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diagnosis at the admission. Mortality was similar among diabetic compared to non-diabetic
patients (1% vs. 0.5%, p = 0.23).

Conclusions: This survey provided a detailed overview of the clinical characteristics, com-
plexity and more severe clinical course of diabetic patients admitted to CR.

© 2014 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Mounting evidence suggests that exercise training alone or as
core component of cardiac rehabilitation (CR) programs has
several beneficial effects reducing mortality [1], preventing
cardiac remodeling [2,3], and improving cardiovascular func-
tional capacity and myocardial perfusion [4-7]. The improve-
ment of endothelial function [8], the anti-inflammatory
properties [9,10], the improvement of neurohormonal and
autonomic balance [11-15], and the reduction of oxidative
stress [16] might be some of the putative mechanisms by
which exercise training exerts its beneficial effects.

Some of the beneficial effects of exercise-based CR
observed in the general population of coronary heart disease
(CHD) patients have also been reported in patients with
diabetes [17,18]. However to the best of our knowledge, there
are no data that specifically describe in large population the
prevalence of diabetes in patients undergoing CR programs,
and their clinical characteristics and course during the CR
program. Therefore, the present survey aimed at providing an
insight in the clinical characteristics and course of a diabetic
population in the real world of CR in Italy.

2. Methods
2.1.  Study design

The multicenter, prospective observational study design of the
ISYDE-2008 has been described in detail elsewhere [19-21].
Briefly, the primary purpose of the study was to explore the
current organization, settings and provision of CR in Italy and
to describe the patient population referred to CR, giving a
comprehensive and detailed description of clinical character-
istics, risk profile, diagnostic procedures, exercise and educa-
tional program, discharge modalities, treatment at discharge
and follow-up schedules. The enrolment period lasted from
January 28th to February 10th 2008. Patients were referred to
CR at hospital discharge after the index event and then the
data relate to those patients who were discharged from CR in
the 2 week period. Data were collected on a web-based Case
Report Form, which reported data of all the consecutive
patients discharged from CR programs in the 2-week study
period. The present study focused on patients with diabetes
(n=160 (34%) with type 1 diabetes and n =315 (66%) type 2
diabetes). As a part of geriatric multidimensional evaluation,
performed in about one fourth of our population, cognitive
function was evaluated by MMSE [22], and cognitive im-
pairment was assigned when corrected MMSE value was <21.

2.2.  Participating centers

AllItalian residential and outpatient CR centers were invited to
participate on a purely voluntary basis by the executive board
of the study and by the regional GICR-IACPR coordinator, who
was responsible for interfacing with the investigatorsin each of
the participating centers and oversaw the implementation of
the survey protocol. Data collected in the study refer to 165 CR
units (87% of all invited facilities). The complete list of ISYDE-
2008 investigators and participating Centers with names of the
director or contact physician is reported in Appendix 1.

2.3. Role of the funding source

No funding sources had any role in the study design, conduct,
data collection, analysis, data interpretation, or writing of this
report. The GICR-IACPR coordinated the study, managed the
data, and undertook all analyses. All members of the scientific
board and writing committees had full access to the database
and assumed final responsibility for the results submitted for
publication.

2.4.  Statistical analysis

The main analysis was performed subdividing the study
cohort into two groups, according to the diagnosis of diabetes.
Data are expressed as means + standard deviation (SD) or
proportions. Comparisons between groups were performed by
unpaired t-test, 2 or Fisher exact test as required. Correlations
between variables were assessed with Pearson’s correlation
coefficient. Predictors of death (mortality during CR programs)
were evaluated with multivariate logistic regression analysis.
All analyses were performed using SAS (Version 9.1, Cary, NC)
with significance set at p < 0.05.

3. Results

Table 1 summarizes the demographic characteristics of the
study population. The study cohort consisted of 2281 patients
(66.9 £ 12 yrs); 475 (69.7 + 10 yrs, 74% male) patients with
diabetes and 1806 (66.2+ 12 yrs, 72% male) non-diabetic
patients. Diabetic patients showed a significantly higher
cardiovascular risk factors score (including smoking, history,
hypertension, dyslipidemia, obesity, diabetes, sedentary
lifestyle, and early menopause) compared to the non-diabetic
cohort (p < 0.0001) (Table 1).

Compared to non-diabetic, patients with diabetes had
more comorbidity such as previous percutaneous coronary
intervention (PCI) and cardiac surgery, myocardial infarction,



DIABETES RESEARCH AND CLINICAL PRACTICE 107 (2015) 267-272 269

Table 1 - Demographics characteristics of the study
population (n, %).

Diabetics Non-diabetics p value
(n=475) (n=1806)
Age (years) 69.7 £ 10 66.2 + 12 <0.0001
(mean + SD)
Gender (male) 340 (74) 1337 (72) 0.28
Cardiovascular risk factors®
0-2 (low) 65 (14) 846 (47) <0.0001
3-5 (medium) 307 (64) 852 (47)
>5 (high) 103 (22) 108 (6)

# Smoking, family history of early coronary heart disease, high
blood pressure, hypercholesterolemia, body mass index >27,
sedentary lifestyle, early menopause.

peripheral artery disease (PAD), chronic obstructive pulmo-
nary disease (COPD), chronic kidney disease (CKD), and
cognitive impairment (Table 2).

During CR programs, patients with diabetes developed
more complications such as acute myocardial infarction,
worsening of CKD or new onset of renal failure, and required
more frequently inotropic support or sternal revision after
surgery compared to non-diabetic patients (Table 3).

Regarding diagnostic or therapeutic procedures, patients
with diabetes underwent more venous infusion, geriatric
multidimensional evaluation and individualized exercise
sessions (Table 4). Echocardiography showed a lower percent-
age of diabetic patients with preserved left ventricular ejection
fraction (LVEF > 50%) compared to non-diabetic patients (58%
Us. 69%, p < 0.0001, respectively). As many as 110 patients with
diabetes (23%) was unable to perform any physical perfor-
mance test (6MWT, exercise stress testing or cardiopulmonary
exercise testing); this proportion was significantly greater than
in non-diabetic patients (20%, p < 0.001). Compared to non-
diabetic patients not performing any physical performance
testing, diabetic patients not performing any physical perfor-
mance testing showed a higher percentage of comorbidity
such as myocardial infarction (30% vs. 15%, p = 0.0003), heart
failure (27% vs. 12%, p < 0.0001), carotid arteries atherosclero-
sis (12% vs. 5%, p = 0.007), PAD (13% vs. 5%, p = 0.002), COPD
(23% vs. 13%, p = 0.01), CKD (38% vs. 9%, p < 0.0001), cognitive

Table 2 - Previous interventions and comorbidity (n, %).

Diabetics Non- p value
(n=475) diabetics
(n=1806)
Previous percutaneous 64 (13) 161 (9) 0.003
transluminal coronary
angioplasty
Previous cardiac surgery 67 (14) 183 (10) 0.01
Previous myocardial 154 (32) 349 (19) <0.0001
infarction
Peripheral artery disease® 50 (10) 101 (5) <0.0001
Chronic obstructive 96 (20) 202 (11) <0.0001
pulmonary disease
Chronic kidney disease 97 (20) 103 (6) <0.0001
Cognitive impairment 24 (5) 40 (2) 0.0009

 Fontaine stage >1 or previous revascularization.

Table 3 - Complications during cardiac rehabilitation
programs (n, %).

Diabetics Non- p value
(n=475) diabetics
(n=1806)
Atrial fibrillation 92 (10) 360 (20) 0.78
Severe ventricular 24 (5) 66 (4) 0.16
arrhythmias®
Permanent pacemaker 14 (3) 56 (3) 0.86
implantation
Acute myocardial infarction 12 (3) 23 (1) 0.04
(re-infarction)
Cerebrovascular events” 10 (2) 31 (2) 0.57
Cognitive Impairment’ 9 (2) 29 (2) 0.66
Anemia® 78 (16) 235 (13) 0.06
Worsening of CKD or new 43 (9) 76 (4) <0.0001
onset of renal failure?
Sternal revision 13 (3) 21 (1) 0.01
Inotropic support/ 34 (7) 78 (4) 0.01
mechanical assistance
Respiratory assistance® 27 (6) 68 (4) 0.06
Systemic infections 20 (4) 58 (3) 0.28
Death 5 (1) 10 (0.5) 0.23

# >30's or symptomatic ventricular tachycardia.

b Stroke, transient ischemic attack.

€ Hb <10 g/dl, or >3 g/dl reduction with respect to the pre-index
event value.

4 Creatinine increase >1 mg/dl.

¢ Including oxygen therapy, mechanical ventilation, continuous
positive airway pressure (cPAP), bilevel positive airway pressure
(biPAP) >96 h.

" Worsening of cognitive impairment or new onset of cognitive
impairment.

impairment (15% vus. 4%, p < 0.0001), and orthopedic disease
(26% vs. 13%, p = 0.0005); and a higher percentage of complica-
tions during the CR program such as cognitive decline (11% vs.
2%, p < 0.0001), worsening of CKD or new onset of renal failure
(13% vs. 6%, p = 0.01), thoracentesis (6% vs. 2%, p = 0.04), and
need of inotropic support (5% vs. 1%, p = 0.006), respectively.

At discharge, compared to non-diabetics, patients with
diabetes were more frequently prescribed angiotensin II
receptor blockers, nitrates, diuretics, statins, aspirin, and
calcium channel blockers (Table 5). No significant differences
were observed in beta-blockers, omega-3 fatty acids, and
digitalis or amiodarone discharge prescription among the two
cohorts (Table 5). Notably, in 51 (3%) and in 104 (6%) of the non-
diabetic cohort, insulin and hypoglycemic agents were
prescribed, respectively, at hospital discharge from CR
(Table 5). Data were also analyzed by including these 155
patients among the diabetic group without showing any
significant differences in outcomes. These findings suggest a
careful evaluation of the glycemic metabolism during CR
program, independent of the diagnosis at admission. Mortality
was similar among diabetic compared to non-diabetic patients
(1% vs. 0.5%, p =0.23).

4, Discussion

To the best of our knowledge, the present study is the first to
explore the characteristics of the “real world” diabetic
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Table 4 - Diagnostic and therapeutic procedures during cardiac rehabilitation programs (n, %).

Diabetics Non- p value
(n=475) diabetics
(n = 1806)
6-Minute walking test on admission 222 (47) 761 (42) 0.07
6-Minute walking test at discharge 205 (43) 742 (41) 0.41
Exercise stress testing on admission 80 (17) 366 (20) 0.09
Exercise stress testing at discharge 151 (32) 554 (30) 0.64
Cardiopulmonary exercise stress 22 (4) 100 (5) 0.43
testing on admission
Cardiopulmonary exercise stress 37 (8) 120 (7) 0.38
testing at discharge
Unable to perform any physical 110 (23 378 (20) 0.01
performance test
Venous infusions 76 (16) 163 (9) <0.0001
Thoracentesis 11 (2 21 (1) 0.06
Blood transfusions 7 ( 15 (1) 0.20
Geriatric multidimensional evaluation 123 (2 331 (18) 0.0002
Computed tomography 28 (6, 61 (3) 0.01
Individual exercise sessions 149 (31) 438 (24) 0.002

patients admitted to CR programs in Italy. The major findings
of this study were the higher burden of cardiovascular risk
factors and comorbidities associated with a worse clinical
course during CR in patients with diabetes compared to non-
diabetic patients.

This survey showed a higher prevalence of diabetic
patients with previous PCI or coronary artery bypass graft
(CABG) participating to CR programs. Patients with diabetes
undergoing myocardial revascularization have worse survival
than other CAD patients [23-26]. Several studies have reported
that PClin patients with diabetes may be associated with poor
long-term results [27,28]. Yu et al. [29], in a cohort of 418
patients with CAD, reported that diabetes was associated to
higher mortality in patients with myocardial infarction or
revascularization who underwent CR (x*=21.9, p < 0.0001).
Moreover, the presence of diabetes independently predicted
rehospitalization (x*=4.8, p=0.03). In a large retrospective

Table 5 - Drug therapy at hospital discharge after cardiac
rehabilitation programs.

Diabetics Non- p value
(n=475) diabetics
(n=1806)

Inhibitors of 273 (57) 984 (54) 0.24

angiotensin-converting

enzyme
Angiotensin II receptor 98 (20) 289 (16) 0.02

blockers
Beta-blockers 330 (69) 1236 (68) 0.66
Nitrates 136 (28) 304 (17) <0.0001
Diuretics 288 (60) 880 (49)  <0.0001
Statins 363 (76) 1147 (63)  <0.0001
Omega-3 fatty acids 86 (18) 292 (16) 0.31
Oral anticoagulant therapy 92 (19) 512 (28) <0.0001
Aspirin 339 (71) 1169 (65) 0.006
Digitalis 33 (7) 91 (5) 0.10
Amiodarone 36 (8) 96 (5) 0.06
Calcium channel blockers 108 (23) 328 (18) 0.02
Insulin 160 (34) 51 (3) <0.0001
Oral hypoglycemic drugs 315 (66) 104 (6) <0.0001

analysis of patients undergoing elective PCI with balloon
angioplasty or/and bare-metal stent implantation, diabetes
was found to have a negative prognostic impact on cardio-
vascular morbidity and mortality [27]. Recently, in patients
with stable CAD, Lima et al. [25] reported that the 3 therapeutic
regimens (medical therapy, PCI or CABG) had high rates of
overall and cardiac-related deaths among diabetic patients
compared with non-diabetic cohort.

Compared to non-diabetic patients, we found a roughly
doubled prevalence of symptomatic PAD in patients with
diabetes enrolled to CR programs (10% vs. 5%, p < 0.0001). Jude
etal. [30] reported that diabetic patients had greater severity of
arterial disease in the profunda femoris and all arterial
segments below the knee; and diabetic patients were five
times more likely to have an amputation (41% vs. 11%,
OR = 5.4, p < 0.0001). Moreover, diabetic patients with PAD had
higher mortality rate (51.7% vs. 21.6%, OR = 3.1, p = 0.02) [30].
Since in patients with CAD the prevalence of previously
unrecognized PAD is 15% [31], the present survey suggests the
need of a more accurate evaluation of PAD in patients both
diabetic and non-diabetic patients entering CR.

This survey also highlighted the higher prevalence of CKD
in diabetic patients participating to CR programs compared to
the non-diabetic cohort (20% vs. 6%, p < 0.0001, respectively).
This high prevalence of CKD in the diabetic cohort is not
surprising, since the interplay role of diabetes and CKD in
atherosclerotic disease [32].

Despite the fact that geriatric multidimensional evaluation
was performed in about one fourth the patients, the present
survey showed that cognitive impairment prevalence (5 vs. 2%,
p =0.0009) and worsening of cognitive impairment during CR
(2.5 vs. 1.5%) were significantly higher in diabetic patients
compared to the non-diabetic cohort. In fact, diabetes is
known to independently affect cognitive status: it has been
recently reported that chronically higher blood glucose levels
exert a negative effect on cognition, possibly mediated by
structural changes in learning-relevant brain areas [33].
Moreover, recent evidence suggests that diabetes may
induce epigenetic modifications affecting neuropathological
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mechanisms in the brain leading to increased susceptibility to
insults associated with neurodegenerative or vascular impair-
ments [34].

The present survey also highlighted that larger proportion
of diabetic patients did not perform any type of physical
performance test compared to the non-diabetic cohort. This
might have prognostic relevance, since the lack of referral to
exercise stress testing is by itself a negative prognostic
indicator [35].

There were also interesting differences relatively to drugs
use. The rather low discharge indication to statin in the total
populations is a consequence of the difficulties of adopting in
the real clinical world the recommendations of international
Guidelines regarding secondary prevention [36].

Finally, complications during CR (particularly re-infarction,
worsening of CKD, sternal revision or inotropic support) were
higher in diabetic patients compared to the non-diabetic
cohort, reflecting the higher clinical risk profile of these
patients after an acute cardiovascular event.

4.1.  Study limitations

The number of patients with diabetes reported in the present
survey is relatively small (about 26% of the overall popula-
tion), making the study underpowered for an in-depth
interpretation. This might be ascribed to the small time-
period of the enrolment (two weeks). The combination of data
from CR centers offering very different cardiac rehabilitation
regimens (e.g., residential vs. outpatients) is another con-
founder. The observational nature of the study cannot rule
out that the more severely compromised patients with
diabetes were not addressed to CR and, therefore, those
described in our study may represent a selected more
relatively healthy minority. Moreover, this survey did not
collect data regarding modality of exercise training regimen
(interval vs. continuous) or dose of exercise (in terms of
volume and intensity) that can greatly affect the functional
and clinical parameters (together with outcome) of patients
with diabetes [37-39]. Another major limitation was the lack
of information on some important functional and clinical
parameters of possible interest and the lack of information
regarding the achievement of secondary prevention targets;
this was again due to the short-term survey type of study,
which collected the essential data in order to optimize the
description of the demographic and clinical course of the
patients.

Despite these limitations, the survey successfully
highlighted crucial differences in the clinical characteristics,
risk profile, management and short term outcome in diabetic
patients entering CR programs in Italy, compared to non
diabetics. Patients with diabetes should not be denied access
to CR, provided careful attention to clinical status, possible
complications, optimization of drug therapy and close
follow-up.
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