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IMPORTANCE Airway mucus plugs are common in patients with chronic obstructive
pulmonary disease (COPD); however, the association of airway mucus plugging and mortality
in patients with COPD is unknown.

OBJECTIVE To determine whether airway mucus plugs identified on chest computed
tomography (CT) were associated with increased all-cause mortality.

DESIGN, SETTING, AND PARTICIPANTS Observational retrospective analysis of prospectively
collected data of patients with a diagnosis of COPD in the Genetic Epidemiology of COPD
cohort. Participants were non-Hispanic Black or White individuals, aged 45 to 80 years, who
smoked at least 10 pack-years. Participants were enrolled at 21 centers across the US between
November 2007 and April 2011 and were followed up through August 31, 2022.

EXPOSURES Mucus plugs that completely occluded airways on chest CT scans, identified in
medium- to large-sized airways (ie, approximately 2- to 10-mm lumen diameter) and
categorized as affecting 0, 1 to 2, or 3 or more lung segments.

MAIN OUTCOMES AND MEASURES The primary outcome was all-cause mortality, assessed with
proportional hazard regression analysis. Models were adjusted for age, sex, race and
ethnicity, body mass index, pack-years smoked, current smoking status, forced expiratory
volume in the first second of expiration, and CT measures of emphysema and airway disease.

RESULTS Among the 4483 participants with COPD, 4363 were included in the primary
analysis (median age, 63 years [IQR, 57-70 years]; 44% were women). A total of 2585
(59.3%), 953 (21.8%), and 825 (18.9%) participants had mucus plugs in 0, 1 to 2, and 3 or
more lung segments, respectively. During a median 9.5-year follow-up, 1769 participants
(40.6%) died. The mortality rates were 34.0% (95% CI, 32.2%-35.8%), 46.7% (95% CI,
43.5%-49.9%), and 54.1% (95% CI, 50.7%-57.4%) in participants who had mucus plugs in 0, 1
to 2, and 3 or more lung segments, respectively. The presence of mucus plugs in 1 to 2 vs 0
and 3 or more vs 0 lung segments was associated with an adjusted hazard ratio of death of
1.15 (95% CI, 1.02-1.29) and 1.24 (95% CI, 1.10-1.41), respectively.

CONCLUSIONS AND RELEVANCE In participants with COPD, the presence of mucus plugs that
obstructed medium- to large-sized airways was associated with higher all-cause mortality
compared with patients without mucus plugging on chest CT scans.
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C hronic obstructive pulmonary disease (COPD) affects
15.9 million people in the United States and is the
fourth leading cause of death.1 Mucus dysfunction,

a central pathology in patients with COPD, is characterized
by excess mucus production, hypersecretion, and reduced
clearance, leading to accumulation in the airways as plugs.2,3

Mucus plugs completely occluding the airways are observed
in 25% to 67% of computed tomography (CT) scans of in-
dividuals with COPD and are associated with airflow ob-
struction, lower oxygen saturation, and reduced exercise
capacity.4,5 In individuals with COPD, 67% have mucus plugs
that persist at 1 year and 73% at 5 years.4,5 Up to 30% of
patients with COPD who have mucus plugs on CT report no
cough or sputum.5

A prior study that examined lung tissue from patients with
advanced-stage COPD who underwent lung volume reduc-
tion surgery found that occlusion of small conducting airways
(ie, <2-mm lumen diameter) with mucus plugs was associ-
ated with early death.6 However, the association between all-
cause mortality and mucus plugs in medium- to large-sized
airways (ie, approximately 2- to 10-mm lumen diameter) seen
on CT scans, and in different stages of COPD, is unknown.
Therefore, this study analyzed Genetic Epidemiology of COPD
(COPDGene) participants with COPD defined by the Global
Initiative for Chronic Obstructive Lung Disease (GOLD) stages
of mild, moderate, severe, and very severe, and included par-
ticipants who currently and formerly smoked cigarettes.7,8

It was hypothesized that the presence of mucus plugs occlud-
ing medium- to large-sized airways was associated with in-
creased all-cause mortality in individuals with COPD.

Methods
COPDGene Study
COPDGene7 was a multicenter, observational, prospective
study designed to identify COPD’s genetic and epidemio-
logic determinants. COPDGene enrolled non-Hispanic Black
and non-Hispanic White participants who were aged 45 to
80 years and smoked 10 pack-years or more of cigarettes
(Table 1).7 Participants were excluded if they met any of the
following criteria: history of pulmonary disease except for
asthma, previous surgical excision of at least 1 lung lobe (or
lung volume reduction procedure), active cancer under
treatment, suspected lung cancer (large or highly suspicious
lung mass), metal in the chest, exacerbation of COPD
treated with antibiotics or steroids in the last month, recent
eye surgery, myocardial infarction, other cardiac hospital-
ization, recent chest or abdominal surgery, inability to use
albuterol, history of chest radiation therapy, and first- or
second-degree relative already enrolled in the study. The
participants were enrolled between November 2007 and
April 2011, and additional examinations were conducted at
year 5 (phase 2) and year 10 (phase 3). Assessments included
questionnaires, spirometry, and chest CT imaging. The
institutional review board at each participating clinical cen-
ter approved the COPDGene study, and all participants gave
written informed consent.

CT Assessment
Chest CT scans were performed as part of the COPDGene study
protocol and were not based on a clinical indication. Participants
underwent volumetric CT examinations, which were recon-
structed at submillimeter slice thickness with standard enhanc-
ing algorithms, allowing assessment of the bronchial tree in fine
detail. Additional information about the COPDGene imaging pro-
tocols has been previously described.7 Baseline inspiratory chest
CT scans were used to score mucus plugs from September 2018
toApril2022.TheCTimageswereexaminedwithawindowwidth
of 1400 Hounsfield units (HU) and level of −500 HU.5

Chest CT scan readers were thoracic radiologists, a pulmo-
nologist, and physicians who underwent training in identifica-
tion and scoring of mucus plugs and had at least 2 years of expe-
rience in lung imaging (A.A.D., J.L.O., S.G., H.P.N., W.D.R., A.Y.,
S.J.K., K.J., P.P.M., M.A., M.U.A., M.Z., A.N.A., N.L.T., S.S.). The
CT readers were blind to the current clinical information. A first
reader scored all CT scans for mucus plugs in medium- to large-
sized airways (ie, approximately 2- to 10-mm lumen diameter)
at lung segment level. A second reader independently scored all
CTs that were read as positive for mucus plugs and 20% of the CT
scans without mucus plugs. CTs with discrepant mucus plug
scores were sent to a third reader.5 The readers used a scoring sys-
tem based on Netter bronchial anatomy nomenclature, using 18
lungsegments.9 Amucusplugwasdefinedasanopacitythatcom-
pletely occluded the lumen of an airway (eFigure 1 in Supple-
ment 1). Lung parenchyma within 2 cm of the costal or diaphrag-
matic pleura was excluded because the airways in those regions
were too small to ascertain occlusive luminal plugs accurately.
A final mucus plug score for each study participant was assigned
based on the number of lung segments with mucus plugs, rang-
ing from 0 (no mucus plugs seen on CT scan) to 18 (all lung seg-
ments with mucus plugs) (eFigure 2 in Supplement 1). The num-
ber of lung segments with mucus plugs was averaged for CTs that
had more than 1 reading. Then, patients were categorized into 3
groups based on the number of lung segments with mucus plug-
gingonCTscan:0,1to2,or3ormore.Thereadersscoredasample
of 20 CTs to measure interreader agreement. The concordance
correlation coefficient for interreader agreement of the mucus
plug scores was 0.77. In 39 participants, airway lumen size

Key Points
Question Are mucus plugs that occlude airways identified on
computed tomography scans in patients with chronic obstructive
pulmonary disease (COPD) associated with increased all-cause
mortality?

Findings In this observational study that included 4363 patients
with COPD, the presence of mucus plugs occluding medium- to
large-sized airways (ie, approximately 2- to 10-mm lumen
diameter) was significantly associated with higher risk of all-cause
mortality (adjusted hazard ratio for mucus plugs affecting 1 to 2
vs 0 lung segments, 1.15; adjusted HR for mucus plugs affecting
�3 vs 0 lung segments, 1.24).

Meaning Mucus plugs that occluded medium- to large-sized
airways in patients with COPD were associated with increased
all-cause mortality.

Airway-Occluding Mucus Plugs and Mortality in Patients With Chronic Obstructive Pulmonary Disease Original Investigation Research

jama.com (Reprinted) JAMA June 6, 2023 Volume 329, Number 21 1833

© 2023 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Zambon User  on 11/04/2023

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2023.2065?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2023.2065
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2023.2065?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2023.2065
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2023.2065?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2023.2065
http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2023.2065
Utente
Evidenziato

Utente
Evidenziato

Utente
Evidenziato

Utente
Evidenziato

Utente
Evidenziato

Utente
Evidenziato

Utente
Evidenziato

Utente
Evidenziato

Utente
Evidenziato

Utente
Evidenziato

Utente
Evidenziato

Utente
Evidenziato

Utente
Evidenziato

Utente
Evidenziato

Utente
Evidenziato



was assessed, following a method detailed in the eMethods in
Supplement 1.

Quantitative CT measurements of emphysema and air-
way disease were performed with Thirona software.
Emphysema was defined as the percentage of low attenua-
tion areas under −950 HU, and airway wall thickness was de-
fined as the square root of the wall area of an ideal 10-mm-
inner-perimeter airway.

Confirming Mortality and Vitality Status
Mortality was verified using searches of the Social Security
Death Index (SSDI) and through the Longitudinal Follow-up
(LFU) program of COPDGene.10 Mortality and vital status for
participants who were searched via SSDI were back-censored
3 months from the search date to account for the expected lag
between the event and its appearance in the SSDI record. For
participants evaluated through the LFU program, the dates of
the most recent contact, including COPDGene phase 2 and
phase 3 dates and dates of LFU surveys between phase visits,

were used to calculate the follow-up time. The date of death
was ascertained from additional sources, including medical rec-
ords, published obituaries, and next-of-kin reports.11 Vitality
in COPDGene was determined as of August 31, 2022.

Spirometry
Spirometric measures of lung function were performed be-
fore and after the administration of albuterol.12

Postbronchodilator forced expiratory volume in the first
second of expiration (FEV1) and forced vital capacity (FVC) were
expressed as percentages of predicted values.13 COPD was de-
fined as a postbronchodilator FEV1:FVC ratio less than 0.7, and
COPD disease severity was classified based on GOLD stages 1
(mild) to 4 (very severe).8

Clinical Assessment
Demographic and clinical data were collected using standard-
ized questionnaires, which are available at http://www.
COPDGene.org.7 Race and ethnicity were self-reported and

Table 1. Characteristics of Participants With COPD by Mucus Plug Score Category

Characteristic

Mucus plug score category (No. of lung segments with mucus plugs), No. (%)

0 (n = 2585) 1-2 (n = 953) ≥3 (n = 825)
Age, median (IQR), y 62.4 (55.9-68.7) 63.9 (57.6-70.6) 65.3 (57.9-71.1)

Sex

Female 1072 (41.5) 448 (47.0) 400 (48.5)

Male 1513 (58.5) 505 (53.0) 425 (51.5)

Race and ethnicitya

Non-Hispanic Black 636 (24.6) 199 (20.9) 142 (17.2)

Non-Hispanic White 1949 (75.4) 754 (79.1) 683 (82.8)

BMI, median (IQR) 27.6 (24.2-31.9) 26.8 (23.4-31.0) 25.5 (22.1-30.1)

Current smoker, No. (%) [No.] 1155 (44.7) [2584] 383 (40.2) 347 (42.1) [824]

Pack-years of smoking, median (IQR) 44.3 (33.2-64) 46.1 (35.0-65.7) 47.6 (35.0-67.6)

Medical history

Chronic bronchitis 584 (22.6) 248 (26.0) 293 (35.5)

Coronary artery disease 417 (16.1) 154 (16.2) 113 (13.7)

Asthmab 406 (15.7) 168 (17.6) 187 (22.7)

COPD GOLD stage of severityc

1 (Mild) 597 (23.1) 116 (12.2) 53 (6.4)

2 (Moderate) 1250 (48.4) 389 (40.8) 248 (30.1)

3 (Severe) 523 (20.2) 297 (31.2) 307 (37.2)

4 (Very severe) 215 (8.3) 151 (15.8) 217 (26.3)

BODE index, median (IQR) [No.]d 2 (0-4) [2525] 3 (1-5) [924] 4 (2-6) [803]

FEV1, L 1.8 (1.3-2.4) 1.4 (0.9-1.9) 1.1 (0.8-1.6)

FEV1, % predicted 65.0 (47.1-78.4) 51.9 (36.4-69.7) 42.1 (29.1-59.4)

Emphysema on CT, median (IQR) [No.], %e 5.6 (1.8-14.9) [2466] 9.2 (2.8-22.1) [916] 12.4 (3.4-24.2) [787]

Airway wall thickness, median (IQR) [No.], mmf 2.5 (2.1-2.9) [2466] 2.7 (2.3-3.1) [916] 2.9 (2.5-3.3) [787]

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided
by height in meters squared); BODE, body mass index, obstruction, dyspnea,
and exercise mortality risk score; COPD, chronic obstructive pulmonary disease;
CT, computed tomography; FEV1, forced expiratory volume in the first second of
expiration; GOLD, Global Initiative for Chronic Obstructive Lung Disease.
a Race and ethnic group were reported by the participant. Only non-Hispanic

Black and non-Hispanic White participants were included.
b Asthma was defined as current asthma.
c GOLD stages were defined with postbronchodilator FEV1 percentage of

predicted (pp) values as follows: 1 (mild), FEV1 pp �80; 2 (moderate),

FEV1 pp �50 to <80; 3 (severe) FEV1 pp �30 to <50; and 4 (very severe),
FEV1 pp <30.

d The multidimensional mortality BODE index is composed of 4 factors: BMI,
FEV1 percentage predicted, distance walked in 6 minutes, and the modified
Medical Research Council dyspnea scale. The BODE index ranges from 0
(lowest risk of death) to 10 (highest risk of death).

e Emphysema on CT was measured as percentage of voxels less than −950
Hounsfield units.

f Airway wall thickness was measured on CT as the square root of the wall area
of an ideal 10-mm-inner-perimeter airway.

Research Original Investigation Airway-Occluding Mucus Plugs and Mortality in Patients With Chronic Obstructive Pulmonary Disease

1834 JAMA June 6, 2023 Volume 329, Number 21 (Reprinted) jama.com

© 2023 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Zambon User  on 11/04/2023

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2023.2065?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2023.2065
http://www.COPDGene.org
http://www.COPDGene.org
http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2023.2065
Utente
Evidenziato

Utente
Rettangolo

Utente
Evidenziato

Utente
Evidenziato

Utente
Evidenziato

Utente
Evidenziato

Utente
Evidenziato



classified as non-Hispanic Black and non-Hispanic White. The
included populations are thought to be genetically homoge-
neous and were deemed eligible for the study, the main goal
of which was identifying genetic determinants of COPD. Other
groups, such as Hispanic/Latinx individuals, were excluded be-
cause of their heterogeneous background. Smoking history in-
cluded pack-years and current and former smoking status. Body
mass index (BMI, calculated as weight in kilograms divided by
height in meters squared) was measured in a standardized man-
ner. The body mass index, obstruction, dyspnea, and exer-
cise (BODE) mortality risk score was calculated for each
participant.14 Coronary artery disease was defined as a posi-
tive answer to any questions about a history of myocardial in-
farction, angina, coronary disease, angioplasty, or coronary ar-
tery bypass grafting surgery.15 Chronic bronchitis was defined
as cough and phlegm for at least 3 months per year for at least
2 consecutive years.16 The participants were asked about a his-
tory of asthma with the questions, “Have you had asthma?”
and “Do you still have it?” If the participant responded yes to
both questions, then we considered the participant had a his-
tory of current asthma. Exacerbations after enrollment were
ascertained with the LFU program of COPDGene.10 In this pro-
gram, the participants were asked to report their exacerba-
tions every 6 months by telephone contact and web-based sur-
veys. An exacerbation was defined as an increase or new onset
of respiratory symptoms (cough, phlegm, dyspnea) treated
with antibiotics and/or systemic corticosteroids.17 Additional
details are provided in the eMethods in Supplement 1.

Statistical Analysis
Mortality rates were computed with logistic regression. We used
Kaplan-Meier analysis to plot mortality probability curves per
mucus plug score category (ie, 0, 1-2, ≥3 lung segments with mu-
cus plugs) and a log-rank test to compare groups. The associa-
tion between mucus plugs and all-cause mortality was as-
sessed with Cox proportional hazard regression analysis. The
a priori multivariable model included age, sex, race and ethnic-
ity, BMI, pack-years, smoking status (current vs former),
postbronchodilator FEV1, and CT measures of airway wall thick-
ness and emphysema as potential confounders. Additional
adjustments included coronary artery disease, chronic
bronchitis, current asthma, the number of exacerbations per
year over time, and the BODE index. We evaluated proportion-
ality assumptions by multiplying each covariate by the log
transform of the follow-up time. The proportionality did not
present major violations, and the model fit was adequate.
A statistician (W.W.) conducted the analyses using SAS version
9.4 software (SAS Institute). A 2-sided P value less than .05 was
used as statistical significance for the main analysis. Additional
details are provided in the eMethods in Supplement 1.

Results
Participant Characteristics
Of the 10 198 participants who smoked in the COPDGene
cohort, 4483 were diagnosed with COPD. After exclusion of
120 patients with missing or poor-quality CT scans, 4363

patients were included in this study (Figure 1). Among the
4363 participants, 2585 (59.3%) had a mucus plug score of
0; 953 (21.8%) had a score of 1 to 2, and 825 (18.9%) had a
score of 3 or more on their baseline CT scans. eFigure 3 in
Supplement 1 shows the mucus plug score distribution of
the study participants. Among the 1778 individuals with
mucus plugging, the number of lung segments with mucus
plugs ranged from 1 to 17, and the median number was 2. In
participants with a mucus plug score of 3 or more, the
median score was 5 (IQR, 3-7). Compared with participants
without mucus plugs, those with mucus plugs in 3 or more
lung segments were older and more likely to be female and
non-Hispanic White. They also had a greater pack-year his-
tory of smoking, more chronic bronchitis, more current
asthma, worse BODE index, lower FEV1, greater airway wall
thickness, and higher percentage of emphysema on CT
scans (Table 1). Participants with 3 or more lung segments
with mucus plugs on CT had more COPD exacerbations per
year than those without mucus plugs (median, 0.3 [IQR,
0-1.2] vs 0.1 [IQR, 0-0.6]).

Association Between Mucus Plug Score
and All-Cause Mortality
During a median follow-up of 9.5 years (IQR, 5.0-12.2 years),
1769 participants (40.6%) died. The mortality rate in partici-
pants with no mucus plugs was 34.0% (95% CI, 32.2%-
35.8%), 46.7% (95% CI, 43.5%-49.9%) in participants with
mucus plugs in 1 to 2 lung segments, and 54.1% (95% CI,
50.7%-57.4%) in those with mucus plugs in 3 or more lung
segments (Table 2). The mortality probability was highest
among participants with mucus plug scores of 3 or more as
shown both in unadjusted and adjusted plots (Figure 2). The
mortality rates increased across both COPD GOLD stages
and mucus plug categories. The lowest 2 mortality rates
were in participants with GOLD 1 stage (mild COPD) and
mucus plug score category of 0 and 1 to 2, and the highest 2
mortality rates were in those with GOLD 4 stage (very severe
COPD) and mucus plug score category of 1 to 2 and 3 or
more (Figure 3).

Figure 1. COPDGene Participants Who Currently and Formerly
Smoked Cigarettes

10 198 Participants in COPDGene who smoked cigarettes

4363 Participants who smoked with mucus plug scores

5715 Excluded (did not have
spirometric COPD)

120 Missing mucus plug data
103 Missing CT scans

17 Inadequate CT quality

4483 Participants with COPD who smoked

COPD indicates chronic obstructive pulmonary disease; COPDGene, Genetic
Epidemiology of COPD; and CT, computed tomography.
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When the model was adjusted for age, sex, race and eth-
nicity, BMI, pack-years smoked, current smoking status, FEV1,
and CT measures of emphysema and airway wall thickness, the
presence of mucus plugs was significantly associated with an

increased risk of death (score 1-2 vs 0: adjusted hazard ratio
[aHR], 1.15 [95% CI, 1.02-1.29]; score ≥3 vs 0: aHR, 1.24 [95%
CI, 1.10-1.41]) compared with participants without mucus plugs
(Table 2). Additional adjustment for coronary artery disease

Table 2. Association Between Mucus Plug Score and All-Cause Mortality in Participants With COPD

No.

Mucus plug score (No. of lung segments with mucus plugs)

0 (n = 2585) 1-2 (n = 953) ≥3 (n = 825)

Mortality rate, % (95% CI) 34.0
(32.2-35.8)

46.7
(43.5-49.9)

54.1 (50.7-57.4)

Unadjusted mortality rate difference, %
(95% CI)

1-2 vs 0: 12.7
(9.1-16.4)

≥3 vs 0: 20.1
(16.2-24.0)

Model HR (95% CI) HR (95% CI) P value HR (95% CI) P value

Unadjusted model 4363 1 [Reference] 1.51 (1.34-1.69) <.001 1.98 (1.76-2.22) <.001

Adjusted modela 4166 1 [Reference] 1.15 (1.02-1.29) .02 1.24 (1.10-1.41) <.001

Plus coronary artery diseaseb 4166 1 [Reference] 1.16 (1.03-1.30) .02 1.26 (1.11-1.43) <.001

Plus chronic bronchitisc 4166 1 [Reference] 1.15 (1.02-1.30) .02 1.25 (1.10-1.42) <.001

Plus current asthmad 4166 1 [Reference] 1.15 (1.02-1.30) .02 1.25 (1.10-1.41) <.001

Plus exacerbations per yeare 3759 1 [Reference] 1.10 (0.96-1.25) .17 1.20 (1.05-1.38) .008

Plus BODE indexf 4060 1 [Reference] 1.14 (1.01-1.29) .03 1.21 (1.06-1.37) .004

Abbreviations: BODE, body mass index, obstruction, dyspnea, and exercise
mortality risk score; COPD, chronic obstructive pulmonary disease;
HR, hazard ratio.
a Estimates are from multivariable Cox models. Adjustment included age

(continuous), sex (reference: female), race and ethnicity (reference:
non-Hispanic Black), body mass index (BMI, calculated as weight in kilograms
divided by height in meters squared; continuous), pack-years of smoking
(continuous), current smoking status (reference: former), postbronchodilator
forced expiratory volume in the first second of expiration (FEV1; continuous),
and computed tomography measures of emphysema (measured as
percentage of voxels <−950 Hounsfield units; continuous) and airway wall
thickness (measured as the square root of the wall area of an ideal
10-mm-inner-perimeter airway; continuous).

b Adjusted HRs included all variables from the adjusted model plus adjustment

for coronary artery disease (reference: absence of coronary artery disease).
c Adjusted HRs included all variables from the adjusted model plus adjustment

for coronary artery disease and chronic bronchitis (reference: absence of
chronic bronchitis).

d Adjusted HRs included all variables from the adjusted model plus adjustment
for coronary artery disease, chronic bronchitis, and history of current asthma
(reference: absence of current asthma).

e Adjusted HRs included all variables from the adjusted model plus adjustment
for coronary artery disease, chronic bronchitis, history of current asthma, and
the number of exacerbations per year (continuous).

f Adjusted HRs included all variables from the adjusted model except FEV1 and
BMI plus adjustment for the BODE index (continuous).

Figure 2. Mortality Plots by Mucus Plug Score Category
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Of the 4363 participants with chronic obstructive pulmonary disease (COPD)
included in the analysis, 1769 died from any cause. A, Unadjusted plot included
all the 4363 participants with COPD. B, Plot adjusted for age, sex, race and
ethnicity, body mass index, smoking status, pack-years of smoking,
postbronchodilator forced expiratory volume in 1 second, and computed

tomography measures of emphysema and airway wall thickness and included
4166 participants with COPD. The median years of follow-up were 10.3 (IQR,
5.4-12.3), 8.7 (IQR, 5.0-12.0), and 7.1 (IQR, 3.9-11.6) for participants in mucus plug
score categories of 0, 1 to 2, and 3 or more, respectively.
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showed similar results (score 1-2 vs 0: aHR, 1.16 [95% CI, 1.03-
1.30]; score ≥3 vs 0: aHR, 1.26 [95% CI, 1.11-1.43]). In the ad-
justed model plus coronary artery disease and chronic bron-
chitis, the association between mucus plugs and all-cause
mortality did not change substantially (score 1-2 vs 0: aHR, 1.15
[95% CI, 1.02 to 1.30]; score ≥3 vs 0: aHR, 1.25 [95% CI, 1.10-
1.42]) (Table 2). Because mucus plugs frequently occur in in-
dividuals with asthma,18 and are associated with higher exac-
erbation rates in individuals who smoke,4 an additional analysis
was performed that accounted for the diagnosis of asthma and
COPD exacerbations. In the adjusted model described above
plus coronary artery disease, chronic bronchitis, and history
of current asthma, the association between mucus plugs and
all-cause mortality remained significant (score 1-2 vs 0: aHR,
1.15 [95% CI, 1.02-1.30]; score ≥3 vs 0: aHR, 1.25 [95% CI, 1.10-
1.41]) (Table 2). When the number of exacerbations per year
during follow-up was included in the adjusted model plus coro-
nary artery disease, chronic bronchitis, and current asthma,
the association between mucus plugs and all-cause mortality
was attenuated (score 1-2 vs 0: aHR, 1.10 [95% CI, 0.96-1.25];
score ≥3 vs 0: aHR, 1.20 [95% CI, 1.05-1.38]) (Table 2). When
the adjusted model above (without FEV1 and BMI) was fur-
ther adjusted for the BODE mortality index, the association be-
tween mucus plugs and all-cause mortality was similar (score
1-2 vs 0: aHR, 1.14 [95% CI, 1.01-1.29]; score ≥3 vs 0: aHR, 1.21
[95% CI, 1.06-1.37]) (Table 2).

Discussion
COPD is a heterogeneous and complex condition, and mucus
pathology is an underrecognized disease feature.19 Recent stud-
ies demonstrated that mucus plugs identified on CT scans are

frequent in patients with COPD (25%-67%), persist in most pa-
tients at 1-year (67%) and 5-year (73%) follow-up, and closely
associated with clinical measures of the disease, including lung
function, quality of life, and emphysema on CT.4,5 Further, oc-
clusion of airways by mucus plugging may increase the risk of
infection by reducing oxygen diffusion and causing local hy-
poxia, which potentiates microbial growth.2,20 Mucus plugs
occluding multiple bronchi may increase the risk of pneumo-
nia and COPD exacerbations.6 Additionally, the presence of mu-
cus plugs is associated with ventilation/perfusion mismatch,
which may lead to respiratory failure, a common cause of death
in COPD.21

In this study, the presence of mucus plugs occluding
medium- to large-sized airways was associated with
increased all-cause mortality in participants with COPD.
This result aligned with a study of explanted lung tissue in
101 individuals with advanced COPD,6,22 which found that a
higher percentage of mucus occlusion of small conducting
airways was associated with early death.6 This study pro-
vides new insights into the association of mucus plugging
and mortality by evaluating mucus plugging causing com-
plete occlusion of medium- to large-sized airways based on
CT imaging and by including individuals with a full spec-
trum of COPD severity. The association between mucus
plugs and all-cause mortality was sustained after adjust-
ment for BMI, pack-years of smoking, FEV1, cardiovascular
comorbidity, asthma, CT measures of emphysema and air-
way wall thickness, and other potential confounders (ie,
current smoking status, age, sex, race and ethnicity).

In addition, the association observed between mucus
plugs and increased mortality persisted in participants with
COPD after adjustment for the diagnosis of chronic bronchi-
tis, which involves chronic mucus hypersecretion and was

Figure 3. All-Cause Mortality by Mucus Plug Score Category and Chronic Obstructive Pulmonary Disease (COPD) Severity (N = 4363)
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Values represent proportion of all-cause mortality (A) and the percentage of
participants (B) by Global Initiative for Chronic Obstructive Lung Disease
(GOLD) severity stage of COPD and mucus plug score category. Mortality rate
was calculated as the number of participants who died divided by the number
of participants (GOLD and mucus plug score category) × 100. GOLD stages

were defined with postbronchodilator forced expiratory volume in the first
second of expiration (FEV1) percentage of predicted (pp) values as follows: 1
(mild, n = 766), FEV1 pp �80; 2 (moderate, n = 1887), FEV1 pp �50 to <80; 3
(severe, n = 1127) FEV1 pp �30 to <50; and 4 (very severe, n = 583), FEV1

pp <30.
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associated with increased mortality.23 Thus, this study may
indicate that CT scan detection of mucus plugs occluding
medium- to large-sized airways can provide supplemental
information about COPD mortality even when taking into
account the diagnosis of chronic bronchitis. An explanation
for this finding may be that the CT identification of mucus
plugs is more objective than self-reported cough and spu-
tum production, which are the defining symptoms of
chronic bronchitis. This hypothesis is supported by the
observation that up to 30% of individuals with COPD report
no cough nor sputum even when they present with plugs on
CT.5 Additionally, occluding mucus plugs on CT may pro-
vide additional information about COPD mortality beyond
COPD exacerbations because mucus plug formation may be
a closer surrogate for underlying mechanisms that lead
to death in COPD, such as small airway pathology and
ventilation/perfusion mismatch.21 This study also found
that mucus plugs were associated with increased mortality
after adjusting for the BODE index, which is a validated pre-
diction score for all-cause mortality in patients with COPD.14

A potential implication of detecting occluding mucus plugs
on CT scans is that they might provide a target for treatment.
Therapies to improve lung function, slow disease progres-
sion, and decrease mortality are unmet needs for patients with
COPD. Preliminary studies in asthma have suggested that treat-
ment with biologics decreases mucus plugs on CT and that re-
duction of mucus plugs was associated with improved lung
function.24,25 The results of this study and prior studies might
be hypothesis-generating to test the clinical value of interven-
tions targeting mucus plugs in COPD.

This study had several strengths, including a large sample
size, inclusion of patients with a full spectrum of COPD sever-
ity, long-term follow-up, high-quality CT scans, use of mul-
tiple blind chest CT scan readers who received training in the
detection of mucus plugs, adjustment for multiple potential
confounders, and high quality of data collection.

Limitations
This study had several limitations. First, this was an observa-
tional study, so conclusions cannot be made that mucus
plugging causes death. Second, the COPDGene cohort
enrolled only non-Hispanic Black and non-Hispanic White
participants so the study findings may not apply to other
racial and ethnic groups who were not included. Third, the
COPDGene study performed volumetric chest CT scans with
submillimetric slice thickness, which might not be routinely
acquired in clinical practice.

Fourth, mucus that did not completely occlude the
airway lumen was not assessed and the lung segment–based
score used might have underestimated the burden of mucus
plugs. The underestimation of the burden of the mucus pa-
thology might have modified the magnitude of the associa-
tion between mucus plugs and all-cause mortality. Fifth, this
study only adjusted for cardiovascular and respiratory
comorbidities.

Sixth, despite adjustment for multiple potential con-
founders, there may have been residual and unmeasured
confounding factors, such as mucus-related inflammatory
sputum biomarkers, that could have affected the observed
association between airway mucus plugging and all-cause
mortality. Seventh, missing data for some variables, such as
CT measures of emphysema and airway wall thickness and
exacerbations over time, could have affected the estimates
for the association between airway mucus plugs and all-
cause mortality.

Conclusions
Among patients with COPD, the presence of mucus plugs that
obstruct medium- to large-sized airways is associated with
higher all-cause mortality compared with patients without mu-
cus plugging on chest CT scans.
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