
SCIENTIF IC INVESTIGATIONS

Obstructive Sleep Apnea in Patients With Fibrotic Interstitial Lung
Disease and COPD
Xiao Lei Zhang, MD1,2,3,4,5; Hua Ping Dai, MD1,2,3,4; Hui Zhang, MD1,2,3; Bo Gao, MD1,2,4; Li Zhang, MD1,2,5; Teng Han, MD1,2; Chen Wang, MD1,2,3,4,5

1Department of Pulmonary and Critical Care Medicine, Center of Respiratory Medicine, China-Japan Friendship Hospital, Beijing, China; 2National Clinical Research Center for
Respiratory Diseases, Beijing, China; 3The Graduate School of Peking Union Medical College, Chinese Academy of Medical Science and Peking Union Medical College, Beijing,
China; 4Capital Medical University, Beijing, China; 5Peking University Health Science Center, Beijing, China

Study Objectives: Despite the clinical and prognostic significance of obstructive sleep apnea (OSA) in chronic respiratory diseases (CRDs), there have been
few studies about the possible predictors of OSA and the effect of OSA on quality of life in patients with CRDs. The objectives were to identify physiological
and clinical parameters that predict the occurrence and severity of OSA and to investigate the effect of OSA on quality of life in patients with CRDs.
Methods: Seventy-three patients with chronic obstructive pulmonary disease (COPD) and 77 patients with fibrotic interstitial lung disease (ILD) underwent
overnight polysomnography (PSG) and pulmonary function testing and completed clinical questionnaires. The oximetry tracing was interpreted blindly with respect
to the PSG results.
Results: The prevalence of OSA was 44% and 62% in COPD and ILD, respectively. The COPD assessment test item scores related to sleep quality and daily
vitality were worse among patients with OSA than among patients without OSA. The STOP-BANG questionnaire (cutoff point ≥ 3) and oxygen desaturation index
from the oximetry recording (oxygen desaturation index (ODI) were associated with OSA in CRDs. The STOP-BANG questionnaire with a cutoff point ≥ 3 or 6 had
the highest sensitivity and specificity, respectively, in detecting OSA in CRDs. ODI had the best accuracy in identifying OSA and was independently associated
with the apnea-hypopnea index in CRDs.
Conclusions:We found OSA to be common and associated with worse sleep quality and less daily vitality in patients with advanced CRDs. The STOP-BANG
questionnaire with different cutoff points may help rule in or rule out OSA. Overnight oximetry can be used as a screening tool for OSA and can assist the clinical
evaluation of OSA in patients with CRDs.
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BRIEF SUMMARY
Current Knowledge/Study Rationale: Little is known about the possible predictors of obstructive sleep apnea (OSA) and the effect of OSA on quality of life
in patients with chronic respiratory diseases (CRDs). The objectives were to identify physiological and clinical parameters that predict the occurrence and
severity of OSA and to investigate the effect of OSA on quality of life in patients with CRDs.
Study Impact: OSA is common and associated with worse sleep quality and less daily vitality in patients with CRDs. The STOP-BANG questionnaire with
different cutoff pointsmay help rule in or rule outOSA, and overnight oximetry can be used as a screening tool for OSA and can assist the clinical evaluation of
OSA for CRDs.

INTRODUCTION

Chronic obstructive pulmonary disease (COPD) and interstitial
lungdisease (ILD) are two commonchronic respiratory diseases
(CRDs) in clinical practice. COPD is characterized by irreversible
airflow obstruction and persistent respiratory symptoms due to
airway and/or alveolar abnormalities, gas trapping, or gas ex-
change abnormalities.1 ILD is a heterogeneous group of diseases
with varying degrees of inflammation and fibrosis, which cause
damage to the lung parenchyma. Fibrotic ILD is a specific form
of chronic, progressively fibrosing ILD, resulting in restrictive
ventilatory abnormalities and impaired gas exchange.

Both COPD and ILD often coexist with other diseases that
may have a significant effect on natural courses of disease.

Obstructive sleep apnea (OSA), which is characterized by re-
current, partial, or total collapse of the upper airway with re-
sultant sleep structure abnormalities and nocturnal hypoxemia,
is common in both COPD and ILD.2,3 The clinical and prog-
nostic effect of OSA on CRDs has been investigated, with some
studies demonstrating an association of OSA with worse quality
of life and higher mortality.4,5 Some reports have tried to explore
the predictors in order to identify OSA among these patients.6–8

However, most previous cohorts included few patients with
advanced lung disease, and the sample size for some studies
was small. The relationship between upper airway patency and
lung volume has been investigated in some studies, with a
reduction in lung volume shown to increase upper airway
collapsibility.9 However, the interaction mechanisms between
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OSA and CRDs have not been clarified. The objectives of this
studywere to identify physiological and clinical parameters that
predict the occurrence and severity of OSA among CRDs and
investigate the effect of OSA on quality of life in patients
with CRDs.

METHODS

Patient Population
This was an observational, prospective study of patients with
COPD and those with fibrotic ILD enrolled in China-Japan
Friendship Hospital from September 2015 to August 2017. The
patients with COPD were more than 40 years old and had re-
ceived a diagnosis according to Global Initiative for Chronic
Obstructive Lung Disease (GOLD) guidelines. The patients
with fibrotic ILD included those with a diagnosis of idiopathic
pulmonary fibrosis, idiopathic fibrotic nonspecific interstitial
pneumonia, and chronic hypersensitivity pneumonitis who
were naı̈ve to systemic corticosteroids. The exclusion criteria
were disease exacerbation in the past 2 months and nocturnal
oxygen supplementation. The China-Japan FriendshipHospital
Ethics Committee approved the protocol. Written informed
consent was obtained from all participants.

Pulmonary Function Tests and Sleep Questionnaires
Pulmonary function tests were measured with the patient in the
seated position according to approved standards. Scoring of the
sleep questionnaires, including the STOP-BANG and Berlin
questionnaires and the Epworth Sleepiness Scale (ESS), was
based on previous publications. In the general population, an
ESS score ≥ 10 suggests excessive daytime sleepiness, and a
STOP-BANG score ≥ 3 indicates an increased risk of OSA. For
the Berlin questionnaire, the assessment of the pretest proba-
bility of OSA is based on responses to each category of items.
Patients are categorized as having a high possibility of OSA if
scores are positive in two or more categories.10 The COPD
Assessment Test (CAT) was used to evaluate health-related
quality of life. The CAT is a self-evaluated questionnaire in
which patients are required to score eight COPD-related
symptoms on a scale from 0 (low impact) to 5 (very high
impact), with higher scores indicating worse health-related
quality of life (HRQL).11

Polysomnographic Study and Oximetry Recordings
Full overnight polysomnography (PSG) (Alice 6, Philips
Respironics, Murrysville, Pennsylvania, United States) was
conducted, with the patient breathing room air in a hospital
setting. All data were scored by experienced PSG technologists
based on the updated 2012 American Academy of Sleep
Medicine (AASM) criteria.12 OSA was defined as an apnea-
hypopnea index (AHI) ≥ 15 events/h. The oximetry tracing was
analyzed blindlywith respect to the PSG results for each patient.
A desaturation of ≥ 3% for ≥ 10 seconds and ≤ 3 minutes was
defined as a desaturation event. The oxygen desaturation index
(ODI) was calculated as the number of desaturation events/h of
oximetry recording.

Statistical Analysis
Comparisons of continuous variables between groups were
determined by the unpaired t test, and the chi-square test or
Fisher exact test was used for categorical data. Univariate lo-
gistic regression analysis was used to evaluate the association
between possible predictors and OSA. Contingency analysis
and calculation of receiver operating characteristic curves were
conducted to evaluate the detection capacity of the STOP-
BANG and Berlin questionnaires, the ESS, and ODI to identify
OSA. Pearson correlation coefficients were used to determine
the association of potential predictor variables with the severity
of OSA (AHI). Predictor variables with P < .10 according to the
bivariate analysis were selected for multivariate regression
analysis. A value of P < .05 was considered statistically sig-
nificant. All analyses were conducted with SPSS 22.0 (SPSS
Inc., Chicago, Illinois, United States).

RESULTS

Study Population Characteristics
The study population included 73 patients with COPD and 77
patients with fibrotic ILD (57 with idiopathic pulmonary fi-
brosis, 17 with fibrotic nonspecific interstitial pneumonia, and
3 with chronic hypersensitivity pneumonitis). The baseline
characteristics are summarized in Table 1. The demographics,
mean STOP-BANG score, proportion of high risk in the Berlin
questionnaire, mean ESS score, comorbidities, pulmonary
function parameters, resting blood-gas levels, and total CAT
scores were comparable between patients with versus without
OSA for both COPD and ILD groups. More patients with OSA
had a STOP-BANG questionnaire score ≥ 3, and individual
CAT item scores related to worse sleep quality and less daily
vitality were higher among patients with OSA than among
patients without OSA in both groups.

PSG in Patients With COPD and ILD
The PSG data are summarized inTable 2. For the COPD groups,
61 patients (84%) had an AHI ≥ 5 events/h, 32 (44%) had an
AHI ≥ 15 events/h, and 12 (16%) had anAHI ≥ 30 events/h. The
AHI, hypopnea index, arousal index, and ODI values were
higher in patients with OSA than in patients without OSA. For
patients with ILD, 67 (87%) had an AHI ≥ 5 events/h, 48 (62%)
had an AHI ≥ 15 events/h, and 21 (27%) had an AHI ≥ 30
events/h. TheAHI, apnea index, hypopnea index, arousal index,
and ODI values were higher and the lowest SpO2 values were
lower for patients with OSA than for patients without OSA.
Total sleep time, median sleep efficiency, sleep structure, mean
SpO2, and percentage of total sleep time with oxyhemoglobin
saturation below 90% were comparable between patients with
versus without OSA for both COPD and ILD groups.

Possible Predictors of OSA in COPD and ILD
For patients with COPD, the STOP-BANG questionnaire with
a cutoff point ≥ 3 and ODI were associated with OSA. For
patients with ILD, the STOP-BANGquestionnaire with a cutoff
point ≥ 3, the lowest SpO2 levels, and ODI were associated with
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OSA. For the combined cohort, the STOP-BANGquestionnaire
with a cutoff point ≥ 3, the lowest SpO2 levels and ODI were
associated with OSA. Male sex, age, body mass index (BMI),
pack-years, absolute STOP-BANG scores, ESS scores, lung
function parameters, and total CAT scores were not associated
with OSA in either group (Table 3). The diagnostic test per-
formance for sleep questionnaires and ODI are summarized in
Table 4. Compared with the Berlin questionnaire and the ESS,
the STOP-BANG questionnaire with a cutoff point ≥ 3 had
higher sensitivity and negative predictive value in detecting
OSA in patients with COPD and with ILD; the STOP-BANG
questionnaire with a cutoff point ≥ 6 had higher specificity and

positive predictive value in detecting OSA in both COPD and
ILD patients. ODI had the best area under the curve compared
with the STOP-BANGandBerlin questionnaires and the ESS in
both groups. The receiver operating characteristic areas under
the curve of the STOP-BANG and Berlin questionnaires, the
ESS and ODI for the detection of OSA in patients with CRDs
are shown in Figure 1 and Figure 2.

Correlates of OSA Severity in Patients With
COPD and ILD
For the COPD group, the AHI was associated with the Stop-
BANG questionnaire, forced expiratory volume in 1 second

Table 1—Baseline patient characteristics.

COPD (n = 73) ILD (n = 77)

With OSA
(n = 32)

Without OSA
(n = 41) P a With OSA

(n = 48)
Without OSA

(n = 29) P b

Age, years 66.9 ± 9.6 68.6 ± 10.7 .48 65.4 ± 8.4 64.6 ± 11.0 .72

Male/Female 25/7 33/8 .80 35/13 22/7 .78

BMI, kg/m2 23.6 ± 4.8 23.0 ± 4.4 .58 24.9 ± 3.6 25.6 ± 2.9 .38

STOP-BANG (mean) 3.9 ± 1.2 3.4 ± 1.1 .07 3.5 ± 1.3 3.3 ± 1.4 .53

STOP-BANG (cutoff point ≥ 3) 26 (81) 17 (41) < .01 44 (92) 18 (62) < .01

Berlin high risk 20 (63) 19 (46) .13 29 (60) 12 (41) .75

ESS (mean) 4.1 ± 4.2 5.0 ± 4.1 .36 5.0 ± 4.2 4.2 ± 4.5 .43

ESS ≥ 10 18 (56) 19 (46) .29 24 (50) 14 (48) .88

Pack-years 47.7 ± 26.7 48.5 ± 30.2 .91 43.0 ± 17.3 45.1 ± 22.9 .65

Hypertension 19 (59) 23 (56) .87 23 (48) 15 (51) .75

Diabetes 8 (25) 11 (27) .86 11 (23) 6 (21) .82

IHD 7 (22) 10 (24) .80 9 (19) 5 (17) .87

Cerebral infarction 3 (9) 3 (7) .75 3 (6) 3 (10) .52

FEV1, % predicted 50.2 ± 19.9 49.1 ± 18.5 .81 75.8 ± 18.6 72.4 ± 16.8 .42

FVC, % predicted 74.3 ± 24.0 75.9 ± 18.3 .75 76.1 ± 20.2 72.8 ± 19.0 .48

FEV1/FVC, ratio 52.3 ± 11.3 49.4 ± 12.0 .29 79.4 ± 7.7 79.9 ± 8.5 .79

TLC, % predicted 84.9 ± 17.2 83.1 ± 17.9 .66 62.9 ± 16.6 61.9 ± 13.5 .78

RV, % predicted 124.4 ± 49.2 112.5 ± 49.5 .31 60.9 ± 21.7 63.0 ± 17.1 .66

DLCO, % predicted 62.8 ± 24.1 61.8 ± 18.3 .84 53.3 ± 19.4 50.2 ± 21.2 .51

PaO2 (mmHg) 76.2 ± 16.9 77.9 ± 20.0 .70 81.1 ± 19.1 78.1 ± 16.7 .49

PaCO2 (mmHg) 41.5 ± 9.7 42.7 ± 9.6 .60 41.0 ± 8.2 43.1 ± 16.0 .45

CAT 18.4 ± 6.2 15.5 ± 6.7 .06 17.0 ± 7.1 13.9 ± 6.2 .06

Severity of cough 2.5 ± 1.7 2.3 ± 1.8 .63 2.2 ± 1.6 1.8 ± 1.4 .27

Amount of chest sputum 2.3 ± 1.6 2.0 ± 1.7 .45 1.5 ± 1.5 1.5 ± 1.4 > .99

Degree of chest tightness 2.4 ± 1.3 2.5 ± 1.7 .78 2.1 ± 1.4 1.8 ± 1.1 .33

Breathing difficulty climbing stairs 2.0 ± 1.2 2.1 ± 1.3 .74 2.3 ± 1.3 2.0 ± 1.4 .34

Restriction of domestic activities 1.7 ± 1.0 1.6 ± 1.2 .71 2.0 ± 1.5 1.8 ± 1.4 .56

Confidence to go out 1.4 ± 1.0 1.4 ± 0.9 > .99 1.9 ± 1.2 1.8 ± 1.2 .72

Quality of sleep 2.9 ± 1.6 1.9 ± 1.1 < .01 2.5 ± 1.6 1.8 ± 1.1 .04

Daily vitality 2.8 ± 1.4 1.7 ± 1.2 < .01 2.5 ± 1.5 1.4 ± 1.2 < .01

Data presented asmean ± standard deviation or n (%). a COPDwith OSA versus COPDwithout OSA. b ILDwith OSA versus ILDwithout OSA. BMI = bodymass
index, CAT = COPD assessment test, COPD = chronic obstructive pulmonary disease, DLCO = diffusion capacity of the lung for carbon monoxide, ESS =
Epworth Sleepiness Scale, FEV1 = forced expiratory volume in 1 second, FVC = forced vital capacity, IHD = ischemic heart disease, ILD = interstitial lung
disease, OSA = obstructive sleep apnea, PaO2 = partial pressure of oxygen, RV = residual volume, TLC = total lung capacity.
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Table 2—Polysomnography parameters.

COPD (n = 73) ILD (n = 77)

With OSA
(n = 32)

Without OSA
(n = 41) P a With OSA

(n = 48)
Without OSA

(n = 29) P b

TST, minutes 329 ± 69 347 ± 81 .32 359 ± 74 345 ± 63 .40

Sleep efficiency, % 69.2 ± 12.3 72.7 ± 10.5 .19 72.4 ± 14.1 72.0 ± 13.3 .85

Arousal index, events/h 28.1 ± 14.8 17.6 ± 8.4 < .01 37.8 ± 26.6 25.6 ± 22.9 .04

Sleep architecture, % TST

Stage N1 16.7 ± 10.5 14.1 ± 8.7 .25 13.5 ± 7.9 13.3 ± 7.3 .91

Stage N2 55.6 ± 11.9 56.9 ± 10.1 .62 60.7 ± 10.7 59.4 ± 9.2 .59

Stage N3 8.8 ± 8.5 10.5 ± 9.2 .42 8.2 ± 9.3 7.8 ± 10.3 .86

Stage R 18.4 ± 12.6 18.2 ± 10.4 .94 17.3 ± 6.9 19.5 ± 8.5 .22

AHI, events/h 28.8 ± 10.9 7.4 ± 4.2 < .01 30.1 ± 15.4 8.4 ± 4.5 < .01

AI, events/h 4.0 ± 7.4 3.1 ± 6.3 .58 6.3 ± 10.4 1.3 ± 2.6 .01

HI, events/h 24.9 ± 12.0 4.3 ± 4.2 < .01 23.8 ± 7.1 11.4 ± 5.0 < .01

Mean SpO2, % 93.5 ± 2.6 93.3 ± 3.2 .77 92.8 ± 2.3 93.5 ± 3.1 .26

Lowest SpO2, % 84.2 ± 7.7 85.5 ± 6.2 .43 82.9 ± 5.9 87.4 ± 5.4 < .01

TST90 (%) 15.3 ± 29.2 7.5 ± 13.9 .14 15.3 ± 25.9 5.5 ± 16.2 .07

ODI events/h 14.8 ± 11.5 5.6 ± 5.0 < .01 20.0 ± 17.1 4.1 ± 3.8 < .01

Data presented as mean ± standard deviation. a COPD with OSA versus COPD without OSA. b ILD with OSA versus ILD without OSA. AHI = apnea-hypopnea
index, AI = apnea index, COPD = chronic obstructive pulmonary disease, HI = hypopnea index, ILD = interstitial lung disease, ODI = oxygen desaturation index,
OSA = obstructive sleep apnea, REM = rapid eye movement, SpO2 = blood oxygen saturation, TST = total sleep time, TST90 = percentage of total sleep time
spent with oxyhemoglobin saturation below 90%.

Table 3—Possible predictors of obstructive sleep apnea in chronic obstructive pulmonary disease and interstitial lung disease.

Total (n = 150) COPD (n = 73) ILD (n = 77)

Age, years 0.97 (0.94–1.01) [.13] 0.97 (0.92–1.01) [.13] 1.00 (0.95–1.06) [.89]

Male sex 0.88 (0.39–1.97) [.75] 2.90 (0.83–10.06) [.09] 0.77 (0.26–2.34) [.65]

BMI, kg/m2 1.02 (0.94–1.10) [.67] 1.03 (0.93–1.14) [.55] 0.95 (0.82–1.09) [.45]

STOP-BANG 1.13 (0.93–1.54) [.43] 1.48 (0.96–2.28) [.07] 0.98 (0.91–1.05) [.56]

STOP-BANG ≥ 3 3.18 (1.46–7.39) [< .01] 1.99 (1.02–16.17) [< .01] 6.29 (2.21–17.9) [< .01]

Berlin 0.94 (0.46–1.92) [.87] 1.07 (0.41–2.76) [.89] 2.47 (0.90–6.76) [.08]

ESS 1.00 (0.92–1.09) [.92] 0.94 (0.83–1.07) [.34] 1.05 (0.93–1.19) [.45]

ESS ≥ 10 1.23 (0.75–2.03) [.42] 2.14 (0.55–8.33) [.28] 0.88 (0.23–3.34) [.85]

Pack-years 0.99 (0.96–1.02) [.54] 1.09 (0.94–1.26) [.25] 0.98 (0.85–1.14) [.82]

FEV1, %predicted 1.01 (1.00–1.03) [.08] 1.00 (0.98–1.03) [.81] 1.01 (0.98–1.04) [.44]

FEV1/FVC, ratio 0.99 (0.97–1.01) [.43] 1.02 (0.98–1.07) [.29] 0.99 (0.93–1.06) [.82]

TLC, % predicted 0.99 (0.97–1.01) [.26] 1.00 (0.98–1.04) [.69] 1.00 (0.97–1.04) [.79]

DLCO, % predicted 1.00 (0.98–1.02) [.96] 1.02 (0.98–1.03) [.84] 1.01 (0.98–1.03) [.53]

CAT 1.13 (0.61–2.15) [.72] 1.24 (0.49–2.89) [.18] 0.96 (0.91–1.01) [.13]

Mean SpO2, % 0.97 (0.86–1.09) [.55] 1.02 (0.87–1.20) [.78] 0.89 (0.73–1.08) [.24]

Lowest SpO2, % 0.93 (0.88–0.98) [.01] 0.97 (0.91–1.04) [.42] 0.85(0.77–0.95) [< .01]

TST90 1.00 (0.99–1.02) [.92] 0.98 (0.96–1.01) [.18] 1.03 (0.99–1.06) [.12]

ODI 1.21 (1.12–1.30) [< .01] 1.16 (1.07–1.26) [< .01] 1.30 (1.14–1.50) [< .01]

Data presented as odds ratio (95% confidence interval) [P value]. Statistical analysis by univariate regression analysis. BMI = body mass index, CAT = COPD
assessment test, CI = confidence interval, COPD = chronic obstructive pulmonary disease, DLCO = diffusion capacity of the lung for carbon monoxide, ESS =
Epworth Sleepiness Scale, FEV1 = forced expiratory volume in 1 second, FVC = forced vital capacity, ILD = interstitial lung disease, ODI = oxygen desaturation
index, OR = odds ratio, SpO2 = blood oxygen saturation, TLC = total lung capacity, TST90 = percentage of total sleep time spent with oxyhemoglobin saturation
below 90%.
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(FEV1)/forced vital capacity (FVC), and ODI according to
unadjusted analysis. In multiple regression analysis, with the
AHI as the dependent variable and the STOP-BANG ques-
tionnaire, FEV1/FVC, and ODI as independent variables, only
ODI was found to be significantly associated with the AHI. For
patients with ILD, the AHI was associated with the STOP-
BANG questionnaire, the lowest SpO2 levels, and ODI
according to unadjusted analysis. Inmultiple regression analysis,
with the STOP-BANG and Berlin questionnaires, mean SpO2,
the lowest SpO2 levels, percentage of total sleep time with
oxyhemoglobin saturation below 90%, and ODI included as

independent variables and with the AHI as the dependent
variable, ODI and the lowest SpO2 level were independently
associated with the AHI according to adjusted analysis.

For the combined cohort, the AHI was associated with BMI,
the STOP-BANG and Berlin questionnaires, FEV1%, the
lowest SpO2 level, and ODI according to unadjusted analysis.
For multiple regression analysis, with the STOP-BANG and
Berlin questionnaires, BMI, FEV1%, the lowest SpO2 levels,
andODI included as the independent variables andwith theAHI
as the dependent variable, ODI and the lowest SpO2 level were
independently associated with the AHI (Table 5).

Table 4—Detection capacity of sleep questionnaires and ODI to identify obstructive sleep apnea.

COPD (n = 73) ILD (n = 77)

Sen Spe PPV NPV AUC Sen Spe PPV NPV AUC

STOP-BANG (≥ 3) 0.81 0.56 0.60 0.79 0.68 0.92 0.34 0.69 0.71 0.73

STOP-BANG (≥ 6) 0.38 0.88 0.71 0.64 0.68 0.31 0.79 0.71 0.41 0.73

Berlin 0.59 0.60 0.53 0.66 0.59 0.58 0.52 0.66 0.43 0.61

ESS (≥ 10) 0.56 0.54 0.49 0.61 0.55 0.50 0.52 0.63 0.38 0.59

ODI (≥ 9) 0.72 0.83 0.77 0.79 0.77 0.77 0.79 0.86 0.68 0.89

Statistical analysis by receiver operating characteristic curves analysis. AUC = area under the curve, COPD = chronic obstructive pulmonary disease, ESS =
Epworth Sleepiness Scale, ILD = interstitial lung disease, NPV = negative predictive value, ODI = oxygen desaturation index, PPV = positive predictive value,
Sen = sensitivity, Spe = specificity.

Figure 1—ROC curves for detection of obstructive sleep apnea in chronic obstructive pulmonary disease.

The AUC of oximetry (0.77, 95% CI 0.67–0.88, P <.001) was higher than that of the STOP-BANG (0.68, 95% CI 0.56–0.80, P =.009) and Berlin (0.59, 95% CI
0.46–0.72, P = .182) questionnaires and the ESS (0.55, 95% CI 0.41–0.68, P = .512). AUC = area under the curve, ESS = Epworth Sleepiness Scale, ODI =
oxygen desaturation index, ROC = receiver operating characteristic.
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DISCUSSION

Previous studies focusing on the association of OSA and
CRDs have achieved disparate results, and the crossover
pathophysiological mechanism of OSA and CRDs has not
been clarified. The identification of the coexistence of OSA
and CRDs in patients has important clinical significance, as
the management of patients with OSA is different from that
of patients with CRDs alone, and the prognosis is worse if
OSA remains untreated. Given the complexity and limited
availability of standard overnight sleep studies, it is necessary
to investigate predictors or simple screening tools that can
help identify OSA for further testing in patients with CRDs. In
this study, we observed sleep-disordered breathing (SDB) in
patients with COPD and ILD, the two common types of CRDs,
and the following are the main findings of the current in-
vestigation: (1) we found that OSA was common and asso-
ciated with worse sleep quality and less daily vitality in
advanced COPD and ILD; (2) the STOP-BANG questionnaire
with a cutoff point of less than 3 or more than 6 may help rule
out or rule in OSA for further assessment in COPD and ILD;
and (3) ODI had good accuracy in identifying OSA and was
independently associated with the AHI in COPD and ILD.
Overnight oximetry can be used as a screening tool for OSA
and can assist the clinical evaluation of OSA for patients with
CRDs in hospitals with limited resources.

The results of studies on the prevalence of OSA in patients
with CRDs have yielded inconsistent results. The Sleep Heart
Health Study found that the OSA (respiratory disturbance
index > 15 events/h) prevalence was 14% among patients with
obstructive airway disease, and thiswas notmore prevalent than
in the general population.8 However, the participants in this
community-based study were mostly patients with mild dis-
ease without respiratory symptoms, which is different from
typical patientswithCOPD in pulmonary clinics. Schreiber et al
reported that 45% of patients with COPD undergoing inpatient
pulmonary rehabilitation programs had an AHI ≥ 15 events/h.13

Soler et al found that OSA (AHI > 5 events/h) was present in
65.9% of patients withmoderate to severe COPD.14 Differences
in study population, OSA definition, and recording techniques
maybe the causes of these discrepant results. Previously, studies
focusing on SDB in respiratory diseases have mainly been
performed among patients with COPD, and few studies have
been conducted in patients with ILD. Several studies with small
sample sizes have demonstrated a high prevalence of OSA
among patients with ILD. Bosi et al reported that 25 of 35
patients (72%) with mild to moderate idiopathic pulmonary
fibrosis (IPF) had an AHI > 5 events/h and that 7 of 35 patients
(20%)had anAHI>15 events/h.15 Pihtili et al found that 14of 17
patients (82.3%) with IPF had an AHI > 5 events/h.16 Lancaster
et al reported that 88% of patients with IPF had an AHI of > 5
events/h, and 68% had an AHI > 15 events/h.17 In our cohort,

Figure 2—ROC curves for detection of obstructive sleep apnea in interstitial lung disease.

The AUC of oximetry (0.89, 95% CI 0.82–0.97, P <.001) was higher than that of the STOP-BANG (0.73, 95% CI 0.60–0.86, P =.002) and Berlin (0.61, 95% CI
0.47–0.75, P = .129) questionnaires and the ESS (0.59, 95% CI 0.44–0.74, P = .231). AUC = area under the curve, ESS = Epworth Sleepiness Scale, ODI =
oxygen desaturation index, ROC = receiver operating characteristic.
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which included patients who were recruited from a tertiary
referral hospital with moderate to severe disease, 84% of pa-
tients with COPD and 87% of patients with fibrotic ILD had an
AHI ≥ 5 events/h, and 44% of patients with COPD and 62% of
patients with fibrotic ILD had an AHI ≥ 15 events/h, which
implied the high prevalence of OSA in patients with advanced
CRDs. The CAT was used to assess quality of life in patients
with CRD in this study. We found that the individual CAT item
scores related to worse sleep quality and less daily vitality were
higher among patients with OSA than among patients without
OSA in patients with COPD and those with ILD. The 2017
Global Initiative for Chronic Obstructive Lung Disease report1

and the 2011 IPF guidelines18 listed OSA as one of the asso-
ciated comorbidities in patients with COPD and IPF, respec-
tively, for the first time. The recognition and identification of
OSA in patients with CRD has important clinical relevance, as
proper treatment of coexisting OSAmay improve the quality of
life and survival of patients.19,20

The explanation of the relatively high prevalence of OSA
among patients with CRDs is not clear. As noted in our study
and in previous studies, hypopnea is common in patients with
CRD. According to the AASM definition of hypopnea, the
scoring of hypopnea events is highly dependent on airflow
reductions and associated oxygendesaturation.Hypopneasmay
be scored more frequently in patients with CRD, especially in
thosewithhypoxemicpulmonarydisease, because theirunderlying

ventilation perfusion abnormalities make them more easily
desaturated. In addition, worsening oxygen desaturation during
sleep in patients whose oxygen dissociation curve is already
located on the steep slope may be due to the shallow and fast
breathing patterns observed in patients with CRDs.

The mechanistic interactions between CRDs and OSA have
not yet been clarified. According to the “tracheal tug” theory,
changes in lung volume may influence the patency of the upper
airway.21 Krachman et al reported that the CT-derived extent of
emphysema and gas trapping was inversely correlated with the
AHI in patients with COPD.22 However, similar to previous
studies investigating the relationship between lung volume and
the AHI in patients with CRD,6,23 we did not find an inverse
relationship between the AHI and total lung capacity or FVC in
patients with COPD or IPF. One possible explanation is that
pulmonary function testswere conductedwith the patients in the
upright position, and pulmonary function tests with the patients
in the supine position may more accurately reflect lung volume
changes during sleep.

Several sleep questionnaires have been used for OSA
evaluation.24 The ESS assesses daytime sleepiness; however, it
is not specific for OSA evaluation. The Berlin and STOP-
BANG questionnaires have been proposed as potential
screening tools for OSA in the general population. For the
current study, both the ESS and Berlin questionnaire were in-
adequate for predicting or excluding OSA in patients with CRDs.

Table 5—Correlates of obstructive sleep apnea severity in patients with COPD and ILD.

Unadjusted Analysis
Total (n = 150) COPD (n = 73) ILD (n = 77)

r P r P r P

Age, years −.02 .86 −.10 .39 .14 .25

Male sex −.11 .19 −.15 .19 −.08 .51

BMI, kg/m2 .18 .03 .18 .12 .12 .33

STOP-BANG .28 .006 .27 .02 .36 .002

Berlin .19 .01 .19 .10 .21 .08

ESS .04 .61 −.01 .96 .06 .65

FEV1% .24 .004 .16 .18 .17 .15

FEV1/FVC .24 .004 .31 .009 −.06 .62

TLC, % −.09 .29 .02 .90 .02 .86

DLCO, % .08 .35 .12 .36 .17 .16

CAT .06 .48 .07 .58 .04 .77

Mean SpO2, % −.10 .24 −.02 .87 −.21 .07

Lowest SpO2, % −.32 < .001 −.14 .25 −.50 < .001

TST90 .07 .38 −.09 .46 .21 .08

ODI .85 < .001 .74 < .001 .91 < .001

Adjusted Analysis Coefficient P Coefficient P Coefficient P

ODI 1.13 < .001 1.017 < .001 1.038 < .001

Lowest SpO2, % 0.37 .04 – – 0.381 .03

Constant −25.73 n/a 6.934 n/a −24.8 n/a

Statistical analysis by Pearson correlation and multivariate regression model. AHI = apnea-hypopnea index, COPD = chronic obstructive pulmonary disease,
DLCO = diffusion capacity of the lung for carbon monoxide, FEV1 = forced expiratory volume in 1 second, FVC = forced vital capacity, ILD = interstitial lung
disease, NREM = non-rapid eye movement, ODI = oxygen desaturation index, RV = residual volume, TLC = total lung capacity, TST90 = percentage of total
sleep time spent with oxyhemoglobin saturation below 90%.
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The STOP-BANG questionnaire with a cutoff of 3 had a
significantly higher sensitivity and negative predictive value
for patients with CRD, and the STOP-BANG questionnaire
with a cutoff of 6 had a significantly higher specificity and
positive predictive value compared with the Berlin questionnaire
and the ESS. For patients withmoderate to severe CRD, due to the
activation of the sympathetic nervous system and the confounding
effect of daytime respiratory symptoms, ESS could not properly
capture the characteristics of daytime sleepiness for patients with
CRD as it could for the general population. The Berlin ques-
tionnairehas 11multiple choicequestions, and the scoring system
can be confusing or cumbersome, especially for elderly patients
with CRD with relatively decreased cognitive function. Addi-
tionally, this questionnaire lacks some important predictive
demographic parameters, such as age, sex and neck circumfer-
ence. The STOP-BANG questionnaire has eight straightforward
questions, and it is gaining popularity as a screening instrument
due to its simplicity and ease of use. Our study showed that the
STOP-BANG questionnaire with a cutoff of less than 3 or more
than 6 may help rule out or rule in OSA for further testing re-
garding the likelihood of OSA in patients with CRDs.

Currently, in-laboratory PSG is the standard diagnostic tool
for OSA in patients with CRDs. However, PSG studies are of
limited availability, requiring long waiting times in order to be
performed. In addition, PSG is labor intensive and costly. There
is a growing tendency toward ambulatory testing focused
mainly on respiratory variables in recent years. Considering that
SDB is common in CRDs, identifying simple evaluation tools
outside sleep laboratories is urgently needed for these pa-
tients. Previous studies have indicated that nocturnal oximetry
is a sensitive tool for detecting SDB among the general
population.25,26 However, there are limited studies on the ac-
curacy of oximetry to identify SDB in CRDs. In the current
study, we found that ODI accurately identified a greater per-
centage of patients with OSA (sensitivity) and without OSA
(specificity) compared to the commonly used sleep question-
naires for patientswithCRD.Additionally,ODI is closely related
to the AHI, which is currently the severity criterion for OSA. In
addition, the ODI, a marker of intermittent hypoxemia, is par-
ticularly important for systemic inflammation. Some studies have
indicated that the ODI may be superior to the AHI in predicting
some important clinical outcomes, such as cardiovascular
comorbidities.27 Currently, due to limited access to PSG, only a
small number of patients with CRDs benefit from the diagnosis
and treatment of SDB. Oximetry may provide an inexpensive,
readily available means for the clinical evaluation of SDB in
patients with CRDs in hospitals with limited resources.

There are several limitations in this study. First, although this
was a study with a relatively large sample size of SDB in pa-
tientswith COPD and ILD, the study populationwasmade up of
patients with moderately severe COPD and moderate fibrotic
ILD without much obesity from a tertiary referral hospital in
China, and these patients were in many ways different from the
general patient population; thus, our findings could not be
generalized to patients with COPD and ILD of different se-
verities and phenotypes. Second, the scoring criteria for SDB
in CRDs are imperfect.28,29 Hypopnea is the predominant
manifestation of SDB in CRDs. Hypopneas are intrinsically

associated with oxygen saturation, which is in turn tied to lung
volume and respiratory pattern—both adversely affected by
CRDs, especially for patients with moderate to severe condi-
tions. It is possible that some or many of the hypopnea events
noted may not be induced by upper airway obstruction. Third,
the effects of medications on SDB should also be considered.
Individuals who were taking oral corticosteroids were ex-
cluded from the study. However, it should be noted that patients
withCRDmay receivemedications that could alter sleep quality
and architecture, although we did not find correlations be-
tween the AHI and sleep quality or architecture in our cohort.
Last, although the oximetry tracing was interpreted blindly
with respect to the PSG results in this study, it was an in-
laboratory measurement rather than a home study.

In conclusion, we observed a high rate of OSA among pa-
tients with advanced CRDs, and OSA was associated with
worse sleep quality and less daily vitality. The STOP-BANG
questionnaire with different cutoff points may help rule in or
rule out OSA. Overnight oximetry can be used as a screening
tool for OSA and can assist the clinical evaluation of OSA for
patients with CRDs in hospitals with limited resources. Further
work is required to investigate the additional scoring methods
for respiratory events in patients with CRDs, which may assist
us in further understanding the incidence of OSA and its clinical
significance. Further study is also needed to evaluate nocturnal
home oximetry for identifying SDB in patients with CRD,
which may be helpful for the timely diagnosis and treatment of
SDB in these patients.

ABBREVIATIONS

AASM, American Academy of Sleep Medicine
AHI, apnea-hypopnea index
BMI, body mass index
CAT, COPD assessment test
COPD, chronic obstructive pulmonary disease
CRDs, chronic respiratory diseases
ESS, Epworth Sleepiness Scale
FEV1, forced expiratory volume in 1 second
FVC, forced vital capacity
ILD, interstitial lung disease
ODI, oxygen desaturation index
OSA, obstructive sleep apnea
PSG, polysomnography
SDB, sleep-disordered breathing
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