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Heinz Völler10,11, Alexandra Brandenburg12, Andrea Graml13,
Holger Woehrle13 and Stefan Krüger14

Abstract

Aim: To determine the prevalence of, and the risk factors for, sleep apnoea in cardiac rehabilitation (CR) facilities in

Germany.

Methods: 1152 patients presenting for CR were screened for sleep-disordered breathing with 2-channel polygraphy

(ApneaLinkTM; ResMed). Parameters recorded included the apnoea–hypopnoea index (AHI), number of desaturations

per hour of recording (ODI), mean and minimum nocturnal oxygen saturation and number of snoring episodes. Patients

rated subjective sleep quality on a scale from 1 (poor) to 10 (best) and completed the Epworth Sleepiness Scale (ESS).

Results: Clinically significant sleep apnoea (AHI �15/h) was documented in 33% of patients. Mean AHI was 14� 16/h

(range 0–106/h). Sleep apnoea was defined as being of moderate severity in 18% of patients (AHI �15–29/h) and severe

in 15% (AHI �30/h). There were small, but statistically significant, differences in ESS score and subjective sleep quality

between patients with and without sleep apnoea. Logistic regression model analysis identified the following as risk factors

for sleep apnoea in CR patients: age (per 10 years) (odds ratio (OR) 1.51; p< 0.001), body mass index (per 5 units) (OR

1.31; p¼ 0.001), male gender (OR 2.19; p< 0.001), type 2 diabetes mellitus (OR 1.45; p¼ 0.040), haemoglobin level (OR

0.91; p¼ 0.012) and witnessed apnoeas (OR 1.99; p< 0.001).

Conclusions: The findings of this study indicate that more than one-third of patients undergoing cardiac rehabilitation in

Germany have sleep apnoea, with one-third having moderate-to-severe SDB that requires further evaluation or inter-

vention. Inclusion of sleep apnoea screening as part of cardiac rehabilitation appears to be appropriate.
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Introduction

Sleep-disordered breathing (SDB) has been shown to be
an independent risk factor for cardiovascular dis-
eases.1–3 Obstructive sleep apnoea (OSA) is the most
prevalent type of SDB. It is defined as repetitive epi-
sodes of partial or complete cessation of airflow in the
upper airways during sleep. The number of people in
the USA estimated to be affected by OSA is 3–7%4,5

and, according to the US National Commission of
Sleep Disorders Research, OSA contributes to 38,000
cardiovascular deaths annually.6 In Europe, a Spanish
study reported that 7% of women and 15% of men
aged 30–70 years had OSA, defined as an apnoea–
hypopnoea index (AHI) of �15/h.7

Patients with OSA typically present with symptoms
such as disruptive snoring, witnessed apnoeas or gasp-
ing, excessive daytime sleepiness, morning headache,
sleep disturbance and cognitive dysfunction.8,9

Diagnosis of OSA can be made using polysomnogra-
phy (PSG) or at-home polygraphy. Although the
American Academy of Sleep Medicine (AASM) recom-
mends PSG for the evaluation and diagnosis of SDB,10

many centres do not have this type of facility and poly-
graphy is a feasible and validated alternative.11–19

According to AASM Task Force definitions,10 an
AHI of �5/h defines the presence of OSA, although
the AHI cut-off for diagnosing OSA varies between
studies. An AHI cut-off value of �15/h is clinically sig-
nificant, and benefits from the use of nasal continuous
positive airway pressure (nCPAP) therapy.20,21

OSA has been associated with increases in cardiovas-
cular morbidity and mortality.22–24 The most important
mechanisms that causemyocardial damage are increased
sympathetic activity, heart rate variability, endothelial
dysfunction, systemic inflammation, oxidative stress,
platelet activation and metabolic abnormalities.8,25–33

Cardiovascular conditions associated with OSA include
hypertension, cardiac hypertrophy, heart failure, stroke,
arrhythmias, myocardial infarction (MI), pulmonary
arterial hypertension and end-stage renal disease.8,34–36

Although OSA could be a modifiable cardiovascular
risk factor, it appears to be under-diagnosed in patients
with coronary artery disease (CAD).37,38 In addition,
available data on the prevalence of sleep apnoea in
patients undergoing cardiac rehabilitation (CR) are
very limited. The aim of this study was to evaluate
the feasibility of implementing a screening programme
for OSA in patients enrolled in early CR and to inves-
tigate the prevalence and predictors of SDB.

Methods

This project was designed as a quality-improvement
programme by the working group for sleep disorders

of the German Society of Cardiac Prevention and
Rehabilitation (DGPR�). Physicians who were mem-
bers of this group were invited to participate in the
study, which was approved by the Regional Ethical
Review Board at the University of Aachen. In addition,
the registry was conducted in accordance with the
Declaration of Helsinki. Written informed consent
was obtained from all participants prior to inclusion
in the study, including permission to gather electronic
data from medical files. All patients who gave their
consent to participate in medical record-based research
were included in the final analysis.

Patient characteristics

Consecutive patients enrolled in early CR in nine CR
facilities (eight inpatient, one outpatient) in Germany
from September 2011 to September 2012 were eligible
for inclusion.

Indications for CR included MI, coronary artery
bypass graft surgery (CABG), valve repair or replace-
ment surgery, percutaneous coronary intervention
(PCI), stable chronic heart failure, peripheral arterial
disease, or other forms of cardiovascular disease
(including cardiac resynchronization therapy, implan-
table cardioverter defibrillator implantation or conser-
vative treatment for CAD; see Table 1 for details). All
patients who presented for CR were asked to partici-
pate in the registry. The main reasons for non-inclusion
were not wanting to be part of a registry, poor language
skills and dementia.

Assessments

The primary indication for rehabilitation – history of
hypertension, presence of diabetes, smoking habits,
family history of CAD, atrial fibrillation, lipid metab-
olism disorders, stroke, peripheral arterial occlusive dis-
ease and presence of chronic obstructive pulmonary
disease (COPD) – were determined for each patient.
In addition, body mass index (BMI), current medica-
tion, New York Heart Association (NYHA) class, and
levels of haemoglobin (Hb) (g/dl) and serum creatinine
(mg/dl) were evaluated and glomerular filtration rate
(GFR) was calculated based on the Cockroft and
Gault method. The indication for CR and the specific
intervention were also recorded. The severity of CAD
was evaluated by reporting the extent of vessel involve-
ment (1-, 2- or 3-vessel disease) before rehabilitation
determined using coronary angiography, as provided
by the treating hospital. Echocardiography was used
to determine left ventricular ejection fraction (LVEF),
left atrial dimension, right ventricular systolic pressure
(PASP) and the interventricular septal dimension. All
patients were questioned by the physician to determine
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Table 1. Patient demographic data and characteristics for all patients, and for patients with versus without

clinically significant sleep apnoea (apnoea–hypopnoea index [AHI] <15/h vs �15/h).

All patients

(n¼ 1152)

AHI <15/h

(n¼ 773)

AHI �15/h

(n¼ 379)

Age, years 60� 12 59� 12 64� 10a

Male, % 79 77 82a

Body mass index, kg/m2 28.3� 5.2 28.0� 5.2 28.9� 5.0a

Disease history, %

Coronary artery disease 87 87 86

Hypertension 78 75 83a

Atrial fibrillation 11 10 11

Familial coronary disease 41 42 38

NYHA class, %

I 65 67a 60

II 24 23 25

III/IV 12 10 15a

LVEF, % 55� 11 55� 10 54� 11

Normal LVEF, % 75 78 72a

LVEF <50%, % 23 21 26

LVEF <30%, % 2 1 2

LA diameter, mm 40� 9 39� 9 40� 9

Comorbid conditions, %

Type 1 diabetes 1 1 1

Type 2 diabetes 20 17 27a

Lipid metabolism disorders 86 87 86

Peripheral arterial occlusive disease 8 7 9

Stroke 3 3 3

Current smoker, % 48 53 40a

Smoking pack-years 38� 72 37� 75 41� 62

COPD, % 12 11 16a

Heart rhythm (ECG), %

Sinus rhythm 92 92 90

Atrial fibrillation 5 5 6

Pacing 3 3 4

GFR (ml/min) 59� 8 59� 6 59� 11

Hb (mmol/l) 8� 5 8.1� 1.2 7.8� 1.3

Creatinine (mmol/l) 1.0� 0.5 1.0� 0.5 1.0� 0.5

Indication for cardiac rehabilitationb, %

PCI 57 61a 50

CABG 19 16 27a

Myocardial infarction 50 53a 45

Valve replacement surgery 13 11 18a

CRT implantation 1 1 1

ICD implantation 3 3 2

Conservative therapy 7 9a 3

Medicationc, %

ACE inhibitors or AR blockers 85 84 87

Calcium channel blockers 17 16 19

Diuretics 44 39 52a

ß-blockers 92 90 95a

Digitalis 2 2 3

(continued)
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whether they were snoring and had witnessed apnoeas,
and asked to rate subjective sleep quality on a scale
from 1 (poor) to 10 (best). Patients also completed
the Epworth Sleepiness Scale (ESS) and the SF12 ques-
tionnaire. A 12-lead electrocardiogram was used to
assess heart rhythm to evaluate rhythm at the time of
sleep analysis. All data were stored electronically in a
central database.

Diagnosis of sleep apnoea

ApneaLinkTM (ResMed) was used to screen for sleep
apnoea. The device measures air flow, heart rate and
oxygen saturation by pulse oximetry but does not differ-
entiate between obstructive or central apnoea events. It
has been shown to have high diagnostic accuracy for
SDB compared with simultaneous PSG; using an AHI
cut-off value of 15/h, ApneaLinkTM had a pooled sensi-
tivity of 91.4% and a pooled specificity of 93.8%.11–19,39

Diagnosis was determined in the first week after the
start of rehabilitation. Parameters recorded included
the AHI, apnoea index, hypopnoea index, oxygen
desaturation index, number of desaturations during
the recording, mean nocturnal oxygen saturation,
lowest nocturnal oxygen saturation, and numbers of
episodes of Cheyne-Stokes respiration (CSR) sleep
apnoea and snoring.

Statistical methods

Data are presented as mean� SD. Differences between
groups were analysed using a t-test after testing for
normal distribution. Single or multiple logistic regres-
sion analysis was performed. Values of p< 0.05 were
considered statistically significant. Patients were

divided into two groups based on the AHI (AHI
<15/h: no relevant sleep apnoea; AHI �15/h: sleep
apnoea present); patients with an AHI �15/h were con-
sidered to have a high probability of having clinically-
important SDB. Sleep apnoea was graded by severity
(AHI 5–14/h, not significant; AHI 15–29/h, moderate;
AHI �30/h, severe). An AHI cut-off value 15/h was
used to differentiate between no/mild apnoea and mod-
erate/severe sleep apnoea based on the association
between AHI values �15/h and worse cardiovascular
outcomes.40–43 All statistical analyses were performed
using IBM SPSS Statistics 20.

Results

A total of 1293 patients gave informed consent to par-
ticipate in the registry; approximately 5–10% of
patients eligible for inclusion in the registry declined
to be part of the registry. At baseline, 22 patients
(1.8%) had known sleep apnoea and 14 (1.2%) were
receiving treatment for sleep apnoea. Details of patient
demographic data and characteristics are shown in
Table 1 and patient flow is detailed in Figure 1.

Sleep quality and snoring

Mean ESS score was 5.7� 3.7 (range 0–19). Subjective
sleep quality rating was 6.1� 2.2 points; 73% of all
patients reported snoring and 28% reported witnessed
apnoeas during sleep (Table 2).

Sleep apnoea screening

Sleep apnoea screening data were available in 1152
patients (92.4%). The main reason for missing

Table 1. Continued

All patients

(n¼ 1152)

AHI <15/h

(n¼ 773)

AHI �15/h

(n¼ 379)

HMG-CoA reductase inhibitors 88 89 88

Ivabradine 3 3 3

Amiodarone 4 4 5

Hypnotics 4 4 5

Antidepressants 5 4 4

Diabetes medications 18 15 23

Values are mean� standard deviation, unless otherwise stated.

ACE, angiotensin converting enzyme; AHI, apnoea–hypopnoea index; AR, angiotensin receptor; CABG, coronary artery bypass

graft surgery; COPD, chronic obstructive pulmonary disease; CRT, cardiac resynchronization therapy; ECG, electrocardiogram;

GFR, glomerular filtration rate; Hb, haemoglobin; ICD, implantable cardioverter defibrillator; LA, left atrial; NYHA, New York

Heart Association; PCI, percutaneous coronary intervention.
ap< 0.05 vs patients with AHI <15/h.
bThere was >1 indication for cardiac rehabilitation in some patients.
cMost patients were receiving >1 medication.
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data was refusal of patients to undergo sleep
apnoea testing. Significant sleep apnoea (AHI �5/h)
was documented in 68% of screened patients. Mean
AHI was 14� 16/h (range 0–106/h). Information on
the presence of CSR was available for 1123 patients
(97.5%), of whom 203 (18.1%) had at least one episode
of CSR.

Comparison of patient groups

Differentiating groups by SDB severity, 369 (32%)
patients had no sleep apnoea (AHI 0–4/h), 209 (18%)
had moderate apnoea (AHI 15–29/h) and 170 (15%)
had severe sleep apnoea (AHI �30/h) (Figure 1).
Patients with no clinically significant apnoea (AHI
<15/h) were compared with those who had clinically-
relevant sleep apnoea (AHI �15/h), based on validation
of the screening tool being made for an AHI value of
>15/h. Demographic and clinical data for the two
patient groups are compared in Table 1. There were
no statistically significant differences between patient
groups for age, presence of CAD, haemoglobin, cre-
atinine, GFR, lipid metabolism disorders, peripheral
arterial occlusive disease, history of stroke, history of
atrial fibrillation, family history of CAD, presence of
atrial fibrillation on ECG or left atrial dimension;
patients with clinically significant sleep apnoea were
older, more likely to be male and/or obese, had a
higher NYHA class, and were more likely to have
type 2 diabetes, hypertension, reduced LVEF, COPD
and/or a history of CABG or valve surgery whereas
those with an AHI <15/h were more likely to have
MI and/or to have undergone PCI. Patients with
versus without clinically significant SBD had a higher
rate of ß-blocker and diuretic use, but use of all other

medications did not differ significantly between the two
patient groups.

Sleep analysis (Table 2) showed that SDB patients
had more witnessed apnoeas, were more likely to have a
history of snoring and had more CSR with lower

Written informed consent: n=1291

Known sleep apnoea: n=22
Treated sleep apnoea: n=14

Diagnostic testing for sleep apnoea: n=1152 (89%)

No to mild sleep apnoea (AHI
0-14/h)

n=773 (67%)

Moderate sleep
apnoea

(AHI 15-29/h)
n=209 (18%)

Severe sleep apnoea
(AHI ≥ 30/h)
n=170 (15%)

Figure 1. Flow chart of patient inclusion.

Table 2. Sleep data for patients with no or mild sleep apnoea

(AHI <15/h) versus those with moderate-to-severe sleep apnoea

(AHI �15/h).

AHI

<15/h

(n¼ 773)

�15/h

(n¼ 379)

Witnessed apnoea, n (%) 170 (23%) 137 (38%)a

Snoring, n (%) 527 (71%) 281 (78%)a

ESS score 5.5� 3.7 6.0� 3.7a

Subjective sleep quality score 6.2� 2.2 5.9� 2.1

Short Form-12:

MCS 47� 12 48� 12

PCS 38� 10 37� 10

AHI, /h 5� 4 32� 16a

AI, /h 2� 2 18� 16a

HI, /h 4� 3 13� 9a

ODI, /h 6� 5 25� 17a

CSR epochs, /h 1� 4 10� 19a

Mean SaO2, % 93.4� 1.9 92.7� 2.0a

Minimum SaO2, % 82.6� 5.8 79.7� 5.5a

Values are mean� standard deviation, unless otherwise stated.

AHI, apnoea–hypopnoea index; AI, arousal index; CSR, Cheyne-Stokes

respiration; ESS, Epworth Sleepiness Scale; HI, hypopnoea index; MCS,

mental component score; ODI, oxygen desaturation index; PCS, physical

component score; SaO2, arterial oxygen saturation.
ap< 0.05 vs patients with AHI <15/h.
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minimum oxygen saturation, whereas ESS score and
subjective sleep quality only differed slightly between
groups (although these differences did reach statistical
significance). Quality of life, as measured by the Short
Form-12 (SF-12) mental component score (MCS) and
physical component score (PCS), did not differ between
patients with and without clinically significant SDB.

Table 3 details comparative echocardiographic data,
NYHA class and AHI. Patients in both groups who
had a higher NYHA class showed impaired LVEF
and higher PASP. The septum diameter was higher in
patients with significant SBD and higher NYHA class.

Sleep apnoea risk factors

Univariate analysis showed significant correlations
between AHI and age (per 10 years) (odds ratio (OR)
1.45; p< 0.001), body mass index (per 5 units) (OR
1.26; p¼ 0.001), male sex (OR 1.61; p¼ 0.009), type 2
diabetes mellitus (OR 2.07; p< 0.001), COPD (OR
1.58; p¼ 0.021), haemoglobin level (g/dl) (OR 0.89;
p< 0.001), CABG (OR 1.80; p< 0.001), hypertension
(OR 1.74; p¼ 0.003), NYHA class III/IV (OR 1,73;
p¼ 0,008), MI (OR 0.75; p¼ 0.041) and witnessed
apnoeas (OR 1.94; p< 0.001) (Table 4).

The stepwise backward model selection (multivariate
analysis) revealed age (per 10 years) (OR 1.51;
p< 0.001), BMI (per 5 units) (OR 1.31; p¼ 0.001),
male gender (OR 2.19; p< 0.001), type 2 diabetes (OR
1.45; p¼ 0.040), lower haemoglobin values (g/dl) (OR
0.91; p¼ 0.012) and witnessed apnoeas (OR 1.99;
p< 0.001) as independent risk factors for SDB (Table 5).

Discussion

The main findings of our large registry are as follows:
patients presenting for CR in Germany show a high
prevalence of sleep apnoea; sleep apnoea in these
patients has been previously diagnosed in only a minor-
ity of patients; patients with and without sleep apnoea

showed only slight differences in SBD-associated symp-
toms as measured by sleep quality and ESS; and the
main risk factors for sleep apnoea in these patients are
age, BMI, male sex, anaemia and diabetes. To the best
of our knowledge, our registry is by far the largest of its
kind investigating SDB in CR patients.

The prevalence of sleep apnoea in this unselected
patient cohort was very high – 33%. This corresponds
to the 39% prevalence of sleep apnoea in CR patients

Table 4. Univariate logistic regression analysis.

Variable Estimate

Odds

ratio 95% CI p value

Age (per 10 years) 0.37 1.45 1.28, 1.64 <0.001

Body mass index

(per 5 kg/m2)

0.23 1.26 1.10, 1.45 0.001

Male 0.48 1.61 1.12, 2.30 0.009

Type 2 diabetes 0.73 2.07 1.49, 2.86 <0.001

COPD 0.46 1.58 1.07, 2.32 0.021

Haemoglobin (g/dl) �0.12 0.89 0.83, 0.95 <0.001

Creatinine (mg/dl) 0.22 1.25 0.95, 1.65 0.119

GFR (ml/min) �0.02 0.98 0.96, 1.01 0.132

Hypertension 0.55 1.74 1.21, 2.49 0.003

Coronary artery disease �0.12 0.89 0.60, 1.32 0.548

CABG 0.59 1.80 1.33, 2.45 <0.001

Valvular heart disease 0.27 1.31 0.97, 1.77 0.074

NYHA class III/IV 0.55 1.73 1.15, 2.60 0.008

Atrial fibrillation 0.17 1.19 0.77, 1.83 0.427

Myocardial infarction �0.29 0.75 0.57, 0.99 0.041

ESS score 0.03 1.03 0.99, 1.06 0.187

Short Form-12 score:

MCS 0.00 1.00 0.99, 1.01 0.640

PCS �0.01 0.99 0.98, 1.00 0.141

COPD, chronic obstructive pulmonary disease; CABG, coronary artery

bypass graft surgery; ESS, Epworth Sleepiness Scale; GFR, glomerular

filtration rate; NYHA, New York Heart Association; MCS, mental com-

ponent score; PCS, physical component score.

Table 3. Echocardiographic assessments for patients with no or mild sleep apnoea (AHI <15/h) versus those with

moderate-to-severe sleep apnoea (AHI �15/h), based on NYHA class (I versus >I).

AHI <15/h AHI �15/h

NYHA class I NYHA class �I NYHA class I NYHA class �I

N (% patients) 518 (67) 255 (33) 229 (60) 150 (40)

LVEF, % 56.8� 8.5a 52.5� 12.7 55.1� 10.2b 52.5� 12.3

LA diameter, mm 39� 8 40� 10 40� 7 41� 11

PASP (mmHg) 22� 15a 26� 17 24� 15 26� 17

Septum (mm) 10.4� 2.6 10.6� 3.1 10.7� 2.8b 11.5� 3.9

LA, left atrial; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association; PASP, right ventricular systolic pressure.
ap< 0.05 vs patients with AHI <15/h; bp< 0.05 patients with NHYA¼ 1 vs NHYA �I for AHI �15.
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reported by researchers from the USA.44 They took a
different approach and first used the Berlin question-
naire to screen 383 patients undergoing outpatient CR
for diabetes (20%), hypertension (65%) and/or recent
MI (58%). This classified 52% of patients as being at
high risk for sleep apnoea, almost 80% of whom were
recommended for further evaluation. Sleep laboratory
studies showed that 39% of patients had sleep apnoea,
with OSA being the most prevalent form of SDB (90%
of patients). In another study, the Berlin Questionnaire
was used in a CR setting.45 That study reported that
44% of patients had a high probability of sleep apnoea,
which is comparable to the proportion of patients in
this study who had clinically relevant SBD. As a con-
sequence, screening for sleep apnoea seems to be justi-
fied in all CR patients and not only in those presenting
with several risk factors or severe clinical symptoms.46

The Berlin Questionnaire has also been used in other
studies to show independent associations between OSA,
hypertension and CAD.47,48 This is in accordance with
the findings of the current study, in which more patients
had hypertension, CABG, valve replacement or type 2
diabetes, corresponding to data showing a link between
severity of SDB and extent of coronary atheroscler-
osis.49 However, caution needs to be exercised when
using the Berlin Questionnaire because a high preva-
lence of obesity and hypertension has been shown to
limit the ability of this tool to discriminate between
post-myocardial infarction patients with or without
SDB.50

The results from our registry showed that symptoms
or indicators of sleepiness are only slightly different and
may not differentiate between the presence or absence
of SDB in patients with CAD, as has been reported in
other studies.51–55 Similar conclusions have been made
by the authors of a study on heart failure patients, who
had less subjective daytime sleepiness associated with
OSA than patients without heart failure.52

Furthermore, a high prevalence of sleep apnoea has
been documented in patients with transient ischaemic
attacks and stroke.56

The presence of only minor daytime sleepiness as a
symptom of underlying OSA highlights the importance
of screening patients with CAD for sleep apnoea even if
some of the traditional symptoms are absent. However,
the use of the ESS score showed some significance
between the groups, whereas snoring or sleep quality
did not.57 Another study showed an inverse relation-
ship between subjective daytime sleepiness and daytime
muscle sympathetic nervous system activity in patients
with heart failure and OSA, which may in fact be asso-
ciated with a worse prognosis in these patients.58 In
addition, short sleep duration has been linked with a
greater risk of developing or dying of CAD.59

Univariate analysis identified age, BMI, male
gender, type 2 diabetes, COPD, haemoglobin level,
hypertension, CABG, MI and higher NYHA class as
risk factors for SBD. It is not entirely clear why the
factors that remained significant in the multivariate
analysis were only age, body mass index, male gender,
type 2 diabetes mellitus, haemoglobin level and a his-
tory of witnessed apnoeas. Diabetes as a risk factor can
be explained by the fact that this disease is more
common in obese patients and the risk of sleep
apnoea increases with age. However, it is less clear
why lower haemoglobin levels are associated with
SBD (OR <1.0). One possible explanation is the
higher incidence of SDB in patients after CABG, who
have lower haemoglobin levels after surgery. It is also
unclear why MI was more common in patients without
SDB in this study. It is possible that the higher rate of
MI compared with PCI and CABG played some role.
As Areias et al. and other studies found a high inci-
dence (43.1%) of sleep apnoea in patients admitted to
a coronary intensive care unit with acute coronary syn-
dromes this is possibly based on acute coronary syn-
drome, which was more common in the PCI group.
Further evaluation is needed here.22,60 However, simi-
lar assessments at one and six months documented a
decline in AHI over time, indicating the possibility that
sleep apnoea may be transient in these patients and
specifically associated with the acute phase of CAD.61

Certainly, rapidly accumulating evidence showing
links between SDB and a variety of cardiovascular con-
ditions, along with poor outcomes in those with both
cardiovascular disease and SDB, confirm the potential
for SDB to worsen outcomes during and after cardiac
rehabilitation,62,63 because patients with OSA have
daytime sleepiness, fatigue and, as a result, reduced
physical activity and find it more difficult to lose
weight than those without OSA. Moreover OSA may
cause angina and/or atrial fibrillation that could poten-
tially interfere with the success of a rehabilitation pro-
gramme.37 OSA is associated with depression, obesity
and impaired physical activity, conditions that could
affect adherence to a rehabilitation programme.

Table 5. Final logistic regression model (multivariate).

Variable Estimate

Odds

ratio 95% CI p value

Age (per 10 years) 0.41 1.51 1.31, 1.74 <0.001

Body mass index

(per 5 kg/m2)

0.27 1.31 1.12, 1.52 0.001

Male 0.78 2.19 1.48, 3.23 <0.001

Type 2 diabetes 0.37 1.45 1.02, 2.08 0.040

Haemoglobin (g/dl) �0.10 0.91 0.84, 0,98 0.012

Witnessed apnoea 0.69 1.99 1.44, 2.74 <0.001
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Indeed, these risk factors have been associated with
worse outcomes in CR.64–66 Furthermore, sleepiness
associated with OSA can lead to cognitive impairment.
In turn, cognitive impairment has been identified as a
predictor of exercise trainability in CR and impair-
ments can reduce the effectiveness of rehabilitation.67,68

Since CR reduces total and cardiovascular mortality,
risk factors and hospital admissions,69,70 it has been
suggested that incorporation of strategies to diagnose
and treat sleep apnoea as part of CR could improve
compliance with the rehabilitation programme.

The CR patients in our registry were only screened
for SDB; the effect of rehabilitation on the presence and
severity of sleep apnoea was not assessed. However, it is
possible that CR has the potential to have a positive
long-term effect not only on cardiovascular perform-
ance but also on sleep apnoea in these patients.
Levels of inflammatory cytokines, which are increased
in patients with OSA71 and are markers of cardiovas-
cular complications,72 are decreased after 4 weeks of
CR.73 In our opinion, studying the combined effects
of definitive diagnosis and treatment of sleep apnoea
during the CR phase in combination with classical
CR is a very interesting area for future investigation.
However, the effect of treating SDB in patients with
cardiovascular disease has yet to be clearly defined
using data from randomized, controlled clinical trials.
The ongoing SERVE-HF study is currently investigat-
ing the effect of adaptive servo-ventilation (ASV) treat-
ment on morbidity and mortality in patients with heart
failure, and will add to the body of knowledge in this
area.74

A limitation of our study is the missing data on
sleep. PSG is not a standard tool in CR facilities and
therefore an alternative screening tool – 2-channel poly-
graphy – was used in this study. This is likely to provide
greater flexibility and patient acceptability but could
underestimate the severity of SDB in patients with
impaired sleep quality.61

In conclusion, the findings of our registry indicate
that more than two-thirds of patients undergoing CR in
Germany probably have sleep apnoea that requires fur-
ther evaluation or intervention, with one-third of the
patients experiencing moderate-to-severe SDB. The
presence of sleep apnoea was associated with age,
weight, male sex, diabetes, other cardiovascular risk
factors, severity of CAD and atrial fibrillation, whereas
symptoms of daytime sleepiness and impaired sleep
quality were only slightly impaired. As a result, inclu-
sion of screening for sleep apnoea as part of the CR
process appears to be warranted.
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