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A B S T R A C T

Background: Chronic obstructive pulmonary disease (COPD) concomitant with obstructive sleep apnea
(OSA) is known as overlap syndrome. It has an increased rate of hospitalization due to COPD exacerba-
tion which is believed to indicate a worsening of the underlying chronic airway inflammation. Therefore,
the aim of this prospective study was to explore whether OSA exacerbates airway inflammation in sub-
jects with COPD by examining the bronchoalveolar lavage (BAL) fluid.
Methods: This prospective study included 47 patients with overlap syndrome and 28 patients with
moderate-to-severe stage stable COPD. Twenty-five patients with overlap syndrome adhered to the con-
tinuous positive airway pressure (CPAP) treatment; the remaining patients either refused CPAP treatment
or discontinued it within 2 weeks owing to adverse effects or other reasons. BAL fluid was collected from
all subjects for the evaluation of cell numbers and tumor necrosis factor alpha (TNFα) and interleukin-8
(IL-8) levels.
Results: The BAL fluid of patients with overlap syndrome showed a significantly increased proportion
of neutrophils and higher TNFα concentration and IL-8 levels than that of COPD patients; however, the
serum CRP levels were not significantly different. An association was found between the percentage of
neutrophils and the TNFα concentration and IL-8 levels. Moreover, the TNFα concentration was signifi-
cantly correlated with the percentage of nighttime spent with oxygen saturation less than 90%. After CPAP
treatment, airway inflammation was found to decrease significantly.
Conclusions: OSA exacerbates airway inflammation in COPD patients. CPAP treatment can improve noc-
turnal hypoxemia and decrease airway inflammation.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

Obstructive sleep apnea (OSA) is characterized by repetitive oc-
clusion of the upper airway during sleep, which is usually
accompanied by intermittent hypoxia-/reoxygenation episodes; this
can trigger upper airway and systemic inflammation and increase
the expression of inflammatory mediators [1,2]. Chronic obstruc-
tive pulmonary disease (COPD) is characterized by chronic airway
inflammation leading to progressive decline in lung function and
is the fourth leading cause of death worldwide; it also affects ap-
proximately 13.9% of the adult population in the United States [3].

The coexistence and association of both COPD and OSA in a single
patient is defined as “overlap syndrome” [4]. A large epidemio-

logic study found that the prevalence of overlap syndrome in adult
men is approximately 1% [5]. Compared with patients with COPD
only, patients with overlap syndrome have an increased risk of hos-
pitalization for COPD exacerbation. Although such patients can be
treated with continuous positive airway pressure (CPAP) [6], the
mechanisms of OSA leading to higher frequency of COPD exacer-
bation and improvement after CPAP treatment remain unclear.

Exacerbation of COPD is believed to indicate a worsening of the
underlying chronic airway inflammation, as the frequency of COPD
exacerbation is associated with disease severity [7] and a further
increase in airway inflammation [8]. The disease severity corre-
lates with the number of neutrophils found in biopsy specimens
and sputum [9,10], and patients with frequent COPD exacerbation
have higher sputum interleukin-6 (IL-6) and interleukin-8 (IL-8)
levels both at exacerbation and in the stable state compared with
patients with infrequent exacerbation [11]. Increased IL-8 and tumor
necrosis factor alpha (TNFα) levels in the lungs of patients with stable
COPD have also been found to recruit neutrophils to the airways
[12], thus creating a vicious cycle that leads to progressive
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development of the disease. Several studies have also reported airway
inflammation in OSA patients [13,14]. Devouassoux et al. [13] found
that neutrophilia and IL-8 concentration were higher in the bron-
chial airways of untreated OSA patients compared with controls and
that IL-8 levels in the sputum supernatant were correlated with the
apnea–hypopnea index (AHI). Aihara et al. [14] demonstrated that
sputum IL-6, IL-8, TNF-α, and vascular endothelial growth factor
(VEGF) levels were significantly correlated with the respiratory dis-
turbance index or oxygen desaturation index (ODI) and that sputum
IL-6, IL-8, TNFα, and VEGF levels were also significantly related to
the sputum neutrophil number.

The above-mentioned studies indicated that both diseases are
characterized by local inflammation, but their interaction has not
yet been clarified. We hypothesize that OSA may contribute to COPD
by exaggerating airway inflammation associated with nocturnal in-
termittent hypoxemia, and CPAP treatment can favorably improve
airway inflammation in cases of overlap syndrome. Therefore, the
aim of this prospective study was to explore whether OSA exacer-
bates airway inflammation in subjects with COPD by examining the
bronchoalveolar lavage (BAL) fluid. We also examined the relation-
ship between nocturnal hypoxemia and airway inflammation and
the effect of CPAP treatment on airway inflammation. Specifically,
we studied the percentage of neutrophils and the levels of the in-
flammatory mediators TNFα and IL-8 in BAL fluid and the levels of
C-reactive protein (CRP) in serum.

2. Methods

2.1. Study patients

For this prospective study, between July 2010 and December
2013, we enrolled 168 consecutive patients who reported habitu-
al snoring and were diagnosed with obstructive airway disease
according to physical and spirometry examinations conducted at
the Division of Respiratory Diseases at Renmin Hospital of Wuhan
University and Xiangyang Hospital of Hubei University of Medicine.

All patients with moderate-to-severe COPD (GOLD stage II or III),
diagnosed in accordance with the GOLD guidelines [15], were studied
when they were clinically stable for at least 6 weeks. Ninety-three
subjects were eligible for this study according to the following in-
clusion criteria: age > 40 years, abstinence from smoking for at least
2 years, no history of systemic diseases, and free from oral corti-
costeroid or other anti-inflammatory drug use for at least 6 months.
The exclusion criteria were as follows: presence of pneumonia or
other lung diseases, history of asthma or use of theophylline prepa-
rations during the 2 weeks before admission, symptoms of
gastroesophageal reflux disease (GERD), forced expiratory volume
at 1 s (FEV1) <30% of predicted, and administration of CPAP treat-
ment before admission [16–18]. Furthermore, 10 patients did not
provide consent to participate in this study, and fiberoptic bron-
choscopy could not be completed in eight patients. Finally, 75
patients were successfully enrolled in the study (Fig. 1). The study
was conducted with the approval of the Ethics Committee of Renmin
Hospital of Wuhan University and Xiangyang Hospital of Hubei
University of Medicine, and written informed consent was ob-
tained from each of the subjects prior to participation in the study.
All subjects underwent pulmonary function testing, overnight
polysomnography, and bronchoscopy.

2.2. Pulmonary function testing

Pulmonary function tests (Master Screen PFT, Erich Jaeger GmbH,
Germany) were performed prior to enrollment into the study to
further confirm the diagnosis of obstructive lung disease and to
exclude cases of restrictive lung disease, asthma, and very-severe
stage COPD.

2.3. Polysomnography (PSG)

All subjects underwent full-night PSG using a digital system
(Compumedics E-series EEG/PSG recording system, Australia) at the
sleep laboratories of Renmin Hospital of Wuhan University and
Xiangyang Hospital of Hubei University of Medicine. The param-
eters recommended by the American Academy of Sleep Medicine
(AASM) were monitored simultaneously and continuously: airflow
detection via thermocouple and nasal pressure, electroencephalo-
gram, electrooculogram, electrocardiogram, electromyogram (chin
and leg muscles), thoracic and abdominal respiratory effort using
inductance plethysmography, snoring, body position, oxyhemoglo-
bin saturation (SpO2), and pulse rate. The findings were scored in
accordance with the criteria outlined in the 2007 AASM Manual (v.1)
for Scoring Sleep and Associated Events [19]. Hypopneas were
defined as events with ≥30% decrease of baseline amplitude in nasal
pressure for ≥10 s, accompanied by a ≥4% decrease in SpO2 from the
pre-event baseline.

2.4. Bronchoscopy

As described previously [20], flexible fiberoptic bronchoscopy was
performed in the morning at approximately 9:00 a.m. following full-
night PSG monitoring to avoid diurnal variations. Briefly, under local
anesthesia with topical lidocaine, the BAL fluid was collected from
a segment of the middle lobe or the lingula after instillation of
100 mL of sterile warmed saline. The sample was collected in a sterile
container, immediately filtered through gauze swabs, and then cen-
trifuged at 400× g for 10 min at 4 °C to separate the fluid from cells.
The supernatant was collected for later analysis, and the cell pellet
was washed in phosphate-buffered saline solution. Total cell counts
were obtained with a hemocytometer. Cytospins were prepared using
a Shandon cytocentrifuge (Shandon, PA, USA), and the differential
cell count was performed using Wright–Giemsa staining by count-
ing 200 nucleated non-squamous cells per sample. Viability was
ascertained by the Trypan blue exclusion method.

93 patients were 
excluded based on 
the exclusion criteria

168 consecutive patients with stable 
COPD and habitual snoring 

75 underwent PSG

47 had COPD and OSA (AHI > 15) 28 had COPD alone (AHI < 15)

CPAP recommended

19 refused CPAP28 accepted CPAP 

4 discontinued3 discontinued

Overlap 
syndrome treated 
with CPAP

Overlap syndrome 
not treated with 
CPAP

COPD guidelines 
recommended
therapy

Fig. 1. Selection and treatment of the study cohort. COPD, chronic obstructive pul-
monary disease; OSA, obstructive sleep apnea; AHI, apnea–hypopnea index; CPAP,
continuous positive airway pressure.
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2.5. CRP, IL-8, and TNFα

Venous blood samples were obtained from all of the subjects in
the morning of PSG (at 7:00–8:00 a.m.) to measure the CRP level
in mg/L using a Beckman Coulter Inc. Immage 800 (USA) device.
Quantitative sandwich enzyme immunoassay kits (R&D Systems)
were used to measure TNFα and IL-8 concentrations in BAL fluid.
Cytokine concentrations were measured in pg/mL. The investiga-
tors who performed the cytokine assays were blinded to the
sequence of the specimens.

2.6. CPAP treatment and follow-up

All patients with overlap syndrome were suggested to undergo
treatment with CPAP [21] along with inhaled corticosteroids and
long-acting β agonists as recommended by the COPD guidelines [15].
Noninvasive ventilation titration was performed according to the
recommended guidelines [22]. According to AASM standards, CPAP
titration during the next night of PSG is started at 4 cmH2O and then
increased after two obstructive apneas, three hypopneas, or five
RERAs and no more than every 5 min to achieve AHI <5 events/h
and SaO2 > 90%. If the patient is intolerant of high pressures or ob-
structive respiratory events continue at 15 cmH2O of CPAP during
the titration study, the patient may be switched to bilevel positive
airway pressure (PAP) [22]. In the present study, supplemental
oxygen was provided by an adapted nasal mask with a flow of 1.5 L/
min to attain SaO2 > 90% in some patients with persistent SaO2 <88%.
Twenty-five patients completed the CPAP treatment. No patients
were on auto-titrating PAP. No patients used bilevel PAP or re-
quired supplemental oxygen during the study period. All patients
were treated with expiratory pressure relief (C-Flex). The mean CPAP
level was 12.4 ± 1.7 cmH2O. After 2 weeks of CPAP treatment, PSG
and bronchoscopy were repeated in the overlap syndrome patients.

2.7. Statistical analysis

All of the analyses were conducted using SPSS software for
Windows, version 19.0 (SPSS, China). The differences between the
overlap group and COPD patients were compared using the chi-
square test for categorical variables, unpaired t-test for normally

distributed continuous variables, and Wilcoxon rank sum test for
non-normally distributed continuous variables. The differences
between pre-treatment and post-treatment overlap syndrome were
evaluated using the paired t-test. Correlations between different pa-
rameters were tested using Spearman’s rank test. The relationship
of the indices of airway inflammation with other variables was as-
sessed by multivariate linear regression analysis. The normally
distributed variables were represented as mean ± SD, and the non-
normally distributed variables were represented as the median (25th
and 75th percentiles), as shown in Table 1. A value of p < 0.05 was
considered statistically significant.

3. Results

3.1. Subjects

A flow chart showing the selection and enrollment of patients
is presented in Fig. 1. Of the 168 patients with COPD and habitual
snoring, 75 were eligible to participate in this study. Of these pa-
tients, 47 had overlap syndrome and 28 had moderate-to-severe
COPD alone. In the overlap syndrome group, 28 patients were treated
with CPAP and standard COPD treatment. Three of these patients
were withdrawn from the overlap group within 1 week of treat-
ment initiation due to non-adherence to CPAP therapy. The remaining
19 patients in the overlap syndrome group declined CPAP therapy
because of the cost involved (the expense is not covered by medical
insurance) or other reasons. All patients in the COPD group were
treated using the standard COPD treatment regimen (inhaled cor-
ticosteroids and long-acting β agonists); four patients were
withdrawn from this study group because of non-adherence or acute
exacerbation.

3.2. Baseline characteristics

The characteristics of the subjects at the time of enrollment into
the study are shown in Table 1. No statistical differences were found
with regard to age, sex, body mass index (BMI), pulmonary func-
tion, and arterial blood gas between the two groups. The frequency
of confirmed COPD exacerbation requiring emergency depart-
ment visits or hospitalization during the 24 months before entry

Table 1
Clinical characteristics of the patients with COPD alone and those with overlap syndrome.

Characteristic COPD (N = 28) Overlap syndrome (N = 47) p-value

Age (years) 58.6 ± 5.9 60.5 ± 5.2 0.153
Sex (male:female) 26:2 43:4 0.601
COPD exacerbation (events/24 min) 1.0 (0, 2.0) 2.0 (1.0, 2.0) 0.009
FEV1 (L) 1.40 ± 0.41 1.35 ± 0.30 0.529
FEV1 % predicted 49.0 (40.5, 63.0) 46.4 (41.4, 54.4) 0.360
FEV1/FVC ratio (%) 62.1 (48.5, 67.4) 58.3 (54.1, 62.9) 0.283
PaO2 (mmHg) 86.6 (82.5, 88.6) 83.8 (77.2, 90.8) 0.641
PaCO2 (mmHg) 39.0 (37.5, 40.7) 40.5 (37.3, 42.8) 0.156
BMI (kg/m2) 30.4 ± 2.1 31.4 ± 2.1 0.051
AHI (events/h) 1.7 (0.8, 2.7) 34.0 (24.4, 43.7) <0.001
TSpO2 90< % (%) 0.19 (0, 0.85) 3.70 (2.41, 8.53) <0.001
Mean SpO2 (%) 93.8 ± 2.5 91.5 ± 2.6 <0.001
Nadir SpO2 (%) 88.1 ± 2.4 80.3 ± 5.2 <0.001
ODI (events/h) 2.6 (1.4, 3.0) 34.5 (26.4, 43.7) <0.001
Sleep time (min) 411.4 ± 39.6 398.0 ± 38.4 0.153
Sleep efficiency (%) 82.4 ± 6.1 80.3 ± 5.7 0.136
Serum CRP (mg/L) 8.1 ± 0.8 8.4 ± 0.7 0.074
BAL mononuclear (%) 80.8 ± 6.6 71.8 ± 8.9 0.002
BAL neutrophils (%) 16.5 ± 5.9 25.7 ± 8.6 <0.001
BAL TNFα (pg/mL) 40.0 (32.0, 49.3) 60.0 (50.5, 78.0) <0.001
BAL IL8 (pg/mL) 57.9 ± 22.8 88.1 ± 30.1 <0.001

COPD, chronic obstructive pulmonary disease; overlap syndrome, patients with obstructive sleep apnea and COPD; FEV1, forced expiratory volume at 1 s; FEV1/FVC ratio,
the FEV1 and the forced vital capacity (FVC) ratio; BMI, body mass index; AHI, apnea–hypopnea index; Mean SpO2, mean nocturnal oxyhemoglobin saturation; TNFα, tumor
necrosis factor alpha; IL8, interleukin 8; TSpO2 90< % , percent of nighttime spent with oxygen saturation < 90%; ODI, oxygen desaturation index; CRP, C-reactive protein.
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into the study was higher in the overlap syndrome group than in
the control group (p = 0.009, Table 1). Based on the study design,
the AHI and ODI were significantly different between the overlap
and COPD patients (p < 0.001). No significant differences were found
between the two groups regarding sleep time and sleep efficien-
cy. The nocturnal mean SpO2 (91.5 ± 2.6% vs 93.8 ± 2.5%, p < 0.001)
and percentage of nighttime spent with oxygen saturation less than
90% ( TSpO2 90< % ) [3.70% (2.41, 8.53) vs 0.19% (0, 0.85), p < 0.001] were
significantly different between the overlap and COPD groups. The
nadir SpO2 in overlap syndrome was significantly lower than that
in COPD patients (80.3 ± 5.2% vs 88.1 ± 2.4%, p < 0.001). No control
subjects had continuous hypoxemia and no overlap syndrome pa-
tients had daytime hypoxemia.

3.3. BAL fluid cell counts

A significantly higher percentage of neutrophils (24.2 ± 9.4% vs
16.5 ± 5.9%, p < 0.001) and a significantly lower percentage of mono-
nuclear cells (74.0 ± 9.6% vs 80.8 ± 6.6%, p < 0.001) were detected in
the BAL fluid of the overlap group compared to that of the control
group (Table 1). Moreover, the percentage of neutrophils showed
a linear relationship with the TSpO2 90< % (r = 0.553, N = 75, p < 0.001;
Fig. 2), mean SpO2 (r = −0.417, N = 75, p < 0.001; Fig. 3), nadir SpO2

(r = −0.548, N = 75, p < 0.001), ODI (r = 0.450, N = 75, p < 0.001), per-
centage of mononuclear cells (r = −0.972, N = 75, p < 0.001), AHI
(r = −0.485, N = 75, p < 0.001), TNFα levels (r = 0.461, N = 75, p < 0.001)
and IL-8 levels (r = 0.696, N = 75, p < 0.001). The percentage of mono-
nuclear cells also had a linear relationship with the above indices,
but an inverse relationship to the percentage of neutrophils, as the
reduction in the fraction of mononuclear cells may be a conse-
quence of the increase in neutrophils. Multivariate linear regression
analysis showed a significant relationship between the percent-
age of neutrophils and the level of TNFα (unstandardized coefficients,
0.036, 95% CI, 0.013–0.059; p = 0.002) and percentage of mono-
nuclear cells (unstandardized coefficients, −0.894, 95% CI, −0.954 to
−0.835; p < 0.001).

3.4. Inflammatory mediators

Although the serum CRP levels were higher in the overlap syn-
drome patients than in patients with COPD only, no significant
differences were detected between the two groups (Table 1). TNFα
and IL-8 levels in the BAL fluid were significantly higher in the
overlap syndrome patients than in the simple COPD patients (Table 1)
and showed a linear relationship with the percentage of neutro-
phils in BAL fluid. The TNFα level showed a linear relationship with
the FEV1/forced vital capacity (FVC) ratio (r = −0.268, N = 75, p = 0.02),
percentage of mononuclear cells (r = −0.386, N = 75, p < 0.001), per-
centage of neutrophils (r = 0.461, N = 75, p < 0.001), AHI (r = 0.592,
N = 75, p < 0.001), TSpO2 90< % (r = 0.855, N = 75, p < 0.001; Fig. 4), mean
SpO2 (r = −0.664, N = 75, p < 0.001), nadir SpO2 (r = −0.697, N = 75,
p < 0.001), ODI (r = 0.575, N = 75, p < 0.001), and IL8 levels (r = 0.356,
N = 75, p = 0.002). Multivariate linear regression analysis revealed
a significant association between the level of TNFα and TSpO2 90< %

(unstandardized coefficients, 4.886, 95% CI, 4.320–5.452; p < 0.001).
The IL-8 level showed a linear relationship with the percentage of
mononuclear cells (r = −0.673, N = 75, p < 0.001), percentage of neu-
trophils (r = 0.696, N = 75, p < 0.001), AHI (r = 0.336, N = 75, p = 0.003),
TSpO2 90< % (r = 0.453, N = 75, p < 0.001), mean SpO2 (r = −0.303,
N = 75, p = 0.008), nadir SpO2 (r = −0.477, N = 75, p < 0.001), ODI
(r = 0.307, N = 75, p = 0.007), and TNFα (r = 0.356, N = 75, p = 0.002).
Multivariate linear regression analysis revealed a significant asso-
ciation between the IL-8 level and percentage of neutrophils
(unstandardized coefficients, 2.437, 95% CI, 1.850–3.025; p < 0.001).

3.5. CPAP treatment

All of the complete CPAP treatment participants used CPAP for
>5.0 h/night, with a mean 5.6 ± 0.4 h/night. CPAP treatment de-
creased sleep time but did not affect sleep efficiency. The residual
AHI during the therapy period was 3.9 ± 1.1 events/h. After CPAP
treatment, the nadir SpO2 increased and TSpO2 90< % decreased signifi-
cantly. The CPAP treatment produced a significant decrease in the
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Fig. 2. Relationship between the percentage of neutrophils in bronchoalveolar lavage (BAL) fluid and the TSpO2 (r = 0.598, N = 75, p < 0.01).
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percentage of neutrophils and the levels of the inflammatory me-
diators CRP (serum), TNFα, and IL-8 (BAL fluid) in patients with
overlap syndrome (Table 2). On comparing the treated with CPAP
group and the not-treated with CPAP overlap group, significant dif-
ferences were found between the percentage of neutrophils

(18.2 ± 6.8% vs 22.8 ± 5.2%, p = 0.029) and inflammatory mediators
CRP (6.0 ± 1.3 mg/L vs 8.1 ± 0.7 mg/L, p < 0.001) in the serum and TNFα
(48.2 ± 14.0 pg/mL vs 60.2 ± 20.5 pg/mL, p = 0.034) and IL8
(63.1 ± 23.4 pg/mL vs 80.1 ± 26.9 pg/mL, p = 0.042) levels in the BAL
fluid (Table 2).
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Fig. 3. Relationship between the percentage of neutrophils in bronchoalveolar lavage (BAL) fluid and mean SpO2 (r = −0.417, N = 75, p < 0.001).
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Fig. 4. Relationship between the tumor necrosis factor-α (TNFα) levels and the TSpO2 90< % (r = 0.855, N = 75, p < 0.001).
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4. Discussion

The aim of this study was to investigate whether OSA exacer-
bates airway inflammation in COPD patients. The important findings
of this study are as follows. (1) The percentage of neutrophils and
levels of cytokines TNFα and IL-8 were significantly increased in the
BAL fluid of patients with overlap syndrome compared to COPD pa-
tients, independently of the levels of the systemic inflammatory
cytokine CRP. (2) A significant correlation existed between the airway
inflammatory markers and the nocturnal mean SpO2, TSpO2 90< % , and
nadir SpO2. Moreover, multivariate linear regression analysis re-
vealed a significant correlation between the percentage of
neutrophils and the levels of TNFα and IL-8 in the BAL fluid and a
significant correlation between the levels of TNFα and TSpO2 90< % . (3)
CPAP treatment significantly decreased the levels of these markers
of airway inflammation in BAL fluid. These findings suggest that OSA
can exacerbate airway inflammation in patients with COPD. Thus,
whereas previous studies have shown that COPD is characterized
by neutrophil airway inflammation, the present study is the first
to show that OSA was one of the risk factors leading to exacerba-
tion of airway inflammation in patients with COPD, which may
contribute to the overlap-related increase in exacerbation frequen-
cy and mortality [6].

Several studies have shown that OSA patients develop airway
inflammation [14,15,23] and that CPAP treatment can correct the
local upper airway inflammation present in OSA patients [23].
However, the relationship between local and systemic inflamma-
tion remains to be elucidated. Although it has been hypothesized
that local inflammation is a direct consequence of systemic inflam-
mation, an alternative hypothesis is that airway inflammation is a
local consequence of mechanical stress, airway fat deposition and
intermittent hypoxia. In our study, we found no significant differ-
ences between overlap syndrome patients and patients with COPD
only with regard to systemic inflammation, as previously re-
ported by Nural et al. [24] and Shiina et al. [25]. Furthermore, Philippe
et al. [26] exposed airway epithelial cells (AECs) and bronchial
smooth muscle cells (BSMCs) to intermittent hypoxia (IH) or
normoxic conditions for 24 h in vitro to evaluate local effects of
IH, and found an significant increase in the levels of IL-8, platelet-

derived growth factor (PDGF)-AA, and vascular endothelial
growth factor (VEGF) secreted by AECs, in addition to VEGF ex-
pressed by BSMCs. They also found that neutrophil chemotaxis and
BSMC migration were enhanced by IH and supernatants of IH-
exposed AECs and that the enhanced BSMC migration could be
abolished by an antibody blocking PDGF-AA. It was thus specu-
lated that the specific inflammatory response of airway cells to IH
was independent of systemic events. The serum CRP level did not
accordingly increase with local inflammation, rather, our study dem-
onstrated that the serum CRP level decreased after the COPD
standard regimen with or without CPAP treatment, and that these
results may further support our hypothesis that OSA may exacer-
bate COPD airway inflammation independent of systemic
inflammation.

Lacedonia et al. [17] reported that patients with overlap syn-
drome present a high percentage of neutrophils in induced sputum;
however, this finding was similar to that in patients with COPD or
OSA alone. It is known that COPD along with OSA produces greater
sleep disturbance and oxygen desaturation than COPD alone. In
the present study, the mean PaO2 in the COPD group was
73.64 ± 14.92 mmHg, indicating that some of the COPD only pa-
tients had nocturnal hypoxemia. It is known that systemic hypoxemia
contributes to TNFα elevation in COPD [27]; increased TNFα and
related cytokines could induce migration of neutrophils into the
airways [12].

Several studies have reported a significant elevation of serum
or sputum TNFα in patients with OSA [2,15,28–31], and CPAP treat-
ment has been found to improve the levels of TNFα [31–33]. Our
study showed that effect of overlap of OSA on neutrophil numbers
in the airways of COPD may be associated with the increased levels
of TNFα and IL-8 in BAL fluid. Multivariate linear regression anal-
ysis showed a significant correlation between the levels of TNFα and
TSpO2 90< % , independent of the AHI, FEV1 % predicted, and FEV1/FVC.
The increased TNFα levels may be associated with the migration
of neutrophils from the general circulation to the lung paren-
chyma in the overlap patients. First, TNFα is a potential pro-
inflammatory cytokine and can impair macrophage uptake of
apoptotic neutrophil cells [34,35]. Borges et al. [36] showed that ad-
ministration of TNFα impaired the removal of apoptotic cells

Table 2
Clinical characteristics of overlap syndrome patients treated or not treated with CPAP.

Characteristic Baseline Follow-up

CPAP treatment
(N = 25)

Not treated with
CPAP (N = 15)

p-value CPAP treatment
(N = 25)

Not treated with
CPAP (N = 15)

Age (years) 61.5 ± 4.4 59.6 ± 4.9 0.214
Sex (male:female) 22:3 14:1 0.516
FEV1 (L) 1.34 ± 0.32 1.35 ± 0.26 0.916
FEV1 % predicted 48.9 ± 9.2 47.9 ± 9.9 0.761
FEV1/FVC ratio (%) 56.6 ± 7.3 59.0 ± 7.4 0.321
PaO2 (mmHg) 88.0 (76.5, 91.5) 83.0 (82.0, 88.0) 0.576
PaCO2 (mmHg) 39.6 ± 4.3 40.2 ± 3.2 0.644
BMI (kg/m2) 32.0 ± 1.9 31.3 ± 2.1 0.275
AHI (events/h) 36.9 ± 11.6 31.7 ± 10.9 0.175 3.9 ± 1.1† 31.4 ± 9.6§

Mean SpO2 (%) 91.6 ± 3.0 91.7 ± 2.4 0.943 93.7 ± 1.5† 91.5 ± 1.8§

TSpO2 90< % (%) 5.49 ± 4.89 5.35 ± 4.26 0.930 0.79 ± 0.55† 4.98 ± 3.80§,¶

Nadir SpO2 (%) 79.5 ± 5.7 81.9 ± 4.4 0.163 87.6 ± 2.3† 83.1 ± 3.3§

ODI (events/h) 37.7 ± 11.3 34.6 ± 10.2 0.393 3.7 ± 0.9† 33.9 ± 10.2§

Sleep time (min) 399.3 ± 40.0 403.5 ± 40.1 0.751 384.9 ± 34.8* 404.3 ± 29.0
Sleep efficiency (%) 80.7 ± 5.7 80.3 ± 6.2 0.852 79.5 ± 4.1 81.3 ± 4.9
Serum CRP (mg/L) 8.4 ± 0.8 8.4 ± 0.5 0.889 6.0 ± 1.3† 8.1 ± 0.7§,¶

Mononuclear (%) 70.8 ± 10.4 71.6 ± 6.4 0.797 77.4 ± 7.8* 74.4 ± 5.8
Neutrophils (%) 27.4 ± 9.9 24.5 ± 6.3 0.305 18.2 ± 6.8* 22.8 ± 5.2‡

TNFα (pg/mL) 71.6 ± 25.8 59.1 ± 22.8 0.127 48.2 ± 14.0* 60.2 ± 20.5‡

IL8 (pg/mL) 93.7 ± 30.9 81.3 ± 29.5 0.221 63.1 ± 23.4* 80.1 ± 26.9‡

* p < 0.05, †p < 0.001, CPAP treatment group compared before and after CPAP treatment.
‡ p < 0.05, §p < 0.001, compared between groups after follow up.
¶ p < 0.05, φ < 0.001, not treated with CPAP group compared between baseline and after follow-up.
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from the lungs in a mouse model of neutrophilic inflammation.
Consequently, the apoptotic cells underwent secondary necrosis, re-
leasing proinflammatory components into the air spaces [36] and
damaging the surrounding tissue, which in turn delayed the reso-
lution of inflammation. Moreover, TNFα can activate transcription
factor nuclear factor-κ-B, which is up-regulated in macrophages and
epithelial cells [37]. Second, IL-8 can induce neutrophils to release
myeloperoxidase and recruit inflammatory cells to help sustain in-
flammation. Moreover, exposure to IL-8 can cause rapid mobilization
of macrophage antigen 1 (Mac-1) to the neutrophil surface [38]. Mac-
1, which showed increased neutrophil surface expression in patients
with COPD, can facilitate neutrophil adhesion via intercellular ad-
hesion molecule 1 [39]. Thus, a combination of failure of clearance
and enhanced recruitment may contribute to the increased accu-
mulation of neutrophils in the lungs and airways of patients with
overlap syndrome.

This is the first study to report a beneficial effect of CPAP on
reduction of airway inflammation in patients with COPD associ-
ated with OSA. At baseline, treated and untreated patients with
overlap syndrome reported similar levels of airway inflammation.
Nevertheless, during follow-up, a significant decrease in airway in-
flammation was observed in the CPAP-treated group compared with
overlap patients not treated with CPAP. Thus far, several studies
have shown that the overlap syndrome is associated with an in-
creased risk of death and hospitalization because of exacerbation,
and that CPAP treatment could improve survival, decrease hospi-
talizations [6,40–42], and improve walking capacity [43]. Several
potential mechanisms that may account for the observed higher
mortality in overlap patients have been reviewed previously [44].
However, the mechanism underlying the effect of CPAP treatment
on delaying the exacerbation and decreasing hospitalization in
patients with overlap syndrome has not been elucidated. This
study reveals that CPAP treatment may decrease COPD exacerba-
tion by decreasing airway inflammation as nocturnal hypoxemia
improves.

This study has several limitations. First, a major limitation is
the small size of the study group. Second, we excluded GERD only
through symptoms assessment and could not monitor the 24-h
esophageal pH to completely exclude GERD; thus the airway in-
flammation may have resulted from GERD and silent aspiration
[18]. However, the airway inflammation decreased significantly
after CPAP treatment; we speculate that the possibility of airway
inflammation caused by GERD can be excluded. Third, the overlap
syndrome patients may have had nocturnal continuous
hypoxemia, and our study could not differentiate between the
effects of continuous hypoxemia and intermittent hypoxemia on
airway inflammation. The AHI and ODI in the overlap patients were
almost identical and the TSpO2 90< % in this group was only 3.70%
(median); therefore, we could infer that the overlap group had
no nocturnal continuous hypoxemia. Moreover, the patients with
COPD only may have had nocturnal hypoxemia. However, we
selected only moderate-to-severe stable COPD patients to take
part in this study, the mean SpO2 and ODI in the COPD group
were 93.8 ± 2.5%, 2.6 (median) events/h, respectively. Thus, the
patients did not exhibit nocturnal hypoxemia. Furthermore, there
is no exact definition of intermittent hypoxia and continuous
hypoxia, and no specific markers in BAL are known. Fourth, this
was an observational study; the patients with overlap syndrome
who refused CPAP treatment may have also been nonadherent to
other therapies for their COPD and CPAP was not allocated ran-
domly, and these factors could have thus resulted in bias based on
factors related to subsequent airway inflammation, although the
baseline characteristics were similar between those who accepted
and those who refused CPAP treatment (Table 2). Thus, further
studies using a larger study group are warranted to support our
hypothesis.

5. Conclusion

In conclusion, these data show that in patients with COPD, the
coexistence of OSA is associated with increased airway inflamma-
tion. However, treatment with CPAP was associated with improved
airway inflammation. Patients with COPD should be screened for
OSA because, if present, its treatment with CPAP is associated with
improved pathophysiological changes.

Conflict of interest

The authors have declared that there are no conflicts of interest.
The ICMJE Uniform Disclosure Form for Potential Conflicts of In-

terest associated with this article can be viewed by clicking on the
following link: http://dx.doi.org/10.1016/j.sleep.2015.04.019.

Acknowledgments

This work was supported by grants from the National Natural
Science Foundation of China (No. 81070065, 81370181).

References

[1] Ryan S, Taylor CT, McNicholas WT. Systemic inflammation: a key factor in the
pathogenesis of cardiovascular complications in obstructive sleep apnoea
syndrome? Thorax 2009;64(7):631–6.

[2] Nadeem R, Molnar J, Madbouly EM, et al. Serum inflammatory markers in
obstructive sleep apnea: a meta-analysis. J Clin Sleep Med 2013;9(10):1003–12.

[3] Mannino DM, Gagnon RC, Petty TL, et al. Obstructive lung disease and low lung
function in adults in the United States: data from the National Health
and Nutrition Examination Survey, 1988–1994. Arch Intern Med
2000;160(11):1683–9.

[4] Flenley DC. Sleep in chronic obstructive lung disease. Clin Chest Med
1985;6(4):51–61.

[5] Sanders MH, Newman AB, Haggerty CL, et al. Sleep and sleep-disordered
breathing in adults with predominantly mild obstructive airway disease. Am
J Respir Crit Care Med 2003;167(1):7–14.

[6] Marin JM, Soriano JB, Carrizo SJ, et al. Outcomes in patients with chronic
obstructive pulmonary disease and obstructive sleep apnea: the overlap
syndrome. Am J Respir Crit Care Med 2010;182(3):325–31.

[7] Donaldson GC, Seemungal TA, Patel IS, et al. Longitudinal changes in the nature,
severity and frequency of COPD exacerbations. Eur Respir J 2003;22(6):931–6.

[8] Bhowmik A, Seemungal TA, Sapsford RJ, et al. Relation of sputum inflammatory
markers to symptoms and lung function changes in COPD exacerbations. Thorax
2000;55(2):114–20.

[9] Keatings VM, Collins PD, Scott DM, et al. Differences in interleukin-8 and tumor
necrosis factor-alpha in induced sputum from patients with chronic obstructive
pulmonary disease or asthma. Am J Respir Crit Care Med 1996;153(2):530–4.

[10] Di Stefano A, Capelli A, Lusuardi M, et al. Severity of airflow limitation is
associated with severity of airway inflammation in smokers. Am J Respir Crit
Care Med 1998;158(4):1277–85.

[11] Donaldson GC, Seemungal TA, Patel IS, et al. Airway and systemic inflammation
and decline in lung function in patients with COPD. Chest 2005;128(4):1995–
2004.

[12] Keatings VM, Barnes PJ. Granulocyte activation markers in induced sputum:
comparison between chronic obstructive pulmonary disease, asthma, and
normal subjects. Am J Respir Crit Care Med 1997;155(2):449–53.

[13] Devouassoux G, Lévy P, Rossini E, et al. Sleep apnea is associated with bronchial
inflammation and continuous positive airway pressure–induced airway
hyperresponsiveness. J Allergy Clin Immunol 2007;119(3):597–603.

[14] Aihara K, Oga T, Chihara Y, et al. Analysis of systemic and airway inflammation
in obstructive sleep apnea. Sleep Breath 2013;17(2):597–604.

[15] Global Initiative for Chronic Obstructive Lung Disease. Global strategy for the
diagnosis, management, and prevention of chronic obstructive pulmonary
disease. Updated December 2009. <www.goldcopd.com>; 2009 [accessed
16.04.10].

[16] Drost EM, Skwarski KM, Sauleda J, et al. Oxidative stress and airway
inflammation in severe exacerbations of COPD. Thorax 2005;60(4):293–300.

[17] Lacedonia D, Salerno FG, Sabato R, et al. Airway cell patterns in patients suffering
from COPD and OSAS (Overlap Syndrome). Respir Med 2011;105(2):303–9.

[18] Carpagnano GE, Resta O, Ventura MT, et al. Airway inflammation in subjects
with gastro-oesophageal reflux and gastro-oesophageal reflux-related asthma.
J Intern Med 2006;259(3):323–31.

[19] Iber C, Ancoli-Israel S, Chesson A, et al., for the American Academy of Sleep
Medicine. The AASM manual for scoring of sleep and associated events: rules,
terminology and technical specifications. 1st ed. Westchester IL: American
Academy of Sleep Medicine; 2007.

[20] Liebler JM, Markin CJ. Fiberoptic bronchoscopy for diagnosis and treatment.
Crit Care Clin 2000;16(1):83–100.

ARTICLE IN PRESS

Please cite this article in press as: Yeya Wang, et al., Obstructive sleep apnea exacerbates airway inflammation in patients with chronic obstructive pulmonary disease, Sleep Medicine
(2015), doi: 10.1016/j.sleep.2015.04.019

7Y. Wang et al./Sleep Medicine ■■ (2015) ■■–■■

Q2

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66

67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145



[21] Weitzenblum E, Chaouat A, Kessler R, et al. Overlap syndrome: obstructive sleep
apnea in patients with chronic obstructive pulmonary disease. Proc Am Thorac
Soc 2008;5(2):237–41.

[22] Kushida CA, Chediak A, Berry RB, et al.; Positive Airway Pressure Titration Task
Force; American Academy of Sleep Medicine. Clinical guidelines for the manual
titration of positive airway pressure in patients with obstructive sleep apnea.
J Clin Sleep Med 2008;4(2):157–71.

[23] Fortuna AM, Miralda R, Calaf N, et al. Airway and alveolar nitric oxide
measurements in obstructive sleep apnea syndrome. Respir Med
2011;105(4):630–6.

[24] Nural S, Günay E, Halici B, et al. Inflammatory processes and effects of
continuous positive airway pressure (CPAP) in overlap syndrome. Inflammation
2013;36(1):66–74.

[25] Shiina K, Tomiyama H, Takata Y, et al. Overlap syndrome: additive effects of
COPD on the cardiovascular damages in patients with OSA. Respir Med
2012;106(9):1335–41.

[26] Philippe C, Boussadia Y, Prulière-Escabasse V, et al. Airway cell involvement
in intermittent hypoxia-induced airway inflammation. Sleep Breath
2015;19(1):297–306.

[27] Takabatake N, Nakamura H, Abe S, et al. The relationship between chronic
hypoxemia and activation of the tumor necrosis factor α system in patients
with chronic obstructive pulmonary disease. Am J Respir Crit Care Med
2000;161(4):1179–84.

[28] Gozal D, Serpero LD, Kheirandish-Gozal L, et al. Sleep measures and morning
plasma TNF-alpha levels in children with sleep-disordered breathing. Sleep
2010;33(3):319–25.

[29] Kaushal N, Ramesh V, Gozal D. TNF-α and temporal changes in sleep architecture
in mice exposed to sleep fragmentation. PLoS ONE 2012;7:e45610.

[30] Vgontzas AN, Papanicolaou DA, Bixler EO, et al. Sleep apnea and daytime
sleepiness and fatigue: relation to visceral obesity, insulin resistance, and
hypercytokinemia. J Clin Endocrinol Metab 2000;85(3):1151–8.

[31] Minoguchi K, Tazaki T, Yokoe T, et al. Elevated production of tumor necrosis
factor-α by monocytes in patients with obstructive sleep apnea syndrome. Chest
2004;126(5):1473–9.

[32] Steiropoulos P, Kotsianidis I, Nena E, et al. Long-term effect of continuous
positive airway pressure therapy on inflammation markers of patients with
obstructive sleep apnea syndrome. Sleep 2009;32(4):537–43.

[33] Xie X, Pan L, Ren D, et al. Effects of continuous positive airway pressure therapy
on systemic inflammation in obstructive sleep apnea: a meta-analysis. Sleep
Med 2013;14(11):1139–50.

[34] Michlewska S, Dransfield I, Megson IL, et al. Macrophage phagocytosis of
apoptotic neutrophils is critically regulated by the opposing actions of pro-
inflammatory and anti-inflammatory agents: key role for TNF-alpha. FASEB J
2009;23(3):844–54.

[35] Feng X, Deng T, Zhang Y, et al. Lipopolysaccharide inhibits macrophage
phagocytosis of apoptotic neutrophils by regulating the production of tumor
necrosis factor α and growth arrest-specific gene 6. Immunology
2011;132(2):287–95.

[36] Borges VM, Vandivier RW, McPhillips KA, et al. TNFalpha inhibits apoptotic cell
clearance in the lung, exacerbating acute inflammation. Am J Physiol Lung Cell
Mol Physiol 2009;297(4):L586–95.

[37] Chung KF. Cytokines in chronic obstructive pulmonary disease. Eur Respir J
2001;18(Suppl. 34):50–9.

[38] Huber AR, Kunkel SL, Todd RF, et al. Regulation of transendothelial neutrophil
migration by endogenous interleukin-8. Science 1991;254(5028):99–102.

[39] Diamond MS, Staunton DE, de Fougerolles AR, et al. ICAM-1 (CD54): a counter-
receptor for Mac-1 (CD11b/CD18). J Cell Biol 1990;111(6 Pt 2):3129–39.

[40] Toraldo DM, De Nuccio F, Nicolardi G. Fixed-pressure nCPAP in patients with
obstructive sleep apnea (OSA) syndrome and chronic obstructive pulmonary
disease (COPD): a 24-month follow-up study. Sleep Breath 2010;14(2):115–23.

[41] Stanchina ML, Welicky LM, Donat W, et al. Impact of CPAP use and age on
mortality in patients with combined COPD and obstructive sleep apnea: the
overlap syndrome. J Clin Sleep Med 2013;9(8):767–72.

[42] Machado MC, Vollmer WM, Togeiro SM, et al. CPAP and survival in moderate-
to-severe obstructive sleep apnoea syndrome and hypoxaemic COPD. Eur Respir
J 2010;35(1):132–7.

[43] Wang TY, Lo YL, Lee KY, et al. Nocturnal CPAP improves walking capacity in
COPD patients with obstructive sleep apnoea. Respir Res 2013;14:66.

[44] McNicholas WT. Chronic obstructive pulmonary disease and obstructive sleep
apnea: overlaps in pathophysiology, systemic inflammation, and cardiovascular
disease. Am J Respir Crit Care Med 2009;180(8):692–700.

ARTICLE IN PRESS

Please cite this article in press as: Yeya Wang, et al., Obstructive sleep apnea exacerbates airway inflammation in patients with chronic obstructive pulmonary disease, Sleep Medicine
(2015), doi: 10.1016/j.sleep.2015.04.019

8 Y. Wang et al./Sleep Medicine ■■ (2015) ■■–■■

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71


