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The deleterious effects of chronic
obstructive pulmonary disease and
obstructive sleep apnea: pathophysiology
and implications on treatment
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Abstract

Background: Chronic obstructive pulmonary disease (COPD) and obstructive sleep apnea (OSA) are both common
in the adult population. The coexistence and association of both COPD and OSA have been described as the
overlap syndrome. The scope of the present review is to address the magnitude, pathophysiology, clinical
presentations, and the deleterious consequences of the coexistence of COPD and OSA in the same patient as well
as the current management and treatment options of this association.

Main body of abstract: Epidemiological studies showed a prevalence of the overlap syndrome of up to 1% of the
adult population. However, various studies agreed that this association is due to the fact that both COPD and OSA
are common rather than an interaction of pathophysiology between the two affections. Nevertheless, sleep may
cause adverse effects on breathing and lung functions. While these effects can be neglected in otherwise healthy
individuals, they can lead in contrast to disastrous clinical outcomes particularly in vulnerable patients with the
overlap syndrome leading to increased risk of cardiovascular diseases, acute COPD exacerbations, increased rates of
hospitalizations, and nocturnal deaths. Current guidelines recommend polysomnography (PSG) as the gold standard
investigation to diagnose sleep disorders and overlap syndrome. Treatment may include pulmonary rehabilitation,
supplemental oxygen therapy, and non-invasive ventilation. Currently, continuous positive airway pressure (CPAP)
therapy is the treatment of choice for the overlap syndrome. CPAP effects include improved respiratory mechanics;
sleep quality, exercise tolerance, and prolonged survival.

Conclusion: Both COPD and OSA are common in the general population and present a significant risk of increased
morbidity and mortality when they coexist in the same patient. Clinicians must carefully evaluate the clinical
outcomes and the high risk of cardiovascular complications related to the overlap syndrome. Current data indicate
that CPAP treatment leads to amelioration of the health-related quality of life and improve survival in patients with
the overlap syndrome.
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Background
Chronic obstructive pulmonary disease (COPD) and ob-
structive sleep apnea (OSA) are both common in the adult
population. It is still unclear if each disease increases the
odds of incidence of the other or they coexist together
simply because of their high prevalence [1]. The term
overlap syndrome (OS) has been used to refer to the pres-
ence of COPD and OSA in the same patient [2].
COPD should be considered in patients presented with

a history of tobacco smoking and symptoms of dyspnea,
chronic cough, or sputum production. Pulmonary func-
tion measurements of pre- and post-bronchodilator inhal-
ation are used to affirm the extent of the disease and
assess the degree of airflow obstruction defined as FEV1/
FVC <0.7 and FEV1 <80% predicted. According to the
current GOLD guidelines, COPD is characterized by per-
sistent airway obstruction as post-bronchodilator FEV1/
FVC remains <0.7 [3]. COPD is also known to be a major
cause of the increased risk of death worldwide with a glo-
bal prevalence of around 12% [4]. In a study published in
2015, Said et al. reported that COPD was present in 10%
of a high-risk group of Egyptian patients [5].
COPD is also known to evolve on a background of

local and systemic inflammation carrying considerable
morbidity and mortality. Interestingly, studies have
shown increased nocturnal mortality during COPD ex-
acerbations with around 70% of deaths occurring be-
tween midnight and 08:00 am [6]. In addition, patients
with COPD are at increased risk of developing cardio-
vascular diseases and around 50% of patients die from
cardiovascular complications [7].
On the other hand, OSA is characterized by episodes

of complete or partial obstruction of the upper airway
leading to intermittent hypoxia, frequent arousals, and
daytime sleepiness. The severity of OSA is assessed with
the apnea-hypopnea index (AHI), the number of apneas
and hypopneas per hour of sleep, categorized into: mild
(AHI 5–15), moderate (AHI 15–30), and severe (AHI
>30) [8]. The prevalence of OSA has been investigated
in different western population cohorts, varying around
34% for men and 17% for women. This incidence of
OSA is expected to rise even more with the explosion of
the obesity epidemics around the world [9, 10].
A recent study that included around 1000 patients re-

ferred for polysomnography in Cairo, Egypt, found that
83% of the patients were diagnosed with OSA, agreeing
with similar results elsewhere in Egypt [11–14]. Even
though these studies were retrospective, single centered,
and their results cannot be projected on the entire popu-
lation but at least confirming that OSA is the most com-
mon sleep disorder encountered in hospitals and clinics
around Egypt and special attention must be given to it.
The OS is considered when a clinical history of COPD

or emphysema, FEV1/FVC less than 70%, and a definite

diagnosis of OSA are all present together [2]. Whether
COPD predisposes to OSA or vice versa due to a causal
link of complex pathophysiology that might exist be-
tween these two affections is still unknown.
It has been demonstrated that cigarette smoking sig-

nificantly increased edema and inflammation leading to
narrowing of the upper airways. For this reason, tobacco
smoking has been considered a contributing factor to
develop OSA in patients with COPD [15]. Also, it is well
proved that the pharyngeal collapse in OSA is related to
central obesity which is further promoted in patients
with COPD due to their wide use of corticosteroids [16].
Other well-known risk factors that increase the risk of
OSA include obesity, age, male gender, and upper airway
anatomical abnormalities [17].
However, it is fair to think that the coincidence of

COPD and OSA in the same patient is somehow ex-
pected and is probably due to chance alone since both
diseases are very common in the general population.
Further studies are needed to fully understand this rela-
tionship and to determine the prevalence of the OS.

Main text
Epidemiology
The prevalence of OS remains challenging. Results from
the Sleep Heart Health Study that included almost 6000
patients have shown that the coexistence of both of
these conditions is not rare in clinical settings and far
from negligible. In fact, according to European cohorts,
the OS can be observed in 1% of adult patients [18, 19].
A higher prevalence was found in a Korean study. The
authors evaluated about 1300 patients with spirometry
and laboratory polysomnography (PSG) and found that
the overlap existed in 5% of this adult cohort [20].
In contrast, other studies investigated the prevalence

of the OS in OSA and COPD respectively with highly
variable prevalence figures reported depending on the
diagnostic techniques employed but with more than half
of patients with COPD were found to have associated
OSA [21, 22]. In a cross-sectional study on a large num-
ber of patients, the OS was the final diagnosis in 12% of
patients diagnosed with OSA [23].
Regarding the OS in Egypt, to the present author’s

knowledge, only three studies while assessing comorbidi-
ties associated with OSA noted different incidence fig-
ures of COPD among their patients varying between 4,
16, and 57% [13, 24, 25].

Pathophysiology
Sleep leads to reduced respiratory drive, functional re-
sidual capacity (FRC), and skeletal muscle activity. These
normal physiological respiratory responses that occur
during sleep are frequently accentuated in patients diag-
nosed with COPD, particularly during the rapid eye
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movement (REM) stage of sleep. During REM, reduced
tidal volume, and diminished respiratory drive contrib-
ute to an insignificant fall in arterial oxygen saturation
in healthy subjects [26].
However, this response is amplified in patients with

COPD with limited oxygen reserves and respiratory
muscle weakness, aggravating the hypoxemia and/or hy-
percapnia, normally present during wakefulness in those
patients. As a consequence, patients with COPD are sub-
jects to severe complications and a high risk of mortality
at night during acute exacerbations [27, 28].
Furthermore, during sleep, the supine position has a

negative impact on patients with COPD. This position is
associated with the collapse of the small airways in de-
pendant lung zones as well as a marked decrease in the
FRC of the lungs leading to deterioration in gas ex-
change in COPD. In addition, the rostral fluid shift from
peripheral edema when supine result in fluid accumula-
tion around the neck favoring upper airway obstruction
and the onset of obstructive respiratory events during
the night [29].
It is worth to mention that COPD is a spectrum of

clinical phenotypes predominantly emphysema or a
chronic bronchitis phenotype. The association of OSA
with the emphysema phenotype may be low as recent
evidence showed that gas trapping lowers the pharyngeal
critical closing pressure during sleep thus protective
from OSA. The extent of hyperinflation assessed by CT
scans was shown to correlate negatively and significantly
with the severity of OSA during REM stages in a recent
study conducted on patients diagnosed with severe
COPD but the authors failed to show the same correl-
ation during non-REM sleep stages [22].
Conversely, the predominant chronic bronchitis

phenotype promotes the development of OSA for sev-
eral reasons: higher BMI, chronic use of steroids that
may increase neck size, higher prevalence of cor pul-
monale, increased likelihood of pharyngeal collapse
due to edema or muscle weakness leading to easy
upper airway collapsibility. Lastly, patients with
chronic bronchitis are more prone to gas exchange
abnormalities due to the associated decrease in their
respiratory drive [30].
On a parallel note, systemic inflammation as well as

the release of various inflammatory mediators is closely
linked to both COPD and OSA. A wide number of in-
flammatory pathways were studied and reported to be
key factors in the progression of both diseases [31]. Also,
the disturbance in gas exchange in patients with COPD
induces oxidative stress with high levels of C-reactive
protein and interleukin-6 routinely found in their BAL
[32]. Smoking further exacerbates the underlying inflam-
matory process leading to deterioration in the patho-
physiological pathways [33].

In accord with the inflammatory process, reactive oxy-
gen species are also highly expressed in patients with
OSA mostly as a result of the intermittent hypoxemia
encountered in those patients [34]. This in turn will
affect various cellular components and therefore, it is no
surprise that patients with OSA are subjects to vascular
endothelial dysfunction [35].
Consequently, due to the inflammatory process de-

scribed in patients with COPD and OSA, they are at in-
creased risk of progression to atherosclerosis and
cardiovascular diseases [36]. Additionally, it was demon-
strated that patients with the OS have increased sympa-
thetic activity, which makes them more liable for cardiac
complications [37]. Hence, the inflammatory and oxida-
tive stress pathways together can be critical to the ser-
ious clinical consequences observed in COPD and OSA
when they coexist in the same patient [38].
Clearly, sleep has deleterious effects on breathing, re-

spiratory drive, and functions of the lung. While these
effects can be neglected in otherwise healthy individuals,
they can lead in contrast to disastrous clinical outcomes
particularly in vulnerable patients with the overlap syn-
drome. These patients may experience pronounced hyp-
oxemia and hypercapnia, reduced quality of life, and
increased risk of death [39]. The latter, frequently re-
ported during the night, mainly due to ventilation-
perfusion mismatching and alveolar hypoventilation
[40]. These mechanisms are all negatively impacted by
the effect of obesity that further reduces lung mechanics
and the strength of the respiratory muscle [41].

Clinical and cardiovascular consequences
Both diseases are characterized by severe clinical symp-
toms and comorbidities. No doubt, we could only as-
sume that patients with the OS will present with
aggravated symptoms and worse prognosis. Patients with
OS often report disturbed sleep rhythm, daytime fatigue,
and sleepiness. Biswas et al. showed that those patients
describe significantly worse quality of life that is usually
accompanied by anxiety and depression [42].
Noteworthy, a recent work noted that sleep impair-

ment in COPD is associated with rapid reductions in
pulmonary functions as well as daytime activity levels.
Also, sleep quality and sleep architecture were negatively
affected in patients with COPD [43]. Recently, poor
sleep quality predicted deteriorated health-related qual-
ity of life and lead to adverse outcomes such as acute ex-
acerbation, high hospitalization rates and costs
particularly in patients with COPD [44, 45].
In fact, the presence of the OS was associated with a

high frequency of hospitalizations from COPD exacerba-
tions, severe respiratory symptoms, and low quality of
life. Thus, increasing all-cause mortality compared with
those with just COPD alone [46, 47]. Also, the incidence
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of acute respiratory failure in patients diagnosed with
the OS is increased compared with either disease alone
and correlated to nocturnal hypoxemia particularly in
obese individuals. Therefore, the OS was previously con-
sidered a major cause of admission to the ICU [48].
On top of that, as previously discussed, it is possible that

the coexistence of both COPD and OSA may worsen the
inflammatory process, inducing a severe cardiovascular
impairment. Of note, the association between OSA and
cardiac diseases has been thoroughly reviewed and various
results have demonstrated that patients with OSA are at
high risk for systemic hypertension, coronary artery dis-
ease, and right-side heart failure [49].
Not surprisingly, the data from a European cohort re-

ported that patients with the OS died often from cardio-
vascular complications [50]. Additionally, nearly 80% of
the subjects with the OS were diagnosed with pulmonary
hypertension (PH) in comparison to around 15% of the
patients who only had OSA [51].
Chaouat et al. observed that even without a severe de-

gree of bronchial obstruction, patients with the overlap
syndrome exhibited a high risk of developing respiratory
insufficiency and PH. In this study, patients with the OS
had worse hypoxemia and hypercapnia compared with
the whole population and nearly half of them were diag-
nosed with PH compared with only 13% in the rest of
patients [52].
In a recent study, authors from China examined 106

patients with COPD and found that pulmonary artery
pressure (PAP) was increased by 5 mmHg in the group
of patients with the OS (52.8%) compared with COPD
only patients. The increase in PAP positively correlated
with reduced mean SpO2 levels during the night [21].
In addition, COPD has a significant risk of premature

ventricular contractions while patients with OSA often
present with atrial fibrillation. In fact, the latter is ob-
served commonly and frequently in patients with the OS
as opposed to either OSA or COPD alone according to a
retrospective study that included 2873 patients [53].
Actually, authors from the Rotterdam study confirmed

an increased risk of sudden cardiac death in patients
with COPD. In this study, it was not mentioned if OSA
coexisted in their patients; however, death occurred fre-
quently during the night [54]. Thus, it is safe to assume
that patients with the OS are at even greater risk since
the predisposing factors for sudden cardiac death includ-
ing ventricular arrhythmias, prolonged QT interval, gas
exchanged abnormalities, systemic inflammation, and re-
duced respiratory drive during sleep are commonly
present in patients with COPD and OSA.

Diagnosis
In clinical practice, screening for patients with OS
should be done when: 1—patients are presented with

mild COPD but with evidence of PH or daytime hyper-
capnia disproportionate to the respiratory impairment.
2—COPD patients complaining of morning headaches
despite treatment. 3—Patients with symptoms suggestive
of OSA along with clinical and spirometry diagnosis of
COPD [55].
Therefore, a history of sleep symptoms should be part

of the routine clinical evaluation for COPD patients. Most
common symptoms are snoring, fragmented sleep, gasp-
ing and choking during the night, nocturia, and increased
daytime sleepiness. Also, overnight oximetry showing a
typical sawtooth pattern during the night could be helpful
to decide further clinical investigations [56].
The gold standard method for the diagnosis of the OS

remains polysomnography (PSG) studies [57]. The
American Thoracic Society/European Respiratory Soci-
ety task force guidelines recommend overnight testing in
patients with PH associated with mild COPD [58]. Al-
though, no significant differences regarding the AHI be-
tween patients with the OS compared with OSA only
patients in many PSG studies, the former group exhib-
ited severe oxygen desaturations, significantly higher
total sleep time spent with SpO2 less than 90% and re-
duced sleep efficiency (% of sleep time) [19, 51, 52].
However, due to the limited availability and the high

cost of PSG, careful evaluation of suspected patients is
required. Thus, questionnaires such as the Stop-BANG
or the Epworth Sleepiness Scale (ESS) were developed to
screen and determine the probability of OSA but they
are not accurate enough to confirm or rule out OSA and
replace PSG [59].
Further, Soler et al. demonstrated that in advanced

COPD, the performance of the STOP-Bang even though
was less than expected was associated with OSA to the
contrary of the ESS. The authors also noted that in
COPD patients, neck circumference was not a good pre-
dictor of OSA, indicating the presence of OSA in pa-
tients with advanced COPD even among those with
small neck circumference [60].
Hence, despite limited data, the Stop-BANG, which

consists of 8 (yes or no) questions and has the advantage
of being easily scored, may serve as a screening tool in
the initial evaluation of probable OSA in patients with
COPD along with history and physical examination.

Treatment
Treatment objectives of the OS are directed towards the
restoration of adequate oxygen saturation during sleep,
reduce obstructive respiratory events, improve gas ex-
change, and undoubtedly improve sleep quality and the
health-related quality of life in those patients. Treatment
options include bronchodilators, pulmonary rehabilita-
tion, long-term oxygen therapy (LTOT), and non-
invasive ventilation (NIV). Equally important to these
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modalities is the reinforcement of sleep hygiene and
weight loss measures. Also, sleep deprivation, alcohol,
hypnotic drugs should be always discouraged in those
patients.
Pulmonary rehabilitation including smoking cessation

and structured exercise programs was shown to have a
positive impact on patients. In fact, after 8 weeks of the
pulmonary rehabilitation program, patients with COPD
reported amelioration in sleep quality, less dyspnea, and
reduced hospital visits with subsequent improvement in
the quality of life [45].
In line with the above, numerous authors also reported

that LTOT extended to sleeping hours may have benefi-
cial effects on daytime and nocturnal hypoxemia. LTOT
was associated as well with reduced risk of mortality in
patients with COPD [61]. However, a randomized con-
trolled study concluded that oxygen therapy should not
be considered a definite treatment option in patients
with OS as it has no role in preventing obstructive re-
spiratory events during sleep [62].
Although CPAP is not considered to be a form of NIV

in the strict sense, yet, CPAP remains the cardinal treat-
ment modality and serves as an extremely practical
measure to reverse the side effects of the OS. Marin
et al. analyzed CPAP efficacy after a median follow-up of
about 9 years. They found out that treatment with CPAP
not less than 4 h/night reduced the AHI thereby improv-
ing oxygen saturation during sleep and was associated
with decreased hospitalizations and risk of death [50].
Machado et al. evaluated treatment outcomes in 95

patients diagnosed with the overlap syndrome. Patients
had moderate to severe OSA and were receiving LTOT
for their COPD. In the CPAP-treated group, the 5-year
survival estimate was 70% compared with 25% in the
non-treated groups. After adjusting for several con-
founders, the study showed that patients treated with
CPAP showed a significantly lower risk of death [63].
Moreover, de Miguel et al. observed that after 6 months

of CPAP therapy in patient with the OS, lung functions
and gas exchange parameters were significantly improved
with a marked reduction in hypercapnia [64]. These re-
sults agreed with what was previously published after 3
months of CPAP treatment in a small number of patients
with the OS. The improvement in lung function and gas
exchange was indeed associated with a considerable fall in
the risk for hospitalizations [65].
The positive effects of CPAP are mostly due to the im-

provement in respiratory mechanics. The use of CPAP is
associated with increased functional residual capacity,
improved lung function, ventilation-perfusion matching,
and respiratory muscle strength [64]. Equally, CPAP
may be effective in unloading inspiratory muscles and
reducing work of breathing, thus, improves skeletal
muscle strength leading to enhanced exercise tolerance

[66]. The hemodynamic benefits of CPAP also play an
important role in reducing mortality due to cardiovascu-
lar diseases in patients with OSA [67]. Indeed, CPAP
therapy has been coined with prolonged survival and
better health-related quality of life in patients with OS
[63, 68]

Conclusion
COPD and OSA are both highly prevalent disorders.
However, many clinicians should bear in mind that OSA
leads to significantly damaging consequences on the qual-
ity of sleep and the pulmonary functions of subjects diag-
nosed with COPD. Clinicians should also be aware of the
increased threat of cardiovascular complications encoun-
tered when COPD and OSA coexist in the same patient.
As a consequence, patients presented with symptoms

related to OSA and COPD should be thoroughly evalu-
ated and subjects to PSG studies. Simultaneous treat-
ment of COPD and OSA is necessary to reduce the
morbidity and mortality associated with the OS. It is well
evidenced that the appropriate use of CPAP treatment
leads to significant benefits to physical health, well being,
and long-term survival in patients with the OS.
More work still needs to be done to accurately assess

the role of screening and the diagnosis of OSA in pa-
tients with COPD and future research is essential to fully
understand the complex interaction between COPD and
OSA and to evaluate the clinical outcomes and compli-
cations of both diseases when they exist together, par-
ticularly regarding their potential influence on the
frequency of COPD exacerbations, health-related quality
of life and mortality.
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