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Abstract

Cough and phlegm are common in COPD. Previous studies have shown conflicting evidence
regarding their association with mortality and lung function. We sought to better understand how
cough and phlegm impact mortality and lung function in COPD. We analyzed data from the Lung
Health Study, consisting of 5,887 smokers with mild to moderate airflow obstruction followed
longitudinally. We assessed the association between baseline symptoms of cough alone, phlegm
alone, and cough and phlegm with 12.5-year mortality and annual lung function decline. Average
age at entry was 48.5 years (+ 6.8) with 63% males and 4% African Americans. Cough alone was
present in 17%, phlegm alone in 12%, while 31% had both. Neither symptom alone was associated
with death, but the combination was associated with increased risk of death after adjustment for
age, gender, race, smoking status at year 5, pack-years smoked, randomization group, baseline
FEV1 percent predicted (HR 1.27, 95% CI 1.02-1.59). Individuals with cough and phlegm
together more commonly died of respiratory causes than those without. Cough with phlegm was
associated with 48 mL lower baseline FEV (95% CI —90, —6), while neither symptom alone was
associated with baseline FEV;. No symptom was associated with FEV; longitudinally. Cough and
phlegm together are associated with mortality and lung function decrement in mild-to-moderate
COPD, independent of lung function and smoking status. Respiratory causes of death are common
among those with cough and phlegm. Such information can help to identify subsets of individuals
with COPD having higher risk for adverse outcomes.

Correspondence to: Nirupama Putcha, Division of Pulmonary and Critical Care Medicine, Department of Medicine, Johns Hopkins
University, JHAAC 4B. 74, 5501 Hopkins Bayview Circle, Baltimore, MD 21224, USA, phone:, fax:, nputchal@jhmi.edu.
Declaration of Interest Statement NP takes responsibility for the content of this manuscript, including the data and analysis. She was
also responsible for manuscript concept, data analysis, drafting of the manuscript and revisions. MBD was responsible for manuscript
concept, data analysis, and revisions for intellectual content. NNH was responsible for study design, data analysis and revisions for
intellectual content. JEC, PDS, DPT and RAW were responsible for data collection, manuscript concept, study design, data analysis
and revisions for intellectual content. All authors approved the final manuscript.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Putcha et al.

Keywords

Page 2

Symptoms; subtypes; survival; lung function

Introduction

Methods

Symptoms of cough, phlegm and wheezing are common among individuals with chronic
obstructive pulmonary disease (COPD) (1,2). Such symptoms have been shown to have an
impact on quality of life (3,4) and risk for acute exacerbation of COPD (4,5). Whether such
symptoms are associated with mortality and lung function decline remains controversial and
depends on the population studied and the definitions of symptoms used. Studies of general
population cohorts have shown that symptoms of cough, phlegm, wheeze and breathlessness
have been associated with all cause mortality (6,7). Although some studies in individuals
with COPD have suggested that these symptoms are linked to mortality (8-12), others have
shown no association (13,14).

The association between respiratory symptoms and lung function decline is also unclear.
Studies of general population cohorts (including nonsmokers, smokers and those with and
without COPD) have shown that symptoms of chronic bronchitis (15,16), chronic mucous
hypersecretion (17,18), and symptoms of cough, phlegm, wheezing or dyspnea (19) have
been associated with accelerated FEV, decline. A Swiss general population study found that
cough, phlegm or shortness of breath was associated with lung function decline in
individuals with mild COPD, but not in individuals without COPD or those with moderate to
severe COPD (20).

In contrast, another European study showed that individuals with cough, phlegm or
shortness of breath had greater lung function decline over a broader spectrum of COPD
severity (21). What remains unclear is what specific components of these respiratory
symptoms are important in determining risk for mortality and lung function decline in
COPD. Further, it is important to understand how symptoms of cough and phlegm contribute
to mortality and lung function decline in a population of at-risk smokers with mild-to-
moderate airflow obstruction, as this group is most likely to benefit from early interventions.

The Lung Health Study (LHS) provides an excellent dataset from which to determine the
associations between respiratory symptoms and long-term outcomes in individuals with mild
to moderate COPD (22). In this study, we evaluated the association between the symptoms
of cough alone, phlegm alone, and cough and phlegm with 5-year lung function decline and
12.5-year mortality.

Study population

LHS I (22-24) was a multicenter randomized study of smoking cessation intervention and
long-term bronchodilator use on lung function over 5 years in 5,887 active smokers aged 35
to 60 years with evidence of mild-to-moderate airflow obstruction (prebronchodilator
FEV1/FVC < 0.70 and prebronchodilator FEV; 55-90% predicted). LHS 111 followed 98.3%

COPD. Author manuscript; available in PMC 2016 November 23.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Putcha et al.

Symptoms

Outcome

Page 3

of participants up to 14.5 years to determine the long-term impact of smoking cessation
(25,26). To minimize potential bias from loss to follow-up in LHS 11, we limited lung
function analyses to 5 year data. Survival analysis used LHS 111 data.

Participants completed respiratory symptom questionnaires at randomization. We defined
four symptom groups: 1) no cough or phlegm, 2) cough alone (a positive response to “Do
you usually have a cough?” and negative response to “Do you usually produce phlegm?”), 3)
phlegm alone (a positive response to “Do you usually produce phlegm?” and a negative
response to “Do you usually have a cough?”), and 4) cough and phlegm (positive responses
to both “Do you usually have a cough?” and “Do you usually produce phlegm?”), with
reference group being those without symptoms. We also evaluated the Fletcher-Peto
definition of chronic bronchitis, which indicates the presence of cough and phlegm for at
least three months out of the year for longer than a year (27).

Baseline data on symptoms were used in analyses. We chose to divide patients into 4 groups
based upon the presence of these symptoms given that this approach would allow us to
understand if there was an interaction in those with both symptoms, which is an assessment
of the presence of chronic productive cough. Because the Fletcher-Peto definition of chronic
bronchitis is a different definition for chronic productive cough, requiring specific timings of
symptoms, we compared the two groups to understand the differences in the associations
based upon different epidemiologic definitions. We also assessed dyspnea (28) and frequent
wheeze as reported by the patient.

Primary outcome was time to all-cause death over 12.5 years. Causes of death,
hospitalization and morbidity were determined by a morbidity and mortality review board
(24). Follow-up for vital status was carried out until 2001 with a mean follow-up duration of
12.0 years and vital status ascertainment in 98.3% (25). We also studied post-bronchodilator
FEV1, assessed by spirometry (Spirotech 500; Spirotech, Atlanta, Georgia) at baseline and
annually during the first 5 years of study (26). The procedure for recording spirometry has
been described previously (29).

Statistical methods

Demographics and clinical characteristics were compared in the four symptom groups using
X2 tests and analysis of variance (ANOVA) to analyze differences in categorical and
continuous variables, respectively.

We assessed associations between the four symptom groups (all groups in one model) with
all-cause mortality using Cox proportional hazards models, adjusting for age at enrollment,
gender, race (African American or other), smoking status at year 5 (with sustained quitters

being those individuals who quit before year 5 and remained quit at the year 5 assessment,

intermittent quitters being individuals who quit at some point during the study but restarted
smoking prior to the year 5 assessment, and continuous smokers being individuals who did
not attempt quitting prior to year 5, a classification scheme used in previous analyses of the
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Lung Health Study population (26)), baseline FEV percent predicted, randomization group
and pack-years smoked.

A separate analysis was performed using the Fletcher-Peto definition of chronic bronchitis
as a subgroup of those individuals having usual cough and phlegm. We analyzed causes of
death among the four symptom groups. For each cause of death, we compared case fatality
rates of patients with symptoms (cough alone, phlegm alone, cough with phlegm groups
separately) to asymptomatic patients (no cough or phlegm) using XZ tests with Bonferroni
correction. We also constructed separate survival models for frequent wheeze and dyspnea,
adjusted as above for confounders.

For associations between symptoms and lung function, we used previously described
generalized estimating equations (GEE) models (30), computing differences in baseline
FEVq (in mL) as well as changes in FEV; slope (mL/year). We adjusted for age, gender,
current smoking status, previous visit smoking status, race, pack-years smoked, height,
randomization group, and body mass index (BMI) including terms for slope with gender and
current smoking status. We used Stata 12 (31) statistical software. LHS was previously
approved by the IRBs as each site, respectively.

Baseline characteristics

Survival

The baseline characteristics of study participants have been previously published (32).
Among the study population, 17.4% reported cough alone, 11.9% reported phlegm alone,
31.2% reported both and 39.5% reported neither symptom (Figure 1). We also found that
among those with both symptoms together, 71% had chronic bronchitis based upon the
Fletcher-Peto definition. We assessed baseline and demographic characteristics of the cohort
among the 4 symptom groups (Table 1). Average age was around 48 years at recruitment for
all groups, and gender distribution was similar except in the phlegm only group, which had
fewer females.

A lower percentage of African Americans complained of cough, with or without phlegm
(overall p< 0.001). Pack-years of smoking were higher in patients having cough and phlegm
(pack-years smoked 41.3-42.9 compared to 37.7 in those without symptoms, p < 0.001).
Groups with cough or phlegm had higher dyspnea scores as measured by the Modified
Medical Research council (MMRC) score (p < 0.001). They were also less likely to be
sustained quitters at year 5 (overall p=0.031). Patients who reported lower respiratory tract
infections, including chest colds, bronchitis, pneumonia and flu, in the year prior to
randomization had a greater proportion of those with cough and phlegm (overall p < 0.001,
Figure 2).

We assessed the associations between the four symptom groups with survival over 12.5
years after adjusting for age at enroliment, gender, race (African American or other),
smoking status at year 5 (sustained quitter, intermittent quitter, continuous smoker), baseline
FEV percent predicted, randomization group and pack-years smoked. Compared to those
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without symptoms, neither cough alone (HR 0.90; 95% CI 0.67-1.20) nor phlegm alone (HR
0.80; 95% CI 0.57, 1.12) was associated with significantly higher risk of death (Figure 3).

The group having symptoms of cough with phlegm had a 27% increased risk of death (HR
1.27; 95% CI 1.02-1.59) compared to those without symptoms. This is in comparison to
other important respiratory symptoms such as dyspnea (HR 1.16, 95% CI 1.04-1.29) and
frequent wheeze (HR 1.06, 95% CI 0.86-1.30), also depicted in Figure 3. Table 2 shows that
over 12.5 years of follow-up, a total of 575 individuals died: 214 (9%) individuals without
symptoms of cough or phlegm, 88 (9%) individuals with cough alone, 65 (9%) with phlegm
alone and 208 (11%) with both. After comparing causes of death, we found no overall
significant difference for cause of death between symptom groups.

However when assessing individual causes of death between the four symptom groups,
patients who had cough with phlegm had significantly greater respiratory mortality than
those who were asymptomatic (o= 0.009). Notably, the mean time to death among these 575
individuals was 7.7 years (standard deviation 3.4 years), and median was 8.5 years (25th
percentile 4.8 years, 75th percentile 10.7 years), indicating that this mortality risk was
unlikely to be related to lower respiratory tract infections experienced in the year prior to
randomization.

Lung function

As shown in Table 3, in adjusted models we found no significant associations between

cough alone or phlegm alone with baseline FEV; when compared to those without either
symptom. The presence of both symptoms, however, was associated with 48 mL lower FEV{
at baseline compared to those with neither symptom (p = 0.026). The rate of decline in FEV;
was not different among the four symptom groups (Table 4).

The Fletcher-Peto definition of chronic bronchitis (present in 71% of those participants with
usual cough and phlegm together) was not significantly associated with mortality (HR 0.89;
95% CI 0.63-1.24), baseline lung function (-13 mL; p=0.577) or lung function change
over follow-up (1 mL/yr; p=0.758) in this study (Table 5).

Discussion

In this analysis of data from the Lung Health Study, we have shown that, though neither
presence of cough alone nor phlegm alone is strongly associated with risk of death, the
presence of both symptoms together is associated with a substantial risk for death when
compared to individuals with neither symptom, independent of known risk factors for death
in COPD such as lung function and smoking status. Further, we have shown that when
comparing those individuals with cough and phlegm to those without these symptoms, those
with cough and phlegm more commonly die from non cancerous respiratory causes. Finally,
we have shown that individuals with cough and phlegm have significantly lower lung
function than those without such symptoms, but not more accelerated loss of lung function.

Ouir first finding is that cough and phlegm together is associated with a 27% increase in the
hazard of death compared to lack of these symptoms, independent of other well-known risk
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factors for death in a population with COPD. Putting this in perspective, we show that this
increase in risk for mortality is even stronger than that attributed to dyspnea, measured by
the MMRC score, which has been shown to be associated with mortality risk and included in
well-known prediction models for mortality in COPD (33,34). Previous studies showing
associations between symptoms of cough and phlegm with mortality (6-8) were performed
in different populations, including the elderly (7), and those with more severe COPD (8).
Our study population differed from these previous studies in that it included relatively young
individuals with early COPD as well as at-risk smokers (whose FEV1/FVC ratio increased to
above 0.70 after bronchodilator administration), followed over a relatively long period of
time. Our study adds to findings of previous studies in that we have shown that after
isolating specific symptoms of cough alone and phlegm alone, only the combination of
cough and phlegm appears to appreciably impact mortality in COPD. Thus, using
information about the presence of these symptoms ultimately could be added to enhance
existing models that aim to predict risk for long term mortality in COPD.

Our second finding was that noncancerous respiratory causes of death were more common
among those with cough and phlegm compared to those with cough alone, phlegm alone or
neither symptom. Notably, at baseline assessment, our data show a substantially higher
prevalence of lower respiratory tract infections in the past year for the group with cough
with phlegm compared to the other groups. Chronic cough and sputum production is thought
to be related not only to inflammation in the airways and chronic bronchitis but also to
bronchiectasis and bacterial colonization of the airways, which has been thought to affect up
to 30% of individuals with COPD (35-37).

Previous studies have shown that COPD patients with cough and phlegm are at a greater risk
for exacerbations (4,5). Although a study of the ECLIPSE cohort showed a higher risk for
exacerbations in those with cough, but not those with phlegm or chronic bronchitis (38), our
study clarifies these potentially conflicting results in showing the specific combination of
symptoms, usual cough and usual phlegm together (but not either symptom alone nor the
traditional, but unvalidated Fletcher-Peto definition of chronic bronchitis), that is associated
with poor outcomes in COPD. Our study extends the findings of previous work to show that
these patients are also at increased risk for death from respiratory causes, presumably lower
respiratory infections, suggesting a possible mechanism for the increased mortality in the
subgroup with cough and phlegm.

These data also show that individuals with both cough and phlegm have a significantly lower
FEV1 at entry into the cohort, but not an accelerated rate of FEV4 decline. This finding
differs from prior studies. One cross-sectional study showed no difference between lung
function in those with and without chronic bronchitis symptoms (4). Other studies have
shown an association between the presence of cough, phlegm or dyspnea with FEV; decline
(20,21), particularly in those with mild COPD(20). It is possible that the high rate of
smoking cessation achieved during the aggressive smoking cessation program of LHS may
have attenuated lung function decline over follow-up for individuals reporting chronic
productive cough at baseline.
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Further, it is also possible that 5 years of follow-up is an insufficient amount of time in order
to detect a difference in lung function decline in this study, as the previous studies have
assessed these symptoms over longer periods of follow-up. In the Lung Health Study,
spirometry data were available on participants for the first 5 years and then again measured
in most participants at year 10-11. For this analysis, we only analyzed spirometric data over
the first five years because of concerns that including the incomplete 10-year datapoint
would introduce bias. However, sensitivity analyses including 10-year data showed little
difference from those results we have obtained using only the first five years.

Further, we have shown that cough alone is prevalent in COPD; however it does not confer
the same risk for death as well as increased airflow obstruction as chronic productive cough.
It is possible that this heightened risk could be related to airways inflammation which is
more likely to result in a cough that is productive of phlegm (39). This phenotype is in
contrast to that of individuals with cough alone, who could potentially have less
inflammation but more airway reactivity or upper airway inflammation due to common
causes such as reflux disease or postnasal drip. The group with phlegm only is more difficult
to explain as one may find it hard to understand how phlegm is produced in the absence of a
cough. It is possible that these individuals have less severe cough, and view their cough as a
means for producing phlegm, which predominates their clinical picture.

Better understanding of the different clinical phenotypes that these groups represent may
help to elucidate their differences in risks for death and low lung function. Ultimately, these
findings can help clinicians understand which subset of the population is at higher risk for
death and worse airflow obstruction based upon the presence of symptoms which are easily
assessed in the clinical setting.

Of note, we found that the Fletcher-Peto definition of Chronic Bronchitis was not
additionally predictive of mortality or lung function compared to questions about usual
cough and usual phlegm. Though asking patients about usual cough and usual phlegm
isolates a subgroup of individuals with chronic productive cough, it appears that this
definition is different than one which includes the time constraints of having these symptoms
for at least 3 months for more than 1 year, as in the case of the Fletcher-Peto definition. We
did not find that the group of individuals with Fletcher-Peto chronic cough had worse
mortality or lung function, possibly because this group comprised a small number of
individuals and power was less to detect differences. However, its also possible that asking
about cough and phlegm with simpler questions (“Do you usually have...”) is more
predictive than the more complicated questions included in the Fletcher-Peto definition.

Our study is limited by the small number of non-Caucasian individuals limiting the
generalizability of our findings. Further, the exclusion of individuals with significant
comorbidities at enrollment does also limit the generalizability of our findings. However,
because of the long follow-up, many individuals developed significant comorbidities while
being followed, somewhat attenuating this limitation. It is also possible that we were unable
to detect significant differences in outcomes for groups with cough alone and phlegm alone
due to the small number of deaths in these groups given that overall this cohort was made up
of relatively healthy individuals. We were limited by the lack of an accurate assessment of
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exacerbations in the full cohort to allow for a rigorous evaluation of how symptoms impact
this important outcome. Finally, we are also limited by the lack of longitudinal data on
respiratory symptoms, which could have helped us to understand whether improvement of
symptoms would be associated with a change in risk for death or change in lung function.

Conclusions

Respiratory symptoms such as cough and phlegm are common in individuals with COPD.
We have shown that not only do individuals with cough and phlegm have worse baseline
lung function, they also have a higher risk of death, and disproportionately die due to
noncancerous respiratory causes.

Given the recent focus upon identifying clinical phenotypes at risk for adverse outcomes in
COPD, our findings suggest that information about common respiratory symptoms in COPD
can be used to help identify a subgroup of individuals with chronic productive cough who
are at higher risk of death and have worse lung function. Future efforts should attempt to
elucidate the mechanism for these adverse outcomes in the subgroup with chronic
productive cough, and such a mechanism is likely related to a heightened risk for respiratory
complications such as lower respiratory tract infections. Ultimately, understanding this
subgroup will be important as we look to study the value of therapeutic strategies in the
various subphenotypes of COPD.
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Cough and phlegm

31.2%

No cough or phlegm
39.5%

Figure 1.
Overlap of symptoms of cough and phlegm in the cohort. The Venn diagram depicts the

overlap of symptoms of “usual cough” and “usual phlegm” in the cohort. All four symptom
groups with proportion of individuals included in group depicted. (See methods section for
definitions of “usual cough” and “usual phlegm”).
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% with lower respiratory tract infections

Figure 2.
Proportion of individuals in four symptom groups reporting lower respiratory infection in

the previous year in the baseline questionnaire. Lower respiratory infection included report
of chest colds, bronchitis, pneumonia and flu.
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Figure 3.

Mortality hazard ratio

Associations between individual symptoms and mortality over 12 years. Analyses were
adjusted for age, gender, race, smoking status at year 5, baseline FEV; % predicted, pack-
years smoked and randomization group. Group without cough or phlegm was the
comparison group for all analyses of cough and phlegm. Points are hazard ratios and lines

are 95% confidence intervals.
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Table 1
Baseline characteristics of LHS cohort
No cough or Cough alone Phlegm alone  Cough and phlegm  p-value
phlegm

Number of participants, (%) 2,327 (39.5) 1,023 (17.9) 701 (11.9) 1,836 (31.2)
Age, years 48.6 (6.9) 48.0 (6.6) 48.9 (7.0) 48.4(6.7) 0.0239
Female, 7(%) 909 (39) 393 (38) 201 (29) 682 (37) <0.001
African American, (%) 125 (5) 21 (2) 34 (5) 45 (3) <0.001
Randomization Group, /(%) 0.920

Smoking Intervention-lIpratropium 781 (34) 341 (33) 228 (33) 611 (33)

Smoking Intervention-Placebo 774 (33) 349 (34) 224 (32) 615 (34)

Usual Care 772 (33) 333 (33) 249 (35) 610 (33)
Died during follow-up, /(%) 214 (9) 88 (9) 65 (9) 208 (11) 0.052
Smoking history, pack-years 37.7 (18.9) 41.7 (19.6) 41.3 (19.6) 42.9 (18.6) <0.001
Education, years 13.8(2.8) 13.7 (2.8) 13.6 (2.9) 13.3(2.9) <0.001
Education duration, (%) <0.001

Some high school 246 (10.6) 117 (11.4) 90 (12.8) 267 (14.5)

High school and some college 1,790 (76.9) 783 (76.5) 530 (75.6) 1,400 (76.3)

College or greater 291 (12.5) 123 (12.0) 81 (11.6) 81 (11.6)
Body mass index, kg/m?2 25.5(3.8) 25.7 (4.0) 25.6 (3.9) 25.6 (4.0) 0.3632
Height, cm 171.9 (9.1) 171.7 (8.8) 173.1 (8.9) 171.7 (8.7) 0.0048
Income, thousands of $ 34.5(11.8) 34.5(11.6) 34.1(10.9) 33.2 (10.6) 0.0056
Baseline post-bronchodilator FEV;, L 2.77 (0.6) 2.73(0.6) 2.79 (0.6) 2.71(0.6) 0.0014
Quit status at visit 5, 7(%) 0.031

Sustained quitter 411 (18) 164 (17) 105 (16) 262 (15)

Intermittent quitter 638 (28) 264 (27) 205 (30) 485 (27)

Continued smoker 1,226 (54) 569 (57) 368 (54) 1,041 (58)
Lower respiratory tract infection in past year, 72(%) 188 (8) 122 (12) 73 (10) 331 (18) <0.001
Presence of usual cough, 7(%) 0(0) 1,023 (100) 0(0) 1,836 (100) <0.001
Presence of usual phlegm, 7(%) 0 (0) 0 (0) 701 (100) 1,836 (100) <0.001
Presence of usual wheeze, (%) 440 (19) 335 (33) 240 (34) 878 (48) <0.001
Presence of asthma, (%) 183 (8) 82 (8) 61 (9) 151 (8) 0.905
mMRC dyspnea score 0.42 (0.7) 0.66 (0.9) 0.61 (0.8) 0.78 (0.9) <0.001

All values expressed as mean (SD) unless otherwise indicated.
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Causes of death in the LHS cohort, comparing those with and without symptoms of cough and phlegm

Table 2

Causes of death Neither cough nor phlegm  Cough alone  Phlegm alone  Cough and phlegm
Number of deaths 214 88 65 208

CHD 27 (13) 12 (14) 8 (12) 25 (12)

CVD not CHD 32 (15) 10 (11) 5(8) 20 (10)

Lung Cancer 66 (31) 30 (34) 23 (35) 63 (30)
Other Cancer 50 (23) 18 (21) 14 (22) 45 (22)
Respiratory cause (noncancer) 6(3) 8 (g)# 4 (6) 18 (9) *
Other 32 (15) 9 (10) 11 (17) 33 (16)
Unknown 1(1) 1(1) 0 (0) 4(2)

All values m(%).

*
p-value = 0.009 for difference between group with both symptoms and group with neither symptom;

#p-value =0.018 for difference between group with cough alone and group with neither symptom.
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Adjusted associations between individual symptoms and baseline post-bronchodilator FEV4 (mL)

Table 3

Baseline FEV, (mL)

95% ClI p-value

Symptomaa

No cough or phlegm Ref Ref Ref

Cough alone -29 (-82, 23) 0.274

Phlegm alone -42 (-97,12) 0.128

Cough and phlegm -48 (=90, -6) 0.026
Female gender -530 (-570,-490) <0.001
Current quit status =50  (-77,-22) <0.001
Quit status, previous visit 29 (18, 41) <0.001
African American -368 (-447,-289) <0.001
Pack-years (per 10 p-y) -7 (-11, -3) 0.001
Age (years) -31 (-33, -29) <0.001
Height (per 5 cm height) 171 (160, 181) <0.001
Randomization group

Usual Care Reference

Smoking Intervention-Placebo 37 (5, 68) 0.022

Smoking Intervention-Ipratropium 65 (33,97) <0.001
BMI <26 -13  (-16,-10)  <0.001
26-32 -13  (-16,-10)  <0.001
>32 -14  (-17,-12)  <0.001

aComparison group for symptoms is individuals without cough or phlegm.
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Table 4

Adjusteda difference in decline of post-bronchodilator of FEV4 (mL/year) among four symptom groups over

follow-up
Symptom group 95% ClI p-value vs. reference group
No cough or phlegm  Reference Reference
Cough alone (-14,3) 0.212
Phlegm alone (-5, 12) 0.371
Cough and phlegm (-12,2) 0.145

NOTE: negative values for difference indicate faster loss of lung function compared to asymptomatic patients.

a. . . . . . . R
Adjusted for age, gender, current smoking status, previous visit smoking status, race, pack-years smoked, height, randomization group, and BMI
as well as the following slope terms: gender, current smoking status.
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Table 5

Associations with death, FEV, decline and baseline FEV1 among individuals with usual cough and phlegm
also meeting criteria for Fletcher-Peto defi nition of chronic bronchitis

Association 95% CI p-value

Hazard Ratio ™~ 1.08 (0.84,1.38)  0.542
Slope of FEV; decline (mL/yr)# -1 (-6, 4) 0.645
Baseline difference in FEV;(mL)” -19 (-50,12) 0221

*
Survival models adjusted for age, gender, race, post-bronchodilator FEV1 percent predicted, smoking status at year 5, pack-years smoked and
randomization group.

GEE model adjusted for age, gender, current smoking status, previous visit smoking status, race, pack-years smoked, height, randomization group,
and BMI as well as the following slope terms: gender, current smoking status.
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