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Abstract

The binary approach to the diagnosis of Chronic Bronchitis (CB) is a major barrier to the study of
the disease. We investigated whether severity of productive cough can be graded using symptoms
and presence of fixed airflow obstruction (FAO), and whether the severity correlates with health
status, exposures injurious to the lung, biomarkers of inflammation, and measures of airway wall
thickening. Findings from a cross-sectional sample of 1,422 participants from the Lovelace
Smokers Cohort (LSC) were validated in 4,488 participants from the COPDGene cohort
(COPDGene). Health status was based on the St. George’s Respiratory Questionnaire, and
Medical Outcomes Study 36-Item Short Form Health Survey. Circulating CC16 levels were
quantified by ELISA (LSC), and airway wall thickening was measured using computed
tomography (COPDGene). FAO was defined as postbronchodilator FEV1/FVC <0.7. The presence
and duration of productive cough and presence of FAO or wheeze were graded into Healthy
Smokers, Productive Cough (PC), Chronic PC, PC with Signs of Airflow Obstruction, and
Chronic PC with Signs of Airflow Obstruction. In both cohorts, higher grade of severity correlated
with lower health status, greater frequency of injurious exposures, greater airway wall thickening,
and lower circulating CC16 levels. Further, longitudinal follow-up suggested that disease
resolution can occur at every grade of severity but is more common in groups of lower severity and
least common once airway remodeling develops. Therefore, severity of productive cough can be
graded based on symptoms and FAO and early intervention may benefit patients by changing the
natural history of disease.
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Introduction

Methods

Chronic bronchitis (CB), also known as chronic mucous hypersecretion, is a major public
health burden worldwide(1) and is variably defined, based on the presence and duration of
cough, phlegm, or their combination(2,3). Partly due to varying definitions, the prevalence
of CB in population studies ranges from 0.7% to 30% of adults(4,5). CB can lead to the
development of chronic obstructive pulmonary disease (COPD), characterized by airflow
obstruction (1). Even in the absence of fixed airflow obstruction (FAO), CB is associated
with poor quality of life(6), acute respiratory exacerbations(7)(8), and mortality(9). Because
patients with CB alone present with worse symptoms than patients with FAQ alone(6), a
high proportion of CB patients without FAO are treated with inhalers and even oral
corticosteroids(8).

Despite the adverse impact of productive cough, there is a paucity of guidance on its
evaluation and treatment, and in the absence of FAQ, it has been excluded from professional
COPD guidelines (GOLD, ATS). Smoking cessation and injurious inhalant avoidance may
prevent and/or resolve symptoms of productive cough(10), but the neutrophilic airway
inflamatory process can persist(11). Thus, FAO may result from seemingly resolved CB
episodes(7). Unanswered questions in the field include the minimal duration of productive
cough symptoms that are associated with long term outcomes and whether the early
initiation of therapies during the evolution of the disease can prevent chronicity. To further
characterize smokers with symptoms, the field would benefit from a more granular severity
grading of productive cough (PC), encompassing all its common manifestations, instead of
the current binary diagnosis that defines CB (2).

Previous attempts to grade the severity of CB have included pathological and bronchoscopic
classifications(12,13), but their invasiveness precluded wide acceptance. The large-scale
attempt to include CB in a classification scheme occurred in 2001 Global Obstructive Lung
Disease strategy of using GOLD stage 0(14). Its inclusion was however debated (15,16), and
removed from subsequent editions because of paucity of evidence at the time for the
progression of patients from GOLD 0 to GOLD =1 stages(16). Currently, COPD guidelines
fail to address the treatment of patients having CB without FAO(17).

Grading COPD severity using spirometry is justified because of its association with
morbidity and mortality(18). These classifications summarize complex information to guide
practitioners to prognosticate, prescribe stage-appropriate therapies, develop research
protocols, compare performance and study disease processes(14). In this study, we
investigated whether PC can similarly be graded in severity, based on the presence and
duration of symptoms (i.e., cough, phlegm and wheeze), and the presence of fixed airflow
obstruction.

Study design, setting, and populations

The study used the Lovelace Smokers Cohort (LSC) data for cross sectional grading of
severity of PC and for longitudinal transition analyses among the resulting states. The mean
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follow-up duration was 6 years (19). Results were validated in the COPDGene cohort
(COPDGene) with a mean follow-up for 5 years. The characteristics of both cohorts have
been previously published(20-22), and a brief description is in the Online Data Supplement.

Internal validation for the associations with the categories related to SGRQ impact and
activity subscales was obtained using the quality of life scale SF36. Further validation was
obtained from spirometry results, the number of exacerbations, levels of the inflammatory
biomarker CC16(23) that was available only in the LSC and radiographical measures of
airway wall thickness that was available only in the COPD Gene cohort.

We defined the 5 severity categories based on the presence and duration of symptoms (/.e.,
cough, phlegm, and wheeze) and presence of fixed airflow obstruction. Questions regarding
symptoms were abstracted from the American Thoracic Society Division of Lung Disease
(ATSDLD) 1978 Questionnaire 1 (2), FAO was defined as post-bronchodilator forced
expiratory volume in the first second (FEV1) to forced vital capacity (FVC) ratio <0.7, and
the resulting severity categories are listed in the Online Data Supplement and in the
STROBE population flowcharts (Figures el and €2).

Individuals with current or past smoking history and normal spirometry and without cough
or phlegm were classified as Healthy Smokers. PC and Chronic PC included those with
productive cough for most days for at least 3 months annually, for either less than 2 years or
for greater than 2 years, respectively. This division was based on the hypothesis that duration
of symptoms was associated with severity of CB. Additional groups included PC with Signs
of Airflow Obstruction and Chronic PC with Signs of Airflow Obstruction, if in addition to
the above criteria, patients had self-reported wheeze and/or FAO. This classification was
based on our previous findings that the presence of self-reported wheeze was strongly
associated with worse respiratory health status of subjects with CB(6), and finding of others
that the presence of wheeze predicted FAO(24). We considered to subdivide PC and Chronic
PC with Signs of Airflow Obstruction based on the individual components of wheeze and
FAO, but the individual subgroups were not large enough to justify their categorization
(Figure e3, for example, substate Productive cough + FAO without wheeze was infrequent,
1.e., 0=2.7%% in both cohorts).

Exclusion criteria

Initially subjects were excluded if they had self-reported, provider-diagnosed asthma or a
postbronchodilator improvement of =200ml and/or 212% in FEV; and/or FVC. These
parameters were used to decrease heterogeneity of the study population to ensure that the
presence of self-reported wheeze was not related to asthma, even at the cost of excluding
some subjects with FAO with bronchodilator response. Further, patients with FAO only
(defined as postbronchodilator FEV1/FVC<0.7 and the absence of cough and phlegm
production) were excluded from the cross-sectional analysis to focus on severity states (this
group was however included in the longitudinal analysis as described below). Because cough
can be present for reasons other than CB(25), participants who reported cough without
phlegm production, were also excluded from the cross-sectional analysis.
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Measurements

In both cohorts, demographics including smoking history, past medical history and
medication use were based on the ATS-DLD 1978 questionnaire(2). Because the groups
were defined by symptoms, which are also included in the St. George’s Respiratory
Questionnaire (SGRQ) total scale and symptom subscale, we used the SGRQ impact and
activity subscales for validation (26), The Medical Ou tcomes Study 36-Item Short Form
Health Survey (SF-36)(27) was used to evaluate general quality of life, and to confirm the
findings from the SGRQ, with lower SF-36 scores indicating worse health status. FAO, as
defined previously, was established by postbronchodilator spirometry test. Both cohorts
adhered to strict spirometry quality control guidelines(21,22). Circulating club cell protein
16 (CC16) levels were quantified in LSC participants by ELISA as described(23). In
COPDGene, airway wall thickness was measured using high-resolution inspiratory and
expiratory computed tomography (CT) chest images, as previously described using wall area
percent and Pi10 (the square root of the area of a standardized airway with an internal
perimeter of 10mm)(22).

Statistical Analysis

The final portion of the cross-sectional analysis included multivariable ordinal regression
modeling for predictors of PC disease severity. Candidate variables for the model were
determined a priory: age, gender, race, cumulative smoking history, current smoker, wood
smoke exposure, dust and fumes exposure, obesity, hypertension, FEV1, wall area %, Pil10
and CC16 levels.

Statistics included multivariate analysis of variance (MANOVA) with post hoc Tukey’s test
for continuous variables and Jonckheere-Terpstra tests for categorical variables to address
differences between PC states. Multivariable adjusted ordinal logistic regression models
with groups ranked according to respiratory health status impairment as the outcome were
also performed in both cohorts.

To follow changes in the severity of PC states over time, we used a multi-state Markov-like
model similar to our recently published study(28). In the Markov chain literature, going
from one state (prior state) to another (current state), even if they return to their original
state, is called a transition. | n cases where individuals go from a disease state to a healthy
state, this is termed a good or beneficial transition, whereas going from a healthy or a low
severity state to a high severity state is considered a poor or harmful transition(28). Disease
resolution was defined as a transition from any PC state to the ‘Healthy Smoker’ state.
Disease stability was defined as a ‘transition’ to the same state (7.¢., no change in state from
the prior measurement). For transition probabilities to be a reliable representation of disease
evolution, all possible outcome states have to be represented in the model; therefore, the two
non-PC states, (7.e., patients with FAO only and smokers with cough only but without
phlegm production), were included in longitudinal models (these states were excluded in the
original cross-sectional analysis). For this reason, this analysis included 1,710 LSC and
2,761 COPDGene participants. Additional information on this analysis can be found in the
Online Data Supplement.
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Finally, we performed a sensitivity analysis with alternate PC state definitions as detailed in
the Online Data Supplement. Statistical Analysis Software SAS 9.4 (Cary, NC) was used for
analysis. Pvalues < 0.05 were considered to be significant.

RESULTS

A comparison of demographic characteristics of the LSC and COPDGene cohorts can be
found in Table e-1 in the Online Data Supplement. After exclusions, 1,422 LSC and 4,488
COPDGene participants were analyzed (STROBE diagrams 1 and 2 in the Online Data
Supplement). Healthy smokers accounted for 61.2% and 60.5%; PC for 5.7% and 6.2%;
chronic PC for 4.9% and 3.1%; PC with signs of airflow obstruction for 5.8% and 9.9%; and
chronic PC with signs of airflow obstruction for 22.4% and 20.3% of the baseline LSC and
COPDGene cohorts, respectively.

The SGRQ impact and activity subscales showed progressively and significantly worse
scores from “Healthy Smokers’ to ‘Chronic PC with Signs of Airflow Obstruction’ states in
both cohorts (Table 1). Additionally, most post hoc pairwise comparisons between the states
were statistically significant in both cohorts, even though COPDGene demonstrated higher
absolute scores than LSC for all PC states. As expected, the scoring for the total SGRQ
score and symptoms subscale across the states showed a similar pattern as the impact and
activity subscales, as shown in the Online Data Supplement. The eight SF-36 subscale scores
generally decreased (i.e., worsened) with increasing PC severity, including the SF-36 Mental
Health and SF-36 General Health, (Tables e-2a and e-2b).

The baseline characteristics of the rank-ordered PC states for the two cohorts are described
in the univariate analysis in Tables 2a and 2b. For both cohorts, significant differences were
observed among the groups in the distribution of males, current smokers, those exposed to
dust and fumes, in the mean pack-years smoked, and spirometric parameters (FEV1, FVC,
and FEV1/FVC). The proportion of males and dust/fume exposures increased, and
spirometric parameters decreased with increasing severity. In the LSC, wood smoke
exposure was more frequently reported; and plasma CC16 levels were lower in the higher
severity groups (Table 2a and 3). Exacerbations were overall infrequent in the LSC, but a
gradual increase in prevalence of respiratory exacerbations with increasing severity was
observed in the COPDGene cohort. In the COPDGene Cohort, measures for airway wall
thickening and Pil0 values were greater with higher severity (Table 2b and 3).

In multivariable ordinal logistic regression analyses (Table 3) with rank-ordered PC states
according to increasing SGRQ as the outcome, there was notable concordance in strength
and direction of association for predictor variables as the univariate analysis (Tables 2a and
2b). Among comorbidities, hypertension was the only one included because its baseline
prevalence was greater than 10% in both cohorts. The predominant minority populations
included in the LSC and COPDGene cohorts were Hispanics and African American
respectively, with both showing protective associations, which was significant for African
Americans. Male sex was associated with increasing severity in the LSC while it only
showed a trend in COPDGene (Table 3). The two way interactions between male sex and
African American race and between male sex and pack years on severity were significant,

COPD. Author manuscript; available in PMC 2019 April 26.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Guillamet et al.

Page 6

indicating that men compared to women may be differentially impacted by heavy smoking
and protected by African American ancestry (Figure e4A, B).

In the longitudinal evaluation of transitions, including 1,710 and 2,761 participants from
LSC and COPDGene respectively, the probability of staying within the same severity stage
group (i.e., diagnostic stability) was highest among Healthy Smokers and Chronic PC with
Signs of Airflow Obstruction, the extreme severity grades (Figure 1a and 1b). Further,
resolution to healthy smoker (i.e., diagnostic reversal) occurred from all severity categories,
but was more frequent among subjects in lower severity groups (/.e., PC), and least among
those in the most severe groups (i.e., Chronic PC with Signs of Airflow Obstruction).

DISCUSSION

The present study shows that the severity of Productive Cough (PC) can be graded based on
duration and presence of symptoms and airflow obstruction into groups of progressively
greater impairment. Greater severity of PC was associated with greater wood smoke and
cigarette smoke exposure, greater airway wall thickness, and lower plasma CC16 levels. On
longitudinal follow up, beneficial transitions, including disease resolution, were more likely
to occur in the less severe PC states, highlighting the importance of early intervention
(Figure 2).

After Fletcher (29) failed to demonstrate a clear association between the presence of CB and
the development of FAO and despite later findings to the contrary by other investigators(30),
CB was described as a ‘benign’ condition. However, PC, even in the absence of FAO, are
associated with impaired respiratory health status and general quality of life, and with
respiratory exacerbations, and can lead to the development of COPD(6-9). Grading the
severity of PC is a novel approach to the study of CB and attempts to capture the entire
spectrum of PC symptoms, including those too mild to have been considered in the classic
binary definition to the most severe cases. The resulting grading could be used to measure
disease severity and highlights the importance of inquiring about the presence of wheeze in
smokers.

We included self-reported wheeze as a marker of PC severity because wheezing adversely
impacts the quality of life in patients with COPD and CB(6). Also, several studies on COPD
have mentioned wheeze as one of the predicting factors to help identify patients who are
candidates for further evaluation via spirometry (24). Although “wheeze” is traditionally
associated with asthma, it is also present in patients with CB and CAO phenotypes of
COPD. In our analyses, after excluding participants with reversible airflow obstruction or a
history of asthma, many included participants (11% in LSC and 45% in COPDGene)
reported wheeze. The report of wheeze represents perceived audible change in breathing
(either transient or persistent), likely associated with the narrowing of airway lumen. The
latter is likely due to the presence of inflammation-induced airway remodeling causing
smooth muscle and basement membrane thickening, along with increased mucus secretion
that further obstructs the airflow. In COPD subjects, the airway smooth muscle layer is
thicker than in control subjects and characterized by increased extracellular matrix (31). We
propose that the wheeze observed independent of asthma is a result of fixed small airway
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remodeling observed in COPD subjects. Our analysis supports the inclusion of wheeze as a
simple marker of PC severity and airway remodeling. After adjusting for PC severity and
FAO, linear regression analyses with PC states, FEV1/FVC and self-reported wheeze as
predictors and the radiographic measures of airway remodeling, wall area % at the sub-
segmental and segmental levels and Pil0 consistently reported wheeze as an independent
and direct predictor of airway wall thickness (Table e3, Online Data Supplement). Also, our
sensitivity analysis showed that the severity staging was not altered even after the inclusion
of participants with reversible airway obstruction or a history of asthma (Table e4).

In our study, men demonstrated greater severity of PC in the LSC than women, and there
was a similar trend in the COPDGene cohort. Although not entirely comparable to our
severity grading, the role of gender as a risk factor for CB is conflicting across the published
literature(5,32-34).

Our proposed grading of severity for PC is consistent with previous reports that circulating
levels of CC16 are associated with emphysema (35) and CB(23), and the loss of CC16 is
closely associated with increasing COPD severity(36). Further, other studies have proposed
that airway wall thickening is a marker for CB as determined by pathological examination of
tissues (13) and CT imaging of patients with CB(37). Therefore, objective measures known
to be associated with CB correlate with our proposed severity staging.

CB with the presence of severe FAO (partly equivalent to Chronic PC with Signs of Airflow
Obstruction) is already partly addressed by clinical guidelines with therapies such as
phosphodiesterase 4 inhibitors (38), and long acting bronchodilators(39-41). By including
the dimensions of time and presence of complicating factors - wheeze and airflow
obstruction-, the proposed classification attempts to capture the entire spectrum of PC
symptoms. We believe these findings bridge the gap between real world patients, and current
COPD guidelines. As smokers with normal spirometry were shown to have symptomatic
exacerbations, questions were raised whether these patients should be included as COPD
patients or as a different entity(8). Our findings provide supporting evidence for exploring
this group more carefully.

Our longitudinal analyses found that disease resolution is possible, especially among the
milder PC (i.e., Productive Cough and Chronic Productive Cough). We and others have
recently reported that spirometrically-defined COPD states, may not be uniformly
progressive and can improve or resolve over time(28)(42)(43). Treatment with inhaler
medications was more frequent in the higher severity PC states from which resolution of
disease was less likely (Table e.5.). Overall, the implication of these findings is that the early
stages of airflow obstruction or PC are the optimal stages of COPD for initiating
interventions to reverse or change the natural history.

The strengths of our analysis include the innovative approach to a common disease, external
validation with large sample sizes, representation from most geographical areas in the
United States, inclusion of two different minorities, good female representation, and a strong
internal validation provided by the congruence of findings from radiological anatomy,
spirometry, and inflammatory markers.
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Our study has several limitations. First, the remitting-relapsing nature of the disease and the
occurrence of disease in a minority of those exposed may explain the relatively small
numbers of patients in the Productive Cough, Chronic Productive Cough and Productive
Cough with Signs of Airflow Obstruction states in both cohorts.. Second, we excluded
patients with reversible airflow obstruction and a history of asthma but are unable to exclude
patients with productive cough originating from outside the lower respiratory tract (such as
chronic rhino-sinusitis) or patients with bronchiectasis. However, using CT presence of
bronchiectasis in the COPDGene cohort, we demonstrate no significant difference in
bronchiectasis between the various PC states in Table 2b. We used a FEV1/FVC < 0.7 in a
post bronchodilator spirometry to define fixed airflow obstruction. This approach is
associated with age bias with overdiagnosis in the elderly and underdiagnoses in younger
populations. However as shown in Table e.6 the misclassification from our approach, in
comparison to use of lower limit of normal criterion to define FAO, was minimal and does
not modify our findings. Finally, both cohorts recruited individuals not from the general
population at random but by using telephone and radio advertisement representing a less
severe group (LSC) and from patients in pulmonary clinics with more severe disease
(COPDGene). Although it is possible that both cohorts had a selection bias, our external
validation process confirms the generalizability of our study results. Our staging will need to
be externally validated in additional cohorts and should be improved and amended as new
knowledge is generated to better reflect the natural history of the disease. However, once
validated, the proposed severity staging may be useful in developing new biomarkers of
disease severity and to start analyzing the appropriate timing of interventions such as
smoking cessation or appropriate management strategies, including inhaler prescriptions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Healthy | Cough | Productive | Fixed Airflow | Chronic | PC with Signs of | Chronic PC with
Smokers | only Cough Obstruction PC Airflow Signs of Airflow
(PO) Only Obstruction Obstruction

Healthy

smokers 80.3 425 32.1 10.1 14.5 23.1 42
Cough only

4.2 35.4 3.6 1.1 3.7 44 1.8
Productive
Cough (PC) 4.8 6.3 39.7 1.9 4.7 8.1 1.5
Chronic PC
7.9 6.3 6.1 81.7 7 10 13.6

Chronic

Airflow
Obstruction 0 0 43 0.1 43.5 13 54

Only

PC with

Airway 2.8 9.5 10.7 1.2 3.7 30.6 2.7
Remodeling
Chronic PC
with Airway 0 0 3.56 3.81 22.9 22.5 70.78
Remodeling

Figure la.

Transition probability matrix in the Lovelace Smokers Cohort - included in the longitudinal
analysis was the ‘Cough only” and ‘Fixed airflow obstruction only” states which were not
included in the cross-sectional analysis. (h=1710)

Multi-state Markov-like model analyzing longitudinal transition probabilities between

productive cough disease severity states over approximately 5 years in the Lovelace
Smokers’ Cohort. The table is read vertically with the header representing the baseline state
and each column in the vertical axis the transition probabilities to all possible states.
Strength of transition probabilities is reflected by the percentage in each cell. Light grey

cells denote the PC stage and white cells the non-PC stages. Dark grey cells following the

diagonal axis of the table represent transition probabilities of staying within the same

severity stage between study examination visits at 18-month intervals
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Healthy | Cough | Productive Fixed Chronic | PC with Signs of | Chronic PC with
Smokers | only Cough Airflow PC Airflow Signs of Airflow
(PO) Obstruction Obstruction Obstruction
Only

Healthy 84.2 59.1 55 0 46.2 35.5 12

smokers
Cough only 4.8 20.8 6.1 0 5.8 5.1 4.1
Productive 5.1 4.7 19.1 0 11.5 8.1 3.1
Cough (PC)

Chronic

Airflow 0 0 0 85.2 0 0.5 25.8
Obstruction

Only

Chronic PC 1.4 34 5.3 0 21.2 3.1 34

PC with 2.8 5.4 7.6 0 3.9 26.4 9.3

Airway
Remodeling
Chronic PC 1.7 6.7 6.9 14.8 11.5 21.3 423
with Airway
Remodeling

Figure 1b.

Transition probabilities in the COPDGene Cohort - included in the longitudinal analysis

were the ‘Cough only’ and ‘Fixed airflow obstruction only’ states which were not included
in the cross-sectional analysis.(n=2761)

Multi-state Markov-like model analyzing longitudinal transition probabilities between
productive cough disease severity states over approximately 5 years in the COPDGene
cohort. The table is read vertically with the header representing the baseline state and each
column in the vertical axis the transition probabilities to all possible states. Strength of
transition probabilities is reflected by the percentage in each cell. Light grey cells denote the
PC stage and white cells the non-PC stages. Dark grey cells following the diagonal axis of
the table represent transition probabilities of staying within the same severity stage between
study examination visits at 5-year intervals.
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PC with Signs
of Airflow
Obstruction

Airflow Obstruction
and/or Wheeze

Increasing Airway Wall Thickness

Figure 2:
Schematic overview of PC by severity and the associated symptoms, circulating CC16

levels, and airway wall thickness. Note that transition to a healthier state drops once the most
severe state is reached.
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Table 1:

Page 15

St George’s Respiratory Questionnaire activity and impact subscales differences between rank-ordered

productive cough severity states in the Lovelace Smokers’ Cohort (n=1422) and COPDGene Cohort (n=4488).

Productive Chronic
Cough with Productive
Cohort SGRQ Healthy Smokers | Productive Cough | Chronic Productive Cough | Signsof Airflow | Cough with p value
Obstruction Signsof Airflow
Obstruction
ACIVIY | o5 5 4 27 498 25.2 +20.0° 275+19.9° 320+204%€ | 41242418067 | P<0.001
LSC
Impact 56+89%¢ 7.6 +10.2° 9.1+105° 118+11.0%¢ | 101+ 1543067 | P<0.001
ACIVItY | 176491 3060€ [ g7 4 94 920E 20.3 + 25.4%9€ 436+ 256705 | 5455+ 9752060 | P<0.001
COPDGene
Impact |, 94 g goc0e 105 +13.6%9€ 13,0+ 14.629€ 207 +17.7%06€ | 3171212060 | P<0.001

St George’s Respiratory Questionnaire (SGRQ) measures’ mean score + standard deviation for each rank-ordered productive cough severity state.

LSC: Lovelace Smokers Cohort

p values for ANOVA results.

adifferent from Healthy Smokers

bdifferent from Productive Cough

cdifferent from Chronic Productive Cough

ddifferent from Productive Cough with Signs of Airflow Obstruction

e, . . . . . . .
different from Chronic Productive Cough with Signs of Airflow Obstruction, respectively in post hoc Tukey’s tests
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Table 2a.

Baseline characteristics of productive cough severity states, determined by SGRQ activity and impact score, in
the Lovelace Smokers Cohort, NM (n=1422)

. Chronic
ggﬁdﬁcxl\{ﬁ Productive
Chronic S gnsof Cough with
Healthy Smokersn=870 | Productive Cough n=81 Productive g Signs of
_ Airflow :
Cough n=69 Obstruction Airflow
n=83 Obstruction
n=319
Age (years) 55.0+8.9 56.0+10.5 54.0+9.1 51.0+7.3 55.0+9.3
Male (%) * 18.2 28.4 232 18.1 37.9
Hispanic (%) 17.9 22.2 18.8 19.3 18.8
o H -
> High school*educatlon 752 67.9 60.9 68.7 65.8
(%)
BMI (kg/m?) s 285+6.4 28.1+438 281+7.2 28.1+5.8 27.7+58
Obese (%) 326 28.4 24.6 28.9 30.7
Current Smoker (%) * 50.3 60.5 79.7 81.9 84
Pack-years * 36.0+19.4 34.0+16.8 40.1+18.8 33.8+16.0 43.3+£22.2
Dust and F
st and FUMS expostre 23.4 29.6 203 373 467
(%)
Wood smoke exposure 229 241 17.4 329 36.1
(%)
FEVl/FVC* 78.7+4.7 79.0+4.38 78.0+4.6 788+4.5 69.7+11.8
FEV, (liters) s 27+0.7 2.8+0.7 2.8+0.8 2.8+0.7 26+0.8
FEV,% predicted * 94.5+13.7 96.6 + 15.2 93.0+13.1 94.0+£13.2 83.5+19.8
FVC (liters) 3.5+0.8 3.5+0.9 36+10 3.6+09 37+11
FVC% predicted 943+134 95.7+14.2 93.8+13.1 944 +125 93.2+16.4
tCC16(ng/ml) * 1.23£0.6 1.29+0.7 0.68+1.1 0.97£0.6 0.95+0.7
Exacerbations (%) 6 6.2 8.7 7.2 6.3

Results are presented as mean + standard deviation for continuous variables and percentage for proportions.
BMI: body mass index

FEV1: forced expiratory volume in liters during the first second.

FVC: forced vital capacity in liters.

tCC16: Club cell protein 16 (logarithmically transformed because of non-normal distribution)

SGRQ: St. George’s Respiratory Questionnaire.
*
p<0.001

fp<0.05
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Table 2b.

Page 17

Baseline characteristics of productive cough severity states, determined by SGRQ total score, in the

COPDGene cohort (n=4488).

Productive Chronic
Cough with Productive
Chronic Signs of Cough with
Healthy smokersn=2717 | Productive Cough n=278 Productive Airflow Signs of
Cough n=137 Obstruction Airflow
n=444 Obstruction
n=912
Age (years) 58 +8.6 56.0+8.3 56.0+8.3 55.0+7.4 59.0+8.6
Male (%) * 52.6 59.4 58.4 57.9 63.9
African American (%) 35.1 53.2 36.5 48 26.2
= High school educati
1gh sehoo’ saucation 80.3 86.7 91.2 84 84.6
(%)
BMI (kg/m?) 29.0+5.9 285+5.8 27.7+59 29.5+6.2 28.8+6.6
Obese (%) 375 374 21.7 40.8 35.9
Current smoker (%) * 46.4 76.3 76.6 79.5 69.8
Pack-years 36.7 £20.5 38.8+20.1 38.6 £18.0 39.4+£20.6 51.7+27.1
Dust and fi d
ustand jumes expose 50.8 50.4 65.7 65.3 69.1
(%)
FEV /FVC™ 787+51 789+54 784+55 77.8+6.6 62.9+16.6
FEV, (liters) * 2.8+0.7 2.8+0.7 3.0+0.7 27+038 21+09
FEV,% predicted * 93.6+15.2 94.2+145 95.0+15.3 89.1+16.6 69.5+25.5
FVC (liters) * 3.6+09 3.6+09 3.8+0.9 35+1.0 33+1.1
FVC% predicted * 92.4+14.6 934+143 94.5+15.2 89.5+15.6 83.5+19.0
Wall area % 63.0+2.2 63.5+23 629+23 63.5+2.2 64.5+2.7
Pi10 (X 100) * 364.4+11.3 364.8+10.8 366.9+12.1 366.4 +11.7 369.2+14.3
CT defined bronchiectasis 404(16.8) 38(15.6) 19(16.8) 50(13.2) 169(20.7)
Exacerhations (%) 7 5 5.8 7.3 15.1 304

Results are presented as mean * standard deviation for continuous variables and percentage for proportions.
BMI: body mass index

FEV1: forced expiratory volume in liters during the first second.

FVC: forced vital capacity in liters.

Wall area %: (wall area/total bronchial area) x100

Pi10: square root of the wall area of an airway with an internal perimeter of 10mm.

SGRQ: St. George’s Respiratory Questionnaire.

*
p<0.001

T0<0.05
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Table 3.

Page 18

Select predictors of higher productive cough severity states, using multivariable ordinal logistic regression for

the Lovelace Smokers’ Cohort (LSC) and the COPDGene Cohort.

Statistical Models Predictor variable LSC OR (95% CI) | pvalue | COPDGeneOR (95% CI) | pvalue
Model 1 Age (in years) 1.01 (0.99, 1.02) 0.3 1.02 (1.01, 1.03) <0.001
Male sex 1.78 (1.38, 2.3) <0.001 1.11 (0.97, 1.26) 0.13
African American race - - 0.58 (0.5, 0.67) <0.001
Hispanic ethnicity 0.77 (0.58, 1.12) 0.25 — -
Obese 1.02 (0.8, 1.31) 0.88 1.05 (0.92,1.19) 0.48
Pack-years/10 1.12 (1.05, 1.19) <0.001 1.18 (1.15, 1.22) <0.001
Current smoker 5(3.82, 6.54) <0.001 4.19 (3.58, 4.91) <0.001
Dust and fume exposure | 1.99 (1.58, 2.52) <0.001 1.69 (1.48, 1.92) <0.001
Hypertension 1.34(1.04, 1.71) 0.023 1.3(1.14, 1.48) <0.001
Model 1 + Wall area % subsegmental 1.2 (1.14,1.26) <0.001
Model 1 + Pi10 x 100 1.02 (1.02, 1.03) <0.001
Model 1 +FEV; (in L/sec.) 0.46 (0.37, 0.58) <0.001 0.29 (0.26, 0.32) <0.001
Model 1 + Wood smoke exposure 1.33(1.01, 1.75) 0.02
Model 1 + tCc16 (ng/mL) 0.72 (0.57, 0.92) 0.01

Multivariable ordinal logistic regression including preselected baseline characteristics and exposure variables as predictors and rank ordered
chronic bronchitis severity groups as dependent variable. Standard covariates included age, sex, predominant minority, obesity, pack-years current
smoker, dust and fumes exposure and the comorbidity hypertension. The odds ratio for wall area %, Pi10, FEV1, wood smoke, and tCC16 were

obtained from separate models adjusted for model 1 covariates.

Pi10: standardized airway wall thickness of an airway with an internal diameter of 20mm.

Data for wall area % subsegmental was available in only 1,444 subjects of the COPDGene Cohort.

FEV1: forced expiratory volume in liters during the first second. tCC16: logarithmically transformed club cell protein 16.
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