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Abstract: Chronic obstructive pulmonary disease (COPD) and obstructive sleep apnoea (OSA) syndrome
are both highly prevalent, affecting at least 10% of the general adult population, and each has been
independently associated with an increased risk of cardiovascular disease. The presence of both disorders
together, commonly referred to as the overlap syndrome, is also highly prevalent, although various clinical
and pathophysiological factors associated with COPD may increase or decrease the likelihood of OSA.
Lung hyperinflation reduces the likelihood of obstructive apnoea, whereas right heart failure increases the
likelihood as a result of rostral fluid shift causing upper airway narrowing in the supine position while asleep.
Furthermore, upper airway inflammation associated with OSA may aggravate lower airway inflammation in
COPD. The proposed mechanisms of cardiovascular disease in each disorder are similar and include systemic
inflammation, oxidative stress, and sympathetic excitation. Thus, one could expect that the prevalence
of co-morbid cardiovascular disease would be higher in the overlap syndrome but, with the exception of
pulmonary hypertension, there are few published reports that have explored this aspect in depth. Hypoxia
is more pronounced in patients with the overlap syndrome, especially during sleep, which is likely to be
the principal factor accounting for the recognised higher prevalence of pulmonary hypertension in these
patients. Cardiac sympathetic activity is increased in patients with the overlap syndrome when compared to
each disorder alone, but echocardiographic evidence of left ventricular strain is no greater in overlap patients
when compared to COPD alone. While survival might be expected to be worse in overlap patients, recent
evidence surprisingly indicates that the incremental contribution of lung function to mortality diminishes
with increasing severity of OSA. Identification of co-morbid OSA in patients with COPD has practical
clinical significance as appropriate positive airway pressure therapy in COPD patients with co-existing OSA

is associated with improved morbidity and mortality.
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Introduction

Chronic obstructive pulmonary disease (COPD) and
obstructive sleep apnoea (OSA) syndrome are each highly
prevalent with recent population-based studies indicating
that about 10% of the general adult population have
one or other disorder (1,2). However, the prevalence of
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isolated sleep disordered breathing (SDB) as measured by
the frequency of apnoeas or hypopnoeas per hour of sleep
[apnoea-hypopnoea index (AHI)] without accompanying
symptoms such as sleepiness is considerably higher with
recent studies indicating that up to 50% of adult males have
significantly elevated AHI (3), and even higher numbers in
the elderly. Based on these prevalence figures, up to half of
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Figure 1 Interactions between COPD and OSA that may influence
the prevalence of the overlap syndrome [reproduced from (9)].
COPD, chronic obstructive pulmonary disease; OSA, obstructive
sleep apnoea; BMI, body mass index; REM, rapid-eye-movement.

patients with COPD will likely have at least some degree
of SDB based on chance association alone. Furthermore,
COPD alone is associated with sleep disturbance (4), which
can result in significant negative effects on quality of life (5).

COPD and OSA are each independently associated
with an increased prevalence of cardiovascular disease (6,7)
and there are considerable overlaps in pathophysiological
mechanisms which include systemic inflammation,
oxidative stress, and sympathetic excitation (8). Thus, one
could predict that patients with both COPD and OSA,
referred to as overlap syndrome, may have a greater risk
of cardiovascular co-morbidity than with either disorder
alone, although specific evidence is limited in this regard.
The present review discusses the epidemiology of the
overlap syndrome and its association with cardiovascular
disease, and reviews the evidence regarding mechanisms
and outcomes of this association.

Epidemiology of overlap syndrome

While the overlap syndrome should be highly prevalent
based on chance association, there are many features of
COPD that influence the likelihood of co-existing OSA (9),
which are summarised in Figure 1. Factors in COPD that
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increase the likelihood of OSA include rostral fluid shift while
in the supine position at night (10), which is particularly likely
in patients with peripheral oedema due to right heart failure
that is present in a minority of patients with COPD. Additional
factors include upper airway oedema and inflammation due
to cigarette smoking and upper airway muscle weakness that
may be aggravated by corticosteroid therapy, both inhaled
and oral (11). Other COPD-related factors protect against
the development of OSA including low body mass index
(BMI) and lung hyperinflation, which is associated with
reduced upper airway collapsibility (12) and a lower AHI (13).
Additional potentially protective factors include older age (14),
medications such as theophylline (15), and also the diminished
amounts of rapid-eye-movement (REM) sleep that are
common in patients with COPD (4). In general terms, factors
promoting OSA are more associated with the predominant
chronic bronchitis phenotype (16) whereas factors protective
against OSA are more associated with the predominant
emphysema phenotype (13). Factors relating to OSA that may
contribute to COPD include upper airway inflammation (17)
and chronic intermittent hypoxia, which has been reported to
increase lung inflammation and damage (18).

Several reports have examined the prevalence of overlap
syndrome in population studies of patients with COPD (19-21)
and separately in population studies of patients with
OSA (14,22). These reports have indicated widely different
prevalence figures for OSA in patients with COPD and
for COPD in patients with OSA with reported prevalence
figures ranging from 7.6% to 55.7% for COPD in patient
populations with OSA and from 2.9% to 66% for OSA in
patient populations with COPD (23). The widely differing
prevalence figures likely reflect a wide variety of factors
that include differences in patient populations and clinical
phenotypes, sleep study recording techniques, in addition
to different definitions of SDB and OSA. Earlier respiratory
recordings such as thermistor were less sensitive, and likely
gave a lower AHI than later recordings such as those based
on nasal pressure. Furthermore, none of the published
reports of OSA prevalence in COPD populations have
characterized patients based on clinical phenotype, which is
likely to have a major impact on the predisposition to OSA
based on the characteristics indicated in Figure 1. Factors
that have been found to increase the likelihood of OSA in
COPD include higher BMI and continued smoking (20),
both representing risk factors for cardiovascular disease.
Only two general population studies of overlap syndrome
that included formal sleep studies have been reported which
gave prevalence figures of one and 2.7 percent (21,24).
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Cardiovascular disease in the overlap syndrome

Both COPD and OSA are associated with increased
risk of cardiovascular disease. A recent meta-analysis
reported a significantly higher prevalence of cardiovascular
comorbidities in COPD patients (OR 1.90, 95% CI:
1.59-2.28; P<0.00001) based on data from 11 studies that
involved over 45 million COPD patients and a similar
number of control subjects (25), which is similar to an
earlier systematic review that found an odds ratio (OR) of
2.46; 95% CI: 2.02-3.00; P<0.0001 (7). Cardiac dysfunction
is particularly likely during exacerbations of COPD (26),
which may be predicted by elevated levels of BNP, N'T-
proBNP, and/or troponins (27). Cardiovascular disease
is also more prevalent in OSA with a relative risk of 2.48
(1.98-3.10) for total cardiovascular disease (CVD), 1.37
(0.95-1.98) for coronary heart disease (CHD), and 2.02
(1.40-2.90) for stroke in one recent meta-analysis (28).
OSA particularly predisposes to hypertension and cardiac
dysrhythmias, especially atrial fibrillation (6), but has
also been associated with other cardiovascular disorders
including coronary artery disease and congestive heart
failure (6). Based on these recognised risks for various
cardiovascular diseases associated with COPD and OSA
alone, one should expect a greater risk for cardiovascular
disease in patients with the overlap syndrome. However,
epidemiological data are limited on this aspect although
a recent retrospective study reported a higher prevalence
of hypertension, diabetes and the metabolic syndrome
in patients with the overlap syndrome compared to OSA
alone (29).

Pulmonary hypertension has long been recognised as
more prevalent in patients with the overlap syndrome
when compared to either disorder alone (30). This higher
prevalence is likely a consequence of the greater degree of
hypoxaemia in patients with the overlap syndrome (31),
especially during sleep. Furthermore, Sharma and co-
authors reported in a small cohort of 18 COPD patients,
7 of whom had co-existing OSA, that overlap patients had
a higher right ventricular mass index on cardiac magnetic
resonance imaging (32), which is likely a consequence of
pulmonary hypertension. Atrial fibrillation is a recognised
complication of OSA, but patients with overlap syndrome
have been reported to have a greater risk of new onset atrial
fibrillation when compared to patients with OSA alone (33).
Coronary artery disease is also commonly associated with
both COPD and OSA but there are no reported data

comparing the incidence of coronary disease in overlap
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patients with those having COPD or OSA alone. Although
the epidemiological evidence is limited for increased
cardiovascular disease in the overlap syndrome, the
importance of recognising co-existing OSA in patients with
COPD is underlined by the interesting recent report of
Castro-Grattoni and co-authors demonstrating in a rodent
model that cardiovascular changes induced by chronic
intermittent hypoxia can be reversed by normoxia (34).

Mechanisms of cardiovascular disease in the
overlap syndrome

The mechanisms of cardiovascular disease in COPD and
OSA are complex and not fully understood (8). In COPD,
mechanisms include hypoxia, systemic inflammation and
oxidative stress, in addition to sympathetic excitation and
vascular dysfunction (35). Vascular dysfunction in COPD
is likely a result of several factors including inflammation,
endothelial dysfunction, and connective tissue degradation,
the latter resulting from increased elastolytic activity and
collagen deposition. In OSA, mechanisms also include
hypoxia, inflammation and oxidative stress, in addition
to sympathetic excitation, endothelial dysfunction, and
metabolic dysregulation (6,36). The pattern of hypoxia
in OSA is intermittent, which especially predisposes to
inflammation and oxidative stress (37). Indeed, there
are important differences in the pattern of nocturnal
hypoxaemia between COPD, OSA, and the overlap
syndrome (38). In COPD, nocturnal hypoxaemia is typically
modest, with intermittent hypoxaemia particularly evident
in REM sleep. In OSA, hypoxaemia is typically intermittent,
with periods of oxygen desaturation during apnoea/
hypopnoea interspersed with resaturation to relatively
normal levels in between episodes of SDB, unless there is
some associated hypoventialtion. In contrast, patients with
the overlap syndrome also show intermittent hypoxaemia
but typically remain hypoxaemic between episodes of
SDB, thus demonstrating intermittent desaturation
from a baseline hypoxaemia (Figure 2). These different
profiles of oxygenation have important implications for
the molecular responses to hypoxaemia in these disorders.
In particular, intermittent hypoxaemia preferentially
activates the pro-inflammatory transcription factor nuclear
factor kappa-B (NF-kB) and its downstream products
including tumor necrosis factor alpha (TNF-a) (39,40).
The baseline sustained hypoxemia that develops in patients
with the overlap syndrome predisposes to other molecular
responses relevant to the mechanisms of cardiovascular
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Figure 2 Different patterns of oxygen desaturation during sleep in patients with (A) COPD, (B) overlap syndrome and (C) OSA. COPD,

chronic obstructive pulmonary disease; OSA, obstructive sleep apnoea; SaO,/SpO,, oxygen saturation; PtcCO,, transcutaneous carbon

dioxide tension [adapted from (38)].

disease, especially via activation of the transcription factor
pathway mediated by hypoxia inducible factor-1 alpha
(HIF-1a) (39) and related downstream products such as
vascular endothelial growth factor (VEGF). Furthermore,
there is evidence of interaction between the NF-kB
and HIF-1 pathways in the transcriptional responses to
hypoxia (41). Sympathetic excitation is common in COPD
and contributes to exercise limitation (42), and is also
common in OSA where it represents a key factor in the
pathogenesis of nocturnal elevation of blood pressure (43).
Thus, it is evident that there are considerable overlaps
in the mechanisms of cardiovascular disease in COPD and
OSA, although different factors may predominate in each
disorder. For example, obesity is an important mechanism
of inflammation in OSA (44), whereas skeletal muscle
wasting is a source of inflammation in COPD (45). Potential
overlapping mechanisms of cardiovascular disease in COPD
and OSA are schematically illustrated in Figure 3. The
shared mechanisms of cardiovascular disease in COPD and
OSA should make it likely that these mechanisms would be
enhanced in patients with the overlap syndrome. However,
there are little published data on this aspect. One report
compared a small population of 14 patients with the overlap
syndrome with patients having COPD or OSA alone, and
assessed cardiac sympathetic activity by heart rate variability,
which is a valuable tool to investigate the sympathetic and
parasympathetic components of the cardiac autonomic
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Figure 3 Interactions of COPD and OSAS in inflammatory
mechanisms that predispose to cardiovascular disease. Both COPD
and OSAS are associated with elevated levels of CRP and IL-6,
in addition to TNF-a and IL-8, and are also associated with
oxidative stress. However, cigarette smoking and obesity are
confounding variables in these associations. Hypoxia is a key factor
in elevated TNF-a production in OSAS, which is particularly
relevant to the overlap syndrome. In OSA, and to a lesser extent
COPD, the hypoxia is usually intermittent, which is particularly
pro-inflammatory. Each inflammatory pathway has been associated
with atherogenesis and subsequent cardiovascular disease. COPD,
chronic obstructive pulmonary disease; OSA, obstructive sleep
apnoea; CRP, c-reactive protein; IL-6, interleukin-6; TNF-o, tumor
necrosis factor alpha; IL-8, interleukin-8. Reproduced from (8).
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nervous system (46). The authors found that overlap
patients had significantly higher low frequency to high
frequency ratio, indicating higher sympathetic modulation
of heart rate, as compared with patients with OSA or
COPD alone. Furthermore, the ratio correlated with
both AHI and lung residual volume. Another report also
indicated that subjects with COPD-OSA overlap present
marked sympathetic modulation compared to those with
COPD alone and the presence of overlap has a negative
impact on functional capacity regardless of the severity of
lung disease (47). A further report found evidence of left
ventricular dysfunction in patients with COPD that was not
significantly greater in the presence of co-existing OSA (48).
Sleep itself may have adverse cardiovascular effects in
COPD as indicated in the report of Grote and co-authors
demonstrating that REM sleep imposes a vascular load on

patients with COPD that is independent of OSA (49).

Management and outcomes

The management of patients with the overlap of COPD
and OSA should take into account optimum management
principles for each separate disorder, and should particularly
reflect the balance of the two disorders in the overall
clinical presentation of each patient. Thus, appropriate
management of the COPD component should include
appropriate bronchodilator therapy, typically inhaled,
which in the context of the overlap syndrome may have the
added benefit of improving nocturnal oxygen saturation
levels (50,51). Theophylline, which may benefit both
COPD and OSA (15,52), may not be appropriate if there
is co-morbid cardiac disease because of the recognised risk
of cardiac side effects, and is not commonly used nowadays
in clinical practice. Supplemental oxygen therapy may be
appropriate in the presence of significant hypoxaemia (53),
which is typically more pronounced at night, and will likely
benefit co-morbid pulmonary hypertension (31,54).
Non-invasive pressure support is a key aspect in the
management of patients with the overlap syndrome
and choice of the most appropriate pressure modality
should reflect the balance of the two disorders in the
individual patient presentation. Where OSA predominates,
standard continuous positive airway pressure (CPAP) is
the most appropriate option, either in the fixed or auto-
adjusting pressure mode. Where the COPD element
is prominent, and particularly if there is evidence of
associated hypercapnic chronic respiratory failure, non-
invasive ventilation (NIV) in the form of bi-level positive
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airway pressure (BPAP) may be more appropriate by
providing an additional element of assisted ventilation.
The benefit of BPAP in patients with chronic respiratory
failure due to COPD is not fully accepted (55), although
does appear to improve outcomes when set to pressures
sufficient to markedly reduce carbon dioxide levels (56).
Furthermore, a recent report indicates that the addition of
home noninvasive ventilation to oxygen supplementation
significantly prolonged time to readmission or death
in patients hospitalised with an exacerbation of COPD
associated with hypercapnia (57).

The benefits of CPAP are more clearly established in
patients with the overlap syndrome. Marin and co-authors
reported improved long-term survival and lower rate of
hospitalizations in over 200 overlap patients treated with
CPAP compared to those not treated, and the outcomes
of those overlap patients treated with CPAP was similar
to patients with COPD alone over a median follow-up
period of 9.4 years (Figure 4) (58). Cardiovascular disease
accounted for 28% of deaths. Similar findings were also
reported by Machado and co-authors in 95 overlap patients
followed for 10 years (59) and the report of Stanchina and
co-authors indicated that hours of CPAP use and age were
independent predictors of mortality (HR 0.71 and 1.14,
P<0.001, 0.002). These findings emphasise the importance
of identifying co-morbid OSA in COPD patients, as not
doing so with resulting failure to initiate appropriate
pressure support may result in increased morbidity and
mortality. However, the above studies are observational in
nature and prospective randomised trials are required to
address outcomes of therapy in overlap patients.

While one could anticipate that the interaction of
COPD and OSA in the individual patient would adversely
impact survival, the evidence in this regard is not clear-
cut. In particular, the recent report of Putcha and co-
authors (60), based on data from 6173 subjects in the
Sleep Heart Health Study having home polysomnography
(PSG), indicated that all-cause mortality was higher in
those with SDB (AHI >5 events/h) compared to those
without SDB but, paradoxically, decreasing lung function
was associated with increasing mortality to a greater extent
in subjects without SDB compared to those with SDB.
Furthermore, the incremental influence of lung function
on all-cause mortality was less with increasing severity of
SDB. A greater impact of SDB on nocturnal hypoxaemia
than airflow obstruction could be a factor in these findings
and survival bias could also have been a confounding factor.
A recent study containing data obtained from the National
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Figure 4 Kaplan-Meier survival curves for outcomes among
COPD patients without OSA (COPD group), patients with
COPD and coexisting OSA (overlap group), and patients with
overlap syndrome treated with CPAP since enrolment (overlap
with CPAP group). Percentage survival (A), percentage of severe
COPD exacerbation-free survival curves among the three study
groups (B). The differences between COPD only and COPD with
OSA treated with CPAP are statistically significant from patients
with COPD and untreated OSA (P<0.001). COPD, chronic
obstructive pulmonary disease; OSA, obstructive sleep apnoea;

CPAP, continuous positive airway pressure. Reproduced from (58).

Health and Nutrition Examination Survey (NHANES)
reported a trend towards higher mortality in patients with
COPD-OSA overlap compared to those with COPD
alone (61). Furthermore, Lambert and co-authors recently
reported that obesity is associated with increased morbidity
in moderate to severe COPD based on data from 3,631
participants from the prospective COPDGene study with
spirometry-confirmed COPD (62). While no information

© Journal of Thoracic Disease. All rights reserved.

jtd.amegroups.com

McNicholas. COPD-OSA overlap and cardiovascular disease

is provided regarding co-existing OSA, this possibility
could be a contributing factor to the increased morbidity
associated with obesity. The increased morbidity principally
related to an increased frequency of COPD exacerbations.
The likelihood that obesity may have been a marker of
undiagnosed OSA is supported by two recent report
indicating that high BMI in COPD is a strong indicator of
co-existing OSA (63,64).

Conclusions

The overlap syndrome is highly prevalent, and should be
especially so in the chronic bronchitis COPD phenotype,
although specific evidence is lacking. Cardiovascular disease
is also prevalent in both COPD and OSA, but there are
few published reports on the prevalence of cardiovascular
disease in the overlap syndrome other than pulmonary
hypertension. Thus, considerable knowledge gaps remain
and further research is urgently required, as outlined in
a recent research statement by the American Thoracic
Society (65). Failure to diagnose overlap syndrome in
patients with COPD is likely to result in worse outcomes
as CPAP therapy has documented benefits to long term
morbidity and mortality in overlap patients, which would
not be regarded as standard therapy in COPD alone.
Further research is required, especially to document the
prevalence of cardiovascular co-morbidity in patients with
the overlap syndrome and the basic mechanisms involved,
in addition to cardiovascular outcomes of positive pressure

therapy.
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