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To the Editor,

Chronic bronchitis (CB) is associated with more dyspnea,
increased respiratory exacerbations, reduced exercise
capacity, and mortality [1]. The hallmark of CB is mucus
overproduction and goblet cell hyperplasia [2]. Mucus
plugging (MP) on CT scan has been associated with
decreased lung function, worse health-related quality of
life, and amount of emphysema in Chronic Obstructive
Pulmonary Disease (COPD) [3]. How it relates to CB in
smokers with COPD is unclear. We hypothesized that
those with MP are more likely to have CB compared to
those without MP.

We analyzed 2089 randomly chosen subjects from the
Genetic Epidemiology Study of COPD (COPDGene) [4].
Briefly, this cohort was comprised of African American
and non-Hispanic White current and former smokers
(> 10 pack year history) 45—80 years of age with COPD.
Measurement of MP has been described previously [3].
A mucus plug was defined as an opacity that completely
occludes the lumen, regardless of the airway size, orien-
tation or generation. Major airways such as the trachea,
main stem and lobar bronchi were excluded. In a stand-
ardized fashion, all airway paths were examined in each
out of 18 bronchopulmonary segments of both lungs. An
MP score was generated for each CT scan as an aggrega-
tion of the number of bronchopulmonary segments with
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MP (0-18). If a CT scan required more than one reading,
the final MP score was an average of the scores from two
or three readers.

We divided subjects into those with at least one air-
way plugged with mucus (MP+) and those without MP
(MP—). Additionally, based on prior research in asthma
showing that mucus plugging of >4 segments was asso-
ciated with worse lung function [5], we divided subjects
into those with an MP score >4 and compared them to
those with an MP score <4. We compared subject charac-
teristics between groups with either an unpaired ¢ test or
Chi-square test. Odds ratios for CB were calculated with
MP scores using multivariable logistic regression models.
Covariates included demographics, lung function, smok-
ing, and radiologic parameters.

Subject characteristics are presented in Table 1. 658
(31.5%) subjects had mucus plugging on CT scan. 133
(6.4%) subjects had an MP score of>4. Compared
to the MP— group, the MP+group was more likely
to have CB by either the classic definition (cough and
phlegm for at least 3 months/year for 2 consecutive
years, 29.2 vs. 22.9%) or the Saint George’s Respiratory
Questionnaire (SGRQ) definition (cough and phlegm
for the past 4 weeks almost every day or several days
a week, 39.1 vs. 25.4%). In the MP >4 group, the dif-
ferences were more significant with 57.7% and 41.4% of
the subjects having SGRQ CB and classic CB, respec-
tively, compared to 27.6% and 23.8% of the MP<4
group. In those with classic CB (n=519), 36.9% of them
had MP compared to 29.7% of those without classic CB
(n=1570, p=0.002). 10.6% of the classic CB group had

©The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://orcid.org/0000-0002-1385-1571
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12931-021-01712-0&domain=pdf

Kim et al. Respir Res (2021) 22:110

Table 1 Subject characteristics
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MP+ (n=658) MP— (n=1431) p MP >4 (n=133) MP <4 (n=1956) p
Age (years) 64.7+8.8 626+£85 <0.0001 64.7+88 632186 0.064
BMI (kg/mz) 271458 2824+6.0 <0.0001 262463 28046.0 0.001
Gender (% male) 51.1 572 0.009 474 558 0.059
Race (% non-Hispanic White) 816 743 <0.0001 85.7 76 0.010
Currently smoking (%) 36.5 428 0.007 459 404 0218
Smoking history (pack-years) 5264292 5034257 0.071 50.8+306 51.1+266 0.920
Phlegm 3 months or more (%) 444 36.1 <0.0001 60.5 37.2 <0.0001
Chronic bronchitis classic def (%) 29.2 229 0.002 414 238 <0.0001
Chronic bronchitis SGRQ def (%) 39.1 254 <0.0001 57.7 27.6 <0.0001
SGRQ 4231216 3334227 <0.0001 4544219 3544227 <0.0001
mMRC 225141 1.72+£146 <0.0001 245+1.33 1.85+£147 <0.0001
FEV1% predicted 475+£20.8 6184229 <0.0001 4284187 5834232 <0.0001
FVC% predicted 7594200 8484199 <0.0001 7324177 8264203 <0.0001
FEV1/FVC 046+£0.13 054+0.13 <0.0001 0444013 0534+0.13 <0.0001
%emphysema 16.0+136 1124119 <0.0001 1454+13.0 126+126 0.109
%gas trapping 446+19.7 323+198 <0.0001 4644185 3564206 <0.0001
Pi10 3.744+0.14 3.684+0.13 <0.0001 381£0.16 3.694+0.13 <0.0001
WA%, segmental 628+3.0 62.0+3.0 <0.0001 6404+3.0 622430 <0.0001
Exac freq in year prior (no./pt/year) 0.79£1.28 0.54+1.10 <0.0001 1.11£1.56 0.59+£1.13 <0.0001
% With sev exac in year prior (%) 23.1 16.8 0.001 293 18.0 0.001
Data are expressed as mean = SD or percent
an MP score >4 compared to 5.0% of those without Table2 Odds ratios (OR) for chronic bronchitis
classic CB (p <0.0001). Similar values were found when Classic CB Model 1 Vodel 2 Vodel 3 Vodel 4
comparing those with and without SGRQ CB (38.8 vs.
25.1%, p<0.0001 for MP+vs. MP— and 11.4 vs. 3.5%, MP+ 1.48 (1.20, 1.29(1.03, 1.20 (0.96, 1.21(0.95,
p<0.0001 for MP>4 vs. MP<4). Dyspnea, health- 183) 167) 157) 153)
related quality of life, and lung function were worse in MP=4 2'384(41 65 206 (141, 1.79(1.22, 167 (112,
44) 2.99) 2.64) 2.49)
the MP+group (p<0.05 for all). Percent emphysema, SGRO CB
percent gas trapping, airway wall thickness, exacerba- P+ 207 (160, 150 (114, 143 (107, 138(1.03,
tion frequency and severe exacerbation frequency were 2.68) 1.97) 1.90) 1.85)
all significantly higher in the MP+ group (p<0.05 for MP>4  368(229, 2,50 (1.53, 2.28(1.35, 2,05 (1.20,
all). Except for %emphysema, findings were similarly 591) 4.10) 3.85) 349)

significant in the MP > 4 group compared to the MP <4
group.

Odds ratios (OR) for classic CB and SGRQ CB are
shown in Table 2. MP+ was associated with an OR of 1.21
and 1.38 for classic CB and SGRQ CB, respectively when
adjusting for demographics, lung function, smoking, and
CT measures of emphysema and airway wall thickness.
Similarly, MP > 4 was associated with an OR of 1.67 and
2.05 for classic CB and SGRQ CB, respectively.

These data also show that more subjects with MP, look-
ing at two different thresholds (MP+ versus—and MP > 4
versus <4) had CB using two different definitions. Addi-
tionally, regardless of the presence or absence of CB,
those with MP have worse symptoms, health-related
quality of life and lung function compared to those with-
out MP, showing that radiographic assessment of MP

Data represent OR (95% Cl). Covariates: Model 1: age, gender, race. Model 2: age,
gender, race, and FEV1%predicted. Model 3: age, gender, race, FEV1% predicted,
current smoking and pack year history. Model 4: age, gender, race, FEV1%
predicted, current smoking and pack year history, Pi10 and %emphysema

provides complementary information to the clinical
assessment of CB.

Plugging of the small airways is a central pathologic
feature of COPD. In a large study of pathologic speci-
mens, patients with worse lung function were more
likely to have small airway mucus luminal occlusion [6].
Radiologically, MP has been linked to severity of airflow
obstruction, eosinophilic inflammation, and interleu-
kin-4 blood levels in asthma [5, 7]. In two smaller studies,
MP was associated with worse lung function and health-
related quality of life in smokers with and without COPD,
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but neither CB nor eosinophilia [3, 8]. To date, this is
the first study finding a significant association between
mucus plugging and CB in a large cohort of COPD sub-
jects. While the percent of our MP+subjects who had
CB was similar compared to prior studies, our findings
likely differ because of the size of our cohort and differ-
ences in subject characteristics (other studies included
never smokers and smokers without airflow obstruction).

The relationship between mucus plugging and emphy-
sema is an interesting one. More mucus plugs have been
found in COPD subjects with worse airflow obstruction;
additionally, more emphysema is seen in COPD patients
with worse airflow obstruction. Previous smaller stud-
ies in smokers with and without COPD have found weak
but significant correlations between mucus plugging
scores and percent emphysema [3, 8]. Our analysis was
restricted to those with COPD, and we found statistically
different amounts of percent emphysema between those
with and without mucus plugs but the difference was not
great. This suggests that mucus plugging may play a role
in the pathophysiology of airflow obstruction in COPD,
independent of emphysema.

We found that using a high threshold for MP scores
(=4) was significantly associated with CB, particularly
when defined using the SGRQ. This may be related to
the SGRQ CB definition identifying “active” symptoms
(cough and phlegm in the past 4 weeks), compared to
the classic CB definition which is better at identifying
chronic symptoms (2 years). However, the higher thresh-
old of MP was only present in 6.4%, suggesting that using
any MP as a threshold may be more practical. Regard-
less of the definition, in this well-characterized cohort of
COPD subjects, MP on CT scan was significantly associ-
ated with CB. Compared to those without MP, those with
MP had worse symptoms, health-related quality of life,
and lung function regardless of the presence or absence
of CB. The findings suggest that imaging is a useful tool
to objectively measure mucus dysfunction, a central
pathophysiologic feature of CB. Further study is neces-
sary to identify the consequences of MP on other patient
reported outcomes.
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