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ORIGINAL ARTICLES
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Annalisa Carluccia

aRespiratory Intensive Care Unit and Pulmonary Rehabilitation Unit, Istituti Clinici Scientifici Maugeri IRCCS, Istituto Scientifico di Pavia,
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Istituto Scientifico di Montescano, Montescano, Pavia, Italy

ABSTRACT
The aim of our study was to evaluate the prevalence and predictors of obstructive sleep apnea
(OSA) in patients with chronic obstructive pulmonary disease (COPD) undergoing inpatient pulmo-
nary rehabilitation programs (PRPs). A retrospective data review of consecutive stable patients
with a known diagnosis of COPD, admitted for PRP between January 2007 and December 2013.
Full overnight polysomnography (PSG) and Epworth Sleepiness Scale (ESS) were assessed in all
patients. Out of 422 evaluated patients, 190 (45%) showed an Apnea Hypopnea Index (AHI)� 15
events/hour and underwent OSA treatment. Patients with OSA were significantly younger and had
a less severe airway obstruction as compared to patients without OSA. There were no significant
differences in cardiac comorbidities nor in arterial blood gases. As expected, patients with OSA
showed significantly more severe diurnal symptoms, as assessed by the ESS and higher body
mass index (BMI). However, only 69 out of 190 patients with OSA (36.3%) showed an ESS >10,
whereas 25% of them had BMI �25 and 41% of them had a BMI <30. In all, 68% of patients with
OSA were discharged with continuous positive airway pressure (CPAP), 15% with Bilevel ventila-
tion, and 17% without any ventilatory treatment. In conclusion, in the population studied, the
combination of OSA and COPD was frequent. BMI and ESS values commonly considered cutoff val-
ues for the prediction of OSA in the general population may not be accurate in a subgroup of
patients with COPD.
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Introduction

Chronic obstructive pulmonary disease (COPD) is associated
with several comorbidities contributing to different pheno-
types, with related mortality rates and reduced physical activity
(1–3). There is evidence that the combination of obstructive
sleep apnea (OSA) and COPD, also known as the “overlap
syndrome,” is not common in the general hospital population
(1.0–3.6%), whereas it is highly prevalent in patients with
either OSA (7.6–55.7%) or COPD (2.9–65.9%) (4). Patients
with overlap syndrome have been shown to have greater noc-
turnal oxygen desaturation (NOD) (i.e., reduced mean pulse
oximetric oxygen saturation (SpO2), increased sleep time spent
with SpO2 <90% (T90)), and worse sleep quality than patients
with only OSA. Overlap syndrome is associated with more fre-
quent cardiovascular morbidity, poorer health-related quality
of life (HRQL), more frequent COPD acute exacerbations
(AECOPD), and increased medical costs (4).

Pulmonary rehabilitation programs (PRPs) play a corner
role in the comprehensive management of patients with
COPD. After a PRP, patients, either in a stable state or fol-
lowing an AECOPD report benefits in symptoms, HRQL,
and exercise tolerance (5). This is also true when complex
comorbidities and different phenotypes are present (6, 7).

We wondered whether the reported prevalence of OSA in
patients with COPD could be observed also in patients who
are eligible for pulmonary rehabilitation (4). Therefore, the
aim of this real-life retrospective study was to evaluate the
prevalence and predictors of OSA in patients with COPD
who underwent an inpatient PRP. Our secondary aim was
to identify the appropriate management of these patients
either with continuous positive airway pressure (CPAP) or
noninvasive ventilation (NIV).

Methods

The protocol was approved by the Ethical Committee
(Number 844 CEC on July 25th, 2012) of the Istituti Clinici
Scientifici Maugeri, IRCCS, Pavia, Italy. All patients admit-
ted to the Scientific Institute of Pavia gave informed consent
to the use of their data for scientific purposes.

Study participants

We conducted a retrospective review of consecutive stable
patients with a known diagnosis of COPD, admitted for the
first time to a PRP between January 2007 and December
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2013 at the Pulmonary Rehabilitation Unit of the Istituti
Clinici Scientifici Maugeri, IRCCS Pavia, Italy, a referral
center for pulmonary rehabilitation, diagnosis and manage-
ment of OSA, and chronic care (8), including prescription
of home NIV and CPAP (9, 10). All the admitted patients
with a diagnosis of COPD, regardless of functional severity,
underwent the PRP. Eligibility criteria for and components
of PRP were according to accepted guidelines (5).

The diagnosis and severity of COPD were confirmed by
spirometry according to the Global Initiative for Chronic
Obstructive Lung Disease (GOLD) guidelines (1). At admis-
sion, all patients were in a stable condition, as assessed by
the absence of any worsening of symptoms, and stability in
arterial blood gases (no acidosis, defined as pH <7.35). All
patients received their regular treatment with inhaled bron-
chodilators with or without inhaled steroids according to
current guidelines for their disease stage (1). Patients with a
history of more than two AECOPD per year requiring anti-
biotics or those who were referred to the PRP after an acute
exacerbation requiring mechanical ventilation were defined
as “frequent exacerbators.”

OSA was defined as the presence of 15 or more obstruc-
tive respiratory events per hour of sleep (11).

Exclusion criteria were as follows: concomitant restrictive
diseases, major comorbidities (e.g., psychiatric conditions,
cancer, end-stage renal failure) or familiar conditions pre-
venting long-term home ventilatory programs. Patients
screened elsewhere or already treated with long-term
mechanical ventilation were also excluded.

Measurements

At admission, demographic, anthropometric data, and
reported cardiac comorbidities (including ischemic and
valvular heart disease, heart failure, systemic hypertension,
and arrhythmias) were recorded and all patients underwent
evaluation of the following:

� Epworth Sleepiness Scale (ESS) score (12)
� Lung function, performed according to the American

Thoracic Society (ATS) guidelines (14), by means of a
body plethysmograph (MasterScope Body Jeager –
Wuerzburg Germany) or a water sealed spirometer (EOS
Biomedin, Padova, Italy), using the predicted values
according to the ERS/ATS Task Force (13).

� Arterial blood gases, performed by means of an auto-
mated analyzer (Radiometer 800Flex, Copenhagen,
Denmark) on samples from the radial artery with the
patients in the sitting position for at least 1 hour.
Patients under long-term oxygen therapy (LTOT) were
assessed under their usual inspiratory oxygen fraction.

� Standard sleep evaluation was performed, with a full
overnight polysomnography (PSG) (Nox T3 Sleep
Monitor, Nox Medical, Reykjavik, Iceland) analyzed and
scored according to the American Academy of Sleep
Medicine (AASM) 2007 Guidelines (14). SpO2, heart
rate, nasal flow, thoracic-abdominal movements, and
body position were monitored in all cases.

After diagnosis, CPAP was proposed to all patients with
OSA, irrespective of the presence of hypercapnia. CPAP
titration was performed either by full-night manual titration
according to the AASM Guidelines (14), or by automatic
titration with auto-set systems (15). The interface, whether
nasal or oronasal mask, was prescribed as appropriate
according to patient requirements.

If CPAP treatment was unable to correct hypoventilation
or not well tolerated, NIV in Bilevel mode was prescribed
(5). Hypoventilation was defined either as the persistence of
diurnal arterial carbon dioxide tension (PaCO2)� 45mmHg
or periodic oxygen desaturations higher than 4% associated
with a transcutaneous carbon dioxide tension (PtcCO2)
increase in �5mmHg from baseline for more than
5minutes continuously, at least once during the night
(14, 16).

The setting of NIV was adjusted to achieve an effective
correction of the obstructive events and the normalization
of the gas exchanges (14).

Patients were discharged with CPAP or NIV if the patient
showed good adherence to the therapy, defined as an aver-
age use of at least 4 h/night, as indicated by the memory
card of the device.

Statistical analysis

Descriptive statistics are reported as mean ± standard devia-
tion (SD) for continuous variables and as numbers (percent-
age frequencies) for discrete variables.

Between-group differences were calculated by means of
an independent t-test and the Mann–Whitney test, where
appropriate.

A multiple logistic regression analysis was performed to
assess which of the tested variables could be predictive of
OSA. Independent variables with a p value <.02 in the uni-
variate analysis were included in the multivariable model. A
linear regression analysis was then performed to assess the
relationship between Apnea Hypopnea Index (AHI) and
some dependent variables such as body mass index (BMI)
and ESS.

Differences in the frequency of variables between inde-
pendent groups were tested by the Fisher’s Exact test or v2

test as appropriate. A probability value of p< .05 was con-
sidered significant.

Statistical procedures were performed using the Statistix 9
Analytical Software (URL https://www.statistix.com).

Results

Figure 1 shows the flow chart of the study. Between January
2007 and December 2013, 590 patients with COPD were
referred for the first time to a PRP. Out of these patients,
422 were included and underwent a full PSG. In all, 190
(45%) of these patients showed an AHI �15 events/hour
and underwent OSA treatment.

Table 1 shows the demographic, anthropometric, physio-
logical, and clinical characteristics of the patients. Patients
with OSA were significantly younger and had a less severe

266 A. SCHREIBER ET AL.

https://www.statistix.com


airway obstruction as compared to patients with COPD
without OSA. There were no significant differences in car-
diac comorbidities nor in arterial blood gases. “Frequent
exacerbators” were significantly less represented in the OSA
group as compared to the non-OSA group.

As expected, patients with OSA had a significant higher
BMI, even if 41% of them showed a BMI <30 and 25%
even �25, whereas 117 (75%) non-OSA patients showed a
BMI �25. Furthermore, patients with OSA showed signifi-
cantly more severe diurnal symptoms, as assessed by the
ESS. However, only 69 out of 190 patients with OSA

(36.3%) showed an ESS >10, which is commonly considered
as the OSA threshold (17).

In the OSA group, mean nocturnal SpO2 was lower,
whereas the oxygen desaturation index (ODI) and T90 were
significantly higher than in the non-OSA group. However,
21 out of 147 (14%) patients with OSA had an ODI <15
events/h, whereas 12% of patients without OSA showed an
ODI> 15 events/h.

Multivariate logistic regression analysis showed that BMI
and ESS predicted the probability of concomitant OSA (OR:
1.12, p¼ .05 and OR: 1.06, p¼ .003, respectively). Linear

Table 1. Demographic, anthropometric, physiological, clinical characteristics of patients.

OSA Non-OSA
Variable AHI� 15 ev/h (n¼ 190) AHI <15 ev/h (n¼ 232) p value

Antropometric/clinical
Age (years) 69 ± 9 72 ± 8 .0001
Males (n, %) 144 (76%) 166 (72%) .3
BMI (Kg/m2) 31 ± 7 26 ± 5 .0001
ESS 6.2 ± 4.4 4.1 ± 3.1 .0001
LTOT (n, %) 22 (11%) 54 (23%) .0001

Comorbidities
Cardiovascular comorbidities (n, %) 56 (29%) 65 (28%) .8
Arythmias (n, %) 23 (12%) 23 (10%) .46
Frequent exacerbators (n, %) 66 (35%) 123 (65%) .0001

Arterial blood gases
PaO2 (mmHg) 66.1 ± 9.2 66.4 ± 10.2 .59
PaCO2 (mmHg) 41.2 ± 7.1 41.7 ± 7.2 .38

Functional tests
FEV1/FVC (%) 53.1 ± 11.1 43.3 ± 12.2 .0001
FEV1 (L) 1.5 ± 0.6 1.1 ± 0.4 .0001
FEV1 (%pred) 58.3 ± 21.2 44.2 ± 18.1 .0001
TLC (L) 5.2 ± 1.2 5.1 ± 1.4 .44
TLC (%pred) 83.1 ± 18.2 85.3 ± 20.1 .21

PSG
SpO2 mean (%) 90.7 ± 4.3 92.6 ± 3.1 .0001
ODI (ev/h) 33.4 ± 21.2 6.7 ± 10.1 .0001
T90 (%) 29.4 ± 34.8 16.3 ± 26.4 .0001

PaO2: arterial oxygen tension; PaCO2: arterial carbon dioxide tension; FEV1: forced expiratory volume at 1 second;
FVC: forced vital capacity; TLC¼ total lung capacity, SpO2¼pulse oximetry oxygen saturation; T90¼ percentage
of sleep time with SpO2 <90%.

Figure 1. Flow chart of the study. COPD: chronic obstructive pulmonary disease; AECOPD: acute exacerbations of chronic obstructive pulmonary disease; AHI:
apnea-hypopnea index; CPAP: continuous positive airway pressure, NIV: noninvasive ventilation.
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regression analysis showed a very low although significant
correlation between AHI and BMI and ESS (R2¼0.2,
p¼ .001 and R2 ¼0.1, p¼ .001, respectively).

In all, 158 out of 190 patients (83%) underwent CPAP
treatment, which was prescribed at discharge to 129 of them
(82%). Following the initial attempt with CPAP, 29 out of
158 patients (18%) were shifted to and discharged with NIV.
In all, 32 out of 190 (17%) patients with OSA were dis-
charged without any treatment due to refusal or intolerance.

In all, 21 out of the 129 (17%) patients discharged with
CPAP and all of the patients treated with NIV were hyper-
capnic at baseline (p¼ .0001). Table 2 shows the other base-
line characteristics of patients discharged with CPAP or
NIV. Patients discharged with NIV showed higher mean
PaCO2 levels and lower mean forced expiratory volume in
1 second (FEV1). Furthermore, they showed lower AHI
and ODI, whereas there was no difference in the other
PSG parameters.

Discussion

In our study, the prevalence of the combination of OSA and
COPD in patients hospitalized for a PRP was 45%. The
prevalence of OSA in the literature is extremely variable due
to several factors, including the AHI threshold used as diag-
nostic criterion, the characteristics of the population, the
severity of airway obstruction, prevalent phenotype, the
presence of exacerbation at assessment, and concomitant
comorbidities. Chaouat et al. reported an OSA prevalence of
11%, using an AHI threshold of �20 events/h in a subgroup
of patients with severe airway obstruction (18). De Miguel
et al. found a 28% prevalence, with an AHI diagnostic
threshold of �10 events/h in unselected patients with COPD
and moderate airway obstruction (19). On the other side,
Turcani et al. (20) reported a prevalence similar to ours
(51%), but their population was made up of patients hospi-
talized for AECOPD, which are per se among the contribu-
ting factors of such a high prevalence, as previously
demonstrated by Marin et al. (21) There is evidence that the

prevalence of OSA increases with advancing age (24), our
results may be affected by the aging effect.

Such a broad variability in prevalence among patients
with COPD with different severity classes may be related to
the effect of lung mechanics on the collapsibility of the
upper airways. The lower prevalence of OSA in more severe
patients might be partially explained by the increase in end-
expiratory lung volumes, preventing upper airways collapse.
As a matter of fact, increased lung volumes and hyperinfla-
tion have been shown to increase the traction on the upper
airway reducing its collapsibility and thus the probability to
have OSA (22–25). As a result, patients diagnosed with
COPD, with a more severe level of airway obstruction and
consequent increased end-expiratory lung volumes, might be
protected against OSA. OSA patients were slightly but sig-
nificantly younger, which may have at least partially contrib-
uted to the milder airway obstruction. Also Sanders et al.
found that a decrease in OSA prevalence paralleled the
decrease in FEV1 (26).

As expected, patients with OSA showed a higher mean
BMI, which was an independent predictor of concomitant
OSA. However, a high proportion of patients with OSA
(41.3%) showed a BMI <30 with 15% even <25. As a conse-
quence, the absolute BMI value alone cannot be used to rule
out the presence of OSA in patients with COPD, especially
if a threshold value of 35 is used. Furthermore, the correla-
tion between BMI and AHI was extremely low, with a sig-
nificant dispersion of value distribution. This fact is of
crucial importance considering that a BMI value of 35 has
been previously considered as an exclusion criterion of OSA
in patients with COPD in studies aimed at assessing the
effectiveness of domiciliary NIV (27).

Our patients with OSA showed a significantly higher ESS
score as compared to patients without and this variable was
an independent predictor of OSA in patients with COPD.
Nevertheless, the vast majority of patients with an AHI �15
events/h (78%) showed an ESS <10/24, which is the com-
monly considered threshold value above which the probabil-
ity of OSA is considered significantly higher (17).
Consequently, also this variable with the usual cutoff value
should not be considered a reliable indicator of OSA, at least
in our patients. This finding is consistent with previous data
by Faria et al. (28), who found that an ESS cutoff value of
10, was poor at both predicting and ruling out OSA. Also
Turcani et al. (20) found a significant correlation between
increased AHI, increased BMI and ESS. However, they did
not assess whether specific ESS threshold values were able to
rule out OSA.

In our study, awake arterial blood gases did not differ
between groups. Therefore, this measurement cannot be
used to predict OSA in these patients. No variable associated
with OSA such as SpO2, ODI, and T90 was correlated with
the risk of concomitant OSA in our patients. These findings,
in patients with overlap syndrome compared to only
patients with COPD, are consistent with those of Lacedonia
et al. (29) and Marin et al. (21). Finding a significantly
higher ODI in patients with concomitant OSA may lead to
the conclusion that night pulsossimetry might be enough to

Table 2. Baseline characteristics of patients discharged with CPAP or NIV.

Variable CPAP (n ¼ 29) NIV (n ¼ 9) p value

Antropometric/clinical
Age (years) 68 ± 8 71 ± 7 .17
BMI (kg/m2) 33 ± 8 28 ± 8 .007
ESS 6.9 ± 4.3 6.1 ± 4.8 .43

Arterial blood gases
PaO2 (mmHg) 66.7 ± 9.7 63.8 ± 10.5 .16
PaCO2 (mmHg) 40.3 ± 6.1 52.5 ± 8.7 .0001

Functional tests
FEV1/FVC (%) 55.1 ± 10.2 44.2 ± 13.6 .0004
FEV1 (L) 1.6 ± 0.6 0.9 ± 0.5 .0001
FEV1 (%pred) 63.1 ± 19.3 33.2 ± 15.1 .0001

PSG
AHI (ev/h) 42.1 ± 20.2 24.2 ± 25.2 .0017
Mean SpO2 (%) 90.7 ± 4.1 89.5 ± 6.1 .31
ODI (ev/h) 36.4 ± 21.1 22.2 ± 25.3 .0017
T90 (%) 32.2 ± 35.3 34.1 ± 36.2 .68

PaO2¼ arterial oxygen tension; PaCO2¼ arterial carbon dioxide tension;
FEV1¼ forced expiratory volume at 1 second, FVC ¼ forced vital capacity;
SpO2¼ pulse oximetry oxygen saturation; T90 ¼ percentage of sleep time
with SpO2 <90%.
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screen for obstructive events. Actually, our data showed that
this was not the case. In fact, 21 of the 190 (11%) patients
with OSA showed a non-diagnostic value of ODI (<15
events/h), underestimating the real prevalence of OSA. This
issue is scarce and contradictory in the literature. Turcani
et al. (20) found out that ODI and AHI were superimpos-
able in identifying OSA. In contrast, results reported by
Scott et al. (30) were more in line with ours. In fact, they
showed that a value of ODI>15 events/hour was neither
sensitive nor specific enough to accurately screen for OSA
in patients with COPD. The concomitant use of oxygen
therapy in a subgroup of COPD patients may explain the
non-diagnostic value of ODI in our study.

Sixty-eight percent of all patients with OSA were dis-
charged with CPAP, whereas only 15% were treated with
NIV and 17% refused or were intolerant to any ventilatory
treatment. In fact, patients treated with NIV were signifi-
cantly more hypercapnic than patients treated with CPAP.
Hypercapnia may have played a role in influencing patients’
tolerance to CPAP. Furthermore, patients treated with NIV
suffered from more severe airway obstruction and less severe
obstructive and desaturative nocturnal events.

Our therapeutic procedure entails initiating CPAP even
in hypercapnic patients with OSA, and shifting to NIV only
in case of failure such as persistent diurnal hypercapnia,
signs of nocturnal hypoventilation or poor tolerance (34).
Only 18% of patients who underwent the CPAP trial
required NIV, although at least a third of all the patients
with OSA were hypercapnic, confirming previous reports
questioning whether hypercapnia necessarily requires NIV
in these patients (31).

We evaluated a selected group of patients with COPD
admitted to a PRP without a phenotype characterization.
Therefore, our results cannot be generalized to all patients
diagnosed with COPD.

Conclusion

Our data show that at least in the population studied, the
combination of OSA and COPD, the so-called “overlap
syndrome,” is frequent. BMI and ESS were independent
predictive factors of OSA. However, a fairly noteworthy
percentage of patients with OSA showed a BMI <30 and an
ESS <10, indicating that values commonly considered as
cutoffs of OSA prevalence in the general population may
not be accurate enough in patients with COPD. Finally, our
results may question studies of long-term NIV in COPD,
excluding patients with OSAS only on the basis of reported
symptoms or BMI.
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