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Abstract

Background: Chronic bronchitis in COPD has been associated with an increased
exacerbationrate,more hospitalizations,and an accelerated decline in lung function.
The clinical characteristics of patients with advanced emphysema and chronic
bronchitis have not been well described. Methods: Patients randomized to medical
therapy in the National Emphysema Treatment Trial were grouped based on their
reports of cough and phlegm on the St. George’s Respiratory Questionnaire(SGRQ)
at baseline: chronic bronchitis(CB+) and no chronic bronchitis(CB-). The patients
were similarly categorized into severe chronic bronchitis(SCB+) or no severe
chronic bronchitis (SCB-) based on the above definition plus report of chest
trouble. Kaplan-Meier survival analysis was used to determine the relationships
between chronic bronchitis and severe chronic bronchitis and survival and time to
hospitalization. Lung function and SGRQ scores over time were compared between
groups. Results: The CB+(N = 234; 38%) and CB- groups(N = 376; 62%) had similar
survival (median 60.8 versus 65.7 months, p = 0.19) and time to hospitalization
(median 26.9 versus 24.9 months, p = 0.84). The SCB+ group(N = 74; 12%) had
worse survival (median 47.7 versus 65.7 months, p = 0.02) and shorter time to
hospitalization (median 18.5 versus 26.7 months, p = 0.02) than the SCB- group
(N = 536; 88%). Mortality and hospitalization rates were not increased when chest
trouble was analyzed by itself. The CB+ and CB— groups had similar lung function
and SGRQ scores over time. The SCB+ and SCB- groups had similar lung function
over time, but the SCB+ group had significantly worse SGRQ scores. Conclusions:
Severe chronic bronchitis is associated with worse survival, shorter time to
hospitalization, and worse health-related quality of life.

Background

Chronic bronchitis (CB) is seen in 18-45% of patients with COPD and is
associated with an increased exacerbation rate, worse health-related quality
of life, and accelerated lung function decline (1-4). It was commonly believed
that CB was not a significant pathologic finding in patients with emphysema.
However, we now increasingly recognize the presence of CB and airway
disease even in those with a predominantly emphysematous phenotype. We
have shown that small airway remodeling is present to varying degrees in
patients with advanced emphysema (5), and that a greater degree of goblet
cell hyperplasia is present in patients who underwent lung volume reduction
surgery (LVRS) compared to those with lesser degrees of airflow obstruction
(6). A large lung pathology study also found that the number of small airways
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occluded by mucus plugs increased as COPD disease
severity worsened (7).

Mucus hypersecretion may also have an effect on
mortality. Chronic bronchitis has been associated with
an increase in all-cause mortality independently from
the degree of airflow obstruction (8,9), and the degree
of small airway mucus occlusion has been related to
mortality after LVRS (10). However, as the clinical
phenomenon of CB may be a manifestation of large air-
way pathology, its presence and sequelae in those with
advanced emphysema are unclear.

We analyzed the effects of CB on outcomes in the
medically treated patients in the National Emphysema
Treatment Trial (NETT). Specifically, we analyzed
long-term survival, time to first hospitalization rate,
lung function, health-related quality of life, and clinical
profiles of medically treated patients with and without
CB in the NETT. We hypothesized that those with CB
would have worse health-related quality of life, a greater
decline in lung function, and increased mortality and
hospitalizations.

Methods

Enrollment criteria for NETT have been previously
described (11). Briefly, inclusion criteria for the trial
included a physical exam consistent with emphy-
sema, radiographic evidence on HRCT scan of bilat-
eral emphysema, FEV, < 45% predicted, but > 15% of
predicted if age 70 or older, TLC > 100% predicted,
RV = 150% predicted, PCO, < 60 mmHg, PO, = 45
mmHg on room air, and a post-rehabilitation 6-min-
ute walk distance >140 meters. Patients also needed
to be stable on <20 mg prednisone/day, nonsmoking
for 4 months, and have a body mass index (BMI) <
31.1 kg/m? in men and < 32.3 kg/m” in women. All
patients underwent 6-10 weeks of pulmonary reha-
bilitation, then were randomized to either LVRS or
continued medical therapy per ATS guidelines. All
patients provided written informed consent, and the
study was approved by the institutional review board
at each center. Baseline measurements of pulmonary
function, 6-minute walk distance, and health-related
quality of life obtained from the St. George’s Respi-
ratory Questionnaire (SGRQ) were obtained after
completing pulmonary rehabilitation but prior to
randomization.

As the classic definition of CB was not assessed at
baseline, we divided patients in the medical arm into two
groups based on the presence or absence of CB, using
the answers given to the cough and sputum questions on
the SGRQ administered after pulmonary rehabilitation
and before randomization. If the patient answered “most
days of the week” or “several days of the week” to both
questions regarding cough and sputum, then the patient
was placed in the chronic bronchitis group (CB+). If the
patient answered “a few days a month,” “only with chest
infections,” or “not at all” to either of the two questions
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regarding cough or sputum, then the patient was placed
in the no chronic bronchitis group (CB-).

In addition, the patients were divided into a severe
chronic bronchitis group (SCB+) or no severe chronic
bronchitis group (SCB-) based on the above definition
plus the answer to a question on chest trouble in the
SGRQ. The patients were asked “Over the last year, in
an average week, how many good days (with little chest
trouble) have you had?” If the patient answered “no
good days” or “1 or 2 good days” and was in the CB+
group, the patient was placed in the SCB+ group. If the
patient was in the CB+ group and answered “3 or 4 days,’
“nearly every day is good,” or “every day is good” or if the
patient was in the CB— group, the patient was placed in
the SCB-group.

Patients were followed for clinical outcomes through
31 December 2003. Up to 31 December 2002, patients
were queried about hospitalization since the prior visit
during periodic telephone visits (3 to 5 per year) and clinic
visits (2 in the first year of follow-up, annually thereafter).
Between 1 January 2003 and 31 December 2003, patients
completed a single interim history interview.

Vital status, ascertained as of 30 September 2008, was
determined by reports from the clinical centers (obtained
through 31 December 2003) and review of the Social
Security Administration’s September 2008 Death Master
File (12,13). Time to death and time to first hospitaliza-
tion from all causes were measured from the day of ran-
domization. Patients who were known to have received
non-NETT LVRS or lung transplant after randomization
in the NETT (reports obtained through 31 December
2003) were censored as of the date of surgery.

Lung function and SGRQ scores were assessed at
baseline and at 6-, 12-, 24-, and 36-month follow-up
visits.

Statistics

Data analysis was performed using JMP 8.0, SAS 9.2
(Cary, NC), and Stata (College Station, TX). Continu-
ous variables are reported as mean * SD, except where
otherwise noted. A p value of <0.05 was considered
statistically significant. Unpaired ¢-test was used to
compare baseline and follow-up data between the CB+
and CB— groups as well as the SCB+ and SCB- groups
separately. Kaplan—Meier survival analysis was used to
determine differences between the CB+ and CB—groups
in survival and time to hospitalization and to determine
differences between the SCB+and SCB— groups in these
outcomes.

We also used Kaplan—Meier survival analysis to check
for differences between those reporting chest trouble but
not chronic bronchitis (CT+) and those reporting nei-
ther chest trouble nor chronic bronchitis (CT-) in these
outcomes. Cox proportional hazard regression was used
to model time to the outcomes of death, and separately,
first hospitalization in relation to SCB status and a set
of 7 candidate covariates; stepwise backwards selection
(p(removal) = 0.05) was used to assess the independent

Copyright © 2013 Informa Healthcare USA, Inc
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Table 1. Baseline characteristics of 610 participants randomized to medical treatment in the National Emphysema Treatment Trial, by chronic bronchitis status and by

severe chronic bronchitis status

CB+ CB- SCB+ SCB-
n=234 n=2376 p n=74 n=>536 p
Age (years) 67.8£5.8 66.9£5.9 0.07 67.7£5.9 67.2£5.9 0.48
Gender (%omale) 70.9 59.8 0.006 64.9 64.0 0.88
Race (%Caucasian) 95.7 934 0.22 94.6 94.2 0.90
Smoking History (pack-years) 67.6 +30.1 65.4 + 34.6 0.43 62.7 +27.8 66.7 + 33.6 0.33
FVC (%pred) 69.2£15.8 66.0 £14.7 0.01 68.4£15.3 67.1£15.2 0.48
FEV; (%opred) 26.8£71 26.6£7.0 0.80 26.4£6.7 26.7£741 0.68
TLC (%pred) 128.8+15.3 128.3+14.8 0.69 128.7+16.4 128.4+14.8 0.87
RV (%pred) 221.9+49.1 224.3 £ 48.7 0.56 219.2£47.7 223.9+49.0 0.43
Pa0, (mmHg) 63.7+10.6 64.6+9.8 0.27 62.5+10.9 64.5+10.0 0.11
PaC0, (mmHg) 42.8+5.7 43.1+58 0.50 43.4+6.3 429+5.7 0.55
DLCO (%pred) 28.7£9.9 28.2+9.6 0.47 27.9+9.6 28.4+9.8 0.69
6MWD (ft) 1218 = 311 1220 £ 320 0.93 1176 £ 314 1225 £ 316 0.21
SGRQ 56.6 £12.5 51.8t£12.4 <0.0001 65.1£9.3 52.1+£12.3 <0.0001
UL (%) 65.0 67.3 0.55 58.1 67.5 0.11
Low Ex (%) 46.6 43.4 0.44 48.7 44.0 0.45
BMI (kg/m?) 247+3.5 248+ 3.6 0.81 249+3.5 24.7+3.6 0.64

Definition of abbreviations: FVC = forced vital capacity; FEV; = forced expiratory volume in 1 second; TLC = total lung capacity; RV = residual volume; Pa0, = arterial oxygen tension; PaC0, =
arterial carbon dioxide tension; DLCO = diffusing capacity of carbon monoxide; 6BMWD = 6-minute walk distance; SGRQ = St. George’s Respiratory Questionnaire; UL = upper lobe predomi-
nant emphysema; Low Ex = low exercise capacity (< 45W on cardiopulmonary exercise test for males, < 25W for females); BMI = body mass index.

contribution of SCB to each outcome, using the smallest
set of significant covariates.

Results

Baseline patient characteristics of the 610 patients included
in our analysis are summarized in Table 1. There were 234
patients (38% of entire cohort) in the CB+ group and 376
in the CB- group. The CB+ group consisted of more males
(70.9% vs. 59.8%, p = 0.006) compared to the CB- group.
Racial distribution, smoking history, body mass index, pres-
ence of upper lobe predominant emphysema, presence of
low exercise capacity subgroup, lung function, gas exchange,
and 6-minute walk distance were similar between groups,
with the exception of a higher FVC in the CB+ group (69.2
+15.8vs.66.0%14.7% predicted, p=0.01). SGRQ total score

was greater in the CB+ group (56.6 £12.5vs.51.8 124, p<
0.0001). There were 74 patients in the SCB+ group (12% of
entire cohort) and 536 in the SCB— group. The groups were
similar in age, gender, race, smoking history, lung function,
presence of upper lobe predominant emphysema and low
exercise capacity, and lung function. SGRQ total score was
also significantly higher in the SCB+ group compared to the
SCB-group (65.1 £9.3 vs. 52.1 £12.3, p < 0.0001).
Survival and time to first hospitalization were not dif-
ferent between the CB+ and CB— groups (median survival
60.8 months vs. 65.7 months, p = 0.19; median time to first
hospitalization 26.9 months vs. 24.9 months, p = 0.84).
However, compared to the SCB— group, survival was lower
in the SCB+ group (median 47.7 months vs. 65.7 months,
p=0.02) and time to first hospitalization was shorter (median
18.5 months vs. 26.7 months, p = 0.02). See Table 2 and

Table 2. Time from randomization to death and time from randomization to first hospitalization, by chronic bronchitis status and severe chronic bronchitis status for 610

patients randomized to medical treatment in the National Emphysema Treatment Trial

CB+ CB— SCB+ SCB—
Median Median Median Median
(95% Cl) (95% ClI) ol (95% CI) (95% ClI) ol
Number of patients 234 376 74 536
Time to death (mos) 60.8 65.7 0.19 47.7 65.7 0.02
(52.6-68.7) (58.7-71.2) (32.3-63.7) (58.7-71.0)
Time to first hospitalization (mos) 26.9 249 0.84 18.5 26.7 0.02
(18.5-32.2) (20.8-29.5) (13.9-26.9) (22.9-29.7)

Definition of abbreviations: CB+ = chronic bronchitis; CB— = not chronic bronchitis; Cl = confidence interval; SCB+ = severe chronic bronchitis; SCB— = not severe chronic bronchitis.

*P-value for log rank test of homogeneity of time to event curves.
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Figure 1. Mortality in A) the chronic bronchitis versus no chronic bronchitis groups and B) the severe chronic bronchitis versus no severe chronic bronchitis groups.

Figures 1 and 2. Cox regression analysis showed that risk of
death independently increased with age and SCB+ status,
but was reduced with greater FEV, % predicted and 6-min-
ute walk distance (Table 3). Similarly, the risk of hospital-
ization increased with SCB+ status, but was reduced with
greater TLC percent predicted, male gender, and greater
FEV, % predicted (Table 3). When those reporting cough
and phlegm most or several days per week were excluded,
there were no significant differences in mortality or time to
first hospitalization between those reporting chest trouble
most days per week (CT+) and those reporting chest trouble
less frequently (CT-); see Figure 3.

Overall, there were significant differences in FVC
between the CB+and CB—groups at baseline and at the 6-
and 36-month follow-up timepoints, but otherwise FEV,
and lung volumes were the same (Figure 4). There were
no significant differences in lung function at baseline or
follow-up between the SCB+and SCB— groups (Figure 5).
Compared to the CB— group, SGRQ total score was
elevated in the CB+ group at baseline and 6-, 12-, and
24-months follow-up (Figure 6). Compared to the SCB—
group, SGRQ total score was significantly higher in the

A
1.0

Logrank P=0.98 CB- _

Probability of hospitalization

0 1 2 3 4 5

SCB+ group at baseline (Figure 6) and during all follow-
up timepoints. When divided into the three components
of symptoms, activity, and impact, SGRQ scores in the
SCB+ group were greater at all time points for symp-
toms, greater at baseline and 6 months only for activity,
and greater at all time points for impact (Figure 7).

Discussion

We showed that, in a group of patients with advanced
emphysema and severe airflow obstruction, severe
chronic bronchitis was associated with increased mor-
tality and shorter time to hospitalization. The triad of
cough, phlegm, and chest trouble that makes up our def-
inition of severe chronic bronchitis distinguished those
with shorter time to death and shorter time to first hos-
pitalization. These outcomes were independent of any
differences in lung function during follow-up as well as
chest trouble when analyzed alone. We also showed that
those with chronic bronchitis had worse health-related
quality of life (HRQoL), that HRQoL was significantly
worse in those with severe chronic bronchitis, and

B
1.0

Logrank P=0.03

Probability of hospitalization

0] 1 2 3 4 5

Years since randomization Years since randomization
No. at risk No. atrisk
CB+ 234 135 76 35 12 3 SCB+ 74 36 18 5 1 1
CB- 375 235 128 59 21 4 SCB- 535 334 187 89 32 B

Figure 2. Time to first hospitalization in A) the chronic bronchitis versus no chronic bronchitis groups and B) the severe chronic bronchitis versus no severe chronic

bronchitis groups.
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Table 3. Multivariate models of time to death and first hospitalization

Chronic Bronchitis in COPD

Time to Death Hazard ratio (95% Cl) p Time to 1st Hosp Hazard ratio (95% CI) p

6MW distance (per 100 feet) 0.91 <0.001 TLC % predicted (per 10%) 0.91 0.01
(0.88,0.94) (0.84,0.98)

Post BD FEV, % predicted (per 10%) 0.75 <0.001 Post BD FEV; % predicted (per 10%) 0.79 0.003
(0.64, 0.88) (0.67,0.92)

Age (years) 1.04 <0.001 Male 0.78 0.03
(1.02, 1.06) (0.62, 0.98)

SCB (+vs —) 1.36 0.04 SCB (+vs —) 1.43 0.03
(1.02,1.83) (1.05, 1.96)

Multivariate model includes stepwise selection from a set of 7 covariates including SCB status. Covariates not selected for time to death: minority status, gender, TLC percent predicted.

Covariates not selected for time to first hospitalization: age, minority status, 6BMW distance.

that these differences were durable over time. To our
knowledge, this is the first study of the effects of chronic
bronchitis using this novel definition on outcomes in a
large well characterized group of advanced emphysema
patients.

Chronic bronchitis has been associated with several
clinical sequelae in COPD. A multicenter cross-sec-
tional study of 433 COPD patients found that chronic
cough and phlegm production were associated with
a greater number of exacerbations (3). In the Genetic
Epidemiology Study of COPD (COPDGene), a greater
exacerbation frequency was found in those with chronic
bronchitis in the year prior to enrollment and during
longitudinal follow-up (4, 14).

In addition, there have been multiple studies analyz-
ing the role of chronic bronchitis on the development of
airflow obstruction or lung function decline with con-
flicting results (2, 8, 15, 16). Pelkonen et al. show that
chronic bronchitis was associated with the development
of COPD in 1,711 men followed for 30 years (8). How-
ever, a retrospective analysis of the Copenhagen City
Heart Study did not show that smokers with respiratory
symptoms were at any greater risk for the development

A
1.0 4
= Logrank P=0.32 CT+
w® 0.8
b
k-]
S 06
2
‘s 0.4 1
(1]
2
2021
o
DDr
01 2 3 4 5 6 7 8 9 10 11
Years since randomization
No. at risk
CT+ 72 56 41 26 1 3
CT- 304 242 179 123 51 6

of airflow obstruction than smokers without respiratory
symptoms (16).

Chronic bronchitis has also been related to mortal-
ity in previous studies. The underlying reason is unclear
but, as chronic bronchitis is caused by heightened lung
inflammation, there may be greater systemic inflamma-
tion as a result, which can cause accelerated atheroscle-
rotic heart disease, osteoporosis, and other metabolic
abnormalities. The Tucson Epidemiologic Survey of
Airway Obstructive Disease followed 1,412 adults with
chronic bronchitis and no airflow obstruction and found
that those with chronic bronchitis had higher levels of
serum IL-8 and C-reactive protein at enrollment, which
was associated with a higher all-cause mortality in those
under the age of 50 (9). Pelkonen et al. found that chronic
bronchitis conferred a hazard ratio of 1.3 on all cause
mortality, even after adjusting for lung function (8). In
addition, the major causes of death in this study were
cardiac or respiratory disease. Therefore, we hypothesize
that the observed increase in mortality and hospitaliza-
tions seen in our population may be related to greater
systemic inflammation in those with severe chronic
bronchitis. Whether this is true remains to be proven.

e B
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=
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°
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S
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Figure 3. A) Time to death and B) time to hospitalization in those reporting chest trouble most days per week and not reporting cough and phlegm most or several days per
week (CT+) versus those with little or no chest trouble and not reporting cough and phlegm most or several days per week (CT-). Those reporting cough and phlegm most

or several days per week are excluded from both the CT+ and CT— groups.
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Notall studies, however, have found a significant asso-
ciation between chronic bronchitis and mortality. The
National Health and Nutrition Epidemiologic Survey III
found that mortality was dictated by severity of airflow
obstruction and not respiratory symptoms alone (17).
The Copenhagen City Heart Study found an increase in
mortality in those with chronic mucus hypersecretion
in women but not in men (18). Another study of 884
men found an odds ratio of 1.65 for chronic phlegm for
mortality but this did not reach statistical significance
(95% CI 0.95-2.89)(19). These negative results may be
related to differences in study population, the definition
of chronic bronchitis, or both.

Regardless, in our cohort those with chronic cough,
phlegm, and chest trouble had a greater all-cause mor-
tality and a shorter time to hospitalization. This pro-
vides greater insight into the natural history of advanced
emphysema and severe airflow obstruction. The major-
ity of the hospitalizations are presumed to be related to
COPD but as the data on causes of hospitalization were

not available, this is a matter of speculation. The causes
of death are also unknown.

Although these findings are consistent with other
studies in different cohorts, some limitations are wor-
thy of mention. We acknowledge that the definitions
of chronic bronchitis and severe chronic bronchitis
used in this analysis are innovative. Whereas the classic
definition for chronic bronchitis includes chronic cough
and phlegm production for 3 months a year for 2 years
based on the ATS DLD-78 questionnaire (20), we used
surrogate questions regarding cough and phlegm from
the SGRQ, which has been used in some recent analy-
ses as a new definition of chronic bronchitis. How this
definition compares to the classic definition remains to
be determined.

To our knowledge, we are the first to define severe
chronic bronchitis with the addition of a question on
chest trouble. It was assumed that the symptom of chest
trouble, while nonspecific, was related to CB, given
that there are separate questions regarding shortness of
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Figure 7. SGRQ component scores in the SCB+ and SCB— groups. A) Symptoms, B) Activity, and C) Impact. Data presented as mean + SE. *p < 0.0001, **p < 0.005, 'p <

0.05.
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breath, wheezing, and episodic worsening of symptoms
on the SGRQ. One could question whether frequent
chest trouble alone was the most important determinant
of mortality and hospitalization in this cohort, but the
triad of these SGRQ questions captures something more
than either component captures. Just as patients report-
ing frequent cough and frequent phlegm had similar time
to death and time to hospitalization as those reporting
infrequent cough or infrequent phlegm (Figures 1 and
2), patients reporting frequent chest trouble had similar
time to death and time to hospitalization as those report-
ing infrequent or no chest trouble once those reporting
frequent cough and phlegm were excluded (Figure 3).
Despite the novelty of these definitions, it is evident that
outcomes are worse in this highly symptomatic subset of
patients with severe chronic bronchitis.

In addition, the differences in HRQoL between
groups are interesting and hypothesis-generating. We
found that HRQoL was worse at baseline but not after 2
years of follow-up in the chronic bronchitis group, and
that HRQoL was significantly worse at all time points
in the severe chronic bronchitis group. It can be argued
that the increase in SGRQ score seen in those with
severe chronic bronchitis is a result of use of the SGRQ
questions regarding cough and phlegm to define chronic
bronchitis. However, when the SGRQ was broken down
into its three components, the symptom subscore was
greater at all timepoints (as expected), as was the impact
subscore.

Second, the overall differences in SGRQ scores in
those with severe chronic bronchitis compared to those
without it are very large and are consistent during follow-
up. The exact differences are difficult to quantitate, but
observed differences in overall and component SGRQ
scores suggest that those with severe chronic bronchitis
indeed have a worse HRQoL compared to those without
severe chronic bronchitis. It is not known how these dif-
ferences in HRQoL relate to the differences in mortality,
and whether it is part of the cause or an effect of the
increased hospitalizations is unclear.

Contrary to our hypothesis, FVC was greater at some
timepoints in those with chronic bronchitis, and there
was a trend toward a greater FEV, as well. In addi-
tion, there was no difference in DLCO between these
groups, which is contrary to the expected higher DLCO
in chronic bronchitics. This may be a virtue of the pre-
dominance of an emphysema phenotype on lung func-
tion testing in all patients, regardless of the presence or
absence of chronic bronchitis. We also found no sig-
nificant differences in lung function between those with
severe chronic bronchitis and those without. Therefore,
the differences in mortality and hospitalizations in those
with severe chronic bronchitis cannot be explained by
differences in lung function.

These results contrast with other studies that show
an acceleration of lung function decline in those with
cough and phlegm (2, 8,9, 19). There are several possible
explanations. Perhaps cough and phlegm have no effect
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on lung function in those with GOLD stage IV disease
or in those with an emphysema phenotype. There may
have been a “healthy survivor” effect, where sicker indi-
viduals who had a significant decline in lung function
passed away or were lost to follow-up. Finally, the study
may not have been powered adequately to detect signifi-
cant differences between groups.

In summary, in those with advanced emphysema,
chronic bronchitis is a common phenomenon as is
severe chronic bronchitis. Severe chronic bronchitis
has a significant impact on all cause mortality and hos-
pitalization rate without any significant effect on lung
function decline. These effects were not seen when chest
trouble was analyzed separately. In addition, severe
chronic bronchitis is associated with a worse HRQoL
that is sustained over time. The mechanism of the effects
of severe chronic bronchitis on outcomes in advanced
emphysema patients should be the subject of further
investigation.
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