver disease, prior MI, indication
for coronary catheterisation and disease severity according to the Duke
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CR, DM; blue line: no CR, no DM, red line: no CR, DM
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hospitalisation rate, according to diabetes status. These find-
ings suggest that people with diabetes stand to benefit signifi-
cantly from completing CR, similar to those without diabetes.
Therefore, substantial benefits may result from completion of
CR, particularly for patients with diabetes. A combination of
identifying barriers to CR, targeting adherence interventions
and directing resources to patients with diabetes in CR may
help to improve post-MI outcomes and has the potential to
yield a return on investment.

The apparent reduction in mortality in this cohort is greater
than that previously reported in meta-analyses of randomised
controlled trials [4] (45% vs 13%). This may be because the
current analysis is not a randomised trial. In addition, those
who do not attend CR may have other comorbidities that we
were unable to control for in our multivariate model adjust-
ment. The apparent reduction in mortality with CR also con-
trasts with the results of the Look AHEAD trial [17]. However,
in the Look AHEAD trial, participants randomised to the life-
style intervention took significantly less cardioprotective medi-
cation than those in the control group. Cardioprotective medi-
cation is particularly important for secondary prevention, and it
is possible that patients in the lifestyle intervention group
(and/or their doctors) were excessively confident that lifestyle
interventions would reduce the need for medication. In con-
trast, in our CR cohort, all patients were strongly encouraged to
take cardioprotective medication. We speculate that this diffe-
rence might account for our apparently different results.

Among the sub-cohort referred for CR, patients with dia-
betes were less likely to complete the CR programme than
those without diabetes (41.3% vs 56.2%). The finding that
patients with diabetes are less likely to initiate and adhere to
CR than their non-diabetic counterparts has been observed
previously [24-26]. As shown in Table 1, patients with diabe-
tes had higher rates of several comorbidities that may lead to
increased dropout for medical reasons. However, in our
models adjusted for several comorbidities, the association of
CR completion with decreased mortality and hospitalisation
rate persisted. Although the data were not readily available, it
is possible that rates of depression were higher in patients with
diabetes [27], and depression can be an important barrier to
completing a supervised exercise programme. Perhaps screen-
ing and targeting depression and other motivational issues in
the diabetes population may help improve completion rates.
Given the substantial benefits that CR can offer to patients
with diabetes, efforts should be made to maximise their reten-
tion in CR programmes.

We are unaware of other studies comparing mortality in
completers and non-completers of CR who are specifically
diagnosed with diabetes, although several other studies have
examined mortality in CR populations that include partici-
pants with and without diabetes. In an evaluation of 418 CR
patients, of whom 133 had diabetes, Yu and colleagues [14]
found that diabetes independently predicted mortality and
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acute medical ward admission for cardiac complications. In
addition, patients with underlying diabetes had significantly
higher mortality compared with those without diabetes
(23.4% vs 5.5%). In a larger study of 12,169 men referred
for CR, Kavanagh et al [12] found that diabetes was one of
the few significant predictors of all-cause death (HR 1.86);
others were age, smoking and digoxin use. However, unlike
the present study in which the overwhelming majority
of participants received guideline-appropriate in-hospital
revascularisation and cardioprotective medical therapies,
most patients in Kavanagh and colleagues’ study (published in
2002) did not undergo revascularisation and received only
minimal medical therapy.

Aerobic training, which forms a primary component of CR,
is especially beneficial to patients with diabetes. Large cohort
studies have demonstrated that in people with type 2 diabetes
without CAD, regular physical activity is associated with re-
ductions in cardiovascular and overall mortality of 39-70%,
even after adjustment for other CVD risk factors [28-32]. It
has also been shown that cardiorespiratory fitness is an inde-
pendent predictor of mortality in men with type 2 diabetes and
that men with low fitness had an adjusted risk of all-cause
mortality of 2.1 compared with fit men [33]. Aerobic exercise
improves insulin action, blood glucose control, and fat oxida-
tion and storage in the muscle in people with diabetes [34]. We
previously reported that improvements in cardiorespiratory
fitness were similar in patients with and without diabetes at
completion of the 12 week CR programme [24]. However,
these changes were not as well maintained in patients with
diabetes at the 1 year follow-up. Other studies have reported
mixed results, with some reporting similar benefits to patients
with and without diabetes [25, 27, 35, 36] and others reporting
that patients with diabetes had a less marked overall improve-
ment in exercise capacity [37, 38]. Although aerobic training
is probably the most important component of CR, it should be
noted that the TotalCardiology programme also involved ad-
dressing conventional risk factors such as lipid control, stress
management, nutrition and cessation of cigarette smoking.

The strengths of this study include the large population,
including a large number of patients with diabetes, prospec-
tively gathered data and linkable clinical databases to obtain a
dataset rich in clinical covariates. Another strength is the high
completion rate in participants who initiated the CR pro-
gramme. The completion rates of 84% in patients without
diabetes and 79% in those with diabetes in the 12 week CR
programme are at the high end of the range reported for other
CR programmes [39].

Several limitations to the study should be noted. This study
is a retrospective analysis of a cohort study rather than a
randomised trial, which limits our ability to draw causal infer-
ences. This study is based on observational data, which makes
it impossible to be certain that CR alone was responsible for
clinical benefits. Even though we adjusted for many
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comorbidities, it may be that sicker patients were not able to
complete CR. Moreover, the data were originally collected for
clinical purposes and are therefore subject to imperfect or
incomplete data entry.

Given the importance of cardiorespiratory fitness on the
prognosis of patients with CAD, it is a limitation that fitness
measures were not available for patients who did not attend
CR. It is likely that patients who did not attend CR had lower
fitness levels, which influenced mortality and hospitalisations.
However, a key goal of CR is to improve fitness levels,
underscoring the importance of aerobic training as part of
secondary prevention. In this cohort of individuals with dia-
betes, we did not have HbA,, results for most patients and
thus could not account for the level of glycaemic control in our
multivariate models. In addition, although the models were
adjusted for renal disease, information on diabetic complica-
tions such as peripheral neuropathy, retinopathy and
microalbuminuria was not available for incorporation into
multivariate models. The impact of these other microvascular
complications in people with diabetes are significant and may
extend into other clinically important outcomes (e.g. quality of
life) that are not captured using mortality and hospitalisation
endpoints.

The definition of diabetes in this dataset could not distin-
guish between type 1 and type 2 diabetes. However, approx-
imately 90-95% of reported diabetes in adults is type 2 dia-
betes [40], so we can presume that the majority of our diabetic
patients had type 2 diabetes. The inability to distinguish be-
tween type 1 and type 2 diabetes is a limitation of many ad-
ministrative and clinical databases. Because patients were
identified as having diabetes at the time of cardiac catheterisa-
tion if they reported a history of diabetes diagnosed or treated
by a physician or if diabetes was indicated in the patient hos-
pital chart, we are confident that those classified with diabetes
were correctly identified. It is possible that some patients with
undiagnosed mild diabetes were misclassified as non-diabetic;
such misclassification would bias findings toward the null
hypothesis.

Conclusion

In this analysis of one of the largest cohorts ever studied of
patients with CAD, completion of CR in those with diabetes
was associated with significantly lower risks of mortality and
cardiac hospitalisation, and this reduction was at least as great
as in those without diabetes. However, people with diabetes
were less likely to complete CR after initiating the programme
compared with their non-diabetic counterparts. Patients with
diabetes comprise a notable proportion of patients in second-
ary prevention, and it is anticipated that the prevalence of type
2 diabetes in this population will continue to rise. Considering
the available evidence on the benefits of CR, it is alarming that

CR is markedly underutilised [39, 41]. Given the impressive
clinical (and potential cost-saving) benefits of CR, particularly
in those with diabetes, greater emphasis must be placed on
improving attendance rates to effective secondary prevention
CR programmes after major CVD events.
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