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Purpose: COPD-OSA (chronic obstructive pulmonary disease–obstructive sleep apnea)

overlap syndrome is associated with more frequent COPD acute exacerbations than COPD

without OSA. With the application of high-resolution computed tomography (HRCT) in

COPD, bronchiectasis is commonly detected and is associated with disease severity. Sleep

respiratory disease is also associated with bronchiectasis; however, the correlation between

OSA and coexisted bronchiectasis in COPD (COPD-Bx) has not been reported yet.

Patients and Methods: A total of 124 consecutive patients with stable COPDwere enrolled.

All subjects completed the chest HRCT and nocturnal polysomnography (PSG). The scores of

extent and severity in bronchiectasis were assessed based on the Smith method and the Bhalla

scoring system. Clinical data, questionnaire, routine blood test data, blood levels of C-reactive

protein (CRP) and Immunoglobulin E, and the lymphocyte subtype were collected.

Results: Among all enrolled patients, 56.45% (70/124) were diagnosed as COPD-OSA

based on the results of PSG screening. Bronchiectasis was detected in 42.86% (30/70) of

the patients with COPD-OSA, but in 18.52% (10/54) of the patients without OSA (χ2=8.264,

p=0.004). PSG screening revealed that COPD with OSA had a significantly higher apnea-

hypopnea index and percent of time spent with oxygen saturation below 90% (T90). Higher

values of CRP, T90, and lower CD4/CD8 in the COPD-Bx with OSA were detected

compared to COPD-Bx without OSA. Correlation analysis showed that the Bhalla severity

score was related to CD8 cell count (r=0.446, p<0.05) and CD4/CD8 (r=−0.357, p<0.05) in

all the COPD-Bx patients. The Smith extent score was also associated with the values of

CD8 count (r=0.388, p<0.05) and CD4/CD8 (r=−0.381, p<0.05).

Conclusion: The comorbid bronchiectasis was more common in COPD-OSA overlap syndrome

patient and may be related to more severe hypoxia and increased systemic inflammation.
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Introduction
Chronic obstructive pulmonary disease (COPD) with obstructive sleep apnea (OSA) is

defined as the overlap syndrome (COPD-OSA).1 Overlap syndrome is more prevalent

during patients diagnosed with COPD or OSA than in the general population. It has

gained increased attention recently.2 Because of the different study populations and the

different diagnostic criteria of COPD or OSA, the reported prevalence of COPD-OSA

was not consistent. In COPD patients, the prevalence of OSA had been estimated to be

about 0.5–65%.2–5 Approximately 11% of OSA patients have airflow limitation based

on pulmonary function test.1

Patients with overlap syndrome have higher decrease in nocturnal oxygen desatura-

tion than patients with either disease alone.3 More frequent acute exacerbations and
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higher mortality are also observed in patients with overlap

syndrome than COPD alone.2,6,7 The treatment of continuous

positive airway pressure (CPAP) reduces acute exacerbations

and mortality in COPD-OSA patients.8–10 The potential

mechanisms associated with increased acute exacerbations

and positive effects of CPAP therapy in COPD-OSA are not

well known.

The application of high-resolution computed tomogra-

phy (HRCT) in COPD patients has shown that bronchiec-

tasis is common in COPD.11 Bronchiectasis is one of the

known comorbidities of COPD and may be associated

with COPD severity.12 However, the causes and risk fac-

tors of bronchiectasis in COPD remain to be determined.

Epidemiological studies have demonstrated relationships

between sleep disorders and bronchiectasis.13–16 Previous

research shows that hypoxia might be a pathogenic mechan-

ism in cystic fibrosis, primary ciliary dyskinesia, and lung

tissue remodeling.16–18 However, the correlation between

OSA and coexisted bronchiectasis in COPD (COPD-Bx)

has not been reported yet. The purpose of our study was to

investigate the relationship between OSA and bronchiectasis

in COPD patients.

Patients and Methods
Research Subjects
A total of 124 stable COPD patients (45 to 80 years old)

visiting Tianjin Medical University General Hospital were

consecutively enrolled between February 2017 and

March 2019. All subjects completed pulmonary function

tests performed by two trained technicians according to

international standards. The diagnosis of COPD is in accor-

dance with the Global Initiative for Chronic Obstructive

Lung Disease (GOLD).19 All subjects were former or current

smokers with a minimum smoking index of 10 packs-year.

The exclusion criteria included subjects with asthma, pre-

diagnosed bronchiectasis, and any other diagnosed respira-

tory diseases. All subjects signed written informed consent.

This study was conducted in accordance with the Declaration

of Helsinki and approved by the Ethics Committee of Tianjin

Medical University General Hospital (IRB2019-KY-133).

Evaluation of OSA
Nocturnal polysomnography (PSG) was performed for all

subjects in the sleep center of Tianjin Medical University

General Hospital, Tianjin, China. All PSG was performed by

two trained technicians according to the international stan-

dards specified by the American Academy of Sleep

Medicine (AASM) and manually scored by a single

technologist.20 The recording time was longer than 7 hrs.

The presence of OSAwas defined using the apnea-hypopnea

index (AHI ≥ 5), which was based on the number of apneas/

hypopneas events per hour during all the sleep time.

Subjects with central sleep apnea/hypopnea were excluded.

Clinical Data and Laboratory Tests
The demographic characteristics and smoking history of

all the subjects were collected. Dyspnea and total symp-

toms of COPD were evaluated using the modified Medical

Research Council Dyspnea Scale (mMRC) and the COPD

Assessment Test (CAT).

Fractionated exhaled nitric oxide (FeNO), an eosino-

philic airway inflammation marker, was detected accord-

ing to the guidelines in the user manual training with the

NIOX Mino® device (Aerocrine AB, Solna, Sweden).

Fasting venous blood samples were collected in the morn-

ing. The blood routine test, C-reactive protein (CRP), and

serum total Immunoglobulin E (IgE) level were measured

by the department of laboratory.

Analysis of the blood lymphocyte subtypes was per-

formed using flow cytometry. The freshly obtained blood

was stained with anti-CD3 (total T lymphocytes), anti-CD4,

and anti-CD8 (all from Becton Dickinson (BD), San Jose,

California, USA). The sample was analyzed using FACS

Calibur (BD Pharmingen, San Jose, CA, USA) and FlowJo

software Version 10 (TreeStar, Ashland, OR, USA).

Chest HRCT Scanning
All the subjects completed HRCT scan of the chest by

a skilled technician in the department of radiology. Two

professional radiologists scored the images blindly. If the

results were inconsistent, the scores were determined after

a discussion by the research team. Diagnosis of bronch-

iectasis was obtained according to the criteria published by

Naidich.21 Imaging scores of bronchiectasis were deter-

mined as we reported previously11 including the extent

score according to the Smith method and the severity

score based on the Bhalla scoring system.22,23 The Smith

method is mainly based on the percentage of abnormal

bronchi in each lobe. The Bhalla severity scoring system is

completed according to the ratio of the luminal diameter to

the diameter of adjacent blood vessel.

Statistical Analysis
All data were analyzed using SPSS version 21.0 (Statistics

Package for the Social Sciences, Inc., Chicago, IL, USA).
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The normal distribution parameters were described as

mean ± standard deviation. The Non-normal distribution

parameters were defined as medians (interquartile range).

To compare the difference between two groups, we used

t-test or Mann–Whitney U-test for continuous data accord-

ing to distribution and χ2 test for categorical variables. The

correlation between the score of bronchiectasis and other

variables was analyzed using Spearman correlations.

Statistically significance was defined as p-values<0.05.

Results
Demographic Characteristics
We enrolled 124 patients with COPD and 60.48% were

male. The median age was 68.00 years. There were 13

(10.48%), 28 (22.58%), 40 (32.26%), and 43 (34.68%)

subjects in stage I, II, III and IV of GOLD, respectively.

All subjects had a positive history of smoking. The results

are shown in Table 1.

Bronchiectasis and OSA in COPD
HRCT findings showed that 32.26% (40/124) of the patients

with COPD had bronchiectasis. Most of themwere cylindrical

bronchiectasis (80.0%), while a minority of them appeared to

be mixed bronchiectasis (20.0%). The anatomic distributions

of bronchiectasis were the right lower lobe (21.9%), right

upper lobe (21.9%), right middle lobe (18.8%), lingula

(15.6%), left upper lobe (12.5%) and left lower lobe (9.4%)

and bilateral lesions were common. OSA was diagnosed in

56.45% (70/124) of the COPDpatients. Among them, theAHI

of 60.00% (42/70) patients was less than 15, 25.71% (18/70)

was between 15 and 30, and 14.29% (10/70) with AHI≥30.

Clinical Characteristics of COPD-OSA

and COPD Alone
Clinical characteristics of subjects with COPD-OSA and

COPD alone are summarized in Table 1. There were no

differences in both CAT and mMRC scores between the two

groups. In addition, there were no differences in pulmonary

function, smoking index, BMI, and gender between the two

groups.

The Frequency and Severity of

Bronchiectasis in COPD-OSA and COPD

Alone
Among COPD-OSA patients, 42.86% (30/70) showed comor-

bid bronchiectasis, which is more common than that in COPD

without OSA group (18.52%, 10/54) (χ2=8.264, p=0.004).
However, the bronchiectasis scores of severity and extent

were not different between COPD-Bx with OSA or not.

These results are shown in Table 2. Correlation analysis

showed that the Bhalla severity score was related to CD8

cell count (r=0.446, p<0.05) and CD4/CD8 (r=−0.357,
p<0.05) in all the COPD-Bx patients. The Smith extent score

was also associated with CD8 cell count (r=0.388, p<0.05) and

CD4/CD8 (r=−0.381, p<0.05). No correlation was found

between the bronchiectasis score and any other sleep variables

including AHI, the time spent with oxygen saturation below

Table 1 Characteristics of COPD Patients with or Without OSA

Item All COPD Patients With OSA Without OSA p

Subjects (n) 124 70 54

Age (years) 68.00 (63.50,76.75) 70.50 (65.00,77.00) 68.00 (62.75,75.50) 0.637

Male/Female (n) 75/49 40/30 35/19 0.386

BMI (kg/m2) 25.39 (22.89,27.89) 25.40 (22.89,28.92) 25.39 (22.72,27.64) 0.409

Smoking, Packs-year 30.00 (20.00,50.00) 30.00 (20.00,50.00) 30.00 (18.00,60.00) 0.809

FEV1 (% predicted) 35.05 (26.90,56.10) 36.00 (28.46,56.10) 31.93 (26.04,63.48) 0.710

FEV1/FVC 48.45 (37.55,60.63) 48.45 (38.56,59.31) 47.85 (37.54,61.57) 0.832

GOLD stage

I 13 (10.48%) 6 (8.57%) 7 (12.96%)

II 28 (22.58%) 17 (24.29%) 11 (20.37%)

III 40 (32.26%) 26 (37.14%) 14 (25.93%)

IV 43 (34.68%) 21 (30.00%) 22 (40.74%)

CAT 16.00 (13.00,21.00) 17.00 (14.00,22.00) 16.00 (13.00,19.0) 0.085

mMRC 1.00 (1.00,2.00) 2.00 (1.00,2.00) 1.00 (0.00,2.00) 0.210

Note: Data presented as median with 25–75th percentiles or n (%).

Abbreviations: COPD, chronic obstructive pulmonary disease; OSA, obstructive sleep apnea; BMI, body mass index; FEV1, forced expiratory volume in 1 s; FVC, forced

vital capacity; GOLD, Global Initiative for Chronic Obstructive Lung Disease; CAT, COPD assessment test; mMRC, modified Medical Research Council.
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90% (T90) and minimum peripheral capillary oxygen satura-

tion (SpO2min).

Laboratory Characteristics in

COPD-OSA or COPD Alone
The bronchiectasis identified through HRCTwas more pop-

ular in the COPD with OSA. To investigate the possible

mechanisms of the relationship between these two diseases

in COPD patients, we compared FeNO, blood routine test,

CRP, serum total IgE and T lymphocyte subtypes between

COPD with and without OSA. Our PSG screening revealed

that COPD with OSA had significantly higher AHI and T90.

In addition, FeNO, routine blood test, CRP, serum total IgE

and the T lymphocyte subtypes were not different between

the two groups. The results are shown in Table 3.

Characteristics of Clinical and Laboratory

in COPD-Bx with OSA and Without OSA
We also compared the difference between the COPD-Bx

with OSA or without OSA. There were no significant

differences in pulmonary function test, smoking index,

BMI, age, and gender between the two groups. We found

that CRP and T90 increased significantly in COPD-Bx

with OSA than those without OSA. The ratio of CD4/

CD8 decreased significantly in COPD-Bx with OSA. We

did not see any difference for the CD4 and CD8 cell

counts between the two groups. The routine blood test,

serum total IgE, SpO2min were not different between the

two groups. The results are shown in Table 4.

Discussion
This is the first study analyzing the relationship between

OAS and bronchiectasis in COPD. The study has shown

that bronchiectasis was more prevalent in the COPD-OSA

overlap syndrome patients, which may associate with

higher levels of AHI and T90. In our study, we also

found that there were increased levels of CRP and T90,

and lower CD4/CD8 in the COPD-Bx with OSA than

those without. In addition, the Smith extent score and

Bhalla severity score of bronchiectasis were both related

Table 2 The Prevalence and Severity of Bronchiectasis in COPD with or Without OSA

Item COPD Subjects with OSA (70) COPD Subjects Without OSA (54) p

COPD-Bx subjects (%) 30 (42.86%) 10 (18.52%) 0.004**

Smith extent score 2.40 (1.80,6.10) 2.80 (1.90,4.20) 0.694

Bhalla severity score 2.00 (1.00,3.75) 1.00 (1.00,2.25) 0.064

Notes: Data presented as median with 25–75th percentiles or n (%). **p < 0.01. Smith extent score, the radiological score of bronchiectasis extent; Bhalla severity score,

the radiological score of bronchiectasis severity.

Abbreviations: COPD, chronic obstructive pulmonary disease; OSA, obstructive sleep apnea.

Table 3 Characteristics Comparison Between COPD with or Without OSA

Item COPD Subject with OSA (70) COPD Subject Without OSA (54) p

WBC 6.46 (4.96,8.41) 6.52 (5.90,8.16) 0.502

Neutrophils, % 66.50 (60.18,74.48) 64.34 (57.01,76.70) 0.573

Eosinophils 0.14 (0.08,0.25) 0.12 (0.03,0.26) 0.343

Eosinophils, % 2.10 (1.20,3.76) 1.48 (0.33,4.08) 0.146

Total IgE (IU/mL) 112.50 (35.98,221.00) 110.00 (22.40,520.00) 0.857

CRP (ng/mL) 1.17 (0.45,2.86) 1.03 (0.25,2.45) 0.157

Total T cells 68.70 (59.78,74.24) 70.04 (60.26,76.82) 0.363

CD4+ T cells 39.72 (32.36,43.51) 38.22 (32.76,48.13) 0.760

CD8+ T cells 29.10 (22.33,33.08) 26.50 (22.38,38.14) 0.693

CD4/CD8 1.35 (0.97,1.66) 1.47 (0.95,2.00) 0.484

FeNO 13.00 (10.00,21.00) 19.00 (8.00,36.00) 0.464

AHI 12.00 (7.50,22.00) 1.50 (0.00,3.00) 0.000***

SpO2min 82.00 (78.00,85.00) 85.00 (79.00,88.00) 0.081

T90 (%) 11.00 (1.78,38.28) 2.00 (0.00,7.40) 0.002**

Notes: Data presented as median with 25–75th percentiles. **p < 0.01; ***p < 0.001.

Abbreviations: COPD, chronic obstructive pulmonary disease; OSA, obstructive sleep apnea; WBC, white blood cells; IgE, Immunoglobulin E; CRP, C-reactive protein;

FeNO, fractionated exhaled nitric oxide; AHI, apnea-hypopnea index; SpO2min, minimum peripheral capillary oxygen saturation; T90, total sleep time spent with oxygen

saturation below 90%.
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to the values of CD8 cell count and CD4/CD8 in all the

COPD-Bx patients.

The results showed that OSAwas diagnosed in 56.45% of

the COPD patients, which was higher than the previous

research results. One possible explanation is that most of the

subjects enrolled in our studywereCOPDpatientswith severe-

to-very severe disease.3,5 The main finding of our study was

a significant increase in the prevalence of bronchiectasis in

overlap syndrome compared with COPD without OSA. But

the study did not find significant differences in the bronchiec-

tasis score between COPD-Bx with or without OSA. Our

finding suggested that OSAmay be involved in the occurrence

and progression of combined bronchiectasis in COPD. The

complex pathogenesis of bronchiectasis in COPD is not

entirely understood. The previous studies suggested that per-

sistent tissue injury and remodeling due to airway inflamma-

tion and protease/antiprotease imbalance in COPD may be

involved in the occurrence of bronchiectasis.11,24,25 The find-

ings from this study support this hypothesis.

The previous studies suggested that OSA may partici-

pate in tissue remodeling of COPD by elevating inflam-

mation of the lower airway.18,26 In our study, we found

that the COPD-Bx with OSA had increased CRP than

those without OSA, which is a systemic inflammation

marker. The results show that more severe systemic

inflammation is present in COPD-Bx with OSA.

T lymphocytes are one of the primary cells involved in

the regulation of COPD inflammation.27 Previous studies

revealed that CD8+ T cells might lead to tissue injuries

through direct cytopathic effects, recruitment and activation

of inflammatory mediators.28,29 To study the role of

T lymphocyte in the combined bronchiectasis with overlap

syndrome patients, we investigated T-cell subsets of periph-

eral blood. Our findings showed that the values of CD4/CD8

in COPD-Bx patients with OSA were lower than those

patients without OSA. The previous studies have shown

that OSA might cause alterations in immune system which

is associated with the occurrence of serious complications.30

Table 4 The Comparison Between COPD-Bx with or Without OSA

Item COPD-Bx Subjects with OSA (30) COPD-Bx Subjects Without OSA (10) p

Age (years) 66.00 (57.75,75.25) 68.00 (62.50,72.00) 0.754

Male/Female (n) 17/13 6/4 0.853

BMI (kg/m2) 23.80 (22.53,26.28) 27.30 (24.09,27.91) 0.157

Smoking, Packs-year 30.00 (20.00,42.50) 60.00 (23.75,60.00) 0.100

FEV1 (% predicted) 31.65 (23.20,51.76) 26.85 (25.07,66.41) 0.809

FEV1/FVC 44.85 (33.03,55.05) 37.55 (35.82,58.43) 0.711

GOLD stage

I 4 (13.33%) 1 (10.00%)

II 4 (13.33%) 2 (20.00%)

III 9 (30.00%) 1 (10.00%)

IV 13 (43.33%) 6 (60.00%)

WBC 6.50 (4.93,8.81) 5.91 (4.90,7.23) 0.553

Neutrophils, % 67.55 (59.18,75.23) 59.68 (54.82,64.89) 0.053

Eosinophils 0.11 (0.08,0.20) 0.20 (0.02,0.31) 0.743

Eosinophils, % 2.00 (1.09,3.81) 3.15 (0.20,4.35) 0.532

Total IgE (IU/mL) 190.50 (30.18,240.00) 186.00 (36.70,715.00) 0.679

CRP (ng/mL) 1.36 (0.46,3.02) 0.33 (0.14,2.35) 0.049*

Total T cells 69.81 (60.69,74.53) 61.30 (58.21,75.89) 0.406

CD4+ T cells 36.53 (28.61,43.63) 37.74 (35.61,40.18) 0.705

CD8+ T cells 33.02 (31.27,34.76) 22.74 (19.88,38.12) 0.121

CD4/CD8 1.02 (0.86,1.32) 1.70 (0.99,1.98) 0.030*

FeNO 13.00 (11.00,20.00) 11.00 (8.00,19.00) 0.229

AHI 8.50 (7.35,16.35) 2.50 (1.98,3.00) 0.000***

SpO2 min 83.50 (78.00,89.00) 85.00 (79.75,88.00) 0.437

T90 (%) 11.00 (7.00,45.25) 5.00 (1.00,7.00) 0.044*

Notes: Data presented as median with 25–75th percentiles or n (%). *p < 0.05; ***p < 0.001.

Abbreviations: COPD, chronic obstructive pulmonary disease; OSA, obstructive sleep apnea; BMI, body mass index; FEV1, forced expiratory volume in 1 s; FVC, forced

vital capacity; GOLD, Global Initiative for Chronic Obstructive Lung Disease; WBC, white blood cells; IgE, Immunoglobulin E; CRP, C-reactive protein; FeNO, Fractionated

exhaled nitric oxide; AHI, apnea-hypopnea index; SpO2min, minimum peripheral capillary oxygen saturation; T90, total sleep time spent with oxygen saturation below 90%.
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Many studies have confirmed the presence of altered

T lymphocyte function in OSA patients and most affected

T lymphocyte subtype is CD8+ cells. OSA patients have

increased number of CD8+ and decreased number of CD4+

cells, whichwere related to AHI.31–33 Elevated levels of CD8

+ cells were also found in patients with bronchiectasis, which

also supported the role of T lymphocyte in the pathogenesis

of primary bronchiectasis.34,35 In our study, the correlation

analysis showed that the bronchiectasis score of severity and

extent related to the values of CD8 and CD4/CD8. Our

results suggest that OSA may participate in the development

of bronchiectasis by altering T lymphocyte function in

COPD.

Although most COPD patients have a predominantly

neutrophilic inflammation, some have an increase in eosino-

phil counts.27 We compared the differences of eosinophilic

markers (FeNO, eosinophils, and total IgE) between the

COPD patients with and without OSA and did not find any

difference. In addition, there was no difference between the

COPD-Bx patients with and without OSA for these markers.

These results suggest that the role of eosinophilic inflamma-

tion in OSA induced higher prevalence of bronchiectasis in

COPD needs to be further investigated.

Previous studies have revealed that hypoxia might be

a pathogenic mechanism in cystic fibrosis and primary

ciliary dyskinesia.16,17 Animal studies have also found

that chronic intermittent hypoxia, the most important char-

acteristics of OSA, could cause lung tissue remodeling,

including fibrosis and emphysema.18 In our study, we

found that the overlap patients had higher AHI and T90.

And the levels of T90 were also elevated in COPD-Bx

with OSA. Therefore, hypoxia, especially chronic inter-

mittent hypoxia, might participate in the occurrence and

development of bronchiectasis in overlap syndrome.

Our study has several limitations: 1) The sample size of

our study is relatively small, and it is only the research results

of one center. We did not assess the effect of other comorbid-

ities on the disease. 2) We did not evaluate the lower airway

inflammation. We could not clarify whether the relationship

between OSA and bronchiectasis in the COPD related to the

enhanced lower airway inflammation. 3) Since this study is

a cross-sectional study, it could not assess the effect of OSA

and combined bronchiectasis on the prognosis of COPD,

such as the number of exacerbations.

Conclusion
In conclusion, we found that the comorbid bronchiectasis was

more common in COPD-OSA overlap syndrome patient and

may be related to more severe hypoxia and increased systemic

inflammation. These results indicated that OSA might play

a role in the pathogenesis of bronchiectasis in COPD.
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